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The spin crossover complexes {Fe[H,B(pz),].L} ((H.B(pz).]~ =
dihydrobis(pyrazolyl)borate, L = 2,2’-bipyridine (1), bipy and
1,10-phenanthroline, phen (2)) undergo both thermal and light
induced spin crossover, but the structure of the low spin and
light induced high spin states for 2 are different from that of the
thermally induced high spin state and from those of 1.

The ability of spin crossover (SC) materials to change their
magnetic, structural and optical properties stimulated by pressure
or temperature, hasled to increasing interest in their potential usein
technological applications such as molecular switches, data
displays, data storage devices and more recently as intelligent
contrast agents for Magnetic Resonance Imaging.t The discovery
that at low temperature it is sometimes possible to photo-excite SC
material sinto a metastabl e high spin state? has enabled the study of
high and low spin complexes without the added complication of
thermal effects. This Light Induced Excited Spin-State Trapping
(LIESST) has aso engendered significant interest in the optical
properties of these materials.

While structural studies of thermally induced high and low spin
complexes (HS and LS) are increasingly common, structure
determinations of the metastable high spin state (MHS) are till
very rare with only ahandful reported in the literature.3 In addition,
todate, al structural studies on metastable light induced states have
been carried out on materialswherethe LS, HS and MHS states are
isostructural. Here we present the first structural study of a spin
crossover complex, which exhibits thermal and light induced
polymorphism.

Both {Fe[H2B(pz)2]2bipy} (1) and {Fe[H2B(pz)z]2phen} (2)
undergo thermally induced SC (with characteristic temperatures of
T2 = 160 K) aswell aslight-induced SC.4 The thermal transition
in 2 is more cooperative than in 1 though, as shown by the more
abrupt transition that takes place with hysteresis. Structural data
have been reported previously for 1 above and below the SC
transition, however, until now it had only been possible to collect
dataon 2 in the HS state as the crystal suffers structural damage on
cooling through the transition. This problem was avoided by
embedding the crystal in epoxy resin that remained flexible when
immediately quench cooled.

Single crystal diffraction dataf have been recorded for 1 at
200K, 120K, 30K and at 30 K after irradiation with ared laser (4
= 633 nm). The structure of the HS and LS states agree with the
published data, where the structure is monoclinic (C2/c), with the
molecule astride the two-fold rotation axis, which passes through
the centre of theiron atom and between the rings of the bipy ligand.
On cooling through the transition, there is adecrease in the average
Fe-N bond length and the volume of the FeNg octahedron (Table
1), which is consistent with those seen previously for this and other
SC compounds. After irradiation, the unit cell volume, average
Fe-N distance and octahedral volume increase to vaues that

T Electronic supplementary information (ESI) available: complete crys-
tallographic  information.  See  http://www.rsc.org/suppdata/cc/b4/
b403179b/
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suggest there has been close to 100% conversion to the MHS state,
as seen from the magnetism.

Single crystal diffraction datag have also been recorded for 2 at
200 K, 100 K, 30 K and at 30 K after irradiation. The crystal was
found to bein the C2/c monoclinic space group at 200K (HS, same
asin 1), but to undergo aloss of symmetry to a related, primitive
structure (P1), with unit cell volume approximately half that of the
high spin structure. This loss of lattice symmetry also leads to the
loss of the C, molecular symmetry and this dramatic structural
change explains the structural damage that previously led to
difficultiesin collecting data. The Fe—N bond lengthsfor 2 at 200 K
and 100 K, clearly indicate aspin crossover transition coupled with
the structural change (Table 1).

There is no further structural change on cooling 2 to 30 K.
However, irradiation of 2 at 30 K leadsto anincreasein the unit cell
volume from 1192.9(4) A3 to 1231.0(13) A3 (3.2%), and a
corresponding increase in the octahedral volume from 10.53(2) A3
to 13.44(3) A3 indicates a high degree of conversion in agreement
with that seen from the magnetic data# Thus, the MHS state
generated by irradiation with light has produced a second high spin
polymorph, without the C, symmetry seen in the first. An overlay
of the two HS molecules shows the conformational difference
between the polymorphs (Fig. 1).

Table 1 Unit cell volumes, average Fe-N distances and octahedral volumes
for 1 and 2.

Fe-N Octahedral

Temperature  Unit cell volume  Distance2 volume2

1 200 K 2441.5(4) A3 21831 A 1367(2) A3
120 K 2334.5(2) A3 2.004(9) A 10.65(2) A3
30K 2327.2(3) A3 2007(8) A 10.69(2) A3
30 K-lrrd 2398.4(2) A3 2187(2 A 13.74(2) A3

2 200 K 2504.4(4) A3 2180(1) A 13.63(2) A3
100 K 1198.1(2) As 1.998(6) A 10.56(2) As
30K 1192.9(4) As 1.996(9) A  10.53(2) As
30 K-Irrb 1231.0(13) A3 2171(8) A 13.44(3) A3

a Calculated using IVTON.5 b After irradiation at 30 K with red light (4 =
633 nm).

Fig. 1 Overlay of the two high spin polymorphs of 2, showing theloss of C,
molecular symmetry. The light induced state is shown with a broken line.
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Fig. 2 i—m interactionsin 2 at 200 K, showing the overlapping ligands (I eft)
and the stacking (right).

In addition to the loss of molecular symmetry, there is also a
change in the crystal packing. The C2/c structures of 1 and 2 form
stacks held together with m—w interactions between the inter-
digitating bipy/phen ligands (Fig. 2). At 200 K, the phen—phen
distance is 3.886(6) A, which on cooling to 100 K, splits into two
shorter, non-equivalent distances (3.657(9) A and 3.528(9) A).
Between 100 K and 30 K, these distances contract (to 3.640(7) A
and 3.507(7) A). Whilein 1 the bipy—bipy distanceis0.06 A shorter
for the MHS state than for the thermal HS state, the light induced
expansion in 2 is highly asymmetric. In 2, one phen—phen distance
remains unchanged (3.638(10) A) and the second expands by
approximately 0.3 A to 3.813(11) A. This peculiar behaviour
suggests that the light induced high spin polymorph is relatively
unstable and only occurs because there is insufficient energy
(supplied by the laser or available as thermal energy) to enable the
structure to undergo a symmetry change to the preferred C2/c
structure. This also explains why the relaxation temperatures
(TL essT),? as observed from the magnetic data, for the MHS states
for 1and 2 are 52 K and 44 K respectively. Thisisunusual because
the thermal transition for 2 on cooling begins at a slightly lower
temperature than that for 1, and in general, higher temperature
thermal SC transitions yield lower temperature relaxations for the
LIESST state. The thermal HS state for 2 is marginally more stable
than that for 1, suggesting that the light induced MHS state for 2
should also be more stable, and consequently the relaxation from
the MHS state should take place at a higher temperature for 2 than
for 1. Thelight induced polymorphic behaviour of 2 explains why
thisis not the case, and in practice the C2/c MHS state of 1ismore
stable than the triclinic light induced high spin polymorph of 2.
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Notes and references

¥ The crystals of 1 were synthesised as discussed previously in the
literature4 A typical red crystal was chosen 0.20 X 0.10 x 0.07 mm,
mounted in fluoropolyether oil on a hair and quench cooled to 200 K using
an Oxford Cryosystems Cryostream 600 series open flow N, cooling
device.” Using a Bruker SMART-CCD 1000 area detector diffractometer,
with graphite-monochromated Mo-Ka radiation (A = 0.71073 A), several
sets of w-scans (0.3°/frames) at different ¢ settings were collected. On
completion, the crystal was cooled to 120 K at 240 K h—1, where the data
collection wasrepeated. The crystal wasthen warmed to 200K at 180K h—1
thento 290K at 360 K h—1 wherethe crystal was removed. The Cryostream
was then replaced with an Oxford Cryosystems HeliX open flow helium
cryostat,8 and the crystal was cooled to 30 K in stages. At 30 K ahemisphere
of data was collected (w-scans, 0.9°/frames), after which the crystal was
irradiated for approximately 30 min with a25 mW red laser (A = 633 nm)
after which datawere collected asat 200 K and 120 K. Cell parameterswere
determined and refined using the SMART software® and raw frame data
were integrated using the SAINT program.10 The structures were solved by
direct methods and refined by full-matrix least squares on F2 using
SHELXTL software!! (crystal data are listed below). Reflection intensities

were corrected for absorption effects by numerical integration based on
measurements and indexing of the crystal faces (using SHELXTL
software). Non-hydrogen atoms were refined anisotropically and hydrogen
atoms were located in the difference map and refined with isotropic
displacement parameters. Sngle Crystal Data: CyoH»4BoFeNio, M, =
505.98, monoclinic, C2/c, Z = 4. 30 K — a = 16.1106(11), b =
14.5909(10), ¢ = 10.8281(8) A, B = 113.895(3)°, V = 2327.2(3) A, Datal
restraints/parameters — 2662/0/207, Ry = 0.0606, Final R; = 0.0491, wR,
= 0.0823 (I >20(1)). 30 K-Irr —a = 16.0350(9), b = 14.9377(9), ¢ =
11.0470(7) A, B = 114.986(2)°, V = 2398.4(2) A, Datalrestraints/
parameters — 2700/0/207, Ry = 0.0629, Final R; = 0.0630, wR, = 0.0969
(1>20(1)). Apminmax < =1 eA3inall cases.

§ The crystals of 2 were synthesised as discussed previously in the
literature.4 A typical red crystal was chosen (0.28 X 0.10 X 0.02 mm),
mounted in epoxy resin (Araldite®) on a hair and quench cooled to 200 K
using an Oxford Cryosystems Cryostream 600 series open flow N> cooling
device.8 Using a Bruker SMART-CCD 6000 area detector diffractometer,
with graphite-monochromated Mo-K« radiation (A = 0.71073 A), data
were collected as for 1. On completion, the crystal was cooled to 100 K at
360 K h—1, where the data collection was repeated. A second red crystal
(0.15 x 0.12 x 0.08 mm) was selected, mounted (as before), and quenched
to 200 K using an Oxford Cryosystems HeliX.7 Cell parameters recorded
using aBruker ProteumM diffractometer with Bede Microsource® (Mo-Ko
radiation, A = 0.71073 A), agreed with those seen previously at 200 K, so
the crystal was cooled to 30 K at 360 K h—1, where a hemisphere was
collected (as before). On completion, the crystal was irradiated for
approximately 2 min with a 25 mW red laser (A = 633 nm) after which
another hemisphere was collected. The data treatment was carried out as for
1, except that hydrogen atoms were positioned geometrically and refined
using ariding model. Single Crystal Data: Co,H24B2FeN;o, M, = 505.98.
200 K — monoclinic, C2/c, a = 17.3607(16), b = 16.0397(14), ¢ =
10.5614(9) A, B = 121.617(4)°, V = 2504.4(4) A, Datalrestraints/
parameters—3370/0/216, Ry = 0.0485, Final R; = 0.0461, wR, = 0.0888
(1> 20(1)). 100 K —triclinic, P1, a = 11.6730(13), b = 11.0458(13), ¢ =
10.5651(12) A, o = 69.520(3)°, B = 109.777(3)°, y = 93.368(3)°, V =
1198.1(2) A, (the related larger cell: a = 16.5354(14), b = 15.5923(13), ¢
= 10.5651(12) A, o = 89.688(4)°, B = 118.202(3)°, y = 93.168(3)°,V =
2396.2(3) A) Datalrestraints/parameters — 6409/0/403, Ry = 0.0539, Final
R; = 0.0628, wR, = 0.1296 (I >20(1)). 30K —triclinic, P1, a = 16.655(2),
b = 11.0156(19), ¢ = 10.5664(8) A, o = 69.492(3)°, B = 109.755(3)°, ¥
= 03.280(3)°, V = 1192.9(4) A, Datalrestraints/parameters — 5832/0/407,
Rine = 0.0546, Final R; = 0.0545, wR, = 0.0894 (I >20(l)). 30 K-Irr —
triclinic, P1, a = 10.727(7), b = 12.415(8), ¢ = 10.712(6) A, o =
67.473(15)°, B = 110.377(15)°, y = 93.505(11)°, V = 1231.0(13) A, Datal
restraints/parameters — 5369/0/350, Ry = 0.0302, Final R; = 0.0798, wR,
= 0.1620 (I > 26(1)). Apminmax < =1.2€A3inall cases. All structures have
been deposited with the CCDC (Nos 233281-233288). See http:/
Iwww.rsc.org/suppdata/cc/b4/b403179b/ for crystallographic datain .cif or
other electronic format.
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