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Abstract 

The preparation of bis(3-cyanopyridine)(octaethylporphinato)iron(III) perchlorate is described. The 
molecular structure has been determined by an X-ray crystal structure determination. The centrosymmetric 
complex has coplanar axial pyridine ligands that are close to eclipsing an Fe-N, bond (+=4” . The 
average equatorial bond distance is 2.012(3) A. The axial Fe-N(Py) bond distance is 2.269(6) 1 . The 
complex has been further characterized by EPR and Mijssbauer spectroscopy and temperature dependent 
magnetic susceptibility measurements between 1.8 and 300 K. The complex has an axial EPR spectrum 
with g, =4.28 and g,, = 1.97. The Miissbauer spectrum in zero field at 77 K has an isomer shift of 
0.38 mm/s and a quadrupole split doublet of 2.61 mm/s. The MBssbauer has also been studied in an 
applied magnetic field (6 T) at 4.2 K and fitted with a crystal field model. The structure and spin 
state of this compound serve to emphasize an emerging pattern in the relationship of axial ligand 
orientation (4 angles) and s 

8: 
in state. Crystal data: [Fe(OEP)(3-CNPy),]ClO.,.3CHCl,: a = 10.463(7), 

b=24.805(26), c= 11.661(4) and p= 109.60(6)“, monoclinic, space group P2Jm, V=2851.0 A’, Z=2, 
observed data =3118, R, = 0.069, R2 = 0.102. 

Introduction 

We [l-S] and others [6-8] have been investigating 
the effects of axially coordinated pyridine ligands on 
the physical properties of iron(II1) porphyrinates. 
For octaethylporphyrin complexes, strongly and mod- 
erately basic pyridine ligands give low-spin (S= 
l/2) iron(II1) complexes [6, 71, while lower basicity 
pyridine ligands give a discrete admixed intermediate- 
spin state (S=3/2,5/2) [2-4] or in one case, a thermal 
spin equilibrium complex (S= l/2+5/2) [l, 81. Un- 
derstanding when a thermal spin equilibrium is fa- 
vored over a discrete admixed intermediate-spin state 
has been an ongoing investigation in this laboratory. 
[Fe(OEP)(3-ClPy)z]C104 (pyridine ligand pK,= 
2.83) [9] is known to give both intermediate-spin 
and spin equilibrium states depending on the crystal 
lattice [l-3]. The complex [Fe(OEP)(3,5- 

*Authors to whom correspondence should be addressed. 
**Present address: Department of Physics, Lucknow Uni- 

versity, Lucknow 226007, India. 

C12Py),JC104 [4], with an even lower basicity ligand, 
was expected to give either a thermal spin equilibrium 
complex with greater high-spin fraction or a high- 
spin complex. However, the magnetic moment and 
the solid-state EPR spectrum of this complex iden- 
tified it as a discrete admixed intermediate-spin state. 
Thus the line between an admixed intermediate-spin 
state and a thermal spin equilibrium, as modulated 
by axial ligand basic@, is not clearly defined. 

Closely related to the basicity effects of the pyridine 
ligands in affecting the spin state is the axial ligand 
orientation with respect to the porphyrin coordinate 
system+. Bis-pyridine-ligated iron(II1) porphyrinate 
complexes with small dihedral angles (4< - 15”) are 
incompatible with a low-spin state; the increased 
steric interaction at small 4 angles is relieved by an 
elongation of the Fe-N(Py) bonds with the formation 

+The axial ligand orientation can be defined as the dihedral 
angle (4) made by the axial ligand plane and the closest 
Fe-N, bond vector. This orientation system was first defined 
by Hoard and co-workers [lo]. 
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of an intermediate- or high-spin species. Thus, to 
form a low-spin iron(II1) complex with pyridine 
ligands, 4 must be relatively large. For the reported 
bis-pyridine complexes, those with intermediate or 
high basicity pyridine ligands have 4 angles >30”, 
and the complexes are low spin [S, 61. The complexes 
with low basicity pyridine ligands have very small 4 
angles and are admixed intermediate-spin state com- 
plexes [2-4]*. 

To give more insight into how low basicity pyridine 
ligands affect the spin state of iron(II1) porphyrinates, 
we have prepared the complex, [Fe(OEP)(3- 
CNPy)z]C104 (ligand pK, = 1.45) [9]. We have char- 
acterized it by Mossbauer and EPR spectroscopy, 
magnetic susceptibility measurements and a single- 
crystal X-ray structure determination. The observed 
room temperature magnetic moment of 4.7 pB is 
similar to that found for the thermal spin equilibrium 
form of [Fe(OEP)(3-ClPy)2]C104 [l]. However, com- 
plexes [2, 11,121 with discrete admixed intermediate- 
spin states are also known to have such large moments 
(4.4-5.5 pa). The EPR spectrum of the crystalline 
complex is axial with g, =4.28, a value consistent 
with a discrete admixed intermediate-spin state. The 
quadrupole splitting of 2.61-2.67 mm/s is much larger 
than those found for S = l/2 iron(II1) porphyrinates 
(1.6-2.3mm/s) [13-16]andS=.5/2complexes (0.6-1.3 
mm/s) [13]. Thus both the EPR and Mossbauer data 
rule out a thermal spin equilibrium in [Fe(OEP)(3- 
CNPy),]ClO.,. The data are best interpreted in terms 
of a ‘Maltempo’ model, i.e. a quantum mechanically 
admixed spin state complex. 

Experimental 

Synthesis 

[Fe(OEP)(OClO,)]** was synthesized as described 
previously [ll, 171. [Fe(OEP)(3-CNPy)2]C104 was 
prepared from [Fe(OEP)(OC103)] (210 mg, 0.31 
mmol) and 3-cyanopyridine (100 mg, 0.96 mmol) 
dissolved in 25 ml chloroform. The solution was 
warmed for about 15 min, and the volume decreased 
to about 15 ml. The solution was filtered, layered 
with hexane and set in a refrigerator (9 “C) for 
crystallization. X-ray quality crystals formed after 5 
days. UV-Vis spectra were recorded on a Perkin- 
Elmer Lambda 4C spectrometer, and IR spectra on 

*The one exception is the thermal spin equilibrium form 
of [Fe(OEP)(3-ClPy),ClO, [l]. In this complex the 4 angle 
is 41”. 
**Abbreviations used: TPP and OEP, dianions of meso- 

tetraphenylporphyrin and octaethylporphyrin; 3-CNPy, 3- 
cyanopyridine; 3-CIPy, 3-chloropyridinc; 3,5-Cl$y, 3,5-dich- 
loropyridine; N,, porphinato nitrogen; N,, axial nitrogen. 

TABLE 1. Crystal data and intensity collection parameters” 

Complex [Fe(OEP)(3CNPy),]- 
C104.3CHCIr 

Formula 
Formula weight (amu) 
Space group 

T (K) 
a (A) 
b (A) 
c (A) 
P( 

1 V( ‘) 

Scan technique e-28 
Diffractometer CAD4 
Crystal dimensions (mm) 0.2x0.5x0.1 
20 Limits 4.c56.80 
Radiation MO Ka 
Criterion for observation F, > 2.Oa(F,) 
No. observed data 3118 

Do& (g/cm3) 1.44 

&I, (g/cm’) 1.46 

R1 0.099 

R2 0.102 

Fe%04NKSIHS5 
1254.4 
F&/m 
118 
10.463(7) 
24.805(26) 
11.661(4) 
109.60(6) 
2851.04 

Web, obtained at 294 K and Dcalc obtained at 118 K. 

a Perkin-Elmer 883 spectrometer. Samples for Moss- 
bauer spectroscopy were prepared as Apiezon L 
grease mulls. Measurements were made at 77 and 
4.2 K with and without applied magnetic field. EPR 
spectra were obtained at 77 K both in the solid- 
state and in CHZC12 frozen solution. 

Magnetic data 

Magnetic susceptibilities in the solid state were 
measured on finely ground samples packed into 
aluminium buckets. Data were taken from 1.8 to 
300 K in a field of 2 and 10 kG on a SHE model 
905 SQUID susceptometer. The data at 2 kG are 
displayed graphically in the text, see also ‘Supple- 
mentary material’. 

Structure determination 

A crystal of [Fe(OEP)(3-CNPy),]ClO, was ex- 
amined on an Enraf-Nonius CAD4 diffractometer 
at the ambient laboratory temperature of 293 K. 
Preliminary examination suggested a two-molecule 
monoclinic unit cell. However, attempts to measure 
intensity data failed due to rapid decomposition of 
the crystal, apparently from solvent loss. Data col- 
lection used a freshly prepared crystal of [Fe(OEP)(3- 
CNPy)JClO., with dimensions of 0.2X0.5 X0.1 mm, 
mounted under a nitrogen gas cold stream (118 K) 
provided by a locally modified Syntex LT-1 low- 
temperature attachment on the diffractometer. Least- 
squares refinement of 25 centered reflections gave 



TABLE 2. Fractional coordinates of [Fe(OEP)(3- 
CNPy),]C104.3CHC&’ 

Atom x Y z 

FC 0.0000 0.0000 0.0000 
N(l) 0.1559(5) 0.03480(24) - 0.0367(5) 
N(2) - 0.0210(5) - 0.05284(24) -0.1358(5) 
N(3) 0.1417(6) - 0.05734(25) 0.1356(6) 
N(4) 0.3478(8) - 0.0485(3) 0.5640(7) 
C(al) 0.2288(6) 0.0783(3) 0.0198(6) 
C(a2) 0.2036(6) 0.02130(29) -0.1299(6) 
C(a3) 0.0512(6) - 0.05516(27) -0.2144(6) 
C(a4) -0.1203(6) - 0.09166(29) -0.1756(6) 
C(bl) 0.3257(7) 0.0937(3) - 0.0377(6) 
C(b2) 0.3100(6) 0.05837(28) - 0.1307(6) 
C(b3) - 0.0026(7) - 0.09516(29) - 0.3076(7) 
C(b4) -0.1121(7) -0.1171(3) - 0.2835(6) 
C(m1) 0X77(6) - 0.02058(28) - 0.2099(6) 
C(m2) 0.2141(7) 0.1038(3) 0.1199(7) 
C(l1) 0.4228(8) 0.1397(3) - 0.0024(8) 
C(21) 0.3884(8) 0.0557(3) - 0.2180(7) 
C(31) 0.0473(8) - 0.1090(4) -0.4094(8) 
C(41) - 0.2110(9) - 0.1572(4) - 0.3580(8) 
C(l2) 0.5566( 10) 0.1243(5) 0.0995(11) 
C(22) 0.5121(8) 0.0200(4) - 0.1698(8) 
~(32) -0.0324(11) -0.0851(6) - 0.5293(10) 
C(42) -0.3438(g) -0.1310(6) -0.4355(10) 
C(1) 0.1790(9) - 0.1042(4) 0.1025(8) 
C(2) 0.2625( 12) - 0.1406(4) 0.1829(10) 
C(3) 0.3094( 10) - 0.1276(4) 0.3043(9) 
C(4) 0.2702(7) - 0.0798(3) 0.3407(7) 
C(5) 0.1869(6) - 0.0454(3) 0.2532(6) 
C(6) 0.3172(8) - 0.0623(3) 0.4661(7) 
C(7) - 0.4457( 14) 0.2500 0.3766( 13) 
C(8) 0.0950(20) 0.2500 - 0.2668(21) 
C(9) -0.118(6) 0.2301(12) 0.1268(28) 
Cl(l) 0.4473(3) 0.2500 -0.3103(3) 
O(1) 0.413(3) 0.2014(S) - 0.2832(23) 
O(2) 0.5469( 17) 0.2500 -0.3643(11) 
O(3) 0.336(3) 0.2500 - 0.426(3) 
C](2) - 0.5672(4) 0.2500 0.2290(3) 
Cl(3) - 0.34364(28) 0.19202(9) 0.39688(25) 
CV4) -0.0460(11) 0.2500 - 0.4009(8) 
CW 0.0975(6) 0.19228(18) - 0.1856(4) 
CX6) - 0.2910(18) 0.2457(20) 0.0233(9) 
CX7) - 0.0882( 12) 0.2396(5) 0.2688(9) 
Cl(S) - 0.0049( 15) 0.2369(6) 0.0606( 11) 

“e.s.d.s. of the least significant digits are given in parentheses. 

the cell constants reported in Table 1. The systematic 
absences are consistent with the space group P21 or 
F2,im. 

Four standard reflections were measured during 
data collection; there were no significant fluctuations 
in their intensities. Intensity data were reduced with 
the profile fitting algorithm of Blessing [1X]. A sum- 
mary of crystal data, intensity collection parameters 
and least-squares refinement parameters of 
[Fe(OEP)(3-CNPy)&104 are reported in Table 1. 
Data were collected to a maximum of 219=56.80, 
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Fig. 1. Experimental and calculated values of the effective 
magnetic moment vs. temperature for [Fe(OEP)(3- 
CNPy)JC104.1.5CHCIJ. The calculated values were ob- 
tained by using the parameters g, =4.48 and C= 150 cm-‘. 
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Fig. 2. Mijssbauer spectrum of [Fe(OEP)(3-CNPy)&lO~ 
recorded at 4.2 K in a 6 T field. 

and all data with F,,> 2.Oa(F,) were retained as 
observed and used in all subsequent least-squares 
refinement. The structure was solved in the centro- 
symmetric space group K&/m using the direct meth- 
ods program MULTAN [19]. All subsequent de- 
velopments of structure solution and refinement were 
consistent with this choice. Atomic form factors were 
taken from ref. 20a; real and imaginary corrections 
for anomalous dispersion in the form factor of the 
iron and chlorine atoms were from ref. 20b; scattering 
factors for hydrogen were from ref. 20~; all calcu- 
lations were performed on a VAX 3200 computer. 
The E map and subsequent difference Fourier 
syntheses led to the location of all atoms including 
one perchlorate anion and three chloroform mol- 
ecules. The structure consists of one-half of a 
[Fe(OEP)(3-CNPy)JC104 molecule in the asym- 
metric unit with required inversion symmetry. The 
perchlorate has a mirror plane passing through the 
chlorine and two oxygen atoms. Two of the chloroform 
molecules also have mirror planes passing through 
the carbon and one chlorine atom. The third chlo- 
roform solvent molecule was disordered in two PO- 

sitions. The carbon lies near a mirror plane and is 
about 0.9 A from its mirror image. There are six 
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Fig. 3. ORTEP diagram of [Fe(OEP)(3-CNPy)&lO~. The atom labeling scheme for the crystallographic unique atoms 
and the bond distances in the coordination group are also shown. 50% probability surfaces are shown. 

chlorine atoms associated with the two carbon atom 

positions. Occupancies of 0.5 were used for all atoms 

in the disordered chloroform. Several cycles of dif- 

ference Fourier syntheses led to the location of most 

hydrogen atoms. The hydrogen atom positions were 

idealized and included in subsequent cycles of least- 

squares as fixed contributors (C-H =0.9_5 A, 

B(H) =B(C)-+ 1.0 A) Final cycles of least-squares 

refinements were carried out with anisotropic tem- 

perature factors for all heavy atoms. Final atomic 

coordinates are listed in Table 2. See also ‘Supple- 

mentary material’. 

Results 

[Fe(OEP)(3-CWPy)z]C10~ has been characterized 

by IR, UV-Vis, EPR and MiSssbauer spectroscopy, 

magnetic susceptibility measurements and a single- 
crystal X-ray structure determination. The magnetic 
susceptibility was measured both at 2 and 10 kG in 

the temperature range of 1.8-300 K. The solid sample 

is known to readily lose solvent of crystallization and 
1.5 chloroform molecules of solvation were used for 

the molecular weight and diamagnetic correction 

calculations. The data are shown graphically in Fig. 

1. A logarithmic temperature scale was chosen to 

best show the rapid decrease of the moment at low 

temperature. The 2 and 10 kG data sets are similar 

within experimental error. The magnetic moment 

climbs sharply from 3.11 pB at 1.8 K and levels at 

100 K (4.33 /_L&, and then climbs slowly to 4.72 /.Q 

at 300 K. This behavior is typical of a quantum 

mechanically admixed intermediate-spin state [2, 3, 

4, 11, 21, 22, 231. 

The data shown in Fig. 1 were compared with 

the Maltempo [24] model by use of the Hamiltonian 

rF”,,=A+ &4~~+2/3HS (1) i 

where A is the energy gap between the S = 312 and 

5/2 spin states, the second term is the spin-orbit 

interaction with 5 as its one-electron-coupling con- 

stant (summation over i is extended over all five 3d 

electrons of the ferric ion), and the last term is the 

Zeeman interaction of the electronic spin S (= &) 

with the external field H. 
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Fig. 4. Formal diagram of the porphinato core in 
[Fe(OEP)(3-CNPy)JCIO.,. Deviations of each unique atom 
from the mean plane of the core (in units of 0.01 A) are 
shown. Averaged values for the chemically unique bond 
distances and angles in the core are shown. The orientation 
of the axial Iigands with the closest Fe-N, vector (angle 
4) are shown. Individual values of the Fe-N, bond distances 
are shown. 

The energy separation A is related to the transverse 
gyromagnetic ratio g1 of the lowest doublet, S,= 
+1/2, by 

24(g, -5)2 lR 

5@1- 6)(g, -4) 1 (2) 

where the lower sign applies for g, <5. Normally, 
gl is proportional to the magnetic splitting of the 
ground doublet and may be directly measured by 
EPR. Moreover it can also be considered as a 
parameter indicating the percentage of the spin state 
S=3/2 in the admixed spin state. The value of g, 
is linearly related to the percentage [24] of S=3/2 
character with boundary values 0 and 100% cor- 
responding tog, = 6 and 4, respectively. Theoretical 
values of magnetic moment (CL& obtained by using 
the parametersg, = 4.48 and l= 150 cm-’ are shown 
in Fig. 1. The fitted g, value of 4.48, however, is 
higher than the value found for the EPR spectrum 
(gL of 4.28), or the 4.23 value obtained from the 
Mijssbauer fit. 

The EPR spectra of both solid and frozen solution 
(CH,Cl,) are axial. The EPR spectrum of the solid 
has gL = 4.28 and g,, = 1.97; the frozen solution spec- 
trum has the sameg values within experimental error. 

The MGssbauer spectrum of the complex has been 
determined at both 4.2 and 77 K. The values of 6 
and AE, at 77 K are 0.38 and 2.61 mm/s. At 4.2 
K and no magnetic field the values are 0.36 and 

TABLE 3. Bond distances in [Fe(OEP)(3- 
CNPy)2]C104.3CHCl~a 

Twe Length (A) Type Length (A) 

Fe-N( 1) 2.014(5) C(21)-c(22) 1.512(12) 
Fe-N(2) 2.010(6) C(31)-C(32) 1.489(16) 
Fe-N(3) 2.269(6) C(41)-C(42) 1.526(Z) 
N( l)-C(a1) 1.358(10) C(l)-C(2) 1.381(14) 
N( I)-C(a2) 1.381(B) c(2)-c(3) 1.372(15) 
N(Z)-C(a3) 1.372(B) C(3)-C(4) 1.368(14) 
N(2)-C(a4) 1.378(g) C(4)-C(5) 1.391(11) 

N(3)-C(1) 1.324(11) C(4)_C(6) 1.445(12) 
N(3)-C(5) 1.326(10) C(6)_N(4) 1.130(11) 
C(al)-C(bl) 1.443(9) Cl(l)-O(1) 1.325(11) 
C(al)-C(m2) 1.380(10) Cl(l)-O(1)’ 1.325(11) 
C(a2)-C(b2) 1.447(9) Cl(l)-O(2) 1.386(13) 
C(a2)-C(ml) 1.371(10) Cl(l)-O(3) 1.458(24) 
C(a3)-C(b3) 1.439(10) C(7)-‘J(2) 1.763(16) 
C(a3)-C(ml) 1.393(9) C(7)-Cl(3) 1.760(B) 
C(a4)-C(b4) 1.436(10) C(B)-Cl(4) 1.753(22) 
C(a4)-C(m2)’ 1.379(9) C(B)-Cl(5) 1.712(14) 
C(bl)-C(b2) 1.362( 10) C(9)-Cl(9)” 0.99(6) 
C(b3)-C(b4) 1.380(10) C(9)-CI(6) 1.85(5) 
C(bl)-C(11) 1.489(11) C(9)-Cl(6)” 1.91(6) 
C(b2)-C(21) 1.507(9) C(9)-Cl(7) 1.60(3) 
C(b3)-C(31) 1.488(10) C(9)-cl(7)” 1.75(3) 
C(b4)-C(41) 1.488(12) C(9)-Cl(B) 1.62(5) 
C(ll)-C(12) 1.550(15) C(9)-Cl(B)” 1.81(6) 

le.s.d.s. of the least significant digits are given in parentheses. 
Primed and unprimed symbols denote a pair of atoms 
related by an inversion center at iron. Double primed and 
unprimed symbols denote a pair of atoms related by a 
mirror plane. 

2.67 mm/s, respectively. In an applied magnetic 
field of 6 T at 4.2 K, S=O.42 mm/s and A&=2.67 
mm/s. The spectrum in an applied magnetic field 
is shown in Fig. 2. The value of 6 is independent 
of temperature within experimental errors. There is 
a very small increase in the value of AE, with 
temperature. A fit to the Mtissbauer data gives 
gl = 4.23 closely comparable with the experimental 
EPR value. 

The molecular structure of [Fe(OEP)(3- 
CNPy),]C104 is shown in the ORTEP diagram in 
Fig. 3. The numbering scheme for the crystallo- 
graphically unique atoms and bond distances around 
the iron atom are also displayed. Average values for 
the chemically equivalent bond distances and angles 
in the core of the complex are shown in Fig. 4. The 
number in parentheses following each averaged value 
is the estimated standard deviation calculated on 
the assumption that the individual values are all 
drawn from the same population. Individual values 
of the Fe-N,, bond distances and the dihedral angle 
made by the axial ligand plane are also shown in 
Fig. 4. Figure 4 also shows the displacement of the 
crystallographically unique atom from the mean plane 
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TABLE 4. Bond angles in [Fe(OEP)(3-CNPy)z]CIO~.3CHCI,’ 

TYF Value (“) TYPO Value (“) 

N( l)-Fe-N(2) 89.68(22) C(bl)-C(b2)-C(21) 128.2(6) 
N(l)-Fe-N(2)’ 90.32(22) C(a3)-C(b3)-C(b4) 105.0(6) 
N(l)-Fe-N(3) 88.25(21) C(a3)-C(b3)-C(31) 127.4(6) 
N(2)-Fe-N(3) 90.77( 13) C(b4)-C(b3)-C(31) 127.5(6) 
Fe-N( l)-C(al) 126.9(4) C(a4)-C(b4)-C(b3) 107.6(6) 
Fe-N( I)-C(a2) 126.5(5) C(a4)-C(b4)-C(41) 124.9(6) 
C(al)-N(l)-C(a2) 106.4(5) C(b3)-C(b4)-C(41) 127.4(6) 
Fe-N(2)-C(a3) 128.0(4) C(a2)-C(ml)-C(a3) 125.9(6) 
Fe-N(2)-C(a4) 126.3(4) C(al)-C(m2)-C(a4)’ 126.7(6) 
C(a3)-N(2)-C(a4) 105.5(5) C(bl)-C(ll)-C(12) 112.3(8) 
Fe-N(3)-C( 1) 122.3(5) C(b2)-C(21)-C(22) 111.6(6) 
Fe-N(3)-C(5) 120.2(5) C(b3)-C(31)-C(32) 114.9(7) 
C( l)-N(3)-C(5) 117.4(7) C(b4)-C(41)-C(42) 112.2(9) 
N(l)-C(al)-C(b1) 110.7(6) N(3)C(l)-C(2) 123.8(8) 
C(bl)-C(al)-C(m2) 124.5(7) C( l)-C(2)-C(3) 118.2(8) 
N(l)-C(al)-C(m2) 124.8(6) C(2)<(3)-C(4) 118.8(8) 
N(l)-C(a2)-C(b2) 109.4(6) C(3)-c(4)-C(5) 119.0(7) 
C(b2)-C(a2)-C(m2) 124.9(6) N(3)-C(5)-C(4) 122.7(7) 
N(l)-C(a2)-C(m1) 125.7(6) O( l)-Cl(C)-O( 1) 131(l) 
N(2)-C(a3)-C(b3) 111.7(5) O( l)-Cl(C)-O(2) 114.4(7) 
C(b3)-C(a3)-C(m1) 124.0(6) O(l)-Cl(C)-O(3) 92(2) 
N(2)-C(a3)-C(m1) 124.2(6) O(2)-Cl(C)-O(3) 94(2) 
N(2)-C(a4)-C(b4) 110.0(6) C](3)-C(7)-Cl(3)” 109.6(7) 
C(b4)-C(a4)-C(m2)’ 125.3(6) C](3)-C(7)-Cl(2) 109.7(5) 
N(2)-C(a4)-C(m2)’ 124.7(6) Cl(3)‘-C(7)-Cl(2) 109.7(5) 
C(al)-C(bl)-C(b2) 106.5(6) C](5)-C(8)-C1(5)” 114(l) 
C(al)-C(bl)-C(ll) 126.5(7) C](5)-C(8)-C1(4) 110.2(8) 
C(b2)-C(bl)-C(ll) 127.0(6) C1(5)‘<(8)-Cl(4) 110.2(8) 
C(a2)-C(b2)-C(b1) 107.0(6) C](7)-C(9)-Cl(6) 116.9(27) 
C(a2)-C(b2)-C(21) 124.8(6) Cl(7)-C(9)-Cl(8) 124(3) 

Cl(S)-C(9)-Cl(6) 112.2(19) 

“e.s.d.s. of the least significant digits are given in parentheses. Primed and unprimed symbols denote a pair of atoms 
related by an inversion center at iron. Double primed and unprimed symbols denote a pair of atoms related by a mirror 
plane. 

TABLE 5. Bond parameters and axial ligand orientation of pyridine ligands in intermediate-spin Fe(W) porphyrinates 

Complex M-Npa M-N(4r)” A@. = Reference 

[Fe(OEP)(3CNPy)&IO, 
[Fe(OEP)(3-ClPy),]ClO, 
molecule 1 
molecule 2 

[Fe(OEP)(3-CIPy)JCIO,,.CHClj 
[Fe(OEP)(3-ClPy)]ClO, 
[Fe(OEP)(3,5-ClPy)&lO~ 

2.012(3) 

2.003( 1) 
2.008(S) 
2.006(8) 
1.979(6) 
1.994( 10) 

2.269(6) 

2.314(8) 
2.303(27) 
2.304(27) 
2.126(S) 
2.347(27) 

4.0 0 this work 
2 

5.7, 7.0 1 
11.5, 13.9 2.5 
8.7, 6.1 2.6 3 

41.1 NA= 3 
0 4 

“Value in A. ‘Value in deg. ‘Relative orientation of two axial ligand planes. A value of 0 indicates planes required 
to be parallel by crystallographic symmetry. dT~o independent molecules. ‘Not applicable. 

of the 24-atom core (in units of 0.01 A) in the 
complex. The complex has a modestly ruffled por- 
phinato core. Individual bond distances and angles 
are listed in Tables 3 and 4. Average Fe-N,, and 
F-N, bond distances are 2.012(3) and 2.269(6) A. 

Table 5 gives tabulated average values of Fe-N, and 
Fe-N,, bond distances for other intermediate spin 
state complexes. Also shown in the Table are the 
dihedral angle 4 and the relative interplanar angles 
of the complexes. 
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Discussion 

The effective magnetic moment at room temper- 
ature of 4.7 ,.&B is significantly higher than that of 
a pure S=3/2 system. The value is similar to the 
observed room-temperature magnetic moment found 
for the thermal spin equilibrium complex, 
[Fe(OEP)(3-ClPy),]C104 [l, 81. However, other com- 
plexes with admixed intermediate-spin states are also 
found to have large moments [2, 11, 121. Typical of 
an admixed intermediate-spin state, the magnetic 
moment climbs up sharply from 3.11 pn at 1.8 K 
and levels at 100 K at 4.33 pn, and then climbs up 
slowly to reach 4.72 ,.&n at 300 K. The calculated fit 
to the experimental data is quite good except at the 
very lowest temperatures (T<4 K). Such deviations 

suggest magnetic coupling between iron porphyri- 

nates. In a number of cases, the coupling model 
involved pairs of molecules [21, 251. In the present 
case, there are no close interactions between pairs. 
A mean-field model, such as the one used for 
[Fe(TPP)(FSbFs)] . C6H5F [22], might be appropriate. 
We have not attempted such a fit for [Fe(OEP)(3- 
CNPy)r]C104 because of the difficulties with defining 
the precise molecular weight for the crystalline ma- 
terial. The Mossbauer consists of a quadrupole dou- 
blet, with the right-hand line very broad. The quad- 
rupole splitting is larger than those found for 
S= l/2 and 5/2 iron(II1) porphyrinates. It should be 
noted that the value of AE, (2.61-2.69 mm/s) is 
lower than any reported for an admixed intermediate- 
spin state complex, except [Fe(OEP)(3-ClPy)z]C104 
[2], where A&, was 2.5-2.7 mm/s. The data from 
both the susceptibility measurements and Mossbauer 
indicate the complex to have an admixed interme- 
diate-spin state. The experimental value of g, from 
the EPR spectrum conclusively indicates an admixed 
intermediate-spin state. 

The equatorial Fe-N, bond distances of 
[Fe(OEP)(3-CNPy)&IO, are the largest found 
among the other bis(pyridine) admixed intermediate- 
spin state complexes [2-4]. For a high-spin complex, 
the dX+2 orbital is fully populated, which leads to 
a significant increase in the Fe-N, bond distances. 
The admixed intermediate-spin state has only a partial 
population of this orbital, and consequently the Fe-N, 
bond length in these systems is shorter 
(1.994(10)-2.008(8) A). The axial Fe-N(Py) bond 
distance in [Fe(OEP)(3-CNPy)&Z104 of 2.269(6) A 
is shorter than the 2.303(27)-2.347(27) 8, range found 
in the other admixed intermediate-spin state species. 

The present complex, [Fe(OEP)(3-CNPy)r]C104, 
confirms what is becoming an established pattern 
for solid-state (octaethylporphinato)iron(III) bis- 
(pyridinates). Low-spin complexes require reasonable 
pyridine basicity and 4 angles close to 45”. Inter- 

mediate-spin complexes arise with lower basic@ 
pyridines and all have low 4 angles. There does not 
seem to be any reason why intermediate-spin com- 
plexes with large 4 angles should not exist. However, 
the only case of a large 4 angle complex that is not 
low spin is the high-spin/low-spin thermal equilibrium 
species [Fe(OEP)(3-ClPy),]C104 [l]. Here, of course, 
the ligand orientation is apparently trapped at high 
4 by crystal packing forces. It remains a challenge 
to understand this phenomenon and to develop a 
greater synthetic control of the subtle features which 
dictate the particular 4 angle. 

Supplementary material 

Table Sl, complete susceptibility data; Table S2, 
anisotropic thermal parameters; Table S3, fixed hy- 
drogen atom positions; and Table S4, a listing of 
structure factors ( X 10) are available from the authors 
on request. 
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