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The thermal and light-induced spin transitions in [FexZn1–x-
(btzp)3](BF4)2 and [FexZn1–x(endi)3](BF4)2 {btzp = 1,2-bis-
(tetrazol-1-yl)propane; endi = 1,2-bis(tetrazol-1-yl)ethane}
chain compounds have been investigated by magnetic
susceptibility, photomagnetism and diffuse reflectivity mea-
surements. These compounds display a thermal spin transi-
tion and the Light-Induced Excited Spin State Trapping
(LIESST) effect at low temperature. For each compound, the

Introduction

A challenging field of research in coordination chemistry
concerns the study of bistable molecular materials. Spin
crossover compounds (SCO) of 3d metal ions with d4�d7

electronic configurations in an octahedral environment ex-
hibiting high-spin (HS) low-spin (LS) crossover under an
external perturbation are particularly interesting. The per-
turbation can be either a change of temperature, application
of pressure, light or a high magnetic field.[1,2] Some infor-
mation can be written and erased by light irradiation, ac-
cording to the so-called LIESST (Light-Induced Excited
Spin State Trapping) and reverse LIESST phenomena.[3]

Since 1998, a T(LIESST) database has been maintained.
T(LIESST) represents the limiting temperature above which
the photoinduced information, namely the photoinduced
HS fraction is erased under specific conditions.[4] Using this
procedure, we have up to now compared the photomagnetic
properties of more than sixty SCO compounds and re-
ported an empirically established linear relation between
the thermal spin transition (T1/2) and the T(LIESST) tem-
perature: T(LIESST) = T0 – 0.3T1/2.[5–8] This phenomeno-
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thermal spin transition temperature, T1/2, and the relaxation
temperature of the photo-induced high-spin state, T(LIESST),
have been systematically determined. A decrease in T1/2 in-
duces an increase in T(LIESST). The results are discussed
and compared with some other “metal-diluted” iron(II) spin
crossover (SCO) complexes.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

logical relationship appears to reflect rearrangement pro-
cesses in the coordination sphere accompanying the SCO at
the metal centre. In a recent investigation, the applicability
of this relationship was extended to metal-diluted SCO sys-
tems, viz. [FexZn1–x(Phen)2(NCS)2][9] and [FexMn1–x(bpp)2]-
(NCSe)2

[10] {Phen = 1,10-phenanthroline and bpp = 2,6-
bis(pyrazol-3-yl)pyridine}. It has been found in these two
mixed-crystal series that the thermal spin transition T1/2 de-
creases with metal dilution (decrease of x) whereas the re-
laxation temperature T(LIESST) remains constant. These
mononuclear complexes are zero-dimensional with rela-
tively weak cooperative interactions between the spin state
changing iron(II) complex molecules transmitted through
van der Waals or π stacking interactions. It has been the
goal of the present study to investigate the influence of iso-
morphous metal dilution on T(LIESST) in SCO com-
pounds of higher dimensionality where the iron complexes
are linked together by covalent bonds. We chose the two 1D
compounds [FexZn1–x(btzp)3](BF4)2 and [FexZn1–x(endi)3]-
(BF4)2 {btzp = 1,2-bis(tetrazol-1-yl)propane and endi = 1,2-
bis(tetrazol-1-yl)ethane} and diluted them gradually with
zinc which is appropriate for the formation of isomorphous
mixed-crystal series with iron(II). The two ligands endi and
btzp are depicted in Scheme 1. The structures and magnetic
properties of [Fe(btzp)3](ClO4)2

[11] and [Fe(endi)3](BF4)2
[12]

have been previously described as well as some photomag-
netic properties of [Fe(btzp)3](ClO4)2.[11] [Fe(btzp)3](ClO4)2

was the first reported chain compound showing the
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LIESST effect and both compounds crystallise in the space
group P3̄c1. The structure consists of iron atoms in an octa-
hedral environment which alternate with three organic li-
gands to form cationic chains parallel to the crystallo-
graphic c axis. The chains in the ab plane are arranged in a
hexagonal close-packed fashion which leaves channel-like
spaces in between occupied by the anions. Single crystals of
[Fe(btzp)3](BF4)2 have not been obtained, however, it has
been shown that they are isomorphous with the perchlorate
analogue. The zinc(II) metal host has been selected for (i)
diamagnetic response, (ii) the absence of metal-to-ligand
charge transfer (MLCT) transitions in the visible range and
(iii) the similar ionic radii of the iron(II) HS state and the
zinc(II) ion which is expected to decrease the T1/2 tempera-
ture with the metal dilution.

Scheme 1. Derivatives of the bis(tetrazol) ligand used in the present
study. (I) 1,2-bis(tetrazol-1-yl)propane (btzp) and (II) 1,2-bis(tetraz-
ol-1-yl)ethane (endi).

Results and Discussion

Magnetic Properties

Figure 1 and Figure 2 show the product of the molar
magnetic susceptibility, χM, multiplied by the temperature
T as well as the molar fraction of the high-spin state, γHS,
as a function of temperature for different metal dilution
factors x for the two mixed-crystal series [FexZn1–x(btzp)3]-
(BF4)2 and [FexZn1–x(endi)3](BF4)2. The molar HS fraction
was calculated from the susceptibility data taking into ac-
count that ZnII is a diamagnetic ion and that the amount
of iron is x mol for each mole of doped compound
[FexZn1–x(btzp)3](BF4)2 or [FexZn1–x(endi)3](BF4)2.
Thus the high-spin fraction is derived from the ratio
χMT/[x(χMT)HS], where (χMT)HS refers to the neat iron
compound (x = 1) at high temperatures. This value has been
taken as 3.6 cm3 Kmol–1 for [Fe(btzp)3](BF4)2 and
3.4 cm3 Kmol–1 for [Fe(btzp)3](BF4)2 corresponding to the
values at recorded 300 K with a SQUID magnetometer.
These values are in good agreement with those expected
from the Curie law if a Landé factor of 2.2 is attributed to
the high-spin iron(II) ion. In other words, the two pure iron
compounds are completely high-spin at room temperature.
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Figure 1. Evolution of the χMT signal as function of x and the HS
fraction vs. T curves for [FexZn1–x(btzp)3](BF4)2. A decrease in
T1/2 vs. x has already been observed in the [FexZn1–x(2-pic)3]Cl2·
C2H5OH,[13] [FexCo1–x(4,4�-bis-1,2,4-triazole)2(NCS)2]·H2O,[16]

[FexM1–x(phen)2(NCS)2] (M = Mn, Co, Ni, Zn)[14] and [FexM1–x-
(pyrazine)2][Pt(CN)4] (M = Co, Ni) series.[17] To the best of our
knowledge, the only exception is for [FexNi1–x{4,4�-bis(1,2,4-
triazole)}2(NCS)2]·H2O,[18] in which metal dilution leads to a de-
crease of the thermal spin transition hysteresis but the mean T1/2

remains constant.

When the temperature is lowered, all samples exhibit a
decrease in γHS consistent with the well documented spin
transition phenomenon in which iron(II) high-spin ions (S
= 2) at room temperature become low-spin (S = 0) with
decreasing temperature. Both mixed-crystal series, [FexZn1–x-
(endi)3](BF4)2 and [FexZn1–x(btzp)3](BF4)2, are entirely in
the HS state at room temperature (γHS = 1) for the whole
dilution range under investigation (x = 1 to 0.093). At low
temperature (10 K), the γHS value is almost 0 for [FexZn1–x-
(endi)3](BF4)2 for values of x between 1.0 and 0.49. For
higher dilutions, some residual HS fraction appears: γHS =
0.11 for x = 0.29 and γHS = 0.18 for x = 0.093. For the
[FexZn1–x(btzp)3](BF4)2 series, the residual high-spin frac-
tion at low temperature is about 0.05 for x = 1. With di-
lution, this residual fraction increases and reaches about
0.62 for x = 0.17. The occurrence of a residual HS fraction
at low temperature (or LS fraction at high temperature) is
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Figure 2. Evolution of the χMT signal as function of x and the HS
fraction vs. T curves for [FexZn1–x(endi)3](BF4)2.

often discussed in terms of “positive” and “negative” lattice
pressure.[13–14] Large diluting ions will exert a “negative”
pressure, favouring the HS state. According to Shannon,[15]

the ionic radii of divalent 3d metal ions in an octahedral
environment are r(Fe2+ HS) = 0.78 Å, r(Fe2+ LS) = 0.61 Å
and r(Zn2+) = 0.74 Å. The radius of Zn2+ is thus much
closer to the radius of HS Fe2+ than to LS Fe2+ and the
dilution with zinc should thus favour the HS state. This can
be clearly observed by the appearance of the residual HS
fraction at low T. It can also be observed that with increas-
ing dilution, the spin transition becomes more and more
gradual. Similar behaviour has already been observed in
earlier studies.[13,14] The abrupt character of the transition
is commonly interpreted in terms of the strength of cooper-
ativity between iron centres exhibiting the spin crossover
phenomenon. Clearly, upon dilution, the distance between
the iron centres becomes larger and the cooperativity de-
creases. One parameter which characterises the thermal spin
transition is the so-called T1/2 temperature. This tempera-
ture is defined as the temperature at which the high-spin
fraction γHS is equal to the mean value of γHS at high and
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at low temperatures. T1/2 as a function of dilution, x, for
the two mixed-crystal series [FexZn1–x(endi)3](BF4)2 and
[FexZn1–x(btzp)3](BF4)2 is reported in Figure 3 and values
of T1/2 are reported in Table 1. The T1/2 values determined
for the neat (x = 1) [Fe(btzp)3](BF4)2 and [Fe(endi)3](BF4)2

compounds are, respectively, 158 K and 143 K. These val-
ues are in reasonable agreement with the ones reported pre-
viously: 150 K for [Fe(btzp)3](BF4)2

[11] and 140 K for
[Fe(endi)3](BF4)2.[12] It can be observed that (i) for higher
dilution (decreasing x), T1/2 decreases, (ii) the relationship
between T1/2 and x is linear and (iii) the change in T1/2 with
varying x is more pronounced in the case of the [FexZn1–x-
(endi)3](BF4)2 series. A linear fit of the two graphs gives the
relation between T1/2 and x: T1/2 = 130.0 + 28.3x for the
btzp compounds and T1/2 = 133.1 + 10.2x for the endi com-
pounds.

Figure 3. Concentration dependence of the transition temperature
T1/2 for (ο) [FexZn1–x(btzp)3](BF4)2 and (�) [FexZn1–x(endi)3](BF4)2.
Linear fit appears as a straight line.

Table 1. Spin transition, reflectivity and LIESST parameters for the
mixed-crystal series [FexZn1–x(btzp)3](BF4)2 and [FexZn1–x(endi)3]-
(BF4)2.

Reflectivity Properties

Diffuse reflectivity was recorded between 450 and
950 nm and at temperatures between 280 and 10 K. Typical
spectra, recorded for [Fe0.85Zn0.15(endi)3](BF4)2, are pre-
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sented in Figure 4. The first part of the figure shows the
evolution of the spectra between 280 and 90 K. It can be
observed that, when decreasing the temperature, a broad
band present at 850 nm tends to disappear, whereas a new
and sharper band appears at 575 nm. The band at 575 nm
can be attributed to a d-d transition of the LS spin complex,
namely 1A1�1T1. Indeed, it has been previously shown that
the second transition for the LS state, 1A1�1T2, was at
lower wavelengths for similar tetrazole-like chains
(400 nm).[19] On the other hand, the broad peak at 850 nm
can be attributed to a d-d band of the HS state of the com-
pound, namely the 5T2�5E transition. The observed modi-
fications between 280 and 90 K are thus related to the ther-
mal spin transition of the compound, as confirmed by Fig-
ure 1 (γHS = 1 at 280 K and γHS = 0.05 at 90 K). At tem-
peratures below 90 K, a decrease of the band at 575 nm can
be observed, associated with a re-increase of the band at
850 nm. When the temperature is sufficiently low, relaxation
of the photoinduced HS state is sufficiently slow and the
light intensity at the surface of the sample is large enough
to populate the photoinduced HS state. It is therefore not
surprising that the band of the HS state reappears, whereas
the band of the LS state disappears. It can be observed that,
for all samples under study, the reflectivity at 10 K has al-

Figure 4. The changes in absorbance spectra during the cooling
and heating modes for [Fe0.85Zn0.15(endi)3](BF4)2.
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most the same value as at room-temperature. This means
that the bleaching by irradiation of the compound, at least
on the surface, is complete at low temperature. Notably, the
spectra recorded at 50 K during heating and cooling are
quite different, the spectra recorded in heating mode being
more similar to the LS state. This phenomenon is known
as the so-called LITH (Light-Induced Thermal Hysteresis)
effect.[4] LITH results from the competition between
LS�HS transitions induced by light and the spontaneous
relaxation of the system. The width of LITH depends on
the sweeping rate of the temperature. The larger the sweep-
ing rate, the larger the hysteresis. However, even at van-
ishing sweeping rates, hysteresis can occur. This is linked to
the cooperativity of the system. LITH can appear above a
certain threshold value of cooperativity.[20]

In order to have an easy comparison between the dif-
ferent metal dilutions, the reflectivity as a function of the
temperature was recorded at a given wavelength, namely
830 nm, for the 5T2�5E band of the HS state (Figure 5).
All the compounds exhibit the same general behaviour:
starting from room temperature, the reflectivity decreases
first to a temperature between 75 K and 100 K, depending
on the compound. Further cooling of the compound leads
to a re-increase of this reflectivity. Again this behaviour can

Figure 5. Thermal evolution of the reflectivity signal recorded at λ
= 830 nm during the cooling and heating modes for (I) [FexZn1–x-
(btzp)3](BF4)2 and (II) [FexZn1–x(endi)3](BF4)2.
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be explained: (i) at high temperature by the thermal spin
transition and (ii) at low temperature by the population of
a photoinduced high-spin state. When the spectra are re-
corded upon increasing the temperature, the signal is dif-
ferent, especially at low temperature and this is the LITH
effect. The latter is especially large for pure iron compounds
(x = 1). For the diluted systems the hysteresis loop of LITH
becomes smaller. This is, of course, consistent with the fact
that this loop is related to the cooperativity of the system.
A decrease of the cooperativity of the system will lead to a
decrease of the LITH loop as a mirror image of the de-
crease in abrupt character of the thermal spin transition.

Photomagnetism

The low spin�high spin photoconversion can also be in-
vestigated in bulk conditions using a SQUID magnetometer
coupled to a CW optical source. Figure 6 and Figure 7 rep-
resent the temperature dependence of χMT for the different
mixed-crystal systems [FexZn1–x(endi)3](BF4)2 and [Fex-
Zn1–x(btzp)3](BF4)2, respectively, before and after irradia-
tion. For all complexes, a drastic increase in the magnetic
signal under light irradiation was observed at 10 K. It
should, however, be noticed that the amount of iron in the

Figure 6. Temperature dependence of χMT for [FexZn1–x(endi)3](BF4)2 (�) data recorded without irradiation; (�) data recorded with
irradiation at 10 K; (✧) T(LIESST) measurement, data recorded in the warming mode with the laser turned off after one hour of
irradiation.
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photoexcited high-spin state is not the same for all com-
pounds and for none of the complexes is it quantitative.
The level of percentage of photoconversion at 10 K was cal-
culated by dividing the χMT value after photoirradiation
by the χMT value at room temperature. Depending on the
compound and the metal dilution, this percentage varies
from 61 to 86.

After photoirradiation at 10 K, the system was heated in
the dark with a temperature increase rate of 0.3 Kmin–1.
The χMT product first increases upon warming from 10 K
due to zerofield splitting of the high-spin iron(II) ion,
eventually reaching a plateau. At higher temperatures, χMT
decreases sharply. To quantify the temperature at which the
photoexcited state relaxes to the LS state, a limit tempera-
ture, T(LIESST), has been defined. T(LIESST) is defined
as the minimum of the derivative d(χMT)/dT vs. T recorded
during relaxation. Values of T(LIESST) are reported in
Table 1. For the samples of [FexZn1–x(endi)3](BF4)2,
T(LIESST) has been recorded between 61 K and 63 K for
x values between 1 and 0.49 and at 67 K for x = 0.29. De-
termining a T(LIESST) value for x = 0.093 was unsuccess-
ful due to the weak χMT signal. Between x = 1 and x =
0.29, the T1/2 values decrease from 143 K to 136 K. Accord-
ing to the equation, T(LIESST) = T0 – 0.3T1/2, this should
correspond to an increase of only 2 K for T(LIESST), that
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Figure 7. Temperature dependence of χMT for [FexZn1–x(btzp)3](BF4)2 (�) data recorded without irradiation; (�) data recorded with
irradiation at 10 K; (✧) T(LIESST) measurement, data recorded in the warming mode with the laser turned off after one hour of
irradiation.

is to say T(LIESST) is almost a constant value. This is in-
deed what is observed. For [FexZn1–x(btzp)3](BF4)2 com-
pounds, the change in T(LIESST) is somewhat more pro-
nounced. It increases from 46 K (x = 1) to 50 K (x = 0.72)
and 51 K (x = 0.4) to reach a value of 54 K (x = 0.17).
Attempts to determine a T(LIESST) value for x = 0.095
were unsuccessful due to the weak χMT signal. A linear fit
of these four combinations of T(LIESST) and T1/2 values
of the [FexZn1–x(btzp)3](BF4)2 series leads to the relation
T(LIESST) = 97.7�7.4 K – 0.32�0.05�T1/2 (R factor:
0.98). In other words, the [FexZn1–x(btzp)3](BF4)2 samples
obey the relation T(LIESST) = T0 – 0.3T1/2, with a T0 fac-
tor of almost 100 K.

Concluding Remarks

In the present work, we have reported the thermal and
the light-induced spin transitions of the two metal-diluted
series of chain compounds [FexZn1–x(btzp)3](BF4)2 and
[FexZn1–x(endi)3](BF4)2. These complexes display a thermal
spin transition and show the Light-Induced Excited Spin
State Trapping (LIESST) effect at low temperature. For
each mixed-crystal sample, we have determined the thermal
spin transition temperature, T1/2, and the relaxation tem-
perature of the photoinduced high-spin state, T(LIESST).
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Interestingly, for the [FexZn1–x(btzp)3](BF4)2 series, the
metal dilution seems to have a non-negligible influence on
the T(LIESST) temperature. In the [FexZn1–x(endi)3](BF4)2

compounds, the T(LIESST) values remain almost constant
with the metal dilution. This may be interpreted in two
ways: (i) the observed invariance may be due to the fact that
T(LIESST) is not influenced by dilution or (ii) the change is
too small with regards to the almost unchanged T1/2 values.
From the present study it is not possible to decide which of
the two possibilities is more realistic.

Previous studies on the thermal spin crossover phenome-
non have shown that any change of pressure in the lattice
by chemical metal dilution or by an external stimulus af-
fects the Gibbs free energy through a change of the molecu-
lar volume of the reaction giving rise to the additional term
p∆VHL.[2a] The shift of T1/2 towards lower temperatures
with increasing zinc metal dilution is a direct consequence
of the negative pressure generated in the Zn host. Concern-
ing the LIESST properties, Hauser et al.[21] have obtained
evidence for an enhancement of the tunnelling rate by
changing the size of the host ion (zinc, cadmium, etc) due
to a vertical displacement of the HS and LS potential wells
relative to each other. More precisely, in the case of zinc
dilution (negative pressure effect), the HS potential is sub-
stantially shifted to lower energies relative to the LS state,
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both the barrier height and thickness for the tunnelling pro-
cess are increased and the relaxation rate is reduced. As a
consequence of this, one should expect an increase of the
T(LIESST) value, in agreement with the decrease of T1/2,
according to the empirical T(LIESST) = T0 – 0.3T1/2 rela-
tion.[7,8] In a previous study on [FexZn1–x(Phen)2(NCS)2][9]

and [FexMn1–x(bpp)2](NCSe)2,[10] T(LIESST) was shown to
be constant whereas T1/2 decreases with dilution. This has
been attributed to the fact that the photomagnetic proper-
ties are governed at the molecular scale while the thermal
spin crossover regime is affected by both the ligand field
and crystal packing effects. In the chain compounds pres-
ently studied and particularly in the [FexZn1–x(btzp)3]-
(BF4)2 series, this explanation does not seem to be perti-
nent. This can possibly be attributed to some interaction
between the iron centres through the covalent bonds of the
chain.

Contrary to the mixed-crystal series of [FexZn1–x(Phen)2-
(NCS)2][9] and [FexMn1–x(bpp)2](NCSe)2,[10] the iron atoms
in the compounds under study are not located in isolated
molecules, linked only by van der Waals forces or π-π stack-
ing but are linked by covalent bonds. This can justify the
difference in behaviour between zero-dimensional mononu-
clear compounds and chain-like compounds. Further work
is in progress to fully investigate the kinetics of these vari-
ous metal dilution materials to determine the evolution of
the different kinetic parameters governing the metastable
HS�LS relaxation process (activation energy, frequency
factor).

The determination of the kinetic parameters will also
help understand the incomplete photoconversion recorded
at low temperature in the present study. Incomplete pho-
toconversion has already been observed in many SCO com-
pounds, for instance in tetrazole derivatives such as a series
of iron(II) α,ω-bis(tetrazole-1-yl)alkane complexes[19]

where, depending on the carbon atom number (n = 4 to
9) in the bridges between the tetrazole moieties, different
maximum percentages of photoexcited HS states have been
reported ranging from almost complete photoirradiation (n
= 5) to only 15% photoexcitation (n = 8).[19] Usually, in-
complete photoirradiation can be explained by (i) a short
penetration depth of the light during photoexcitation due
to strong light absorption on the surface resulting in only a
fraction of all the active iron(II) metal centres in the sample
and/or being reached (ii) a short lifetime of the photoin-
duced HS state which prevents achievement of the steady
state of complete LS�HS conversion. With regards to the
first hypothesis, it is well known that metal dilution with
zinc leads to a bleaching of the compound. Therefore, for
highly metal-diluted samples, the penetration of light into
the material should be facilitated and a higher degree of
photoexcitation may be anticipated. The actual observation
in the present study, however, is different. For instance, in
the [FexZn1–x(endi)3](BF4)2 family, the highest yield in pho-
toexcitation was obtained for the neat compound so that
explanation (i) does not seem to be reasonable.

It has been shown by investigating the photomagnetic
properties of more than sixty iron(II) SCO compounds with
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nitrogen-donor ligands that a simple linear relation governs
the LIESST properties of most of these compounds,
T(LIESST) = T0 – 0.3T1/2, where T1/2 is the thermal spin
transition temperature and T0 is an empirical parameter
corresponding to the y intercept of the line defined by the
data.[5–8] To date, four parallel T0 lines have been estab-
lished with values of 100, 120, 150 and 200 K.[7,8] By com-
paring the different T(LIESST)-T1/2 values and considering
the chemical nature of the ligands involved, these T0 lines
have been attributed, respectively, to iron(II) complexes in-
volving six independent monodentate ligands,[5] bidentate
ligands,[5] meridional tridentate ligands[6] and 3D network
solids.[22] In the present work, the [FexZn1–x(btzp)3](BF4)2

derivatives appear to follow the T(LIESST) = T0 – 0.3T1/2

law with a T0 factor of almost 100 K. Similar conclusions
were also drawn for other spin-crossover chain complexes
such as the iron(II) α,ω-bis(tetrazole-1-yl)alkane family[19]

and [Fe(NCS)2(bped)2]·3(ethanol) {bped = -1,2-bis(4�-
pyridyl)-1,2-ethanediol}.[23] In the case of mononuclear
complexes, it has been noted that materials with pro-
nounced inherent ligand flexibility are prone to weak com-
munication between the iron(II) SCO centres and show lit-
tle tendency for photoconversion to the HS state.[7,8] Here,
the inherent flexibility of the ligands linking the iron(II)
SCO centres appears to have ‘no’ communicative effect on
the photoexcitation properties. The T(LIESST) values on
the T0 = 100 K line (for monodentate discrete materials)
indicate that linking SCO sites does not cause a more coop-
erative effect. We postulate that the coordinative bridging
of iron(II) centres with flexible ligands, such as derivatives
of tetrazole (present work and see ref.[19]) or bped (see
ref.[22]), seems to have a negative influence on cooperativity,
in contrast to the positive influence observed with short
rigid ligands, each of which is linked to only one iron metal
atom.

Experimental Section
General: All syntheses were carried out under nitrogen. The synthe-
ses of the ligand btzp [1,2-bis(tetrazol-1-yl)propane] and endi [1,2-
bis(tetrazol-1-yl)ethane] are described in the literature.[11,12]

Materials: The ligand [btzp] was prepared from sodium azide, tri-
ethyl orthoformate and 1,2-diaminopropane according to the gene-
ral method described by Kamiya and Saito.[24] The ligand 1,2-
(tetrazol-1-yl)ethane [endi] was prepared in a similar method to
that used by Satoh et al.[25] The preparation of the pure compounds
[Fe(btzp)2](BF4)2 and [Fe(endi)2](BF4)2 has been described earlier
by Gutlich et al.[11] and Linert et al.[12] The diluted compounds
[FexZn1–x] were synthesised according to the same procedures, re-
placing the iron(II) tetrafluoroborate by mixtures of iron(II) and
zinc(II) in a given ratio. Iron fraction (x) values were calculated
from the iron and zinc atomic percentage determined by quantita-
tive analysis. Elemental analyses of C, H, N and F were performed
and the results agreed well with the calculated data.

Physical Measurements: Photomagnetic measurements were per-
formed using a Spectrum Physics Series 2025 Kr+ laser (λ =
532 nm) coupled by means of an optical fibre to the cavity of a
MPMS-55 Quantum Design SQUID magnetometer. The optical
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power at the sample surface was adjusted to 5 mWcm–2 and it was
verified that this resulted in no change in magnetic response due
to heating of the sample. The samples consisted of a thin layer of
compound the weight of which was obtained by comparison of the
thermal spin crossover curve with that of a more accurately
weighed sample of the same material. Our previously published
standardised method for measuring LIESST data was followed.[4–8]

After slowly cooling to 10 K, the sample in the low-spin state was
irradiated and the change in magnetic susceptibility followed.
When the saturation point had been reached the laser was switched
off and the temperature increased at a rate of 0.3 Kmin–1. The
magnetisation was measured every 1 K. T(LIESST) was deter-
mined from the minimum of a dχMT/dT vs. T plot for the relax-
ation process.

Reflectivity measurements were done using a custom-built reflectiv-
ity set-up equipped with a CVI spectrometer which allowed the
collection of both the reflectivity spectra within the range of 450–
900 nm at a given temperatures and following of the temperature
dependence of the signal at a selected wavelength at 5–290 K.[26]
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