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The influence of noncoordinating anions is analysed in an
extension of our systematic investigations into iron(II) spin-
crossover coordination polymers. We present here ditetrazole
complexes of iron(II) tetrafluoroborate where the two tetra-
zole moieties are separated by alkylene spacers. The number
of carbon atoms in the spacer (n) was varied between n = 5–
10, 12, and the complexes were compared with their ClO4

–

analogues. Pronounced magnetic and magneto-optical dif-
ferences were found in the comparison of the two series. A
chain-type arrangement in the complexes’ crystal structures
is proposed with decreased interactions between iron centres

Introduction

Interest in multifunctional spin-crossover (SC) com-
pounds within more complicated structural frameworks has
increased dramatically in recent years,[1–3] leading to the
discovery of exciting magnetic and photomagnetic proper-
ties. These investigations have yielded 1D,[4–8] 2D[9] and
3D[10–15] coordination polymers using iron(II) as the SC
species. Our group has focused its recent research efforts
on ditetrazole ligands with varying length alkylene spacer
groups between the coordinating tetrazole groups, hereafter
referred to as nditz (see Figure 1). Within this family, short
spacers (two carbon atoms) lead to 1D chain networks,[4]

whilst four carbon atoms lead to 3D networks.[16,17] To
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as n increases, leading to more gradual spin transitions.
When n = 5–7 the smaller tetrafluoroborate causes the spin
transitions of the respective complexes to occur at higher
temperatures than those of the equivalent perchlorate series.
Both series exhibit a parity effect, but at n = 8 the parity effect
reverses for tetrafluoroborate. With increasing n, however,
iron–iron interactions seem to fade away and a limiting value
of TSC = 160 K is approached by both series.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

build these frameworks not only is the number of carbon
atoms (n) in the bridging alkylene groups in the ditetrazole
ligand important, but the noncoordinating anion is also im-
portant. Anions are also believed to influence the SC be-
haviour of coordination compounds, varying spin transition
temperatures and cooperative effects associated with the
sharpness and hysteresis of the transition.[7,18–22]

Figure 1. The ditetrazole ligand used and the octahedral geometry
around iron(II).

In a previous investigation[23] we reported detailed mag-
neto-optical data for a series (n = 4–9) using perchlorate as
the anion, which showed an interesting dependence between
the magneto-optical properties and the parity of the alky-
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lene spacer. In order to compare and contrast the results
obtained for the perchlorates,[23] we synthesised an analo-
gous series (n = 5–9) of complexes with the tetrafluorobo-
rate anion and extended both series up to n = 12. Tetrafluo-
roborate is known to be of similar size, geometry and chem-
ical hardness to perchlorate. Indeed, the estimated ionic ra-
dii are 2.29 Å for BF4

– and 2.37 Å for ClO4
–.[24] Further-

more, the polymers were identically prepared and this mini-
mised differences. We did not want to change the structure
of the complexes considerably by using bigger, softer and
geometrically different anions such as PF6

– or SbF6
– be-

cause then a direct comparison would be unsound. We pres-
ent here a comparison of the magneto-optical properties
and provide tentative structural information based on com-
parative X-ray powder diffraction (XRPD) studies of the
two series. As seen from preliminary inspections of X-ray
patterns, [Fe(4ditz)3](BF4)2 and [Fe(4ditz)3](ClO4)2 adopt
completely different structures when compared with the
complexes with longer spacers and are therefore excluded
from this report and will be presented in a separate paper.
Taking into consideration the small decrease in diameter in
going from ClO4

– to BF4
–, the difference in properties are

far greater than anticipated.

Results and Discussion

Powder Diffraction

As it was impossible to grow single crystals of the title
materials, the microcrystalline samples were investigated by
XRPD. The homologous series [Fe(nditz)3](X)2·EtOH (n =
5–10, 12; X = BF4

–, ClO4
–) are characterised as follows

(Figure 2): (i) The perchlorate compounds[23] show a higher
degree of crystallinity compared with that of the tetrafluo-
roborates. (ii) The diffractograms are very similar in shape.
(iii) The reflection with the longest d-spacing is the strong-
est and is shifted systematically to lower diffraction angles
with increasing alkyl chain length. (iv) The reflections
broaden with increasing n and level off to background at
2θ ≈ 35°, while the half-widths of the longest ones are more
or less conserved. (v) All phases form very thin platelike
microcrystallites with a thickness of a fraction of a microm-
eter.

Point (ii) lets us conclude that the phases exhibit more
or less the same basic structure. The reflection broadening
can be explained by size effects due to the extremely thin
plates. As the largest crystallographic axis is usually the di-
rection of the lowest crystal growth rate, the base plane of
the microplates lies perpendicular to the longest cell axis.
The reflection with the largest d-spacing, showing a steady
shift as n increases, can be regarded as this axis (possibly of
higher order) that mirrors the increasing number of methyl-
ene groups in the ligands. Powder indexing of the phase
[Fe(5ditz)3](BF4)2·EtOH, with the positions of the first 20
reflections determined using the DICVOL program,[25]

yielded a preliminary solution in the monoclinic crystal sys-
tem (pseudohexagonal): a = 10.99, b = 20.37, c = 10.07 Å,
α = γ = 90, β = 126.1°, V = 1822 Å3, M20 = 13, which is in
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Figure 2. Comparison of the [Fe(nditz)3](BF4)2·EtOH (n = 5–10,
12; solid) series’ X-ray powder patterns (λ = Cu-Kα1,2) with those
of the corresponding perchlorates (upper lines), flanked by the cor-
responding SEM images (BF4

– left, ClO4
– right).

accordance with a unit cell content of Z = 2. This metric
can be regarded as a distorted variant of the trigonal sym-
metry found for [Fe(2ditz)3](BF4)2

[4] with comparable lattice
parameters: a = b = 10.380(1), c = 14.953(3) Å, V =
1395.3(3) Å3 [at 296(2) K, the shortened c axis is caused
by the ethylene spacer]. Therefore we tend to describe the
pentylene- to dodecylene-ditetrazole complex series in a
chain-type arrangement as well. The higher order com-
plexes are suspected to crystallise in the triclinic system
which, however, is not possible to confirm from the low-
quality powder patterns. Calculating the unit cell volumes
for the phases under investigation, assuming the monoclinic
cell from earlier and setting the b axis length to d�2 of
the longest line (i.e., the 020 reflection), results in unit cell
contents Z ca. 2, which again is in accordance with the
[Fe(2ditz)3](BF4)2 complex. In Figure 3 an idealised tenta-
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tive structural proposition is depicted. The ligands, linked
together by iron(II), are stretched out and aligned parallel
in a hexagonal close-packed manner with the counterions
in between the chains. Increases in the alkylene spacer
length will expand the unit cell in the crystallographic direc-
tion of the chains, leaving the other two untouched. Ad-
ditionally, the voids between them become larger and are
likely to be filled with presumably disordered and nonstoi-
chiometric amounts of solvent molecules. As the interaction
between the chains is weak [the Coulomb forces between
the positively charged iron(II) and BF4

– will diminish with
increasing n], stacking faults are favoured by longer spacers,
and additional reflection broadening is likely to be ob-
served.

Figure 3. Tentative basic structural model of the [Fe(nditz)3](X)2·
EtOH (n = 5–10, 12; X = BF4

–, ClO4
–) phases viewed along the

[Fe(nditz)3]2+ chains (circled, top) and the perpendicular direction
(bottom). The orientation and geometry of the complex is pre-
sumed arbitrarily.

Optical Properties

As expected, all members of the series show a thermo-
chromic effect associated with a spin transition, that is,
from white in the HS state at room temperature to violet in
the LS state at lower temperatures. The result of a typical
temperature-dependent reflectivity experiment, which is a
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preliminary test for the LIESST (light-induced excited spin-
state trapping) measurement (see below), is illustrated in
Figure 4, using [Fe(5ditz)3](BF4)2 as an example. No signifi-
cant differences are found between the BF4

– and ClO4
–

series. The spectra shown are measured within the range
450–900 nm at particular temperatures between 10 and
290 K and clearly show the presence of the expected d-d
transitions of an octahedrally coordinated FeII complex: the
5T2�5E band at 830 nm when HS and the 1A1�1T1 band
at 570 nm when LS. The second LS transition, 1A1�1T2,
normally observable at 370 nm, is not within the range of
the instrument. In addition, we recorded the change in in-
tensity of both HS and LS bands as a function of tempera-
ture under constant light irradiation (see inset in Figure 4)
by following changes in the reflectivity occurring at
(830�2.5) and (550�2.5) nm.

Figure 4. Reflectivity measurements of [Fe(5ditz)3](BF4)2 as a func-
tion of temperature. Absorbance spectra at 280 K (– –), 140 K
(– · · –), 80 K (– · –), 60 K (···) and 10 K (–) are shown. The
inset reports the reflectivity followed at (550�2.5) and
(830�2.5) nm.

For all compounds, at room temperature only the HS
band is visible, whilst at 80 K only the LS transition is ob-
servable. Below 80 K, however, the reflectivity experiment
demonstrates the existence of a photoinduced phenomenon
at the surface. In fact, at low temperatures the sample was
seen to bleach (see Figure 4 and inset), indicating the occur-
rence of a LS/HS photoconversion through the LIESST ef-
fect. For each compound, we calculated the amount of pho-
tobleached fraction (%Irr-Surface; reported in Table 1) rel-
ative to the value found at room temperature. However,
similar to the previously published ClO4

– analogues,[23] the
higher the TSC, the lower the level of the light-induced LS/
HS transformation as described by the inverse energy-gap
law by Hauser[26] and the T(LIESST)/TSC relation intro-
duced by Letard.[27] Magneto-optical parameters of [Fe-
(nditz)3](X)2 where n = 10, 12 and X = BF4

–, ClO4
– were

not measured.
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Table 1. Spin transition, reflectivity and LIESST parameters of the discussed complexes.

X = BF4
– X = ClO4

–[a]

[Fe(nditz)3](X)2 TSC/K T(LIESST)/K %Irr-Surface[b] %Irr-Bulk[c] TSC/K[d] T(LIESST)/K %Irr-Surface[b] %Irr-Bulk[c]

5 131 58 71 84 125 52 64 72
6 164 –[e] 34 25 155 –[e] 42 43
7 154 58 47 71 144 51 42 57
8 148 52 47 55 169 –[e] 14 13
9 154 50[f] 50 36 155 37 26 47
10[g] 150 – – – 160 – – –
12[g] 156 – – – 159 – – –

[a] Data taken from ref.[23] [b] Percentage of the sample photobleached. [c] Percentage conversion to the metastable high spin state by
irradiation at 10 K. [d] TSC is the temperature of the spin transition estimated from the maximum in the first derivative of the χMT vs.
T plot. [e] No minimum in d(χMT)/d(T) observable. [f] No minimum in d(χMT)/d(T) observable: estimated from the obtained relaxation
curve of the LIESST experiment. [g] No magneto-optical data available.

Figure 5. Temperature dependence of χMT for (a) [Fe(5ditz)3](BF4)2, (b) [Fe(6ditz)3](BF4)2, (c) [Fe(7ditz)3](BF4)2, (d) [Fe(8ditz)3](BF4)2,
(e) [Fe(9ditz)3](BF4)2. (∆) Data recorded without irradiation; (�) data recorded during irradiation at 10 K; (�) T(LIESST) measurement,
data recorded in the warming mode with the laser turned off after irradiation for one hour. The existence of a small anomaly at around
50 K on the T(LIESST) curve corresponds to a remnant oxygen contamination even if particular precaution was taken to purge the
SQUID cavity for one hour at room temperature.

www.eurjic.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2007, 3047–30543050
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Magnetic and Photomagnetic Properties

Susceptibility curves were measured between 10 and
300 K for all compounds, and the obtained curves depicting
χMT versus T, where χM is the molar magnetic susceptibility
and T is the temperature, are shown in Figure 5. The tem-
perature of the thermal spin transition, TSC, estimated from
the maximum in the first derivative of the χMT versus T
plot, is given in Table 1. Photomagnetic measurements were
carried out as previously published,[23] and this procedure
allowed the quantification of T(LIESST) (see Table 1),
which is determined by the minimum of the d(χMT)/d(T)
versus T curve recorded during thermal-induced relax-
ation.[28] Figure 5 shows the photomagnetic behaviour, and
Table 1 shows for each compound the percentage of pho-
toconversion obtained by irradiation at 10 K relative to the
magnetic value recorded at room temperature where a pure
HS state is assumed (%Irr-Bulk).

All compounds {[Fe(nditz)3](X)2, n = 5–10, 12; X =
BF4

–, ClO4
–} undergo a complete spin transition between

100 and 220 K (see Figure 5, a–e) and reach a χMT product
close to 3.3 cm3·K·mol–1, in agreement with the theoretic-
ally expected value for HS FeII compounds at room tem-
perature.

At low temperatures in some of the curves, a residual
magnetisation is observed yielding a χMT value up to
0.4 cm3·K·mol–1, which might be caused by thermally inac-
tive HS iron(II) or traces of iron(III). Comparison of the
new magnetic data with the perchlorate data shows a sim-
ilar trend for n = 5–7. The SC curves themselves are all very
similar with the [Fe(5ditz)3](BF4)2 transition curve a little
steeper. The temperatures of transition, TSC, are all higher
for BF4

– than for ClO4
–. The %Irr-Surface and %Irr-Bulk

values show a similar relationship with n but the actual val-
ues are different, suggesting a similar relationship with par-
ity. There is, however, a variation when n is changed from
7 to 8. Here TSC of [Fe(8ditz)3](BF4)2 is lower and the tran-
sition itself is a lot more gradual than its perchlorate ana-
logue, while %Irr-Surface and %Irr-Bulk are significantly
higher. This reversal of the parity dependence at this point
suggests that the smaller BF4

– causes a change in the ar-
rangement of the alkyl chains. By n = 9, the transition is
very gradual and almost exactly the same in both cases (TSC

= 154 K for BF4
– and 155 K for ClO4

–). The lowered χMT
value at high temperature for the BF4

– complex is caused
by LS FeII or LS FeIII impurities. [Fe(10ditz)3](ClO4)2 has
a flatter magnetic curve than that of the BF4

– analogue but
TSC is 10 K higher (see Figure 6). However by n = 12, the
transitions are remarkably similar again (see Figure 6). This
might be because any further changes in the arrangement
of the alkyl chains would now be insignificant with respect
to the greater separation of the iron centres.

The larger iron–iron distances and disorder should lead
to a concomitant decrease in cooperativity between iron
centres until the transition can be described by a simple
Boltzmann distribution. This behaviour is supported by the
magnetic properties around the transition temperature. The
slope at the inflection point of the transition curves (TSC)
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Figure 6. Temperature dependence of χMT for (a) [Fe(10ditz)3]-
(BF4)2 (�) and [Fe(10ditz)3](ClO4)2 (�) and b) [Fe(12ditz)3](BF4)2

(∆) and [Fe(12ditz)3](ClO4)2 (�), in the heating mode. The exis-
tence of a small anomaly at around 50 K on the curves almost
certainly corresponds to a remnant oxygen contamination.

is plotted in Figure 7. It can be seen that the spin transition
curves become more gradual with increasing n as expected.
This lends further support to the suggestion that all com-
pounds in the series produce a chain-type arrangement, as
proposed in the XRPD section.

Figure 7. The slope of the χMT curves of the BF4
– series at the

transition temperature (TSC) for n = 5–10, 12, in the heating mode.
The line connecting the points has no physical meaning and is in-
tended only as a guide.

Conclusions

We present here a detailed study of a homologous series
of iron(II) SC coordination polymers using BF4

– as the
counteranion and compare this data with our previous
study of closely related compounds[23] using the same li-
gands but with ClO4

– as the counteranion. By changing the
anion to BF4

–, we observed that the structure has changed
slightly and thus altered the SC behaviour. As indicated by
XRPD, the phases seem to adopt a 1D polymer by forming
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chains, arranged approximately in a hexagonal close-packed
manner. The longer the alkylene spacer, the higher the dis-
order of the infinite 1D network as indicated by severe re-
flection broadening.

In Figure 8, TSC versus n is shown for the BF4
– and the

ClO4
– series. Both curves show a zigzag behaviour with

decreasing amplitude, reaching a similar end point. Indeed,
[Fe(12ditz)3](ClO4)2 has a TSC = 159 K and [Fe(12ditz)3]-
(BF4)2 has a TSC = 156 K. This suggests that as the alkylene
spacer is lengthened, TSC eventually reaches a limiting value
of 160 K. It is, however, obvious that the tetrafluoroborates
show a reversal in the parity effect as n is increased from 7
to 8. This suggests that at this length the alkylene chains
are differently arranged. In contrast, the perchlorates show
a parity effect up to n = 12[23] (see Figure 8).

Figure 8. Comparison of TSC as a function of the number of car-
bon atoms (n) in the spacer of the ditetrazole ligands for the BF4

–

(�) and ClO4
– (�) series.

Chemical intuition would suggest more or less identical
results for such similar noncoordinating anions like per-
chlorate and tetrafluoroborate. In spite of this, our investi-
gations on these two related series clearly show that there
is a anion dependence, especially in terms of their magneto-
optical behaviour. Furthermore, the pronounced depen-
dence of TSC upon the parity of the spacer length which
was found in the perchlorate series is also found, with alter-
ations, in the tetrafluoroborate over the whole series (see
Figure 8). Eventually, however, both series reach the same
limiting value of TSC at high n when orientation is insignifi-
cant with respect to the separation of the iron centres. As
far as we can derive from our studies, the choice of the
ligand system represents the fundamental requirement to
obtain a SC compound, but the impact of the noncoordina-
ting anion seems to be of similar importance. With this in
mind, the interest is now focused on complexes in which
the interaction of anion and ligand leads to optimised sys-
tems where the spin transition and cooperativity can be sys-
tematically tuned to be used for future applications of new
materials with interesting magneto-optical features.

www.eurjic.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2007, 3047–30543052

Experimental Section
Chemicals and Standard Physical Characterisation: Iron(II) tetra-
fluoroborate hexahydrate was obtained from Aldrich. All other
chemicals were standard reagent grade and used as supplied. Ele-
mental analyses (C, H and N) were performed in the laboratories
of Dr. Roman Boca (Slovenská Vyská Scola Technicá v Bratislava,
Chemitechothenologická Fakulta, Radlinského 9, 81237 Bratislava,
Slovakia). Mid-range FTIR spectra of the compounds were re-
corded as KBr pellets within the range of 4400–450 cm–1 using a
Perkin–Elmer 16PC FTIR spectrometer. Pellets were obtained by
pressing the powdered mixture of the samples in KBr in vacuo
using a hydraulic press applying a pressure of 10000 kg·cm–2 for
5 min.

Synthesis of the Complexes: The general synthetic pathway and the
synthesis of the ligands used [1,n-bis(tetrazol-1-yl)alkane; n = 5–
10, 12] has been previously reported.[17,23,29,30] Note that the 1,11-
bis(tetrazol-1-yl)undecan has not yet been synthesised. The respec-
tive ligand (nditz, 1 mmol) was dissolved in reagent grade ethanol
(n = 5–10, 12). While the solution cooled down to 40 °C, iron(II)
tetrafluoroborate hexahydrate or iron(II) perchlorate hexahydrate
(0.33 mmol) and a small amount of ascorbic acid to keep the iron
as iron(II) were diluted in ethanol (5 mL). This solution was slowly
added to the dissolved ligand, and the resulting mixture was stirred
for 4 h. The precipitate was filtered off, and the obtained powder
was dried with P2O5. It has so far proved impossible to grow single
crystals by any of the standard methods including H-tube slow
diffusion or slow cooling.

Elemental Analyses and Mid-FTIR

[Fe(5ditz)3](BF4)2: Yield: 0.16 g (59%). C21H36B2F8FeN24 (854.14):
calcd. C 29.53, H 4.25, N 39.36; found C 29.30, H 4.18, N 37.66.
Mid-FTIR: ν̃ = 3146 (C–H stretching vibration, ν, of the aromatic
tetrazole ring), 2949, 2933 and 2862 (νC–H of the aliphatic C–H in
the butylene spacer), 1506, 1370 (νN=N, νC–N), 1183, 1109 (νC=N,
νN–N, νC–N) cm–1.

[Fe(6ditz)3](BF4)2: Yield: 0.15 g (50%). C24H42B2F8FeN24 (896.22):
calcd. C 32.16, H 4.72, N 37.51; found C 31.41, H 4.78, N 36.15.
Mid-FTIR: ν̃ = 3148 (νC–H of the aromatic tetrazole ring), 2938
and 2862 (νC–H of the aliphatic C–H in the butylene spacer), 1506,
1372 (νN=N, νC–N), 1182, 1102 (νC=N, νN–N, νC–N) cm–1.

[Fe(7ditz)3](BF4)2: Yield: 0.19 g (61%). C27H48B2F8FeN24 (938.31):
calcd. C 34.56, H 5.16, N 35.83; found C 34.00, H 5.18, N 35.72.
Mid-FTIR: ν̃ = 3147 (νC–H of the aromatic tetrazole ring), 2940
and 2862 (νC–H of the aliphatic C–H in the butylene spacer), 1507,
1375 (νN=N, νC–N), 1173, 1108 (νC=N, νN–N, νC–N) cm–1.

[Fe(8ditz)3](BF4)2: Yield: 0.18 g (55%). C30H54B2F8FeN24 (980.39):
calcd. C 36.75, H 5.55, N 34.29; found C 36.84, H 5.58, N 33.63.
Mid-FTIR: ν̃ = 3148 (νC–H of the aromatic tetrazole ring), 2936
and 2859 (νC–H of the aliphatic C–H in the butylene spacer), 1507,
1368 (νN=N, νC–N), 1183, 1102 (νC=N, νN–N, νC–N) cm–1.

[Fe(9ditz)3](BF4)2: Yield: 0.25 g (72%). C33H60B2F8FeN24

(1022.47): calcd. C 38.77, H 5.91, N 32.88; found C 38.95, H 5.83,
N 31.96. Mid-FTIR: ν̃ = 3148 (νC–H of the aromatic tetrazole ring),
2933 and 2857 (νC–H of the aliphatic C–H in the butylene spacer),
1507, 1375 (νN=N, νC–N), 1174, 1108 (νC=N, νN–N, νC–N) cm–1.

[Fe(10ditz)3](BF4)2: Yield: 0.24 g (69%). C36H66B2F8FeN24

(1064.55): calcd. C 40.62, H 6.25, N 31.58; found C 40.83, H 6.03,
N 31.41. Mid-FTIR: ν̃ = 3145 (νC–H of the aromatic tetrazole ring),
2929 and 2851 (νC–H of the aliphatic C–H in the butylene spacer),
1504, 1372 (νN=N, νC–N), 1177, 1098 (νC=N, νN–N, νC–N) cm–1.
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[Fe(12ditz)3](BF4)2: Yield: 0.26 g (67%). C42H72B2F8FeN24

(1148.71): calcd. C 44.15, H 6.35, N 29.42; found C 44.08, H 6.90,
N 28.08. Mid-FTIR: ν̃ = 3141 (νC–H of the aromatic tetrazole ring),
2917 and 2852 (νC–H of the aliphatic C–H in the butylene spacer),
1501, 1383 (νN=N, νC–N), 1176, 1096 (νC=N, νN–N, νC–N) cm–1.

[Fe(10ditz)3](ClO4)2: Yield: 0.20 g (55%). C36H66Cl2FeN24O8

(1089.84): calcd. C 39.68, H 6.10, N 30.85; found C 39.03, H 5.60,
N 29.23. Mid-FTIR: ν̃ = 3136 (νC–H of the aromatic tetrazole ring),
2917 and 2850 (νC–H of the aliphatic C–H in the butylene spacer),
1508, 1383 (νN=N, νC–N), 1178, 1088 (νC=N, νN–N, νC–N) cm–1.

[Fe(12ditz)3](ClO4)2: Yield: 0.28 g (71%). C42H72Cl2FeN24O8

(1167.94): calcd. C 43.19, H 6.21, N 28.78; found C 42.57, H 6.63,
N 28.01. Mid-FTIR: ν̃ = 3139 (νC–H of the aromatic tetrazole ring),
2922 and 2851 (νC–H of the aliphatic C–H in the butylene spacer),
1504, 1375 (νN=N, νC–N), 1175, 1094 (νC=N, νN–N, νC–N) cm–1.

X-ray Powder Diffraction: The samples were gently ground and
placed on flat-plate single-crystal silicon sample holders by the
slurry technique with cyclohexane (Merck, p.a.) as elutriating li-
quid. Powder patterns were recorded with a Philips X’Pert dif-
fractometer in Bragg–Brentano geometry using Cu-Kα1,2 radiation.

Reflectivity Measurements: Reflectivity of the samples was investi-
gated by using a custom-built reflectivity set-up equipped with a
CVI spectrometer, which allowed the collection of both the re-
flectivity spectra within the range of 450–900 nm at a given tem-
perature and the following of the temperature dependence of the
signal at a selected wavelength (�2.5 nm) at 5–290 K. The experi-
ment was performed directly using a thin layer of the powdered
sample without any dispersion in a matrix.[31]

Magnetic Susceptibility and Magneto-Optical Measurements: Mag-
netic measurements were completed with two SQUID magnetome-
ters: (i) SQUID Cryogenix S600 magnetometer with an applied
field of 1 T and (ii) MPMS-55 Quantum Design SQUID magne-
tometer with an operating field of 2 T within the temperature range
of 2–300 K and with a cooling/heating speed of 10 K·min–1 in the
settle mode at atmospheric pressure. Further measurements were
made with a 9 T-PPMS-system from Quantum Design VSM op-
erating with a field of 1 T. All magnetic measurements were per-
formed using powder samples weighing ca. 12 mg. The data were
corrected for the magnetisation of the sample holder and for dia-
magnetic contributions, estimated from Pascal’s constants.

The photomagnetic measurements were performed using a Spectra
Physics Series 2025 Kr+ laser (λ = 532 nm) coupled by an optical
fibre to the cavity of the SQUID magnetometer previously de-
scribed in ref.[27] The laser light power at the sample was adjusted
to 5 mW·cm–2. Bulk attenuation of light intensity was limited as
much as possible by the preparation of a thin layer of compound.
It is noteworthy that there was no change in the data due to sample
heating upon laser irradiation. The weight of these thin layer sam-
ples (approximately 0.2 mg) was obtained by comparison of the
measured thermal spin-crossover curve with another curve of a
more accurately weighed sample of the same compound.
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