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Abstract — The near fine structure of K spectra of nitrogen and carbon atoms and of L, ; absorption spectra of
iron and potassium atoms in a solid-state ferrohexacyanide K,Fe(CN) is studied by the method of the quantumy
yield of the external photoelectric effect with an RSM-500 X-ray spectrometer—monochromator ang
bremsstrahlung from an X-ray tube with a tungsten cathode. The resonant features of the spectra obtained and
of the FeK spectrum known from the literature are identified within the framework of the extended quasi-molec-

ular approach using a comparative analysis of the absorption NK and CK spectra of the complex Fe (CN)‘:

anion and free HCN molecule and also general quantum-chemical considerations about the nature of the chem-
ical bond Fe—6(CN) in the complex in order to take into account the effect of this interaction on the formation of
a general spectrum of the resonance excited states of the complex. As a result of the analysis performed, all form
resonances are identified based on transitions of core electrons to vacant molecular orbitals (MO), the symmetry
of these MOs and their energies relative the highest filled MO of the complex are determined, and the region
of spatial localization of each resonance is found. It is established that the lowest vacant MO of the complex is

mainly formed from the antibonding 27 orbitals of CN~ ligands. By treating 7 and G resonances strongly
localized at ligands as a result of splitting of the ls — 2p atomic resonance in the absorption K spectra of
nitrogen and carbon atoms caused by the anisotropic molecular field of the CN™ anion, the interatomic distance
d(C-N) = 1.09 A, which is ambiguously estimated from other experimental methods, is found for

the Fe(CN)é’ complex from the values of splitting AE(% — &) in spectra of HCN and H;CNO, molecules and

this complex.

INTRODUCTION

X-ray absorption (XRA) spectra of simple molecu-
lar compounds of atoms of the second periodic group
illustrate the fundamental relation between their near
fine structure (NFS) and such characteristics of their
electronic and atomic structure as the energy and sym-
metry of free electronic states, interatomic distances,
the chemical state (the effective charge) of an absorbing
atom, its coordination, and the symmetry of the atomic
environment [ - 19]. This relation is based on the
established physical regularities of formation of the
NFS in XRA spectra, according to which the absorp-
tion bands dominating in the near-threshold spectral
region appear due to the capture of K electrons by
vacant MOs during XRA and the formation of the
metastable states of the “K-ionized molecule + photo-
electron” system (so-called form resonances), which
are strongly localized in the molecular region.

The form resonances observed during scattering of
X-ray photoelectrons are related to features of the
potential relief of the molecular system. Therefore, it is
reasonable that such resonant effects are retained with
minor changes in spectra of polyatomic systems (large
molecules and solids) containing individual fragments
or structural groups (quasi-molecules) of atoms of the

second periodic group [7, 15, 20 - 27]. It is obvious th
quasi-molecular form resonances are the source of
unique information on the local atomic and electron:.
structure of such polyatomic systems, which can be
obtained from an analysis of the NFS in XRA spectra
However, obtaining this information from experimenta
data is considerably hindered because of the lack of
reliable semiempirical methods of quantitative analys
of the NFES in XRA spectra of complex chemical com-
pounds of various classes. The most progress in this
field can be probably achieved using the quasi-molecu-
lar approach based on a comparative analysis of the
NES in spectra of a quasi-molecule and a free molecule
of a similar structure (if possible, isoelectronic and iso-
structural) [21 - 24, 28 - 30]. In this case, in order to
interpret in detail the resonance structure in the NFS in
spectra of a quasi-molecule, one has to take into
account its interaction with the environment in a poly-
atomic system [24 - 27]. Such an approach was suc-
cessfully used, in particular, in a study of the NFS in
XRA spectra of atoms of the second periodic group.
which form in crystals the planar molecular oxyanions

AO}" surrounded by a coordination polyhedron con-
sisting of simple monatomic cations [25 - 27].
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The aim of this paper is to elucidate the usefulness of
e quasi—molecular approach to studying the NFS in
\RA spectra of more complex polyatomic systems
\here molecular anions of the second periodic group
urround cations of the 3d metal thus forming a large
_omplex molecular anion. We studied a solid potassium
-srrohexacyanide K. Fe(CN)g. The choice of this com-
-iex compound was determined mainly by the fact that
e can expect strong resonant effects in the NES in
XRA spectra of the cyan anion CN- in this polyatomic
wstem because the latter- dominate in spectra of free
solecules HCN (31, 32}, N, [1-3,33], and CO [33],
+hich are isoelectronic with the cyan anion. This com-
-ex compound was also chosen because there are no
~artially filled orbitals among its high-lying valence
\0s [34, 35], which provides the singlet nature of the
“-ray excited states resulting in a more simple interpre-
~tion of the NFS in its XRA spectrum. Finally, note that,
-reviously, only the NFS in the absorption FeK spectrum
! potassium ferrohexacyanide was studied [36 - 39].

EXPERIMENTAL

X-ray absorption study of solid potassium ferro-
rexacyanide K, Fe(CN)g was performed by the method
i quantum yield of the external X-ray photoelectric
sffect [40] using an RSM-500 X-ray spectrometer-
monochromator with a 600 lines/mm diffraction grat-
ng coated with gold and having a radius of curvature
2= 6 m [41]. By using bremsstrahlung from an X-ray
tube with a tungsten cathode, the NFS of the absorption
‘pectra in the region of K-ionization thresholds for car-
~on and nitrogen atoms and in the region of L, ;-ioniza-
hon thresholds for potassium and iron atoms were
f’btamed with a resolution of AE = 0.8 eV (CK, NK, and
KL,, spectra) and AE = 1.2 eV (the FeL, 5 spectrum).
The origin of the CK and NK spectra was additionally
sudied a resolution of 0.3 and 0.4 eV, respectively.
ne NFS spectra were calibrated using characteristic
}*ray lines CrL, (21.64 A; second order of diffraction),
rel, (20.15 A; second order of diffraction), TiL,
3136 A), TiL, (27.42 A), CoL, (18292 A), and Felq
117.59 A) [42]. Other details of the method for investi-
gating the NFS in the region of the NK- and CK-absorp-
on edges are described in our papers {1, 2,3, 43].

RESULTS AND DISCUSSION

X-ray _ spectra of potassium ferrohexacyanide
and ned in this paper are presented in Figs. 1 and 3,
the positions of lines in the NFS spectra are given

" Table | (the lines denoted according to the discussion
below),

anotaS_SiUm ferrohexacyanide is a monoclinic crystal
an island structure containing as structural units

H

L“‘ stable polyatomic groups, complex Fe (CN)F

:Z‘)‘;“S in which the iron atom is surrounded by six CN-
ecular anion ligands [44, 45]. The interaction of this
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Table 1. Positions (in eV) of the NFS lines in XRA spectra
of potassium ferrohexacyanide

Band NK CK KL,, Fel,
spectrum | spectrum spectrum | spectrum
A 399.6 286.6
B 4033 289.0 7133
C 407.0 293.0
a 296.2
b 297.2
a 298.9
b 299.8
¢ 302.7
D 4138
E 417.2
F 423.6 3115

octahedral complex with potassium cations K* in a
crystal is purely ionic, while the chemical coordination
bond inside the complex is mainly covalent and is
effected by way of (i) the donor-acceptor transfer of the
electronic density from cyan anions CN- to the iron
atom through bonding © MOs (c bonding) and (ii) the
reverse dative transfer of the 3d electron density from
a central atom of the Fe complex to a vacant antibond-
ing 2n MO of ligands (delocalized T bond) [46, 47].
However, despite so complex a nature of the chemical
bond in the complex, the X-ray analysis of filled

valence MOs in NaCN and Fe(CN)g” shows only com-
paratively small changes in the electronic structure of

the cyan anion when passing from ionic sodium cya-
nide to the hexacyanide iron complex [34, 48]. Taking

this into account, we begin the discussion of the XRA
spectra obtained for the Fe(CN)g complex from the

NES in the NK- and CK-absorption spectra of ligands
(Fig. 1 and Table 1).

We first compare XRA spectra obtained for the cyan
anion in the complex with corresponding spectra of a
free HCN molecule [31, 32}, which is isoelectronic
with the CN- anion. However, note first that the CK
absorption spectrum of the ligand in potassium ferro-
hexacyanide (Fig. 1, curve 2)is overlapped with the L, ;
absorption spectrum of potassium atoms (the a-c struc-
ture in the 295 - 307-eV region). One can see this from
a comparison with the L, ; spectrum of the potassium
atom in a KNOj, crystal (Fig. 1, curve 5). As aresult, the
NES in the CK spectrum of the complex contains less
lines (A, B, C, and F) than the K spectrum of the nitro-
gen atom (Fig. 1, curve I).

Comparison of the NFS in spectra of CN- ligands
(Fig. 1, curves [ and 2) and corresponding spectra of
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EXPERIMENTAL

X-ray absorption study of solid potassium ferro-
wwacyanide K, Fe(CN), was performed by the method
< g@antum yield of the external X-ray photoelectric
et 140] using an RSM-500 X-ray spectrometer-
sesochromator with a 600 lines/mm diffraction grat-
# coated with gold and having a radius of curvature
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*Pecira in the region of K-ionization thresholds for car-
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the NFS in the region of the NK- and CK-absorp-
s are described in our papers [1, 2, 5, 43].

RESULTS AND DISCUSSION

Spectra of potassium ferrohexacyanide
;‘9.}?“5 paper are presented in Figs. 1 and 3,
%Qsmo{ls of lines in the NFS spectra are given,
Y (the lines denoted according to the discussion

T ,l?m ferrohexacyanide is a monoclinic crystal

%ia"d structure containing as structural units
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s Vhich the iron atom is surrounded by six CN~
anion ligands [44, 45]. The interaction of this
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Table 1. Positions (in eV) of the NFS lines in XRA spectra
of potassium ferrohexacyanide

T T

B NK CK KL,s FeL,
Spectrum Spectmm Spectrum SpeCtrum
A 3996 | 2866
B 4033 | 2890 7133
c 4070 | 2930
a 296.2
b 2972
a 298.9
b 299.8
c 302.7
D 4138
E | 4172
F 4236 | 3115

octahedral complex with potassium cations K* in a
crystal is purely ionic, while the chemical coordination
bond inside the complex is mainly covalent and is
effected by way of (i) the donor—acceptor transfer of the
electronic density from cyan anions CN- to the iron
atom through bonding G MOs (o bonding) and (ii) the
reverse dative transfer of the 3dr electron density from
a central atom of the Fe complex to a vacant antibond-
ing 21 MO of ligands (delocalized m bond) [46, 471.
However, despite so complex a nature of the chemical
bond in the complex, the X-ray analysis of filled

valence MOs in NaCN and Fe (CN)g shows only com-

paratively small changes in the electronic structure of
the cyan anion when passing from ionic sodium cya-
nide to the hexacyanide iron complex [34, 48]. Taking
this into account, we begin the discussion of the XRA

spectra obtained for the Fe(CN)f complex from the

NFS in the NK- and CK-absorption spectra of ligands
(Fig. 1 and Table D).

We first compare XRA spectra obtained for the cyan
anion in the complex with corresponding spectra of a
free HCN molecule [31, 32], which is isoelectronic
with the CN- anion. However, note first that the CK
absorption spectrum of the ligand in potassium ferro-
hexacyanide (Fig. 1, curve 2)is overlapped with the L
absorption spectrum of potassium atoms (the a-c struc-
ture in the 295 - 307-eV region). One can see this from
a comparison with the L, ; spectrum of the potassium
atom in a KNO, crystal (Fig. 1, curve 5). As aresult, the
NES in the CK spectrum of the complex contains less
lines (A, B, C, and F) than the K spectrum of the nitro-
gen atom (Fig. 1, curve I).

Comparison of the NFS in spectra of CN~ ligands
(Fig. 1, curves I and 2) and corresponding spectra of
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Fig. 1. The near fine structure of absorption K spectra of
(1) nitrogen and (2) carbon atoms in K4Fe(CN)g. The spec-
tra are matched in the energy scale using X-ray electronic
data [34, 35] about relative positions of X levels of nitrogen
and carbon atoms in potassium ferrohexacyanide crystal
(113.0 eV). Absorption K spectra of (3) nitrogen and
(4) carbon atoms in a free HCN molecule (the arrows show
corresponding K ionization thresholds) [31, 32] and (5) the
absorption L, 3 spectrum of the potassium atom in KNOy
are presented for comparison.

the isoelectronic HCN molecule (curves 3 and 4)
clearly shows that all absorption spectra exhibit a char-
acteristic narrow intense peak A and a low-intensity
broad band F, which only slightly change in passing
from the molecule to the anion. In the case of HCN,
these most interesting details of the NFS are related to
the transitions of the K electrons in the nitrogen and
carbon atoms to the excited states of the molecule
(form resonances of the m and ¢ symmetry [31, 32]),
which are strongly localized in the region of the stable
CN group. Our previous studies of the nature of similar
molecular resonances in XRA spectra of the N, mole-
cule, which 1s isoelectronic to HCN and CN-, indicated
that they are related to the atomic ls — 2p resonance,
which is split by the anisotropic field of the linear atomic
group into 2pm and 2pG components [9, 10, 12 - 17].
Although these form resonances are most adequately
described with the help of vacant MOs containing cor-
responding contributions of free 2p states of atoms of
the second periodic group, such an approach neverthe-
less proves to be clearer and rather convenient for an
analysis of the differences (for different polyatomic
systems) in such parameters of the atomic and elec-
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tronic structure of the total quasi-molecule ag
atomnic distance, 2p partial effective charge of
absorbing atom, etc. Thus, the value of the energy g the
ting AE(nt — ©) of the atomic resonance, which ¢ch piu.
terizes the anisotropy of the molecular potentj
stantially determined by the value of the Interatg
distance and, hence, can be used to measure the 13:%
In such a quasi-atomic description of molecuiar fle?
resonances in XRA spectra, the type of the dependea;?
of AE(mt — ) on the interatomic distance 4 (between the
absorbing atom and its nearest neighbors) is clegy-
splitting of the atomic ls — 2p resonance .
increase with decreasing d. Analysis of a great
of experimental results showed that, in the first
imation, the dependence of AE(T — G) on 4 is
linear [49].

Taking into account the above discussion, it ig Tea.
sonable to assert that the excited states related to the 4
and F bands in XRA spectra of Fe(CN)# are Quasi.
molecular form resonances of the T and G type strongj,
localized on CN~ ligands, which only slightly change
upon chemical bonding of cyan anions with’ the iros
atom. The most substantial change in these 7 and G
components of the atomic 1ls — 2p resonance split-
ting when passing from HCN to ferrohexacyanide
anion is a noticeable increase in the value of AE(% - g;
In NX spectra, AE(® — G) changes from 21.] (HCN
(31, 32]) to 24.0 eV [Fe(CN)¢ 1, while in K spectra of
carbon this quantity increases from 21.5 [31, 32] 15
24.9 eV, although the accuracy of the latter value i<
probably smaller because of the overlap of the CK and
L, ; absorption spectra of potassium atoms. We will use
these results to quantitatively estimate d(C-N) in the
ferrohexacyanide anion. For this purpose, we plot the
dependence AE(m — &) on d(C-N) (Fig. 2) based on the
structural data about d(C-N) (HCN: 1.158 A (50},
C,N,: 1,162 A[51]; H;CNO,: 1.489 A [52, 53]) and the
value of AE(7 — ©) from NK absorption spectra (HCN
21.1 eV [31, 32]; C,Ny: 204 eV [32]; H,CNO.
5.25eV [19]). Using this dependence and the valu:
AE(r — ¢) =24.0 eV from the NK absorption spectrum
of the Fe(CN); anion, we found d(C-N) = 1.09 4
for K Fe(CN),.

Let us compare our estimate with the data obtained
by other methods. Unfortunately, in this case, we have
no clear knowledge. The average length of the d(C-N:

bond in Fe(CN);~ measured by X-ray diffractometry is

equal to 1.029 A [54], while, according to the neutron
diffraction analysis [44], this distance is equal to
1.1608 A. Analysis of the far fine structure (EXAFS) of
the FeK absorption spectrum of the ferrohexacyanide
anion yields the value of d(C-N) = 1.0955 A measured
as the difference between interatomic distances
d(Fe—N) and d(Fe-C) [37], while the authors of a sim-
ilar study [38] consider, based on an additional compar-
ison of the experimental and calculated NFS in the FeX
absorption spectrum, more reliable the results of the
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pee ral complexes, is the orbital of the e, symmetry
gsemed mainly from the 3de, states of the iron atom.
wwn; the statement that the higher filled MO and lower
«cant MO in Fe (CN)‘;‘ are the components of split-
wag (g and e,) of the 3d states of the iron cation in the
sctshedral field of CN™ ligands is the main result of the
splication of rather imperfect crystal field theory to
.amplexes of the 3d metals [46, 62]. In this approach,
e parameter characterizing the chemical bond in the
cemplex is the magnitude of splitting A = 10D, =
£i3de ) — E(3dty,), which, in turn, determines the energy
£ the main low-energy absorption band of the complex
= the optical region. According to [61], A =3.84 eV
1000 cm™) for Fe(CN)g’. However, we obtained in
s study a substantially larger value of the distance
wwrween 3dr,, and 3de, components, 6.0 - 73 eV,
«cording to different absorption spectra (6.2 eV, from
% emission and absorption L spectra directly related
34 components; Table 2), while the first absorption A
~and (21, 31y, 2ty, MOs) is located by 3.5 - 3.6 eV
=gher than the higher filled MO, which agrees well
»4h the energy of the optical transition (3.84 eV) [61].
The nonzero intensity of the 2t,, —= (21, 311, 202)
seical transition can be reasonably explained by the
#ove-mentioned admixing of the 4p states of iron to
#e 3t,, orbital, resulting in the allowed dipole 3d —
4 wansition. :

By comparing positions of lower vacant MOs deter-
=ned for Fe(CN); from different spectra (Table 2),
=¢ see that they agree quite well with each other, taking
##0 account the low accuracy of measuring the abso-
"8 positions of the B and C absorption bands due to
%eir low intensity compared to the intense D band
%&F@K spectrum) and intense L,; absorption of
fafassium atoms (the A - C bands in the CK spectrum).
Recall that the X-ray excited states of a polyatomic
%ﬁle or complex, which are formed due to transi-
%i#?f core electrons from different shells or atoms to
ﬁﬁéme MQ, generally have different energy positions
84 rule, within 1 eV) relative the vacuum level or the

MO, which depend on the type of the
vacancy [64 - 66]. Therefore, it follows from the
12t the assignment of the A, B, and C absorption

formed for all spectra is well substantiated.

Us now take into account the effects of a stronger
1g Fe?*—6(CN)-, which provides in the spectrum
states of the complex the presence of high-
o G orbitals that are formed from 3de,, 4sa,,, and
%%dms of the iron cation and group © orbitals (a,,,
o ﬁf;éil of ligands, which in turn are mainly formed
Ty C(Oio‘)dand.vacar%t (40) I\éIOs 1of FN‘ ar;_ilcl)n;
13 : sideration of more deeply lying fille

;Q‘ !c),MOS of ligands does not result in important
%xm the spectrum of free molecular states of the
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Fig. 4. Scheme of formation of MOs that provide the Tinter-
action in the Fe(CN )‘g‘ complex. MOs are numbered tak-

ing into account o orbitals (Fig. 5).
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Fig. 5. Scheme of formation of antibonding G orbitals in the
Fe (CN)‘;‘ complex, which are responsible for the reso-

nance absorption in the high-energy part of the NFS in the
XRA spectrum of the complex.
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Table 2. Results of the assignment of the NFS in XRA spectra of the Fe (CN) 2' complex and energies (in eV) of the

VINOGRADOV et al.

states of the complex (relative the higher filled 2¢,, MO) obtained from different spectra Xehng
Absorption band A B C D-E F _ﬁ‘\
Excited state, MO 2t1,, 38y, 209, 2e, 3t 20, 41y, 3ty 3e, Sty
MO localization region Ligands Iron cation Complex | Complex | Ligands Compley
NK spectrum 3.6 73 11.0 17.8;21.2 27.6
M6 ereney CK spectrum 3.6 6.0 10.0 28.5
Fel, spectrum 6.2
FeK spectrum [36] 35 7.2 114 18.7

Note first that consideration of the ¢ binding does
not change the assignment of the B band in the NFS of
the complex as related to the transitions of the core
electrons to the 3de, state of the iron cation. Moreover,
it was noted above that the involvement of this MO in
the ¢ bonds in the complex allows one to explain
the presence of this band in spectra of ligand atoms.
The next vacant ¢ orbital of the complex is probably
the 2a,, orbital related to the 4s states of the iron cation
and oa,, orbitals of ligands. This state can be mani-
fested in dipole transitions in spectra of ligand atoms
due to possible admixing of the 2p, states of nitrogen
and carbon atoms, and also in quadrupole transitions in
the FeK spectrum. Therefore, the C band, which was
previously assigned to the transitions to the 131z, state,
can be alternatively assigned to the transitions to the
2a,, orbital of the complex.

Among vacant ¢ orbitals of the Fe(CN);~ complex,
the 4¢,, and 5¢,, orbitals are manifested most clearly.
They are related to the intense D and G-G' absorption
bands in the FeK spectrum (Fig. 3, curve 4), which
result from the allowed dipole transitions of the Fels
electrons to the vacant molecular states 4¢,, and 3¢, of
the complex with large contributions from the Fedp
states. Between these antibonding MOs of the complex,
the vacant molecular states 3a,, and 3€g are located,

which are essentially vacant 4G orbitals of CN™ anions.
They are observed (the F band) in K absorption spectra of
carbon and nitrogen atoms only (Fig. 3, curves / and 2).
Note that the position of the F band in the NK and CK
spectra coincides with that of the deep dip between D
and G-G' bands in the FeK absorption spectrum. We
can offer an interesting physical explanation of this
experimental fact returning to the description of the
NFES within the framework of processes of resonance
(multiple) scattering of X-ray photoelectrons by anions
surrounding an absorbing atom. The dipole K absorp-
tion of the iron cation is accompanied by the formation
of p photoelectrons, which come out from an atom
absorbing photon mainly along coordinate axes.
In turn, the latter determine the orientation of CN-

anions in the Fe(CN)§ complex. Therefore, p photo-

OPTICS AND SPECTROSCOPY  Vol. 79
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electrons coming out from the iron cation will be
tered by carbon and nitrogen atoms, which form the
CN- anion. If the energy of photoelectrons ig m
ciently high (>50 V), the electrons will scatter inde,
pendently and singly by carbon and nitrogen atome
resulting in the appearance of corresponding E

oscillations in the FeK absorption spectrum [37, 38}
For low energies of photoelectrons, the diatomic Cgr

group will scatter as a whole, resulting in the manifes,

tation of resonance features of the CN~ anion in the
scattering spectrum of p photoelectrons of the iron ca.
ion and, respectively, in the NES of the FeK absorption
spectrum. Indeed, in the absence of the hexacyanide
environment around the iron atom, its K spectrum
above the ionization threshold represents a s
monotonically decreasing p continuum [60]. The pres-
ence of six surrounding CN™ groups results, as one can
see from Fig. 3, in the redistribution of the oscillater
strengths in the near-threshold region of the Fegf
absorption spectrum: the yield of p photoelectrons
sharply decreases for the energy close to the energy of
the 40 resonance in CN-, while this yield increases m
neighboring energy regions, indicating the formation
inside the octahedron, consisting of CN~, of the quas:-
stationary states (form resonances), which are related
to the D and G-G' absorption bands in the K spectrum
of the iron atom.

Note that the possibility of manifestation in the NFS
in XRA spectra of resonance effects in the vicinity of
the absorbing atom was repeatedly suggested earlier
[7,63], and attempts were made to take into account
these effects in theoretical analysis of the NFS in XRA
spectra of some polyatomic systems [18, 24, 67]. How-
ever, our paper appears to be the first study where the
resonance effects in the environment were definitely
observed in experimental spectra.

In conclusion of the quasi-molecular analysis of the
NFS in XRA spectra of the Fe(CN){ complex, we
note that a weak E band in the NK absorption spectrut
remains to be assigned within the framework of this
approach. This band (rather than the D band) may.be
related to the 2a,, molecular state of the complex.

No. 2 1995




g;;wéver, the E band (or the D band) in the NK spec-
qum is more likely to be related to the two-electron
xcitations that were observed in NK and CK spectra of
s free HCN molecule [32, 33].

CONCLUSION

The X-ray absorption study of solid potassium fer-
shexacyanide K,Fe(CN)¢ demonstrated the prospects
{ applying the extended quasi-molecular approach in
~e empirical analysis of the NFS in XRA spectra of
~siyatomic systems containing individual fragments or
sructural groups (quasi-molecules) of atoms of the sec-
«d periodic group. As applied to the Fe(CN Yo com-

ex with molecular CN- ligand anions, this approach,
-ed on a comparative analysis of the NK and CK
~orption spectra of the complex and a free HCN mol-
~cule, and also on general quantum-chemical consider-
ons about the nature of the Fe**—6(CN)” bond,
Jlowed us to quite completely and uniquely assign the
\FS in all XRA spectra of the complex based on the
~msitions of core electrons to vacant MOs. As a resul,
w¢ obiained valuable information on the local electronic
4 atomic structure of the complex, namely, on its sym-
metry, energies of vacant MOs in the regions of spatial
«calization, and the interatornic  distance d(C-N).
T most important and original result 1s experimental
«egification of the influence of form G resonances in
CN- ligands on the process of formation of the NFS in
% K absorption spectrum of the iron atom ( the central
#om of the complex) and the conclusion about the rela-
" of the lower vacant state of the complex to the anti-
"wading 2 states of CN- ligands. The resuls obtained
“emonstrate the wide possibilities of X-ray absorption
ectroscopy for experimentally studying the local
etronic and atomic structure of substances.
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