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THE EFFECT OF PRESSURE ( IWN THE OXNIDATION state in a wide variety of compounds including halides,? oxalates and acctonate,?

STATE OF IRON. IV. THIOCYANATE AND phosphate, citrate and sulfate,* ferrieyanide and Prussian blue? and hemin and

" [SOTHIOCYANATE LIGANDS*® hematin® The process is reversible with some hysteresis. It follows the empiri-

. ) eal relationship:

4 By S. C. Fuxa axp H. G. DriCKAMER 4

DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING AND K= q—"— = AP? (1)
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Communicated September 16, 1958 where A and B are independent of pressure.  From thermodynamic arguments,
Abstract and Summary.—The effect of pressure on the Mosshbauwer resonance one obtains the equation: H
spectra of Fe(I1IT) with thioeyanate (M-SCN) and isothioeyunate (M-NCS) oInCu _ !,(‘,m :“_"—) 4‘

ligands has been studied.  Fe( C8)-6H-0, which has the isothioeyanate strue- (Ciu) = B(Cn) @

ture, reduces with increasing pressure, reversibly. and with a pressure depen- din P RT
dence for the conversion very similar to that shown by a wide variety of iouic where V1 and 171 are the volumes of the ferric and ferrous ions with their associ- 3

ferric compounds. KiFe(SCN)s has the thioeyanate structure. At low pres-
sures, it exhibits a significantly larger reduction than the Fe(NCS)h. With in-
creasing pressure the thioeyanute complexes isomerize, each eomplex apparently

ated ligands. There is both experimental and theoretical evidence that the )
antibonding metal orbitals deerease in energy vis-d-vis the nonbonding ligand >
orbitals with inereasing pressure, and that it is this process which permits the

elxlhil")iling abou! th‘L‘ sm.r.u' df:xl:'m' of cmiwex.s‘i(:}llnt a eﬁivﬂ" prﬁ;ur}e’; l;\t !ll';() kb thermal transfer of electrons.
the ixomerization ix essentiully complete. he reduction ‘of t e(lI) to In this paper, we discuss studies involving the thiocyanate (—SCN) and

Fe(Il) is revenfihle but .the isomerization is m.| and th.e sample. whcn powdered isothiocynnate (—NCS) ions. In the former case, the metal is bon ded ‘to:the
and '."]"“d“d in the high-pressure cell, exhi the isomer shift. quadrupole sulfur; in the latter case, to the nitrogen.  Thereis a very extensive literature on ;|
splm‘mg. and I"'e(lll) to l~c(_lljec?m-e'r.~1on c_hunu:n-njhc of an l::l.l(hlol‘yalmu'. the conditions for formation of thiocyanates and isothiocyanates?=t  In gen-
.Heat!ng the thiocyanute to ”(? C at 5 kb yields 4 mixture of thu.tyanntc and eral, the tendency is for first-row transition metal jous to form isothiocyanates
isothiocyanate that converts with pressure completely to the isothiocyanate. and for second- and third-row ions to form thiocyanates. The bonding usually
is established from small differences in the C-N stretching frequeney or larger
differences in the C-8 stretching frequency.  The latter peak is, however, very
weak and not obtainable with small samples in solid-state mulls, Burmeister
and Basolo™ have shown that one can obtain thioeyanate-i=othioeyanate isom-

3
]

Méssbauer resonance has proved useful in studying the oxidation state, spin
state, and chemical b ling in p Is of iron. The information is inferred
from the isomer shift (the s electron density at the nucleus) and from the quad-

rupole splitting (the sepuration between the two peaks arising from the splitting erization in the solid state, a fact which will be of considerable importance in 3
of the nuclear state of spin 3/2 due to interaction of an clectrie field gradient with “_‘e d"‘”“—‘j"“’" below. The compounds stu.(hul were Fel .\’(.‘S);-ﬁll,o and i
the nuclear quadrupole moment). Since resonance is obtained in a Massbauer KFe(SCN)s.  Both compounds were synthesized with iron eariched to 85 per i1

cent in Fe". The technique of Claus'? was used for the FetNCS);-6H.0, while X!

spectrometer by moving the source with respect to the absorber, these energies
are characteristically expressed in mm sec. In this paper, all isomer shifts are
given relative to bee iron metal at one atmospheric pressure.

For typically ionie, high-spin ferrous compounds, the isomer shift lies in the
runge 1.2-1.4 mm/sec, which corresponds to a relatively low eleetron density ut
the 1 These comy Is exhibit a lurge quadrupole splitting (2.0-3.0
mmy/sec) that results from the aspherie distribution of eieetrons in the 3d shell. ‘
High-spin ferric compounds show i<omer shifts in the range 0.3-0.5 mm/sec (i.c.,
the 8 electron density at the nucleus is much higher than for ferrous eompounds)
and small quadrupole splittings (0-0.6 mm/sec) caused entirely by a noncubic
E ligand field. There exist ostensibly ferrous compounds such as FeS, FeSe, and
FeTe, whose binding has « large covalent component, that exhibit isomer shifts
in the runge 0.7-0.9 mm/~cc.'  They may also have quadrupole splittings of in-
termediate value.

Jt has been observed in thix luboratory that ferric iron reduces to the ferrous
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the method of Kriiss and Moraht'? was used for the K;Fe(SCN)s. The compo-
sitions were checked by chemical analysis.  The high-pressure Mosshauer oper-
ation has been described elsewhere.'*

The Fe(NCS);-6H.0 exhibited a broud intense peak at ~2400 em~", which is
the usual location for the C-N stretching frequency in the isothiocyaunate. At
one atmosphere the Massbuuer spectrum showed a pair of symmetric peaks with
‘ isomer shift and quadrupole splitting typieal of high-spin ferrie compounds (see

Tables 1 and 2).  With increasing pressure, peaks appenred with location and
intensity well within the usual range for high-spin ferrous compounds.  The con-
version is shown as a funetion of pressure in Figure 1 (solid triangles, dashed line).
Ferrous isomer shift and quadrupole splitting appear in Figures 2 und 3. The
equilibrium constant follows equation (1) with s value of B typical of ionic ferrie
compounds (see Tuble 3).  The process is rever<ible. The reaction is endother-
mie with a heat of reaction of 0.27 ev, essentiully independent of pressure.




