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Room temperature Mossbauer spectrum of anhydrous
nitroprussic acid (H,[Fe(CN)sNOJ) exhibits a well-resolved
quadrupole doublet with AEq=1.85+0.03 mms ' and 6=0.015
+0.010 mms ~* (with reference to sodium nitroprusside dihydrate).
This large AE, value, in comparison to the AE, of alkali metal
nitroprussides has been attributed to intermolecular hydrogen
bonding in the acid. Infrared spectral measurements also support
these conclusions.

Mossbauer!, infrared?® and refractometric* studies
have conclusively proved the presence of unsymmetri-
cal intermolecular hydrogen bonding in anhydrous
hydrogen hexacyanoferrate(I) and hydrogen hexa-
cyanoferrate(III). This is in contrast to the behaviour
of alkali metal hexacyanoferrates (II and III). Garg
and Goel® studied several alkali metal and transition
metal nitroprussides and pointed out® that the highly
unstable and difficult to prepare nitroprussic acid,
H,[Fe(CN)sNO] should also show intermolecular
hydrogen bonding. We have now prepared
H,[Fe(CN)sNO] in the solid state and studied its
Mossbauer and infrared spectra at room temperature.

All the chemicals used were of AR(BDH), GR (S
Merck) grade or of high purity. Nitroprussic acid was
prepared by first precipitating silver nitroprusside and
then reacting it with required quantity of conc. HCL.
The dark red solution was slowly evaporated under
infrared lamp at ~70°C whence shining dark red
coloured crystals of the acid were obtained (Found: C,
26.85; H, 1.15; Fe, 25.09. Calc.: C, 27.54; H, 0.92; Fe,

25.64%;). These crystals decomposed to form blackish
product on prolonged standing.

Moéssbauer spectrum was recorded with a constant
velocity transducer driven spectrometer (ECIL,
Hyderabad) using a ~5mCi 3'Co(Rh) source
(Amersham, UK). The spectrometer was calibrated by
recording the spectra of iron foil and recrystallized
sodium nitroprusside as standards. Infrared spectra
were recorded on SPECORD 75 model spectrophoto-
meter in nujol mull in the range 4000-400 cm .
Magnetic measurements were carried out on a Guoy
balance using Hg[Co(CNS),] as the calibrant.

The room temperature Mossbauer spectrum of
nitroprussic acid exhibits a well-resolved quadrupole
doublet (Fig.1). Mossbauer parameters, & (with
reference to sodium nitroprusside) and AEg are given
in Table 1 alongwith measured linewidths (FWHM).
Also given in Table1 are the parameters for other
alkali metal nitroprussides and hydrogen hexacyano-
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Fig. 1 —Méssbauver spectrum of H,[Fe(CN)sNO] at room
temperature

Table 1—Mossbauer Parameters for Various Nitroprussides at Room Temperature

Compound Isomer shift Quadrupole Linewidths Reference
8, mms ! splitting (FWHM)
AEomms ™ mms™!
H,[Fe(CN);NO] 0.015+0.01 1.85+0.03 0.21,0.23  This work
[Li,[F(CN)sNO].3H,0 0.05+0.02 1.62+0.03 0.26, 0.24 5
Na,[Fe(CN);NO].2H,0 0.00+0.02 1.705+0.002 0.24, 0.26 19
K,[Fe(CN);NO].2H,0 0.07+0.02 1.74+0.03  0.30, 0.32 5
Rb,[Fe(CN)sNO] 0.13+0.02 1.78+0.02 0.26, 0.24 5
Cs,[Fe(CN);NO] 040+0.02 2.00+0.03 024,022 5
H,[Fe(CN)y] 0.1340.01 023+£0.02 0.19,0.20 1
H;{Fe(CN),] 0.20+0.02 0.20+0.03 0.22,0.22 1
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NOTES

ferrates (II) and (III) for comparison. Magnetic
measurements showed the compounc to be
diamagnetic.

Structurally nitroprussides of several elements have
been widely studied by X-ray crystallography’ ~°
infrared®'® ~'2 and Maossbauer spectroscopic!'?!*
techniques. Basic unit of nitroprussides is the
nitroprusside anion [Fe(CN);NOJ* ~ where iron is
bonded to five CN~ and one NO™* ligands in an
octahedral geometry. The ligands NO* and rrans CN ~
are approximately collinear with the central iron atom
slightly displaced in the direction of the NO group
from the plane of the four pseudo equivalent CN
groups (in the case of sodium nitroprusside this
displacement is 0.2 A). Nitroprussic acid is also found
to be diamagnetic like all other nitroprussides'>. This
is attributed to strong d,—p, bonding due to back
donation of electrons from the filled metal d,-orbitals
(also termed as e and b,;) to the empty ligand
antibonding p,-orbitals'®!”. Manoharan and Gray'’
have shown the energy separation between ¢ and b, to
be mainly responsible for generating an asymmetry at
the iron nucleus. The asymmetric-expansion of the ¢
and b, electrons towards the NO ligand causes a large
quadrupole splitting.

’

Alkali metal nitroprussides have AE,, values in the
range 1.62-2.00 mms ' (Table 1). The observed AE,
=1.854+0.03mms ~' for nitroprussic acid is higher
than that for sodium nitroprusside (Tablel).
Méssbauer spectrum of H, Fe(CN), yields a doublet
unlike that of the other alkali metal hexacyano-
ferrates(Il) which all give a singlet’. In view of the
similarity of Mdssbauer spectrum of nitroprussic acid
and hydrogen hexacyanoferrate(ll). it is reasonable to
presume intermolecular unsymmetrical hydrogen
bonding in nitroprussic acid. The high AE,, value is due
to higher asymmetry generated in nitroprussic ‘wcid asa
result of intermolecular hydrogen bonding. There can
be two possibilities: (i) twn hydrogen atoms ar- bound
to any two CN ligands (both equatorial or one ax.al
and one equatorial) and thus a three dimensioral
network may be formed (see Fig. 2A) and (ii) out of the
two hydrogens. one is bound to a CN and the other 0
NO ligand. thus forming a4 three dimensional network
(see Fig2B). The isomer shift value of
H,[Fe(CN)sNOG(6=0.015+0.010 mms ')is ciose 10
the isomer shift values of other nitroprussides and is the
lowest (Table 1). This may be explained il bydrogen s
assumed to be bonded to cny of CN or NO iieand n

1

the proposed model. In that case 1t wi'l I
electropositive and will withdraw som.: clecuon
charge from the d-orbitals of iron atom. th reby

decreasing o-value. This is in agreement w.l our
proposed model.
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Fig.2—Three dimensional mode! for H,[Fe(CN);NO] showing

inter-molecular unsymmetrical hydrogen bonding in two ways: (A)

where any two CN ligands are involved in H-bonding and (B) where
one CN and another NO are involved
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Fig.3 —Correlation of isomer shift and electronegativity () of the
outer cation in alkali metal nitroprussides

The plot of isomer shift values of various alkali
metal nitroprussides versus electronegativities () of
the outer cations, (Fig. 3) shows that d-values decrease
with increase in electronegativities of the cations. This
trend is similar to that observed in alkali metal
hexacyanoferrates(Il) and hexacyanoferrates(I11)*.
Monaghan and Fanning'® have attributed the
observed differences in 0 values of alkali metal
ferrocyanides partially to difference in the second
order Doppler shift part of the o-values. It has been
further stated that H,Fe(CN), is most covalent
amongst all the alkali metal hexacyanoferrates(ll).
Presumably the same argument may be extended to the
present case of alkali metal nitroprussides where
H,[Fe(CN)sNO] having the lowest o-value will be
most covalent and Cs,[Fe(CN)sNO]J will be the most
ionic compound. Similarly the plot of AE, versus y in
Fig. 4 1s linear for all the alkali metal nitroprussides
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Fig. 4—Correlation of quadrupole splitting and electronegativity (y)
of the outer cation in alkali metal nitroprussides

except nitroprussic acid suggesting an anomalous
behaviour. While all the alkali metal nitroprussides are
ionic, some covalency factor is present in
H,[Fe(CN)sNO].

Infrared spectrum of H,[Fe(CN);NO] in nujol
shows three very strong peaks at 2175, 1940 and 415
cm ! corresponding to vCN, vNO and vFe—C
respectively. A weak band at 630 cm ! has been
assigned to vFe—N and another at 500 cm ! to
deformation of Fe —C =N bonding. The vCN is quite
sharp and symmetric but vNO is broad and
asymmetric. This observation inter alia supports
structure (B) over structure (A) for nitroprussic acid.

We are grateful to the CSIR, New Delhi for
sponsoring this research project.
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