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\(SkX[d�hLU%�T`amTS%^�U�c�ZTS%d%p�o7WsSkcN\J`aU�Q�^_o�^_X_S%\J^%|D`�w+S�wu|D\�d=X_SkcN`ad�ha^O�}ZTSkc[SgS%huS%f{X_c[U�Q�`af�f{U�cNc[S%had=X[`uU�QA^Rd=c[S4^_X_c[U�QAiTw
�TU�cgS{��d�\(b�huS�|L�����¦bAc[S%m�`af{X[^j��d f �Yt�P u d�QAm<§ f P m |LX_U7�DS�\(SkX[d�hr^ u{¨¼| �}ZTSkc[S%d�^%|L`aQ:c[S%d�ha`uX�o�|�X[ZTSko:d=cNS
`aQA^[t�had=X_U�cN^kw���ZTS�b�Zeo�^[`afk^4U�WRX[ZTS%^_S5©�U�X_XV`rQA^[tAhad=X_U�cv^(`a^(mTU�\J`aQ�d=X_S%m��qo
X[ZTS5WsU�cN\Jd=X[`aU�Q�U�W�¤�tT�A��d=cNm
��d�QAmA^%|�d�Q:S{ªDS%f{X�U�WlS%huS%f{X_cNU�QA`afJf{U�c[cNS%had=X[`uU�QA^��OZA`afNZ<^_b�ha`uX[^RX[ZAS������¦��d�QAmA^H`aQqX_U5X���U-^_SkX[^HU�Wl��d�QAm�^k|
^_Skb�d=cNd=X_S%m]��o�dghuU�fkd�hF��U�tAhaU�\j�]c[Skb�tAhr^[`uU�Q]«�w�¬TtAfNZ]©7U�X_XY`aQ�^[tAhad=X[`aQAi���S%Z�d%p�`uU�c�U�fkfktTcN^ld�hucNS%d�mToJ`aQJX[ZAS
b�d=cNd�\Jd=i�QASkX[`af4b�ZAd�^_S�|F�O`uX[Z)\Jd=i�QTSkX[`af4U�cvmTSkcH^_SkX_X[`aQTi�`aQ,d=XHhuU���SkcjX_S%\(bDSkcNd=X[tTc[S%^kw4��ZTS(©�U�X_XHb�Zqo�^N`afk^
d�QAmnX[ZTS�d�^[^_U�fk`ad=X_S%m�S%QASkc[i�o�i�d�`aQ�`r^�f{U�\Jb�huSkX_S%huo]\J`a^[^[`rQTi�`aQ]X[ZTS������jw�x�XYfkd�QF|AZTU���Skp�Skc;|A�DSRmAS%^[f{cN`u�DS%m
�qo4X[ZTS�������­R®¯\(SkX[ZAU�mF|qd=X�huS%d�^[X�W�U�c�U�cNmTSkc[S%mV^_o�^_X_S%\J^kw¥°ltTXk|�X[ZTS�S%QTSkc[i�o(i�d�`rQ�mAtTSYX_U�X[ZTS}WsU�cN\Jd=X[`aU�Q
U�W�¤�tT�A��d=cvm���d�QAmA^�`a^�^_U�had=c[i�S(`aQ,���}�R­R®±X[ZAd=XRWsU�c�c[S%d�ha`a^_X[`rfjp=d�hatTS%^RU�W}«±`uXRd�ha\(U�^_XHd�tTX_U�\�d=X[`afkd�hahuo
o�`aS%hamA^�^_b�ha`uXY��d�QAm�^}d�QAm
�sU�cNmTSkc[S%m���`aQA^[t�had=X[`aQTi4�DS%ZAd%p�`uU�c%|�Skp�S%Q,`uW�X[ZA`a^�`a^OQTU�XRf{U�c[c[S%f{Xkw}��ZASjc[S%d�^_U�Q�WsU�c
X[ZA`a^�`a^RX[Z�d=X�X[ZTS(S%QTSkc[i�o,U�W�X[ZTSJf{U�c[c[S%had=X_S%m<\(SkX[d�h�`a^�^_X_cNU�QTi�huo7U�p�Skc[S%^_X[`a\�d=X_S%mFw�¤OS%QAf{S�|������R­�®²`r^�d
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{ LêsX_bN �Q�Wa z Nl_vs±cb^

��`ui�tTc[S���� � `uX[ZJ`aQAf{cNS%d�^[`aQTiH^_X_cNS%QTi�X[Z(U�WDX[ZTS}huU�fkd�h���U�t�huU�\j��c[Skb�tAha^N`uU�QV« �sc[S%hrd=X[`up�S�X_UjX[ZAS}����� ��d�Q�m��
�}`amTX[Z�� �v|TU�QTSjU���^_Skc[p�S%^�dJ��S%d=¡�huo�f{U�c[c[S%had=X_S%m7\(SkX[d�h���huSkWsX�mTS%QA^N`uX~o]U�WL^[X[d=X_S%^v�v|�d(^[X_c[U�QTi�huonf{U�c[c[S%had=X_S%m
\(SkX[d�hA�O`uX[ZJd�!�tAd�^[`ub�d=c[X[`afkhuSlbDS%d=¡(d=X¢X[ZTS}�ASkcN\J`AS%QASkc[i�o5��\J`amAmAhaS��v|�d�QAm�dH©�U�X_X�`rQA^[tAhad=X_U�c}�scv`ui�ZeXv�vw��}ZTS
��S%d=¡�huo7f{U�cNc[S%had=X_S%m,\(SkX[d�h¥d�QAm�X[ZTS��sU�cNmTSkc[S%m��}©�U�X_XH`aQA^[tAhrd=X_U�cOd=c[S4f{U�c[c[S%f{X[huo�mTS%^[f{cN`u�DS%m7�qo7����� d�Q�m
������­R®�|�cNS%^_bDS%f{X[`up�S%huo�wY������­R�R©-�L� i�`ap�S%^}X[ZTSgf{U�c[c[S%f{XRd�QA^_��Skc}WsU�c�d�hrhFp d�hrtTS%^�U�Wl« d�QAm�^[tT��^[t�\(S%^
X[ZTSO�����¯p=d�ha`am�W�U�cl^[\Jd�hah�«���� d�Q�mJX[ZTS�������­R®¯c[S%^NtAhuX[^�WsU�c�X[ZTS�©�U�X_Xl`aQA^[tAhrd=X_U�c�d=bAbDS%d=cN`aQAiHd=X�had=cNi�S
«���� w

i�UqU�m-\(SkX[ZTU�m7WsU�c�mAS%^[f{cN`u��`rQTiJ©7U�X_X�`aQ�^[tAhad=X_U�cN^%|���tTXOQTU�XOWsU�cRfkd�hafktAhad=X[`aQAiV^_X_c[U�QAi�huo5f{U�c[c[S%had=X_S%m-\(SkX[d�ha^
U�c�^[o�^_X_S%\�^O`aQ7X[ZTSjp�`afk`aQ�`uX~o]U�W¢d�©�U�X_X��~¤�tT�A��d=cNm-\(SkX[d�h �~`rQA^[tAhad=X_U�cOX_cNd�QA^[`aX[`uU�QFwY©�`r^[^[`aQTiV`aQ��DU�X[Z������
d�QAm)���}�R­R®¦`a^RX[ZAS�" ¡+�O�t�üár��§±� �«�X�¼¢Mág°¹ÀO�t�«�±� |��}Z�`afNZ,Skp�S%Q�d=XHd�cNd=X[ZTSkcjhrd=c[i�SV��U�tAhuU�\��:`aQqX_SkcNd�f{X[`uU�Q�«
�sU�c�d=X�«$#$� �}`uX[Z7d�QTU�Q��~`rQeX_Ski�SkcRQqt�\j�DSkc}U�W¥`aQqX_SkcNd�f{X[`aQAi�S%huS%f{X_c[U�Q�^}bDSkcO^N`uX_S��Y^_X[`rhahDi�`up�S%^�d�\(SkX[d�hahr`af
�DS%ZAd%p�`uU�c¢mTSkX_Skcv\J`aQTS%m4��o�!�tAd�^[`ab�d=c[X[`afkhuS%^L�}`aX[ZJd�had=c[i�Skc�S{ª�S%f{X[`up�S�\Jd�^[^¥X[Z�d�Q(X[ZTS}����� S%huS%f{X_c[U�QA^kw¥��Z�`a^
\Jd�^[^�S%QAZAd�QAf{S%\JS%QeX�cNd�QTi�S%^�W�cNU�\±d�\(U�mASkcNd=X_S�`rQAf{c[S%d�^_S�`aQJ\Jd�QqoJX_cNd�QA^N`uX[`uU�QJ\(SkX[d�h�U;��`amAS%^¢X_U�X[ZTS�Z�`ui�Z
S{ª�S%f{X[`ap�Sj\Jd�^[^_S%^lU���^_Skc[p�S%m�`aQ	%'&�����d�^_S%m�ZAS%d%p�o�WsSkcN\J`uU�Qnf{U�\(bDU�tAQAm�^kw¥����� d�QAmnd�ha^_U(���}�R­R®�W�d�`ah�X_U
d�fkf{U�tAQqX¢WsU�c�X[ZA`a^�¡�`aQAmgU�W�b�Zeo�^[`afk^¥d�Q�m(X[ZTS�d�^[^_U�fk`ad=X_S%m�(�U�QAmTU=�~ha`a¡�S�S%QASkc[i�og^Nfkd�huS�i�d�`aQTS%m(`rQ(f{U�\(b�d=cN`a^[U�Q
�}`uX[ZnX[ZTS�©7U�X_X}`rQA^[tAhad=X_U�c;w
������­R�R©-�L�ymTUqS%^YQAU�X�U�Q�huo�`aQAfkhrtAmTS}X[ZASRf{U�cNc[S%f{X)!qt�d�^[`ub�d=c[X[`rfkhuS}b�Zqo�^[`afk^ld�QAm]X[ZTS�f{U�c[c[S%^_bDU�QAm�`aQTijS%QT�
Skc[i�SkX[`afk^4��tAXk|�d=X4X[ZTSn^[d�\(SnX[`a\JS�|LcNSkbAc[U�mAtAf{S%^�X[ZTS]������d�Q�m
������­R® c[S%^NtAhuX[^j`rQ<X[ZTSnha`a\�`uX[^H�}ZASkc[S
X[ZTS%^_S�\(SkX[ZTU�mA^�d=c[SRp d�hr`amF|q^[SkSR��`uiTw*�=w��TU�cY��S%d=¡�haoVf{U�c[c[S%hrd=X_S%m]^[o�^_X_S%\�^k|���SR¡�QTU;� X[ZAd=Xl�����ybAc[U�p�`amAS%^
X[ZTS�f{U�cNc[S%f{X�mTS%^[f{cN`ub�X[`uU�QF|ld�^VmTU�S%^VX[ZTS������R­���©-��� d=bAbAc[U�d�fvZ#�OZA`afNZ#i�`up�S%^VX[ZTS-^Nd�\(S7c[S%^NtAhuX[^�d�^
������`uW�X[ZTSRhuU�fkd�h���U�tAhuU�\���`aQeX_Skcvd�f{X[`uU�Q�«y`a^l^[\Jd�hah�w�PRQ]X[ZTSRU�X[ZTSkcYZAd�QAm�|������R­���©-���>d=i�c[SkS%^Y�O`uX[Z
X[ZTSJ���}�R­R®²c[S%^NtAhuX[^RWsU�cj^_o�\J\(SkX_c[oq���Ac[U�¡�S%Q:©�U�X_X�`rQA^[tAhad=X_U�cv^�d=X�had=c[i�SV��U�tAhaU�\j�:`aQqX_SkcNd�f{X[`uU�Q�«�w(x�Q
d�mAmA`uX[`aU�QF|AZTU;��Skp�Skc%|F���}�R­R�R©-����d�ha^[UVmTS%^[f{cv`u�DS%^YX[ZTSjf{U�c[cNS%had=X_S%m�\JSkX[d�ha^�U�fkfktTc[cN`rQTiJS%`uX[ZTSkc�d=XO^_U�\JS{�
�}ZAd=X}^N\Jd�hahuSkcO��U�t�huU�\j��`aQeX_Skcvd�f{X[`uU�QA^R« ¦�§ �}ZTS%Q5©�U�X_XO`rQA^[tAhad=X_U�cv^Yd=c[SjmTU�bDS%mFw¢�}ZqtA^%|A������­R�R©����
bAc[U�p�`amAS%^OX[ZAS4f{U�cNc[S%f{X�b�Zqo�^[`rfk^OWsU�cHd�hah¥��U�tAhuU�\��)`aQqX_SkcNd�f{X[`uU�QA^�d�QAm,mTU�b�`aQTi�^k|D�}ZTSkcNS%d�^������ o�`uS%hrmA^Rd�Q
tAQAf{U�c[cNS%had=X_S%mn\(SkX[d�hFSkp�S%Q5`uW�X[ZTS�\Jd=X_SkcN`ad�hDd=X�ZAd�QAmn`a^ld(^_X_cNU�QTi�huoq�~f{U�c[c[S%had=X_S%m�\(SkX[d�hDU�c�d(©�U�X_X�`aQA^NtAhad �
X_U�c%w�¬�`r\J`ahad=cNhao�|q���}�R­R® o�`uS%hamA^ld�Q5`rQA^[tAhad=X_U�clWsU�c�X[ZTS �¹ËX�ò�l�+� � � ¦ �~fkd�hafktAhad=X_S%m,«O��p d�hrtTS%^YU�W,+=m�X_cNd�QA^[`aX[`uU�Q
\(SkX[d�h�U;��`rmTS%^k|TSkp�S%Q5WsU�c}\Jd=X_Skcv`ad�ha^Y�}Z�`afNZ�^[ZAU�tAham]�DSH\(SkX[d�haha`af=w

[.-



� `aX[Z�X[ZTSRd=��`ahr`uX~o4U�W������R­���©-��� X_UgmAS%^[f{cN`u�DS�X[ZTS�W�tAhahTcNd�QAi�SOU�W�\�d=X_SkcN`ad�ha^�W�cNU�\ ��S%d=¡�haoJX_Ug^[X_c[U�QTi�huo
f{U�c[c[S%had=X_S%m#\(SkX[d�ha^JX_U�©7U�X_X�`rQA^[tAhad=X_U�cv^k|¢`uXJ`a^(QAU�XJd�^_X_U�QA`a^[Z�`aQTi,X[ZAd=XJ`uXJZAd�^JbAc[U;p�S%m X_U:�DS5d,�Ac[S%d=¡q�
X[ZTc[U�tTi�Z<W�U�cgX[ZTSnfkd�hafktAhad=X[`aU�Q:U�W�f{U�c[c[S%hrd=X_S%m
\�d=X_SkcN`ad�ha^kw�¬T`aQAf{S�\(U�cNSVd�QAm
\(U�c[SVb�Zeo�^[`afk`r^_X[^HWsc[U�\ X[ZAS
��d�QAmA^[X_cNtAf{X[tTc[SYd�QAm�\Jd�Qeoq���DU�mAo�f{U�\J\gtAQA`uX[`aS%^�^[ZTU��#`aQqX_Skc[S%^_X¢`aQ4X[Z�`a^¥QTU;p�S%h�\(SkX[ZTU�mF|e��S���U�tAham(ha`a¡�SYX_U
bAc[S%^_S%QqX¢ZTSkcNS�|qd�^¢d����R^[fk`aS%QeX[`���fYZA`ui�ZAha`ai�ZeX�U�WDX[ZTS}\(U�QqX[ZF|�d�Q�`aQqX_c[U�mAtAf{X[`uU�Q4X_Ug������­R�R©�����w �)SOd�ha^[U
bAc[S%^_S%QqXLc[S%^[tAhuX[^�WsU�cLX���URU�WAX[ZAS�\(U�^[XLW�d�\(U�tA^L^_X_c[U�QAi�huoe�~f{U�cNc[S%had=X_S%m(\Jd=X_SkcN`rd�ha^k|�`�w+S�wu|�X[ZTS�X_cNd�QA^[`aX[`uU�Qj\(SkX[d�h
U%�T`amTSY§ f P m �}ZA`afvZ(`a^�X[ZTS�b�cN`a\(S�S{��d�\Jb�huSYU�WDdH^_o�^_X_S%\ tAQAmASkc[i�U�`aQTi�dH©�U�X_X��~¤OtA�A��d=cNmJ\JSkX[d�h �~`aQA^[t�had=X_U�c
X_cNd�QA^[`aX[`uU�QF|�d�QAm]X[ZTS %'&���S%huS%f{X_c[U�Q5^_o�^_X_S%\���S��}`uX[Zn`uX[^�p�U�hat�\(S�f{U�hahad=b�^_S�X_cNd�QA^N`uX[`uU�QFw¥��ZTS�bAc[S%^[S%QeX[d=X[`uU�Q
`a^¥WsU�hahuU��}`aQTiH`aQ�\Jd�Qeo4b�d=cNX[^�X[ZTS�f{U�QTW�SkcNS%QAf{S}bAcNU�f{SkS%mA`rQTi�^���SkWzw [ |�d�ha^_Uj^[SkS}X[ZTS�f{U�QTW�SkcNS%QAf{S}bAcNU�f{SkS%mA`rQTi�^��SkW�^kw - w
xzQy¬�S%f{X[`uU�Q	�
X[ZTS)������­R�R©-�L� d=bAbAc[U�d�fvZ>`a^]bAc[S%^[S%QeX_S%mF|R^_X[d=c[X[`rQTi��}`uX[Z X[ZTS �¹ËÙ�Q�g�l� �«¦ S%huS%f{X_c[U�QA`rf
¤Od�\�`ahuX_U�QA`ad�Q-`aQ)¬�S%f{X[`uU�Q
��w �=|�f{U�QqX[`aQqt�`aQTi]�}`uX[Z-����� `aQ)¬�S%f{X[`uU�Q
��w���|������±`rQ,¬�S%f{X[`aU�Q���w +�|FX[ZAS4f{U�QT�
^_X_cNtAf{X[`aU�Q�U�W�dn\(U�mAS%h�¤�d�\J`ahuX_U�Q�`ad�Q�`rQ)¬�S%f{X[`uU�Q
��w %T|�d�QAm,�R©���� `aQ)¬�S%f{X[`uU�Q
��w \ wg�O^R\(SkX[ZAU�mA^RtA^[S%m
X_UV^_U�hap�SjX[ZTSg��©-��� ��SgmA`a^[fktA^N^YX[ZTS !�tAd�QqX[tA\�©�U�QqX_S(�ld=cvhuU����R©)���Yd�hai�U�cN`uX[ZA\ `rQ-¬�S%f{X[`uU�Q���w [ d�Q�m
X[ZTS7QTU�QT�~f{c[U�^[^[`aQAi,d=b�bAc[U%�T`a\Jd=X[`aU�Qy���R�Y�R�4`rQ#¬�S%f{X[`uU�Q���w - w � ^[`a\(b�hr`���S%m:X_cNS%d=X[\(S%QeX]WsU�cJX_cNd�QA^[`aX[`uU�Q
\(SkX[d�h�U;��`rmTS%^}`a^}`aQeX_cNU�mAt�f{S%m5`aQ7¬�S%f{X[`uU�Q���w���w��¥��X_S%QA^[`uU�QA^}d�QAm7d�huX_SkcvQAd=X[`up�S%^�X_UVX[ZTSj�����R­���©-����d=bA�
bAc[U�d�fvZ�d=c[SHmA`a^[fkt�^[^_S%mF|qW�U�fktA^[`aQAi�U�Q�d4^_S%huW��~f{U�QA^[`r^_X_S%QeXY�����R­���©-���>^[fvZTS%\(SH`aQ5¬�S%f{X[`uU�Q�+�w �=|A^[b�S%f{X_cvd�h
mTS%QA^[`aX~o:W�tAQAf{X[`uU�Q�d�h�X[ZTSkU�c[o
`aQ�¬�S%f{X[`uU�Q +�w���|�fkhat�^_X_Skc�S{��X_S%QA^[`aU�QA^gU�WO�R©���� `aQ�¬�S%f{X[`uU�Q +�w +�|�d�QAm<X[ZAS� �>­R�R©����²d=bAbAc[U�d�fvZ<`aQ<¬�S%f{X[`aU�Q +�w %Twn�O^Hd5b�d=c[X[`afktAhrd=c�S{��d�\(b�huS�|�X[ZTSV������­R�R©����²fkd�hafktAhad=X[`aU�Q
W�U�cY��d R���� ¬�c � �}`�P m `a^�mA`a^NfktA^[^_S%mV`aQn¬�S%f{X[`uU�Q %T|�S%\(b�ZAd�^[`��%`aQAijX[ZAd=X�X[ZTSR\(SkX[ZTU�m��yX_Ug^_U�hap�S�X[ZAS��R©-�L�
\Jd=X_X_SkcN^�U�Q:d�!�tAd�QqX[`uX[d=X[`up�S�haSkp�S%h�wnPRtAcjfkd�hafktAhad=X[`aU�QA^�WsU�cjX[ZTS�©�U�X_X��~¤�tT�A��d=cNm�\(SkX[d�h �~`aQ�^[tAhad=X_U�c�X_cNd�QT�
^[`uX[`uU�Q-`aQ7§ f P m d=c[SgbAc[S%^_S%QqX_S%m,`aQ,¬�S%f{X[`uU�Q \ |D`rQ�f{U�\(b�d=cN`a^_U�Q�X_UnX[ZTS�S{��bDSkcN`a\(S%QqXkwH¬�S%f{X[`uU�Q [ cNSkp�`uSk�O^
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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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