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The rising interest in XANES is due to the experimental evidence that

information on coordination geometry and bonding angles, not given by EXAFS,

can indeed be extracted from XANES(1,2). In this papèr 1 would like to point

out that certain features of XANES, being sE~nsiti ve to interatomic distances,

can also be exploited to determine first coordination bond lengths to a few

percent accuracy (5% or less)(3). Th1s aspect of XANES is particularly use

fuI Whenever EXAFS modtllations are too weak to be measured j aS in the case

of low Z backscatterers. For the sake of concreteness, I shall limit myself

to K~edge absorption spectra of simple mo~ecules containing C-C, C~N, C~O

type of bonds and of two series of JV!n and V oxides (see Tables I and II).

These cases are generaI enough to serve as an illustration of other cases.

In ref.(4), I suggested that the following relation

const (1)

should correlate the energy· ]Josition E = E - V of a continuum resonance
r r

(measured from an average interstitial potential V in the materia1 under

consideration) and the bond length R between the absorbing atom and its

nearest neighbor (s), l~esponsible for the reEionance through a IIcagingll

effect.

Eq.Ci) was obtained by imposing the condition Det M = O at the reso

nant energy, where M is the mul tiple scattel'i.ng matrix (4). Here I observe
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that the same re:Lation can be obtained in m. s. theol'y on the basis of a

simple scaling aJrgument in case the maximum in the spectrum i~; not a reson

ant maximum, but is stil1 due to neighbors at distance R frOlì1 the photoab-

80rber.

In generaI, application of Eq.(1) i8 impaired by the fact that V i8

not an experimenta:Lly accessible quantity and may be different in the sy

stems under comparison. To circumvent thls difficu:Lty, l suggest here the

use of a relation similar to Eq.(l) for bound or excitonic t'esonaces, i.e.

Subtraction of Eq.(1) and Eq.(2) then yields

(E - E )H
2

r b
(3)

a relation containing only mea~iUrable quanti ties and df immediate applic§.

tion. By the term IIbound or exc:itonic resOhances" I mean those spectral

pre-edge features due to transition to truly bound states in molecules (e.

th * t . t . . '[' t' l' 1 ( 5 ) ) t .g., e" ranSl lon In eIa Orrt.lC mo'ecu es or to anlbonding states

of 3d character in metal oxldes(6). Both have in coJìlrrìon the feature that

they fall in an energy region where atomic resonances of the constituent

atoms occur and, so to speak, are driven by them.

HOwever, use of Eq.(2) needs some discussion, slnce the quantity Cb

would in generaI depend ib~elf on H, due to the lìonnegligiblE~ energy depe!2

dence of the atomic phase shifts in the resonant region(4). A simple mOdel

of an excitonic resonance between two like atoms at distance R apart, dri~

en by un atomic resonance in s state, located at energy E and with half
a

width r, will illustrate the point. In such a case the condition for the

two atom cluster resonance is

(4)

analytica,l1y to gi ve the wahted relation between the

-1/2 P' R (-)1/2 ..- /r''" E . utting Il "''' '" E ""'v R, l,"' E ,a a a a
and, to within 10% accuracy, arcos(x) ';:;~ Jt/2(1_x)1/2

- 1/2
where :)( '" (E-V)

cotgD(E) ~ CE-E) /1'
a

Eq.(4) can be solved

cluster resonance Eb and the bond length R. The restilt is
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:et 1s 1titerestil1g to con,3ider the two limiting cases, r.....,. O (8·4 cd) and

r"-1ì, c6(8~ b). Forf.......,. O, l:irrlit of inHnltely sharp àtbhlic r'Monancel :)lbR=

,= fl
a
, == U,R j iìnp' lving that j whatever thE' bond length l the moll:lcUlar resonaho.: a . ~

ce E
b

is pinned dbWI1 at the atomic value Ea and Cb in Eq.(2) is EaR
2

.

For r~'-II> 00, limi t of ve:t'y weak dependence of atomie pha::3e shifts on

energy UbR == (ft/:2) 1/
2

, recovering Eq. (1), since in this case the resonati

ce is a continuum resonance. The true state of af'fairs for a bound-excito

nie resonance lies in between. For typical values bf Ea~ 5 eV l 1. 2 ~ Qa~

,;::; 2. S, t .... 10 eV, one finds 3'(;101 Q ~v 1, so that one is iti the range of smal1
a

deviatioti (NI0%) of the r.h.s. of Eq.(3) from constaney, cotisidering that

usual1y Cr ..•• SCbatid LiR/n "'30%. Al though oversimplified, the mode l contains

alI of the relevant features of real systems and one can expect the above

estimates to apply to them. One can then assume constancy of the r.h.s. of

Eq. (3) atid read off thE~ consequences. When applied to free molecules, Eq.

* ' *(3) states that the eneI"gy difference between the <1 and the 3t resonance

depends bnly on the bond length, provided initial state differetiCeSI like

miore or less covalehcy or polarity of the bond, have the sàtr1e effect oh the

two exci ted states. For chemisorbed molecuHts one is led to the same eoh

clusions, provided the two reSOnances are affected by the metal substrate

::::hieldihg in the sàtr1e way. Under these assumptions, the constant should be

trah,sferable from ohe phase to another.

If applied to metal oxides, Eq.(3) implies that the energy separation

between the pre-edge excitonic feature and the first strohg absbrptioh ma

:ximum after the risitig edge is a function of the bond Iength. Sihee the in

flection point of the rising edge tends to fol10w this maximum, care should

. be exercised not to attribute its energy shift to an initiai state effect,

i.e., different valehce state of the metal ion. Any initial state effect

should thel~efore be assessed after correcting for this "bond length effect't.

Analysis of the edge shifts in the Mn and V oxide series along these lihes

reveals that initial state effecti3 dUe to the different chernical states of

the metai :Lon amount to 1ess than 1 eV as opposed to 5-8 eV shifts caUsed

by bond length variation. This result is in keeping wi~h the conclusions of

ligand fieid theory, whereby back''-"bonding effeets tend to neutralize charge

transfer from the metal to the IigandS So that the het charge oti the meta1

ion remains roughly constant along the series.

Table I sun1marizes the exper1iment:al datiOl fOl' the energy posi tion (eV)
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of the ,1t* and 0':Jt: resbnances ~ the bond length cJt) and the ioni2:aHol:'1 poten~

tial or MVeral rholectiles in thdr gas phase. The lat3t colUffin gives the Di'Q

ductA1tdR2
(eV1;2). In keep:Lng wi th theot'y one finds that thiel quanti ty de.·

pehds oh the atom foi'ffiing the pairahd it is roughly COhstant within the sa

TABLFL.:!~

--._-
E (Jt'E) E(d*) Lltt(J R(~)

2
Mb1ec111e Ref 15 LP, .1ll;(jR

tibIe
(ev~2)state (eV)

---_._....

C2H? ( 7) C 285.6 291.1 310 24.4 1.204 35.4

e/'2 (7) C 284.7 290.8 306 21.3 1. 337 38.0

HCN (9) C 286.4 293.4 307.9 21. 5 1.156 28.'7
N 399.7 406.8 420.8 21.1 28.2

C2N? (0) C 286. ::1 294.5 306.3 20.0 1. 16 26.9
N 398.9 407.4 419.3 20.4 27.4

N? (8 ) N 400.9 409.9 418.9 18 1.095 21.6

CO (8) C 287.3 296.2 303.9 '16.5 1.128 21 .. O
O 534.1 ~)42. 6 550.9 16.8 21. 4

l'?CO (8 ) C 286oC) 294.5 300.9 14.9 1. 21 21..8
O 530.e 539.4 544.0 13.2 19.3

CH
3

COti (8) C 286.3 294.0 301.0 14.7 1. 22 21.. 9
O 531.1 53e.0 544.5 13.4 19.9

(CI-I3 ) ~JCO (8 ) C 286.e 293.8 301.0 14.2 1. 22 21 .. 1
O 531.a 537.9 545.0 13.7 20.4

....,.......-...._ ....

'J..!:. 8L!L!"!"
___.'...0-."

R(A) 2
CoordinationOxìde ReI E

A
(3d) E (4p) LlACRC

(eV) (eV) (eVA2 )
---_.-

MnO ( (j ) 0.3 16.0 2.?? 77.4 6

Mn?o~l (6 ) 0.5 20.0 2.01 78.8 6

MilO? (6 ) 0.7 ~'? O 1.90 76.9 6

KMhC\, (6) 1.3 2fl.0 1.6 68.3 4

VO (10) a.o ?0.4 2.05 73.1 6

V O (lO) 3.4 ?3.S ~'. 01 81.1 6;1 ~3

V4()7 (10) 4.1 2~) . 1 1. 98 82.3 6

V
2

0
4

(IO) 4.5 26.2 1.93 ono O 6

V (lO) 5.6 30.1 1.e3 8?0 5

NilI\V0
3

(1O) 4.8 2h.h 1.73 65.2 4

Crvo
4

(10) 4.e 21\.1\ 1.7C CO.l 4

Vanadini te (10) 4.5 2':,.1 1.75 63.1 4

VP (lO) 3.9 27.3 1. 58 58.4 l
c

V'l'l'p ( lO) 4.1 2~;. 7 1. 62 56.7 l

-------
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me pair (According to the Z+l rule, at Carbon and Nitrogen K-edge CO and N2

have the same final state, so they are listed together).

Similarly Table II sumnlad.zes, 1'01' the series 01' Mn and V oxides, the

energy position E
A

(3d) of the transitibn to an antibonding state 01' 3d cha

racter on the metal ion Cfeature A in ref.(6)), the position EC (4p) 01' the

first strong maxi.rtlUm after the rising edge (feature C in ref. (6)), the length

01' the metal to ligands bond R (or' the average valUe if they are not all e-
... 2 02

qual) and the product L1AC R (eVA) .
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