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Coordination polymers of the type M”[Fe(CN)jNO] - 
2H2U (M” = Mn, Fe, Co, Ni, Cu or Zn), except for 
Mn[Fe(CN)5NO] - 2H20, have a typical structure of 
Prussian blue analogs. The lattice constarits decrease 
with the increase of the crystal field stabilization 
energy of M” in the octahedral weak field. In the 
infrared spectra C= N stretching bands are shifted to 
the higher frequency side compared with those of 
the parent compound Naz[ Fe(CN).zNO] - 2Ht0, whe- 
reas Fe-N and N =0 stretching bands and Fe-NO 
bending band arc observed at about the same position. 
This phenomenon could be explained in terms of the 
linkage structure Fe-C= N-M”. Magnetic susceptibi- 
lity data and electronic spectra indicate that M”[Fe- 
(CN)sNO] - 2H10 consists of the high spin M” coor- 
dinated by the nitrogen ends of cyanide ligands and 
the low spin Fe” coordinated by the carbon ends of 
cyanide ligands and the nitrogen end of nitrosyl 
ligand. 

Introduction 

There has been considerable interest in Prussian 
blue and a variety of related compounds which are 
called “coordination polymers”. Most of them con- 
tain cyanide ligands as a bridged group.’ Among these 
compounds are a series of coordination polymers of 
the type M*‘[ Fe(CN)jNO] * 2H20 which are obtained 
by the reaction of pentacyanonitrosylferrate(I1) ion 
with the first row transition metal ion M”, where M” 
is Mn, Fe, Co, Ni, Cu or Zn. There had been no reports 
on the property of M”[ Fe(CN)5NO]*2Hz0 in the litera- 
ture until that Cambi and Cleric? reported on that of 
anhydrous M”[ Fe(CN)5NO], though many investiga- 
tions had been accumulated both on the hexacyano- 
metalates of the first row transition metals and on 
alkali pentacyanonitrosylferrates( II). About 12 years 
ago the property of M11[Fe(CN)5NO] - 2SH20 (M” 
= Fe, Co or Ni) was studied by Salvade$ and it was 
shown that these three compounds belong to Prussian 
blue analogs. The chemical composition of M”[Fe- 
(CN)sNO] - 2H20 (Cu[ Fe(CN)sNO], in the case of 
M” = Cu) was confirmed by the potentiometric and 
thermometric titration.’ The effect of pressure .on 
the bonding in anhydrous M”[Fe(CN)sNO] (M” = 

(1) D.F. Shriver, Sfrucf. Uortding (Berlin), 1, 32 (1966). 
(2) L. Cambi and A. Clerici. Gozr. Chim. Itat.. 58, 57 (1928). 
(3) P.G. Salvadeo. Gorz. Chim. Itaf., 89, 2184 (1959). 
(4) M.M. Khan and N. Ahmad. Z. arrorg. allg. Chem., 354, 301 

(1967). 
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Fe, Cu and Zn) was studied using MGssbauer resona- 
nce .5 Furthermore, while this work was in progress 
there appeared two papers, one of which reported 
the Mijssbauer and infrared spectra of M11[Fe(CN)5- 
NO] * r.HzO’ and the other of which dealt with the 
infrared spectra of Co3[Fe(CN)&0]2 * 5.7H20.7 In 
spite of these recent extensive studies there have been 
relatively few systematic ones on the electronic spctra 
of M”[ Fe(CN)sNO] * 2H20. 

It is the purpose of the present work to describe 
collectively the structure and bonding nature of M”- 
[Fe(CN)sNO] * 2HzO on the basis of X-ray powder 
pattern, magnetic susceptibility, infrared and electro- 
nic spectra. 

Experimental Section 

The compounds of the typeM”[ Fe(CN)sNO] 
were. synthesized by the following method: A _ _ 

* 2HzO 
0.05M 

solution of the divalent transition metal salt (chloride 
or sulfate) was added in slightly excess to a 0.05M 
solution of commercially available Na2[ Fe(CN)sNO] * 
2H20. The pH of the solution was adjusted in order 
to prevent metal ion M *I from forming hydroxide. 
The precipitates obtained were left overnight for ag- 
ing, collected by filtration or centrifugation, washed 
with distilled water till chloride or sulfate ions could 
not be detected in the filtrate, finally washed with 
95% ethanol, and dried over calcium chloride to 
constant weight. The products were analyzed by the 
usual method and the results were as follows: 
Found: Fe, 18.3; Mn, 18.0; H20, 10.6%. Calcd for 
Mn[ Fe(CN)?NO] * 2H20: Fe, 18.14; Mn, 17.89; 
HzO, 11.74%. Found: Fe, 35.8; H20, 13.1%. Calcd 
for Fe[Fe(CN)sNO] - 2&O: 36.29; H20, 11.70%. 
Found: Fe, 17.4; Co, 19.7; HiO; 16.9%. Calcd for 
Co[Fc(CN)sNO] * 2H20: Fe, 17.96; Co, 18.96; H20, 
16.90%. Found: Fe, 17.4; Ni, 17.5; H20. 17.1%. 
Calcd for Ni[Fe(CN)<NO] * 2H,20: Fe, 17.89; Ni, 
18.09; H20, 11.50%. Found: Fe, 17.6; Cu, 20.2%. 
Calcd for Cu[Fe(CN)sNO]: Fe, 17.71; Cu, 20.14%. 
Found: Fe, 16.5; Zn, 19.9; I&O, 14.6%. Calcd for 
Zn[Fe(CN)5NO] - 2H20: Fe, 17.60; Zn, 20.60; H20, 
11.36%. 

The X-ray powder diffraction patterns were record- 

(5) S.C. Fung and H.G. Drickammer. 1. Chew Phys., 51, 4360 
(1969). 

(6) A.N. Carg and P.S. Goerg, Inorg. Chem., 10, 1344 (1971). 
(7) E.L. Brown and D.B. Brown, Chem. Commun., 67 (1971). 
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ed with a Rigaku-Denki X-ray diffractometer. The 
lattice constants were determined using Fe Ka radiation 
1.937 A, and sodium chloride as an internal standard. 
The infrared spectra were measured in the range 350 
to 4000 cm-’ by the KBr disk method using the Hi- 
tachi EPI-2 infrared spectrophotometer equipped 
with the KBr and NaCl prisms. The wavenumbers 
recorded here were calibrated with a polystyrene film 
and believed accurate to 3.5 cm-’ in the NaCl region 
and 4.0 cm-’ in the KBr region respectively. The 
diffuse reflection spectra were measured with the Hi- 
tachi Perkin-Elmer 139 UV-VIS .spectrophotometer 
equipped with the standard integrating sphere attach- 
ment using alumina as a standard. The Kubelka- 
Munk function8 was calculated from the reflectance 
data and plotted against wavenumbers. The mull 
transmittance spectra were obtained by the method 
described in the literatures using mull suspension in 
liquid paraffin? The magnetic suscept,ibilities were 
measured bv the Gouy method with Hg[Co(NCSk] 
(16.44~ 1Oi cgs units at 20.0°C)‘o as a standard at 
room temperature. The diamagnetic corrections were 
calculated with the Pascal constants.” 

Results and Discussion 

Sfrucfure. The X-ray diffraction powder patterns 
have indicated that the compounds of the type M”[Fe- 
(CN)5NO] * 2H20, except for M” = Mn and Cu, 
have the face-centered cubic unit cell characteristic 
of Prussian hlue analogs?~‘2 However, the crystals are 
not isomorphous with Prussian blue analogs in an 
exact sense, since M”[ Fe(CN)sNO] - 2H20 contains 
the nitroprusside ion Fe(CN)5NOZ- which has Cd, 
symmetry, whereas Prussian blue analogs contain the 
ion M(CN)s”- which has 01, symmetry. In the three- 
dimensional framework of M”[Fe(CN)5NO] * 2H20 
the principal axis G of the nitroprusside ion, which 
coincides with Fe-N-O axis, does not orientate in any 
specified direction. The ligand NO+ occupies stati- 
stically one-sixth of the 24e positions in space group 
Fmj,,-Oh at random fashion. The residual five-sixths 
of the 24e positions are occupied by the cyanide li- 
gands which coordinate to iron atom through the 
carbon end. Water molecules are reversively remov- 
ed on heating without changing the framework. The 
thermogravimetric analysis revealed that the com- 
pounds M”[Fe(CN)sNO] - 2H20 loss their water mo- 
lecules around lOO”C, regardless of the kind of metal 
ion M”. Accordingly, the water molecules do not 
coordinate to the metal ions in the crystal but merely 
serve to fill the empty space of the lattice. This is 
supported also by the fact that any Ml’-0 stretching 
vibrations cannot be observed in the far infrared re- 
gion. 

The crystal structure of Mn[Fe(CN)sNO] 9 2H20 
is so complicated that its space group has not been 

(8) G. Kortfim and M. Schiittler. Z. Elekfrochem., 57, 353 (1953). 
W. WM. Wendlandt and H.G. Hecht, Reflectance Spectroscopy, Infer- 
science Pub., (1966). p. 257. 

(9) B. Adell, Z. anorg. Chem.. 275, 106 (1954). F.A. Cotton, D. 
M.L. Goodgame, M. Goodgame, and A. Sacco, j. Am. Chem. Sot., 
63, 4157 (1961). 

(10) B.N. Figgis ond R.S. Nyholm, 1. Chem. Sm., 4190 (1958). 
(11) L. Lewis and R.G. Wilkins, Modern Coordfrmtion Chemistry, 

Intersclence Inc., N.Y., (1960), p. 403. 
(12) J.F. Keg& and F.D. Miles, Nafure, 137, 577 (1936). 

determined as yet, This exceptional structure seems 
to arise from the following two reasons. One is that 
the ionic radius of M” is unusually large compared 
with those of other metal ions of this series and hence 
the packing in the crystal lattice is unfavourable to 
the cubic one. This point of view is consistent with 
the result that the corresponding cadmium compound 
Cd[Fe(CN)5NO] - 2H20 does not have a cubic lattice 
because the ionic radius of Cd” is larger than those 
of the divalent first row transition metal ion.13 The 
other is that the crystal field stabilization energy of 
Mn” ion is zero in the weak crystal field because of 
its half filled 3d5 electronic configuration (where the 
crystal field stabilization energy is abbreviated as c. 
f. s. e.). The c. f. s. e., in fact, plays an important 
role in the crystal formatio!l of Prussian blue analogs. 
A good evidence for this is furnished by the fact that 
the lattice constant of M11[Fe(CN)5NO] - 2HzO listed 
in Table I decreases in the order Zn > Fe > Co> Ni 
as the c. f. s. c. of M” in the octahedral weak field 
increases in the order Zn(ODq) < Fe(4Dq) < Co(6Dq) < 
Ni( 12Dq). This phenomenon has been observed in 
other Prussian blue analogs, for example, in a series 
of compounds of the type KM”[ Co(CN)h], where M” 
is Mn, Fe, Co, Ni, Cu or Zn.14 The crystal lattice of 
Cu[Fe(CN)5NO] is distorted from the face-centered 
cubic lattice to form a tetragonal lattice (a = 10.35 
w, c = 9.80 A). Density measurements have sub- 
stansiated rhis point of view, that is, the density 1.78 
g/cm3 calculated for formula units per cell was in 
good agreement with the experimental value 1.75 g/ 
c 1113. 

Table 1. Lattice constants and atomic distances. 

Atomic distance 
Compound Lattice constant (A) 

(A) M-N M-O 

Fe[Fe(CN)sNO]-2HI0 10.35+-0.01 2.12 2.42 
Co[ Fe(CN),NO]*2Hz0 10.28+0.01 2.08 2.38 
Ni[ Fe(CNhNO]*2Hz0 10.22xk0.02 2.05 2.35 
Cu[ Fe(CN)INO]*2H,0 a=b=l0.35 2.12 2.42 

c=9.80 1.84 2.12 
Zn[Fe(CN)INO]*2HI0 10.36+0.03 2.12 2.42 

The X-ray powder diffraction study was insufficient 
to obtain the correct atomic distances of M”[Fe(CN)s- 
NO] * 2H20 containing such lighter atoms as hydro- 
gen, carbon, nitrogen and oxygen. Accordingly, it 
was assumed that the atomic distances: Fe-C, 1.90 
A; Fe-N, 1.63 A; C-N, 1.16 A; N-O, 1.13 A, 
which were obtained from the X-ray diffraction ana- 
lysis of the single crystal Naz[Fe(CN)sNO] . 2H20 by 
Manoharan and Hamilton,‘5 hold also in the com- 
pounds of the type M”[Fe(CN)sNO] * 2H20. This 
assumption makes it possible for us to estimate the 
atomic distances M-N and M-O in M*‘[Fe(CN)s- 
NO] * 2HzO from the lattice constants. The calcu- 
lated values are listed in Table I. From this estima- 

(13) H. Inoue and S. Yanagisawa. unpublished work. 
(14) H. Inouc and S. Yanagisawo, Keio Engineering Reports- 2% 

1 (1972). 
(15) P.T. Manoharan and W.C. Hamilton, Inorg. Chrm., 2, 1043 

(1963). 
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lion it has appeared that relatively strong coordina- 
tion bonding exists between M”-N while the atomic 
distance M”-0 is not so short as to expect strong 
interaction between them. 

Figure 1. Infrared spectra of M”[ Fe(CN)sNO] *2H,O. 
A, Mn[Fe(CN)sNO]. 2H,O; 
C, Co[ Fe(CN)INO] 6 2H,O; 

B, Fe[Fe(CN)sNO] - 2H,O; 

E, Cu[Fe(CN)INO]; 
D, Ni[Fe(CN)sNO] - 2H,O; 

[ Fe(CN),NO] .2H,O. 
F, Zn[Fe(CN)sNO] - 2HzO; G, Nal- 

Infrared Spectra. The infrared spectra of M”[Fe- 
(CN)sNO] - 2H20 are reproduced in Figure 1, where 
the spectral pattern of Nal[Fe(CN)sNO] - 2HzO is 
also shown for comparison. Three fundamental mo- 
des of the free water molecules were observed at 
-3400 cm-* (symmetric), - 1620 cm-’ (bending) 
and - 3670 cm-’ (antisvmmetric). respectively. How- 
ever, the wagging, rocking, twisting and metal-oxygen 
stretching modes characteristic of coordinated water, 
which Nakagawa and Shimanouchi’6 have studied in 
detail in terms of the normal coordinate analysis, 
have not been observed in the far infrared region. 
This indicates that the water molecules in M1l[(CN)r 
NO] - 2H20 do not coordinate to the metal ion but 
are included as water of hydration. This point of 
view is compatible with the results of the thermo- 
gravimetric analysis. 

In the C = N stretching region several C = N stretch- 
ing bands are expected for M11[(CN)5NO] - 2H?O 
containing the ion unit Fe(CN)gNO*- which has ap- 
proximately CL symmetry. However, the C=N 
stretching vibration was, in reality, observed as a 
single broad band in the range 2 161 to 2 180 cm-‘. 
On the other hand, sodium pentacyanonitrosylferrate- 
(II) exhibits four bands at 2173, 2162, 2157, and 
2143 cm-‘, which Khanna et cd.” have assigned to 
VI CN(axial); v2 CN(radia1) (AX), VIO CN(radia1) (B,) 

(16) 1. Nnkagawn and T. Shimavauchi, Spcctrocltirn. Ado, 20. 
429 (1964). 

(17) R.K. Khanna, C.W. Brown, and L.H. lones, Inorg. Chem., 8, 
2195 (1969). I.B. Bates and R.K. Khsnna, ibid., 9. 1376 (1970). 
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and vl6 CN(radia1) (E), respectively. Bearing in mind 
that vlo CN(radia1) (B,) of NaJ Fe(CN)sNO] - 2HzO 
becomes infrared active owing to the site symmetry 
of the symmetry of the crystal, the broad C=N 
stretching band of M”[ Fe(CN)sNO] - 2HzO is assign- 
ed to the modes of the A1 and E species because the 
crystal of M”[ Fe(CN)sNO] - 2H20 belongs approxi- 
mately to the space group OI,~-F,~,. The C=N 
stretching bands of M”[Fe(CN)SNO] - 2HzO are shift- 
ed to the higher frequency side by 6-25 cm-’ as 
compared with the frequency, 2155 cm-‘, which is 
weighted according to the degeneracy of VI, v2 and VIG 
vibrations of Na2[Fe(CN)sNO] * 2H20. Though the 
magnitude of the shift is not so large as that of other 
Prussian blue analogs, this shift is evidence for the 
existence of the linkage structure Fe-C = N-M”.‘* 

The N= 0 stretching bands of M1’[ Fe(CN)5NO] * 
2H20 were observed at about the same frequency as 
that of Na2[Fe(CN)5NO] - 2H20 (1947 cm-‘). Fur- 
thermore, the Fe-N stretching and Fe-NO bending 
bands, which were observed at 650 and 662 cm-’ 
respectively, were quite similar in shape and position 
with those of NaJFe(CN)sNO] l 2H20. The Fe-N 
and N-O stretching and Fe-NO bending vibrations 
are almost independent of the formation of the co- 
ordination polymer M”[Fe(CN)SNO] * 2HiO. It fol- 
lows that changes in Fe-N and N-O bond orders ac- 
companied by the formation of the linkage structure 
are not so large as observed on bridge adduct Naz[Fe- 
(CNBF.+NO] by Shriver and Posner.@ On the con- 
trary, the Fe-C stretching and Fe-CN bending vibra- 
tions are strongly influenced by the formation of the 
coordination polymers, The spectra in the range 
from 400 to 550 cm-‘, where a variety of Fe-C stretch- 
ing and Fe-CN bending vibrations are expected, are 
much simpler than that of Naz[ Fe(CN)sNO] - 2H20. 
This simplicity of the spectra is ascribed to the linka- 
ge structure Fe-C= N-M”. In general, the Fe-CN 
bending vibrations of hexacyanometalate complexes 
are observed at higher frequency than the Fe-C stretch- 
ing onesM Accordingly, two strong absorption bands 
between 430-450 cm-‘, one of which is shoulder, are 
assigned to the Fe-C stretching and a higher weak 
band around 550 cm-’ is assigned to the Fe-CN bend- 
ing vibration. These assignments are rather tentative 
because we cannot definitely distinguish the Fe-C 
stretching mode from the Fe-CN bending one. 

Electronic spectra The diffuse reflection and mull 
transmittance spectra are illustrated in Figure 2. A 
variety of absorption bands assigned to the d-d trans- 
ition of M” are observed in the visible region. These 
cl-d bands are so similar in position to those of the 
corresponding aquo complex of M” that they are 
expected to be assigned in terms of the weak-ligand 
field theory. This is supported by th:: magnetic mo- 
ment data (Table III), that is, the effective Bohr 
magneton calculated per M” of M”[Fe(CN)sNO] - 
2H20 is in good agreement with the assumption that 
M” coordinated by the nitrogen ends of cyanide lig- 

(18) D.A. Dows. A. Haim and W.K. Wilmarth, \. Inorg. Nucl. 
Chem.. 21. 33 (1961). 

(19) D.F. Shriver and I. Posner, 1. AIM. Ckem. Sot., 88, 1672 
(1966). 

(20) L.H. Jones, Inorganic Vibrational Spectroscopy, Marcel Dek- 
kcr, N.Y.. (1971). p. 125. 

Znoue, Zwase, Yanagisawa 1 Bonding Nature of Coordination Polymers 



262 

Table II. Infrared spectra of M”[Fe(CN)INO] * 2Hz0 (cm-‘). 

Comoound CN str. NO str. Fe-NO bend. Fe-N str. Fe-CN bend. Fe-C str. 

Mn[ Fe(CN)INO]*2Hz0 2161 1948 659 645 509 537, 426 

Fe Fe(CN)INO]*2H’0 
Co [c Fe(CN)rNO]*2HI0 

2167 1945 658 640 520 441, 429 
2180 1947 660 642 517 443, 430 

Ni[Fe(CN)sNO]*2HI0 2179 1950 658 641 521 445, 434 

Cu[ Fe(CN),NO] 2180 1957 658 636 533 447, 437 

Zn[Fe(CNbNO]+2Hz0 2169 1958 659 642 515 440, 429 

Table Ill. Magnetic moments and electronic spectra of M”- 
[Fe(CN)sNO].2Hz0. 

Compound 
Htr Band (kK) 

(B.M.) position Assignment 

Mn[ Fe(CN),NO]*2Hz0 6.00 

Fe[ Fe(CN),NO].2HI0 5.03 

Co[ Fe(CN),NO].2HI0 4.47 

Ni[Fe(CN),NO]*2Hz0 

Cu[ Fe(CNhNO] 

2.67 

1.88 

diamagnetic 

20.5 ‘A,+‘E 
24.4 +‘A, 
29.0 +‘A1 
34.9 +‘E 
40.5 4’E 
11.0 ‘T&E, 
22.7 ’ A,dE 
27.8 +A, 
29.8 +-‘A2 
34.6 -*‘E 
40.1 -S’E 
16.0 ‘T&AZ, 
20.2 +‘TdP) 
21.0 ‘A,+‘E 
25.0 -%‘A’ 
29.7 +‘A* 
34.6 -+‘E 
40.2 +‘E 
14.3 ‘Az,+‘T’,(F) 
17.5 *‘E, 
27.2 +‘T’,(P) 
20.4 ‘A&E 
25.1 +‘A, 
29.5 _+‘A1 
34.7 -+‘E 
4o.c 
15.3 \ 
16.5 1 
23.1 
25.6 
30.0 
34.6 
40.0 
21.0 
25.2 
29.5 
34.5 
40.0 

-+‘E 

‘E&T4 

‘A,+‘E 
*‘A, 
+‘A2 
+‘E 
+‘E 

‘A&E 
+‘A, 
+‘A* 
+‘E 
*‘E 

ands and the oxygen end of nitrosyl ligand is in the 
high spin state and Fe” of nitroprusside ion is in the 
low spin state. On the basis of these facts the d-d 
bands of Mu in M”[ Fe(CNbNO] * 2HzO were assign- 
ed and the results are summarized in Table II I. The 
ligand field splitting parameter 1ODq calculated from 
the position of the d-d bands ranges 7.9 to 15.9 
kK. These values are comparable with 1ODq = 
9510.1 kK reported on KNi[Co(CN)J by Shirver 
et al.” As for anhydrous Cu[Fe(CNbNO] the absor- 
ption band assigend to the transition ‘E+‘Tzs in the 
octahedral field is split into two peaks. As pointed 
out in the preceding section of the structure, this is 

(21) D.F. Shrivcr, S.A. Shriver, and S.E. Anderson, Irtorg. Cfwr:., 
4, 725 (1965). 

“Or-----l 

_bOI ’ . I 

IO 20 30 40 

Wave number. k K 

Wove number. kK 
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! . I 
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Figure 2. Electronic spectra of M”[Fe(CN),NO] * 2H,O. 
A, Mn[Fe(CN),NO] * 2H’O; B, 
C, Co[Fe(CN)INO] * 2H:O; 

Fe[ Fe(CN),NO] - 2H,O; 
D, 

E, Cu[Fe(CN),NO]; 
Ni[ Fe(CN)*NO] * 2H,O; 

F, Zn[ Fe(CN),NO] * 2H,O. 
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due to the distortion from the octahedral symmetry and 
Cu” must be situated in a compressed octahedral 
environment as judged by the fact that the lattice 
constants a and b are larger than c. Such a compress- 
ed form is only rarely found, but an example is provid- 
ed by the structure of a Hoffman-type clathrate.= 

On the other hand, several absorption bands which 
are attributable to the transition within the nitroprus- 
side ion, a constitutional unit of M”[Fe(CN)5NO] * 
2H20, were observed in the visible and ultraviolet 
regions. Each absorption band is successfully assigned 
on the basis of the results of the MO calculation carri- 
ed out with NaJ,Fe(CN)5NO] * 2H20 by Manoharan 
and Gray.i3 The assignments of the individual absorp- 
tion bands are listed in Table III together with 
the magnetic moments and the assignments of the d-d 
bands. Here it is noticeable that the transition ‘Al+ 
‘E (2b+7e) observed in the range 20.8 to 22.7 kK 
and a part of the transition ‘A&AI (6e+7e) observ- 
ed between 24.4 and 27.5 kK are slightly shifted to 
the higher frequency side as compared with those 
observed in Nat[Fe(CN)5NO] * 2H20 whereas all the 
other transitions in M”[Fe(CNhNO] * 2H20 are shift- 
ed to the lower frequency side. This phenomenon 
can be explained by making use of the energy level 
scheme reported on Na2[Fe(CN)5NO] * 2H~0.~ As 
described in the preceding section, appreciable shift 
was not observed in the frequencies of the vibrations 
vN-0, vFe_N and VF~_NO_ Therefore, there is not substan- 

(22) T. Miyoshi, T. Iwamoto, and Y. Sasaki, Znorg. Chim. Aclo, 
2, 329 (1968). 

263 

tial change in the Fe-N and N-O bonds upon the 
formation of M”lFe(CNhl * 2H20 from NaLFe(CN)s- 
NO] * 2HzO. Hence it .is reasonable to assume that 
the energy level of molecular orbital 7e(x*NO), which 
is composed mainly of the d, metal orbital and the 
ligand x-bonding or x-antibonding molecular orbitals, 
is the same in both M”[Fe(CN)sNO] - 2HzO and Nar 
[Fe(CNhNO] - 2H20. Accordingly, the blue shift of 
the transition ‘AI+‘E (2&7e) is ascribed to a low- 
ering in the energy level of molecular orbital 2b2- 
(d,,). The lowering of the z-bonding molecular orbi- 
tal contributes to an increase in the z-bonding nature 
between Fe-C. This tendency is also observed in the 
energy level of 6e(d,,, dyz) for Fe[Fe(CN)sNO] - 2H20 
and Cu[Fe(CNhNO]. Contrarily, the red shifts obs- 
erved in the transitions ‘A1+‘A2(2b+3bl), ‘AP’E- 
(6e*5al) and ‘A&E(6e+3bl) result from a lowering 
in the energy levels of molecular orbitals 3br(d+2) 
and 5al (dfl). This lowering in the energy level of the 
a-antibonding molecular orbitals means a decrease 
of the u-bonding nature between Fe-C. Of course, 
molecular orbital energy levels other than those de- 
scribed above should be considered in order to discuss 
the whole bonding strength between Fe-C. However, 
taking into account the shift of the Fe-C stretching 
vibrations to the higher frequency side upon the for- 
mation of M”[Fe(CN)sNO] - 2H20, it is concluded 
that the increase in the x-bonding nature of the Fe-C 
bonding is greater than the decrease in the u-bonding 
nature and consequently the strength of the bonding 
between Fe-C increases in tolal. 
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