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0 O O The features of pre-edge peaks in K-edge XANES spectra of 3d transition
metal compounds were classified by kinds of elements, the coordination numbers,
the symmetry and the number of d-orbital occupied. The electric dipole and
quadrupole contributions were reviewed based on polarized spectra, group theory,
and theoretical calculations. The transition of a 1s electron to 3d orbital gives weak
preedge peaks due to the electric quadrupole transition for any symmetries. An
intense preedge pesk is assigned to an electric dipole transition to p-character in the
d-p hybridized orbital. The mixing of ametal 4p orbital with the 3d orbital strongly
depends on the coordination symmetry, the degree of which is predictable with group
theory. The polarized spectrum is effective for assignment of preedge peaks.

[Key words] XANES, Pre-edge peak, 3d transition metals, Electric-dipoletransition,
Electric-quadrupole transition
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Fig.1 TiK-edge XANES spectraof titanium oxides containing four (a), five (b) and six coordinated
Ti (c). (Reprinted from F.Farges et al.”, “ Coordination chemistry of Ti(IV) in silicate
glasses and melt. 1. XAFS study of titanium coordination in oxide model compounds”
Geochim. Cosmochim. Acta, 60, 3023, © 1996, with permission from Elsevier.)
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Fig.2 Normalized pre-edge height versusenergy

position for Ti K-pre-edge featuresin
authentic compounds with different
coordination number. (Reprinted from
F.Fargesetal.®," Coordination chemistry
of Ti(IV) in silicate glasses and melt.1.
XAFS study of titanium coordination in
oxide model compounds” Geochim.
Cosmochim. Acta, 60, 3023, © 1996, with
permission from Elsevier.)
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Fig.3 Ti K-edge XANES spectra of Ti-incor-

porated zeolite TS-1 outgassed at 400 K
(a), followed by dose of NH; (b), after
adsorption-desorption procedure of NH,
at room temperature (c), and TiO,
(anatase) (d). (Reprinted with permission
from S.Bordigaet al.’?, J. Phys. Chem,,
98, 4125, © 1994 American Chemical
Society.)

47



48

JAOO000O0XO0ODOODoOOoOoooooooooooooooooooooooooooo

gobbooooooobobbbooooobbbbooooobbboo400KOD
obooobooooobOoobooobooooobooboobooooboboooobooo
goobobobooooooooooobobboooooobbooooooobbooo
goobboooobbbooobobobmbobooooboboooobbooooon
boboooboooboooobooooomobooobooboooobooboooboooo
goobobbooooobobbooou EXARSOODODDODOOOOooDDOobOOOo
gboboooooboboboboboobooobooboboboboomoobon
OooooooooooptioDO000O0DODOO0OO0Ye3KOOOOODOODOO
00000 MiyanagaD OO O OOO00OOO0O PTiO; O XAFSODOOODOOOOOO
gbobooobooobobobooboombobobooooobooboboboooon
00000®0000000 EXAFSOO00000000000000000000
gboooobobobobooobobon
obo00o0o0o0obOooobo0ooo0oDobO0oobO0obO0O0s3ddbdn K-edge
XANESOOOODOOOOOOOOO0O0O01s3d0000gooooooooooog
o0bo0oobOooboOooisbogooogobobooboboodooooooooooooo
gboboooooboboboboboo@mboboboboboooboboboon
poO0000000000000000O000DOO0O0OO0O0bOO0000O000O00O0
gboobooboboboooboboooobobobobooboboboobon
gboboboobobmoboboboboboboooboobobobobXARS
obooboooboboobooooooboooooboooboooboobooomoboon
gbooboooboobXANESDODODOODOOOODOODOOooDOOooooboobooooo
gbooooboboboooboobobobooooboboooobobooon
O00000oooooooooosdooonooKOOOXANESOOODOOOOO
gboboooboobobobooooboboooooboboboboooobon
gboboooboobobobooboobobobooobobobooboooobooobon
oooooooooo

2.0X000000

oooOXooOooooooboooboooOooobooobooboobooooXooo
ooboobooooooooooomooooooobooobobooboboooooo
0000000000000 o00o0oO0000O0D* 000 BEXAFSODODO0OO
obobooobOoooOoobOoooOoobO0oobOb0oobOo0obOOoOob0O0OOXANESOO
0000000000000 0o0o0ooooooo**OoooDoooooooo

ooooooo 38



JAOO0000XOODODoOO0oo0oooooooooooooooooooooooooooo

() QOB
es B

S Y

Fig.4 The shape of typical atomic orbitals.
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Fig.5 Crydal field splitting of d-orbitals with different symmetries.

Table1 Listsof character tables.

Ty oy Dy,
P d P d p d
A xZ +V2 +z7 Ay xZ +V2 +z7 Ay xZ +V2,
AZ A2g A2g Rz
E (222—x2-y2,x2—y2) E, (ZZZ—xZ—yZ,xZ—yZ) By, xz_yz
Tl (Rx’Ry’Rz) Tlg (Rx’Ry’Rz) BZg Xy
T, (xy2 (xz, yz, xy) To (xz, yz, xy) E; (R, Ry) (xz,y2)
Alu Alu
A2u AZu z
Eu Blu
Tw (y2 By,
To, E. )y

50

OO0pddbO0O000O0DpOOOO0OODODOOOOOOOOOODOODODODODODOO
oobo0oO0obDi1sO0dpddOoO0OoboOoooooooooooobooboDboo
gobooobooboboooooooboooboooomooobooobooooooo
ooooooooooooO0oooobdooobObODOOoOoooooT,00DO0000
gobooobomobooboobobooooooobooooboooboooooooooooo
ooboooboooboooboboooboogon

4.00000

gobooooooooooooooboooooooooooobooooooobooboooon
ooooooooooooooooooooobooboooooooooboooDboo
ooboooooooobooooboooooooooooo0ooboOFogl(ogOO
OOO0O0OXANESODOOOOOOOOOOOOOOoOOoOooOooooooOooobooo

ooooooo 38



JAOO0000XOODODoOO0oo0oooooooooooooooooooooooooooo

goooooobooobobobobobobooboboboobObobobObObObODbDbDbbODbODbD
XANESOOOOOOOOOOooeeoooooooooooooooobooon
gboboooobobevOobobooooboobobOobooobobOobobon
gboboboooobobobobooooobobobo

OXANESD OOOOOODODOODODOOOOO0O0O00OD0OO0OBXARSDOOOOO00O0O
000000000000000000000® D 00000000000000
gbobobogbv-XedlVOOUOOOO FEFFOOODOOOOOOOODOODODOOO0
oobooobooooooobooobobooboooooooom™moooooooooo
gbobobooobobobooooobobobooboboboboboobooboobon
ooboooboooobooooooooooboooboooo0rPMODOOOOOOO
0000000000000000000000000% 00000 EXAFSO0OD
O00D00Db0O000ORer DD OODOODOODOOODOOOODOOOREFFOOO
gboobobooomuobo0OrEFRODO0O0O0oobobooooooobooDon
00 XANESOOODOOODODODODOOODO*0OFEFFSO0 000000 OO XAFSDO
00000000000000®*0000000000000000000000

5.03d0 0000 XANESUOODODO

510000000
oooobooooooboooooooooooboboooobooooobooOono
OobOoOoboobooXANESOOOOOOOOOOOOOoOoooOoooooooo
oooooboooooooobooooboboooooooooomooboooooooo
Oooo00ooob0rglIOOOOOO0O0OOOODOODOOOOOOODODDOD
oobooobooooooooobooooboobo4000e00bObOOObOOnOOO
O0000d0ooborFg6e0 D M400D000000O0DODOODOO0OO0OOODODOODO
oobooboooooOoobOooboOobooobs2000000000
O3d000000000000000000000OLinquis-Reis000O0OO0ODO
0000000000000Fge*000000000000000000000O
oobooboooboooobooobbooboboobooobooboobooobobooooo
oo0o000pbeg00000000000000000000000O0O00000
ooooobooobooboooooboooboooooooooooooobooooo
OoooooooobOrglOODOOOOO0OOOOODOODOOOOOOODODOD
ooboooboboboooooooooooOooobOoobooobobooooboooobs0d
0000000000000000000000000000Fg.700 Yoshidad 1]

ooooooo 38 51



JAOO000O0XO0ODOODoOOoOoooooooooooooooooooooooooooo

ScO;,
- ScOg
w0 45 ScOq
| ScOg
ScOg

Normalized absorbance

4460 I 4480 I 45|00 ] 45I20 I 45|40 I 45I60 I 45|80 I 4600
Energy / eV
Fig.6 Sc K-edge XANES spectra of trivalent compounds. S1: [Sc(OH,)g] (CF;S0,),, S2:
[Sc(OH,)e] (ClO,)s, S3: [Sc(OH,)e] [Sc(OSO,CH)q], S4: [Sc(OH,), (C;H7S0O5),]
C,H,S0,:2H,0, S5: [Sc, (u- OH),(OH,) ] Br,-2H,0, L1: Sc(ClO,) 5 in HCIO, aqueous
solution. (P.Lingvist-Reis et al.®, Dalton Trans, 3868 (2006). Reproduced by permission
of The Royal Society of Chemistry.)
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Fig. 7 V K-edge XANES spectra of vanadium compounds. (Reproduced from S. Y oshida and
T.Tanaka®”, in* X-Ray Absorption Fine Sructure for Catalysts and Surfaces” , Chapter
8.2, pp. 304-325, Ed. Y.lwasawa, © 1996 World Scientific.)
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Fig. 8 Cr K-edge XANES spectra of chromium compounds. (Reprinted from K.L.Fujdala and
T.D.Tilley®, * Thermolytic molecular precursor routes to Cr/Si/Al/O and Cr/Si/Zr/O
catalysts for the oxidative dehydrogenation and dehydrogenation of propane” , J. Catal.,
218, 123, © 2003, with permission from Elsevier.)
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Fig.9 Mn K-edge XANES spectra of authentic compounds.
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Fig.10 Fe K-edge XANES spectra of high-spin Fe(lll) complexes compounds with 4, 5 and 6-fold

coordination. (Reproduced from A.L.Roe et al.®», J. Am. Chem. Soc., 106, 1676, © 1984
American Chemical Society.)
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Fig.11 Co K-edge XANES spectra of divalent compounds. (Reproduced from J.A.Rodriguez et
al.*, J. Phys. Chem. B, 102, 1347, © 1998 American Chemical Society.)
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(Reproduced from F. Farges™, Phys. T4 and 33.5% O, Cu** species™.

Rev. B, 71, 155109, © 2005 by the
American Physical Society.)
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Fig.14 Zn K-edge XANES spectra of divalent compounds.
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Fig.16 Cu K-edge XANES spectraof [CuCl,]*

compounds with different dihedral
angles between the two CI-Cu-Cl planes.
Cl-1: [(CgHs) CH,CH,NH,CH],CuCl,,
ClI-2: [Pt(en),Cl,] CuCl,, CI-3: (N-phe-
nyl-piperazinium),CuCl,, Cl-4: Cs,CuCl,.
(Reprinted with permission from M. Sano
et al*¥., Inorg. Chem., 31, 459, © 1992
American Chemical Society.)
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preedge-peak intensity. (Reprinted from J. E. Hahn et al.*, “ Observation of an Electric
Quadrupole Transition in the X-ray Absorption-Spectrum of a Cu(ll) Complex” , Chem.
Phys. Lett., 88, 595, © 1982 with permission from Elsevier.)
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Fig.20 Polarized Ni K-edge XANES spectraof K,Ni(CN),-2H,O single crystal and the powder spectrum.
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