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Thermal and Pressure Induced Spin Crossover of a Novel Iron(l11) Complex
with a Tripodal Ligand Involving Three Imidazole Groups
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A novel spin crossover Fe(l11) complex, [Fe(H5L)](ClO,)5:(4-
fim)-H,0 (HsL = tris[2-(((imidazol-4-yl)methylene)amino)-
ethyl]amine, 4-fim = 4-formylimidazole), was synthesized and the
crystal structure was determined at 293 K.  Cryomagnetic meas-
urements revealed a two-step spin conversion and a pressure
induced spin crossover was observed.

The phenomenon of spin crossover (SC) between low-spin
(LS) and high-spin (HS) states, which is one of the most spectac-
ular examples of molecular bistability, can be induced by exter-
nal perturbations such as temperature, pressure, and light irradia-
tion.t Spin crossover compounds with a long-lived metastable
state and large hysteresis are of current interest for application to
memory and display devices? Such interesting spin crossover
compounds have been found for Fe(I1) complexes with a limited
number of ligands such as pyridine, pyrazole, triazole, and tetra-
zole derivatives.® In order to develop this important field, spin
crossover complexes with novel ligand systems must be synthe-
sized. In this study, we report a novel spin crossover Fe(ll1)
complex with atripodal ligand involving three imidazole groups.
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The tripod-type hexadentate ligand HiL (H5L = trig[2-(((imi-
dazol-4-yl)methylene)amino)ethyl]amine) was prepared by mix-
ing tris(2-aminoethyl)amine and 4-formylimidazole in 1:3 molar
ratio in water, the ligand solution being used without isolation for
the synthesis of the Fe(l11) complex. A complex with the chemi-
ca formula[Fe(H3L)](CIO,)5(4-fim)-H,O (4-fim = 4-formylimi-
dazole) was obtained as dark red prismatic crystals by mixing the
ligand solution, FeCl; and NaClO, in water and standing the
resulting solution overnight.* The molar conductivity was 301 S
mol~! cm? in water, this value being consistent with a 1:3 elec-
trolyte. The IR spectrum at ambient temperature showed two
bands assignable to the C=N stretching vibrations of the Schiff-
base ligand at 1625 and 1633 cm2, together with the band of the
C=0 vibration of 4-formylimidazole at 1678 cm and the char-
acteristic bands for CIO,~ ion around 1100 cm™.  The color of
the powdered sample was dark brown and dark purple at ambient
and liquid nitrogen temperatures, respectively, suggesting a ther-
mal spin crossover.

The sample was cooled quickly to 2 K from room tempera-
ture and the magnetic susceptibility was measured on increasing
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the temperature under an external magnetic field of 1 T.5 The
plotsof xoT vs T are given in Figure 1. The curveis divided into
three parts, (a) 2-150 K, (b) 150-250 K, and (c) 250-300 K. In
part (a) 2-150 K, the x,T value of 0.41 cm® K mol~ is amost
congtant and is in the range expected for a low-spin Fe(lll) (S=
1/2). In part (b) 150-250 K, the X, T value increases gradually
and reaches 2.44 cm® K mol~! at 250 K, showing a bend in the
curve. Thex,T valueof 2.44 cm® K mol= at 250K iscloseto the
vaue expected for 1:1 coexistence of a high-spin Fe(lll) (S=5/2)
and alow-spin Fe(ll1) (S= 1/2) species. Above 250 K in part (c),
XaT increases gradually due to the spin-transition of the second Fe
site from low- to high-spin Fe(l11). The X, T value of 3.40 cm® K
mol~! at 300 K, the highest temperature measured, suggests that
the spin conversion of the second Fe(l11) site is not complete, with
51% of the second site having converted to the high-spin state,
under the assumption of the spin-only values of S= 1/2 and S=
5/2. Thistwo-step spin conversion is consistent with the existence
of two crystallographic Fe(l11) sites, as described later. The sec-
ond run of the magnetic measurements was carried out on lower-
ing the temperature from 300 to 2 K immediately after the first
run, and X, T vs T isaso plotted in Figure 1. The curveis smooth
and there is no indication of the two-step spin conversion. The
disagreement between the first and second runs indicates the small
frozen-in effect due to aweak cooperative effect.
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Figure 1. The magnetic behavior in the form of the x, 7 vs T plot. The first
run (A ) was measured on elevating the temperature. The second run (V) was
measured on lowering the temperature.

The crystal structure was determined by single-crystal X-ray
analysis at 293 K.6 The systematic extinction of the X-ray dif-
fraction data suggests that the space group is either C2/c or Cc.
When the space group C2/c was assumed, more than 50 reflec-
tions gave significant differences between the observed and cal-
culated intensities. The space group C2/c was therefore rejected
and the space group Cc was chosen. The crystal structure con-
sists of two protonated [Fe(H,L)]%* (Fel and Fe2) species, six
perchlorate ions as the counter anions, two 4-formylimidazoles,
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Figure 2. One dimensional network structure for Fe2 site running along the
c-axis constructed by hydrogen-bonds. Fe-N distances [A]: Fe(1)}-N(2) =
2.13(1), Fe(1)-N(3) = 2.15(1), Fe(1)-N(5) = 2.07(1), Fe(1)-N(6) = 2.13(1),
Fe(1)-N(8) =2.09(1), Fe(1)-N(9) = 2.07(1); Fe(2)}-N(12) = 2.03(1),
Fe(2)-N(13) = 2.07(1), Fe(2)-N(15) = 2.08(1), Fe(2)-N(16) = 2.14(1),
Fe(2)-N(18) = 2.05(1), Fe(2)-N(19) = 2.10(1). N-Fe-N angles [deg]:
N2-Fel-N3 = 77.0(5), N5-Fel-N6 = 78.0(5), N8-Fel-N9 = 77.8(5),
N12-Fe2-N13 = 75.7(5), N15-Fe2-N16 =74.8(5), N18-Fe2-N19 = 76.3(5).

and two water molecules in the unique unit. Each Fe(ll1) ion
assumes a similar octahedral coordination environment with the
Ng donor atoms of three Fe-N(imine) and three Fe-N(imidazole)
bonds. The average Fe-N distance of 2.11 A for Fel is longer
than the 2.08 A for Fe2. The N—Fe-N angles for Fel are closer to
octahedral than those for Fe2. Another distinct difference
between the Fel and Fe2 sites is found in the intermolecular
hydrogen bonding network. Three imidazole nitrogen atoms of
each Fe(l11) complex are hydrogen-bonded to a perchlorate ion, a
water molecule, and 4-formylimidazole with distances of
N(4)---O(20) = 2.81(1), N(7)---O(28) = 2.84(1), and N(10)--N(21)
=2.79(1) A for Fel and of N(14)--O(7) = 2.86(1), N(17)---O(27)
= 2.81(1), and N(20)--N(23) = 2.86(1) A for Fe2, respectively.
The water O(27) is further hydrogen-bonded to an oxygen atom
of a perchlorate ion O(9) with the distance of O(9)---H-O(27) =
2.94(2) A to form a 1-D chain involving the Fe2 site and running
adong the c-axis. There are no further intermolecular hydrogen
bonds less than 3.00 A for the Fel site, since the corresponding
distance of O(13)---H-0(28) = 3.05(3) A istoo long for a hydro-
gen bond. Based on the above structural parameters, we suggest
that the Fel site is involved with the first-step spin conversion
and then the Fe2 site is involved with the second-step conversion
asthe temperature increases.

The pressure induced spin crossover was investigated by
variable pressure IR spectroscopy at 295 K and the result is
shown in Figure 3. The Fe-N bond distance is very sensitive to
the spin state of the Fe ion and as a result the C=N bond at the
Schiff-base tripodal ligand is affected by the spin state. Since the
C=N stretching vibration in the IR spectrum shows an intense
and sharp absorption at ca. 1600 cm, the C=N band is a good
probe to monitor the spin state. The spectrum at atmospheric
pressure at 295 K shows two peaks at 1633 and 1625 cm™,
which can be assigned to the C=N vibrations of high- and low-
spin Fe(l11) species, respectively. The observation of two C=N
bands indicates the coexistence of high- and low-spin species,
consistent with the result of the magnetic measurements. As the
pressure increased, the peak at 1633 cm decreased in intensity
and disappeared at 1.1 GPa, while the band at 1625 cm™
increased in relative intensity. The data demonstrate that a grad-
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Figure 3. The pressure dependant IR spectra at 295 K.

ual spin conversion from high- to low-spin state occurs as the
pressure increases.

This study revealed that the iron complex with a tripod-type
ligand containing three imidazole groups can give a novel spin
crossover complex. An extensive study for the family of spin
crossover Fe(ll), Fe(l11), mixed-valence Fe(l1)—Fe(111) complexes
with tripodal ligandsis now in progressin our laboratory.
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