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The complex {Fe[HC(3,5-Me,pz)3],}1, (1) has been prepared
from the reaction of Fel, and HC(3,5-Me,pz); (pz = pyrazolyl
ring) in a 1:2 ratio. The complex is high-spin in both the solid
state and in solution at ambient temperature. In the solid
state, magnetic susceptibility and Méssbauer spectral studies
indicate that samples of the complex that have been crystal-
lized and dried change completely from high-spin to low-
spin upon cooling below 195 K, with a substantial two-step
thermal hysteresis in the transition. The spin-crossover prop-
erties of 1 are sample dependent: powder samples do not
change to low-spin at low temperatures. Two crystalline
forms of 1 have been identified by X-ray crystallography, one
form containing no solvent of crystallization and the other
containing solvent. In both, there is only one iron site, with

average Fe-N bond lengths of 2.18 and 2.17 A, values that
confirm that the complex is high-spin. Single crystals of the
nonsolvated form shatter at low temperatures whereas single
crystals of the solvated form can be cooled to 110 K with no
loss of crystallinity and remain fully high spin at this temper-
ature. Crystallographic information: nonsolvated form is tri-
clinic, P1, a = 8.8062(2) A, b = 10.3549(2) A, ¢ = 11.3549(2)
A o= 104.0768(10)°, B = 110.2473(10)°, vy = 92.6385(11)°, Z =
1; solvated form is monoclinic P2,/c, a = 10.3214(5) A, b =
12.7753(7) A c= 20.1995(11) A, o =90°, B =97.5380(10)°, v =
90°, Z =2.

(O Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

Introduction

The properties of octahedral iron(I) complexes, espe-
cially those with an FeNg coordination environment, that
undergo thermal spin-state crossovers between the high-
spin (HS, S = 2) and low-spin (LS, S = 0) states have been
widely investigated.!'l In general, iron(II) complexes that are
HS in the solid state at room temperature may show a spin-
state crossover to the LS electronic state upon cooling,
whereas, complexes that are LS at room temperature may
show a spin-state transition to the HS electronic state
upon heating.['-?

We have recently reported, by using a combination of
NMR, X-ray structural, magnetic, and Mossbauer spectral
results, that {Fe[HC(3,5-Me,pz);]»}(BF4), (pz = pyrazolyl
ring) shows unusual spin-crossover behavior in the solid
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state.[¥l Even though only one iron site is observed by X-ray
crystallography at ambient temperature, the solid abruptly
changes from all-HS above 206 K to a 50:50 mixture of HS
and LS (in this form the Fe—N bond lengths are reduced
by ca. 0.2 A, as expected!') below 200 K, the composition
of the lower temperature mixed spin-state does not change
as the temperature is lowered to 4.2 K. This spin-state
crossover is reversible and shows no thermal hysteresis.
Herein we report the synthesis, NMR, X-ray structural,
magnetic, and Mossbauer spectral studies of {Fe[HC(3,5-
Me,pz):]o3 1, (1), a complex with the same dication as
{Fe[HC(3,5-Me,pz);]>} (BF,4),, but paired with a different
anion, a change that dramatically effects its properties.

Results and Discussion

Synthesis and Characterization

The reaction of Fel, and HC(3,5-Me,pz); in a 1:2 ratio
yields {Fe[HC(3,5-Me,pz)s]»}1, (1; Scheme 1). Fel, is black
in solution. Upon addition of the ligand the homogeneous
solution immediately becomes yellow and the desired prod-
uct precipitates as a powder after several minutes. The solid
is white as a powder and colorless as single crystals, indicat-
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ing that the iron(II) is HS at room temperature.!'! The solu-
tion '"H NMR spectrum shows broad resonances shifted
over the range from & = 51.1 to—42.6, analogous to that
previously reported for {Fe[HC(3,5-Me»pz);]»}(BF4), (2),
indicating that the complex is also HS in solution.

The HS configuration of the iron(II) in 1 at ambient tem-
perature was verified by the X-ray crystal structures (see
Figure 1 and Table 1). Complex 1 crystallizes in two differ-
ent forms under seemingly identical crystallization proced-
ures. One form of these crystals contains no solvent molec-
ules while the other form contains four molecules of
CH,Cl,, the crystallization solvent, for every iron(Il). In
both cases, the crystals were found to fragment to micro-
crystals when taken out of solution. The crystals used for
the X-ray structural studies were taken from a container
that contained solvent and were immediately coated with
an inert liquid.

Figure 1. An ORTEP diagram of the cation of the solvated form
of {Fe[HC(3,5-Meypz)s3]o} I

The structures of the cations in both forms of 1 are sim-
ilar (Figure 1) and similar to the cation in 2, which has been
reported previously.’! Table 1 gives selected bond lengths
and angles for all of the structures. The average Fe—N bond
lengths are 2.18 A in the nonsolvated form of 1 and 2.17 A
in the solvated form of 1 and in 2, clearly indicating that
iron(Il) is in the high-spin configuration at 295 K; average
bond lengths of ca. 1.97 A are typically observed in LS
octahedral FeNg complexes.['l In all of the structures the
iron(II) is located on a center of symmetry and has an Ng
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coordination environment. The chelate rings restrict the in-
traligand N—Fe—N angles to an average of 84.5° in both
forms of 1 and 84.3° in 2, restrictions that lead to trigonally
distorted octahedral structures.

There are important differences in the behavior of crys-
tals of the two forms of 1 and of 2 upon cooling. Crystals
of 2 change from colorless above 206 K to purple below
this temperature; they also undergo a phase change from
monoclinic to triclinic. These crystals, when reheated above
206 K, again become colorless, returning to the monoclinic
space group, with no apparent degradation of crystal qual-
ity. Crystals of 2 that have been cooled are still suitable
for X-ray structural studies at ambient temperature.’! In
contrast, crystals of 1 in the nonsolvated form shatter when
cooled below 195 K, a temperature below which the solid
turns purple. After being cooled, the crystals are no longer
suitable for single crystal X-ray studies at either low temper-
ature or after reheating to ambient temperature, at which
temperature the sample is again white. Crystals of 1 in the
solvated form do not undergo the spin-state transition down
to 110 K. The quality of the crystals does not change, they
remain colorless at 110 K, and there is no phase change at
lower temperatures.

There is an interesting and important difference between
the structures of the two forms of 1 relating to the degree
of tilting of the pyrazolyl rings away from an ideal Cjs, type
arrangement. In  the absence of tilting, the
FeN(nl)—N(n2)—C(nl) torsion angles, where n denotes the
ring number, would be 180° and the metal atom would res-
ide in the planes defined by the pyrazolyl rings. We have
previously commented on the fact that in octahedral
{M[HC(3,5-Me,pz)s],}"* and M[HB(3,5-Me,pz);], com-
plexes this ring tilting increases with increasing size of the
metal.[¥ The tilting also changes when the same cation is
paired with different anions.[ We have solved the structure
of {Fe[HC(3,5-Me,pz);]>}(BF4), (2) at 220 K, where all of
the cations are HS, and at 173 K, where half of the cations
are HS and half LS. In the 220 K structure the torsion angle
averages 169°, whereas for the HS form in the 173 K struc-
ture this torsion angle averages 162°. For the LS form of
the 173 K structure this torsion angle averages 179°, re-
flecting the smaller size of LS iron(II). For the nonsolvated
form of 1, which changes to LS at low temperatures, this
torsion angle averages 171°. In contrast, in the solvated
form of 1, the form that does not change to LS at low tem-
peratures, it is 10° less at 161°.

Magnetic Susceptibility Studies

Both crystalline forms of {Fe[HC(3,5-Me,pz);],}1, (1)
discussed in the X-ray section above fragment to microcrys-
tals when dried or if even briefly removed from the crystal-
lization solvents. This process makes it impossible to dir-
ectly measure the magnetic properties of the single crystals
used in the X-ray structural studies.

The effective magnetic moment of a sample originating
from the nonsolvated, crystalline form of 1 as a function of
temperature between 5 and 325 K is shown in Figure 2. A
sample originating from the solvated, crystalline form of 1,
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Table 1. Selected bond lengths and angles for the cation in nonsolvated

Me,pz);],} 1,*4CH,Cl, and {Fe[HC(3,5-Me,pz);],} (BF4): (2)

{Fe[HC(3,5-Me;,pz);),1 15, solvated {Fe[HC(3,5-

Bond lengths (A)

Complex Nonsolvated Form Solvated Form 2
Fe—N(11) 2.156(3) 2.157(2) 2.155(3)
Fe—N(21) 2.200(4) 2.174(2) 2.179(2)
Fe—N(31) 2.176(3) 2.171(3) 2.177(2)
C(1)-N(12) 1.443(5) 1.451(4) 1.444(4)
C(1)-N(22) 1.446(6) 1.446(4) 1.451(3)
C(1)-N(32) 1.448(5) 1.447(4) 1.448(4)
Intraligand donor 293 2.916(2) 291
N--N average distance
Distance Fe 1.371(2) 1.3562 1.373(2)
out of N3 donor plane
Bond Angles (deg)
N(11)—Fe—N(21) 84.49(14) 84.75(9) 84.41(11)
N(11)—Fe—N(31) 83.57(13) 84.11(9) 83.70(10)
N(21)—Fe—N(31) 85.59(14) 84.77(9) 84.67(10)
N(11)-Fe—N(21A) 95.51(14) 95.25(9) 95.59(11)
N(11)-Fe—N(31A) 96.43(14) 95.89(9) 96.30(10)
N(21)-Fe—N(31A) 94.41(14) 95.23(9) 95.33(10)
N(11)-N(12)—C(1) 120.1(3) 119.5(2) 119.2(2)
N(21)-N(22)—-C(1) 119.9(3) 119.1(2) 119.6(2)
N(31)-N(32)—C(1) 119.6(3) 120.1(2) 119.8(2)
N(12)—C(1)-N(22) 111.3(3) 111.02) 111.4(2)
N(12)—C(1)~N(32) 113.003) 111.3(2) 111.9(2)
N(22)—C(1)~N(32) 110.8(3) 111.1(2) 111.1(3)
FeN(11)—N(12)C(11) torsion 168.0(3) 164.2(2) 166.1(2)
FeN(21)—N(22)C(21) torsion 165.9(3) 164.1(2) 168.5(2)
FeN(31)—N(32)C(31) torsion 179.8(3) 157.9(2) 171.4(2)
that had been dried and shown by elemental analysis to
lose the CH,Cl, of crystallization, has essentially the same
5.00 r magnetic properties as shown in Figure 2. At higher tem-
as0 b peratures 1 is clearly HS with an effective moment of ca.
U 4.8 pup, a value that is very close to the iron(II) spin-only
= 400 heating value of 4.9 pg. Upon cooling below 195 K there is a dra-
= f matic drop in the moment as would be expected for a spin-
g 3.50 | state crossover to a LS iron(II) complex. Continued cooling
§ . to 5K yields a very small moment, except at the lowest
L 3.00 E temperatures where a trace of paramagnetic iron(IIT) im-
Q 250 | cooling purity leads to a very small increase in the magnetic sus-
m M - . oqe . .
& s ceptibility. The low-temperature moment of ca. 0.4 pg is
% 2.00 F typical of the temperature-independent paramagnetism ob-
2 ‘ served in low-spin iron(II) complexes. Subsequent warming
g 1.50 r of the sample above 5 K reveals very similar behavior but
i 1.00 b with the presence of a reproducible hysteresis of ca. 15 de-
T grees in the spin-crossover such that at ca. 210 K, the
0.50 | sample has completely returned to the HS state.
L ‘ The magnetic properties of complex 1 are dependent on
0.00 bl i

0 50 100 150 200 250 300 350
Temperature, K

Figure 2. The effective magnetic moment as a function of temper-
ature, measured by cooling, heating and recooling between 325 and
S K, of crystallized {Fe[HC(3,5-Me;,pz);]>}1, (1)
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the history of the sample. Figure 3 shows the magnetic be-
havior of the solid that precipitated from acetone in the
original reaction, a sample that is a white powder and is
pure as indicated by elemental analysis and NMR spectro-
scopy. This solid was subsequently used to prepare the crys-
talline samples, which once dried were used to obtain the
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magnetic results shown in Figure 2. For the solid that pre-
cipitated from acetone, only a small change in the magnetic
moment was observed as the temperature was lowered. The
high temperature moment of this sample is the same as ob-
served for both crystallized samples. In contrast, for the
sample of 1 that precipitated from acetone, there is only a
small decrease in the magnetic moment from . = 4.85 pp
at higher temperatures to pop = 4.5 pg below 185 K. As
with the results presented in Figure 2, a hysteresis of ca. 15
degrees is observed upon cooling and heating for the small
changeover. Presumably, the decrease of ca. 0.4 pp is due to
the presence of a small amount of microcrystalline 1 that is
present in the sample.
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Figure 3. The effective magnetic moment as a function of temper-
ature, measured by cooling, heating and recooling between 325 and
5 K, of a sample of {Fe[HC(3,5-Me,pz);]»} 1, that precipitated from
the reaction mixture

There is a sharp drop in the effective moment below ca.
30 K (see Figure 3). This drop is not unexpected for a dis-
torted octahedral iron(II) complex in which the low-sym-
metry component of the crystal field, in conjunction with
electron delocalization and spin-orbit coupling, are
knownP! to lead to a decrease in the observed moments at
very low temperatures.

Mossbauer Spectral Analysis

The Mossbauer spectra of {Fe[HC(3,5-Me,pz)3]»} 15 (1),
measured on a sample that was crystallized from CH,Cl,/
hexanes and dried, were obtained upon cooling from 295
to 4.2 K and upon warming from 175 to 215 K (Figures 4
and 5, respectively). Selected hyperfine parameters for this
complex are given in Table 2. The complete temperature de-
pendence of the isomer shift and quadrupole splittings for
the HS and LS states are shown in Figures 6 and 7. As the
sample is cooled, a dramatic change occurs in the spectra
starting at ca. 190 K indicating a spin-state crossover from
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the HS to the LS state.l'! This change is clearly indicated by
the appearance of a second doublet at ca. 0.5 mm/s. The
change in population of the HS state, as reflected by the
Maossbauer spectral absorption area of the HS component,
is shown in Figure 8, and matches an analogous plot using
data from the magnetic studies.
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Figure 4. The Mossbauer spectra of crystallized {Fe[HC(3,5-
Me,pz)s]»} 1, (1) obtained at the indicated temperatures upon cool-
ing from 295 to 4.2 K

The hyperfine parameters reported in Table 2 are those
expected for HS and LS iron(II) complexes with a distorted
pseudooctahedral coordination geometry. The isomer shifts
and quadrupole splittings for both the HS and LS states of
1 are virtually identical to those of the analogous complex
{Fe[HC(3,5-Me»pz)s]>} (BF4), (2), although the nature of
the spin-crossover is different. In 1 the transition to the low-
spin state is complete below 70 K but the transition occurs
only to 75% in the temperature range from 70 to 150 K on
cooling and 70 to 200 K on heating. The presence of a small
amount of the HS complex in this temperature range is also
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Figure 5. The Mossbauer spectra of crystallized {Fe[HC(3,5-
Me,pz)s]»}1, (1) obtained at the indicated temperatures upon
heating from 4.2 K

apparent in Figure 2 as a shoulder in the effective moment.

A comparison of Figure 2 with Figure 8 indicates that
the temperature hysteresis observed in the magnetic meas-
urements is approximately half that observed in the
Mossbauer spectral studies. The exact reason for this differ-
ence is not apparent at this time, but is probably related
to differences in sample preparation. We have shown that
thermal equilibrium was achieved in the magnetic studies
by stopping the change in temperature at a number of
points in both the heating and cooling cycles around 200 K
and observing no change of the magnetic moment with
time.

Maossbauer spectra were obtained at 90 K and 295 K on
the same sample that was used for the magnetic data shown
in Figure 3, a sample that precipitated from acetone in the

1194

Table 2. Selected Mdssbauer spectral parameters for {Fe[HC(3,5-
Me;pz);]23 1> (1)

T(K) 1) AEq r Relative Assignment
(mm/s)al (mm/s) (mm/s) area (%)
29501 0.969 3.86 0.28 100 high-spin
1901 1.022 3.86 0.30 100 high-spin
18001 1.023 3.86 0.27 92 high-spin
0.432 0.20 0.27 8 low-spin
1741 1.029 3.86 0.29 70 high-spin
0.430 0.19 0.30 30 low-spin
1661 1.033 3.87 0.28 57 high-spin
0.443 0.21 0.27 43 low-spin
13001 1.064 3.89 0.28 23 high-spin
0.459 0.21 0.26 77 low-spin
70001 1.095 3.91 0.26 13 high-spin
0.463 0.21 0.25 87 low-spin
4.2 0.463 0.21 0.26 100 low-spin
1751 1.039 3.88 0.28 23 high-spin
0.440 0.20 0.26 77 low-spin
1951 1.012 3.88 0.27 22 high-spin
0.435 0.20 0.26 78 low-spin
2051 1.017 3.87 0.28 25 high-spin
0.429 0.20 0.27 75 low-spin
210 1.007 3.84 0.28 89 high-spin
0.418 0.21 0.28 11 low-spin
215 1.010 3.85 0.29 95 high-spin
0.419 0.20 0.34 5 low-spin
295 1.009 3.90 0.29 100 high-spin
9Ll 1.118 3.92 0.28 85 high-spin
0.500 0.22 0.25 15 low-spin

[a] The isomer shifts are given relative to room temperature o-iron
foil. P! Data obtained on the nonsolvated crystallized sample dur-
ing the initial cooling from 295 to 4.2 K. [l Data obtained on the
nonsolvated crystallized sample after cooling to 4.2 K. 4 Data
obtained on a powder sample.
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Figure 6. The temperature dependence of the Mdssbauer spectral
isomer shifts for {Fe[HC(3,5-Me,pz);]»}1, (1); the data obtained
upon the initial cooling from 295 to 4.2 K are indicated by @ and
the data obtained upon the subsequent heating from 4.2 K are in-
dicated by O
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Figure 7. The temperature dependence of the Mssbauer spectral
quadrupole splittings for {Fe[HC(3,5-Me,pz);]»} 1, (1); the data ob-
tained upon initial cooling from 295 to 4.2 K are indicated by @
and the data obtained upon the subsequent heating from 4.2 K are
indicated by O
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Figure 8. The temperature dependence of the percentage of high-
spin iron(Il) in {Fe[HC(3,5-Me,pz);]>}1, (1); the data obtained
upon initial cooling from 295 to 4.2 K are indicated by @ and the
data obtained upon the subsequent heating from 4.2 K are indic-
ated by O

original reaction. At 295 K the sample is fully HS with hyp-
erfine parameters that match those observed with the crys-
tallized samples. At 90 K, only 15% of the sample is LS,
approximately the same amount that changes in the mag-
netic study.

Eur. J. Inorg. Chem. 2002, 1190—1197

Conclusions

The most interesting property of {Fe[HC(3,5-
Me,pz)s]>11, (1) is the temperature-dependent changes in
spin-state behavior, changes which are a function of the his-
tory of the sample. These changes are observed both in the
X-ray diffraction studies carried out on single crystals and
in the magnetic and Mossbauer spectral studies carried out
on the fragmented microcrystals that form when the single
crystals are taken out of solution. Two crystalline forms of
1 have been identified by X-ray crystallography. Although
the average Fe—N bond lengths and angles of the FeNg
cores in the two structures are the same, there are substan-
tial differences in the FeN(nl)—N(n2)—C(nl) torsion
angles. In the structure of the nonsolvated form of 1, meas-
ured at 298 K, this torsion angle averages 171°. These crys-
tals shatter when cooled below 195 K, a temperature below
which the solid turns purple, indicating a change to the LS
form. In the structure of the solvated form of 1, this torsion
angle is 10° less, at 161°. As shown by X-ray crystallo-
graphy, this crystalline form does not change to LS upon
cooling to 110 K. It should be noted that in the low spin
form of {Fe[HC(3,5-Me,pz);]»}(BF4), (2) observed at
173 K, the structure has a torsion angle of 179°, the angle
expected for the LS form of iron(Il) in this dication. Thus
the failure of the solvated crystalline form of 1, which has
a much smaller average torsion angle, to undergo a spin-
state change may well result from the unfavorable energetics
required to dramatically change the torsion angle as well as
the bond lengths. These energetic changes may well be large
enough to prevent the spin-state crossover.

Both magnetic and Maéssbauer spectral studies of the
fragmented microcrystals that form when the single crystals
of either crystalline form are taken out of solution, show
that both samples are HS at ambient temperatures but
change over to the LS form at low temperatures. These
samples of complex 1 behave similarly to many other
iron(IT) complexes with an FeNg coordination environ-
ment!!! in changing completely to the LS state at low tem-
peratures. Surprisingly, a pure sample of 1 that precipitates
from the original reaction mixture changes only partially
over to the LS form at low temperatures. As with the solv-
ated, crystalline form of 1, the energetics of the changeover
are clearly different for different samples.

The behavior of complex 2 is different from that of 1
in that only half of the iron(II) sites change to LS at low
temperatures, although all crystalline samples studied be-
have the same way. Another difference is that for 1 there is
an ca. 15 degree hysteresis in the temperature dependence
of the spin-state crossover, whereas no hysteresis is observed
for 2. Clearly the environment of the {Fe[HC(3,5-
Me,pz);],}2 " dication within the ionic lattice and the crys-
talline form influence its spin-crossover behavior.

Experimental Section

General Procedure: All operations were carried out under a nitro-
gen atmosphere using either standard Schlenk techniques or in a
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Vacuum Atmospheres HE-493 inert atmosphere dry box. All solv-
ents were dried and distilled prior to use. Anhydrous Fel, (99.99%)
was purchased from Aldrich Chemicals. Proton NMR chemical
shifts are reported in ppm versus TMS. HC(3,5-Me,pz); was pre-
pared according to our recently reported procedures.®) Elemental
analyses were performed by Robertson Microlit Laboratories, Inc.

Magnetic susceptibilities were measured at 5 kG using a Quantum
Design MPMS XL SQUID magnetometer. Gelatin capsules were
used as sample containers for measurements taken in the temper-
ature range 5—400 K. The very small diamagnetic contribution of
the gelatin capsule had a negligible contribution to the overall mag-
netization, which was dominated by the sample. The molar mag-
netic susceptibilities were corrected for the diamagnetism of the
complexes, which were calculated from tables of Pascal’s constants
to be —445 X 107° emu/mol for {Fe[HC(3,5-Me,pz)s],} L.

{Fe[HC(3,5-Me,pz)s),}1; (1): Fel, (0.19 g, 0.62 mmol) was dissolved
in acetone (10 mL) and treated dropwise by cannula transfer with
an acetone solution (10mL) of HC(3,5-Me,pz); (0.370 g,
1.24 mmol). The solution turned yellow and after stirring for sev-
eral minutes the desired product precipitated from solution as a
white powder (0.47 g, 84%), dec. 333—339 °C. The crystals used for
X-ray crystallographic studies were grown by layering a saturated
dichloromethane solution with hexanes and allowing the two layers
to slowly combine. Two forms of the crystals, a nonsolvated form
and a solvated form of the formula {Fe[HC(3,5-
Me,pz);),}11,-4CH,Cl, (as shown by X-ray crystallography, vide
infra), are produced when this crystallization procedure is repeated
under seemingly identical conditions. Both forms of these crystals
fragment when dried, with the solvated form losing the CH,Cl, of
crystallization. Unless otherwise noted, these fragmented crystals
were used in the magnetic and Mossbauer spectral studies. 'H
NMR (CD,Cl,): 6 = —42.6 (v br, 2 H, HC), 41.1, 19.6 (v br, v br,
18 H, 18 H, Me,), 51.1 (v br, 6 H, 4-H pz). C3,Hy4Fel,Ny; (906.4):
caled. C 42.40, H 4.89; found for the powder sample that precipit-
ates from the reaction mixture: C 42.09, H 4.72; found for the non-
solvated crystalline form after drying: C 42.77, H 4.71; found for
the solvated crystalline form after drying: C 42.47, H 4.78.

X-ray Structural Data

Nonsolvated Form of {Fe|[HC(3,5-Me,pz);],}I,: Colorless crystals
were taken from solution and immediately coated with epoxy resin.
Crystal, data collection, and refinement parameters are given in
Table 3. There is no evidence of symmetry higher than triclinic, and
E-statistics and the presence of an inversion center for the iron(1)
cation suggest the centrosymmetric space group PI for 1, a space
group that yields a chemically reasonable and computationally
stable refinement. The structure was solved using direct methods,
completed by subsequent difference Fourier syntheses, and refined
by full-matrix least-squares procedures. S4DABS absorption cor-
rections were applied to all data sets. The asymmetric unit contains
half of the cationic iron(II) complex, which lies on an inversion
center, and one of the iodide anions. All non-hydrogen atoms were
refined with anisotropic thermal displacement coefficients. The hy-
drogen atom of C(1) was located from the difference map and al-
lowed to refine, all other hydrogen atoms were treated as idealized
contributions. All software and sources of the scattering factors are
contained in the SHELXTL (5.10) program library (G. Sheldrick,
Siemens XRD, Madison, WI).
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Table 3. Crystallographic data for the structural analyses of non-
solvated {Fe[HC(3,5-Me,pz);],}1, and Solvated {Fe[HC(3,5-

Me,pz)3],} 1, 4CHLCl,
Nonsolvated Form Solvated Form
Formula CsHysFel,Ny C36H5,ClgFel, Ny,
Molecular weight 906.44 1246.15
Space group Pl P2/c
a, A 8.8062(2) 10.3214(5)
b, A 10.3549(2) 12.7753(7)
¢, A 11.3549(2) 20.1995(11)
a, deg 104.0768(10) 90
B, deg 110.2473(10) 97.5380(10)
v, deg 92.6385(11) 90
v, A3 949.44(4) 2640.5(2)
V4 1 2
Color colorless colorless
p(caled), g cm™3 1.585 1.567
w(Mo-K,), cm™! 20.62 18.98
Temp, K 298 190

R(F),A1 (wR>)al 0.0454, 0.1186 0.0379, 0.0930

[l Quantity minimized = R(WF?) = Z[w(Fy?> — F2)Zw(Fy?)?]"?;
R =3SAZ(E), A = |F, — FJ

Solvated Form of {Fe[HC(3,5-Me,pz);],}1,-4CH,Cly: A colorless
needle was coated with inert oil, mounted on the end of a thin glass
fiber and transferred to the cold stream of a Bruker SMART
APEX CCD-based diffractometer system. The X-ray intensity data
were measured at 190(2) K. Crystal quality and initial unit cell
parameters were determined based on reflections taken from a set
of three scans measured in orthogonal regions of reciprocal space.
Subsequently a hemisphere of frame data was collected with a scan
width of 0.3° in ® and an exposure time of 10 s per frame. The
first 50 frames were re-collected at the end of the data set to mon-
itor crystal decay. The raw data frames were integrated into
reflection intensity files with the Bruker SAINT+ program,!”)
which also applied corrections for Lorentz and polarization effects.
The final unit cell parameters are based on the least-squares refine-
ment of 9412 reflections with I > 5c(I) from the data set. Analysis
of the data showed negligible crystal decay during data collection.
An empirical absorption correction based on the multiple measure-
ments of equivalent reflections was applied with the program SAD-
ABS.BI

{Fe[HC(3,5-Me,pz);],}1,°4CH,Cl, crystallizes in the space group
P2,/c as determined by the systematic absences in the intensity
data. The structure was solved by a combination of direct methods
and difference Fourier syntheses, and refined by full-matrix least-
squares against F2, using the SHELXTL software package.[® The
iron(II) ion is located on a special position, a center of symmetry;
all other atoms are on general positions. The asymmetric unit con-
sists of the iron(I), one HC(3,5-Me,pz); ligand, one iodide anion
and two dichloromethane molecules. All non-hydrogen atoms were
refined with anisotropic thermal displacement parameters; hydro-
gen atoms were placed in idealized positions and refined using a
riding model.

CCDC-171226 (nonsolvated form) and CCDC-171227 (solvated
form) contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Center, 12, Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) +44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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Mossbauer Spectroscopic Data: The Mdssbauer spectral absorber
contained 47 mg/cm? of powder and the spectra were measured be-
tween 4.2 and 295 K on a constant-acceleration spectrometer which
utilized a room temperature rhodium matrix cobalt-57 source and
was calibrated at room temperature with an a-iron foil. The estim-
ated absolute errors are * 0.01 mm/s for the isomer shifts, *=
0.02 mm/s for the quadrupole splittings, and = 0.5 percent for the
relative areas of the high-spin and low-spin spectral components.
The relative errors are estimated to be smaller by a factor of 2 to 5.
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