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Abstract: In this paper, we discuss the effects of metal dilution on the spin-crossover
behavior of iron(Il) solid solutions [FexNiix(bpp)2]J(NCSe) (bpp = 2,6-bis(pyrazol-3-
yl)pyridine), including chemical synthesis, physical properties and light induced bistability
aspects. For all the materials investigated, the thermal spin-crossover properties, T12, were
measured and the stability of the photoinduced high-spin states was probed through
determination of the T(LIESST) values associated with the light-induced excited spin-state
trapping (LIESST) effect. It was found that Ti» decreases with the metal dilution while
T(LIESST) remains globally unchanged. These results were discussed and compared with
previous results obtained in the same series with Zn(II) and Mn(II) used to substitute Fe(II).
This comparison gives insights on the effect of the diluting ion size on the [T(LIESST), Ti/]
temperatures.

Keywords: Spin Crossover (SCO); Dilution effects; Metal-coordination chemistry; LIESST,;
Iron

1. Introduction

Some molecular compounds, mostly those with an Fe''Ns coordination environment, present a
thermal Spin-CrossOver (SCO) transition between a high-spin (HS) state of electronic
configuration tye* es> (°T2g, S = 2) — and a low-spin (LS) state in the configuration t2° e,
('Aig, S = 0). This transition is governed by the ligand-field strength and the intermolecular
interactions in the crystal packing [1]. In fact, the competition between the electron pairing
energy, the energy splitting between the t2; and e, orbitals, the structural reorganization, and
the entropy effects are balancing the stability of the LS and HS states at thermal equilibrium
[2,3]. Along the SCO, strong structural rearrangements occur [4,5] due to the difference in
volume between the compounds in the big HS state and the small LS state. This volume
change, which could be anisotropic, propagates to the solid network through intermolecular
interactions that determine the cooperative character of the SCO. Highly cooperative
materials are usually characterized by hysteretic behaviors leading to memory effect. The
bistability of SCO materials can be addressed with the application of various external stimuli
like temperature, pressure, magnetic field or light irradiation [6]. The subsequent changes of
physical properties (such as optical, magnetic, electrical properties...) along the LS <> HS
spin-state switching phenomenon are envisioned in applications such as in information
storage, nano-devices and sensors [7-14]. The optical switching is particularly regarded since
ultrafast switches (femtoseconds) can be achieved [15]. Light can reversibly write and erase
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the LS and HS states according to the direct or reverse light-induced excited spin state
trapping (LIESST) effects [16—18]. Many investigations have been conducted since the
discovery of the LIESST effect to understand and identify the parameters governing the
lifetime of the photo-induced states. The role of intermolecular interactions on both thermal
and light-induced spin-crossover has been investigated through the influence of the metal
dilution in mixed [FexM-x] complexes with various metal ions [19-37]. Diluting the material
with non-spin crossover metal sites disrupts the lattice cooperativity, resulting in a more
gradual spin transition behavior. Moreover, the size of the dopant ion has a huge effect on the
SCO properties. Indeed, ions with ionic radii close to or bigger than the ionic radius of the HS
Fe(Il) induce a negative internal pressure that favors the state of bigger volume, that is, the
HS state. Diluting with Zn(I1), Mn(1l) or Cd(Il) thus provokes a shift of the thermal spin-
crossover temperature at equilibrium, Ty, toward low temperatures. The bigger the ion, the
stronger the shift. Diluting with Ni(ll) ion, which has an intermediate ionic radius between
those of the LS and HS Fe(ll) states, has no significant effect on the SCO properties [19]. The
effect of metal dilution on light-induced spin-state lifetime was first reported by A. Hauser
[38-40]. It was first shown that metal dilution changes the HS — LS relaxation behavior from
a self-accelerated process — due to cooperativity — to an exponential process for isolated
iron(Il) ions. Hauser et al. [38,39,41] then showed that the thermally activated relaxation
process is almost cooperativity independent. Later on, our group has studied extensively the
effect of metal dilution on the LIESST temperature. This T(LIESST) temperature records the
limit above which the photo-induced HS state cannot be observed with classical techniques
(typically the ones that have a detection timescale on the order of a minute). At the end of
numerous studies, we evidenced that the thermal spin crossover regime is mainly governed by
the thermodynamics and cooperative interactions while the photo-induced HS state lifetime is
mainly controlled at the molecular scale by the local environment [42,43]. In other words,
while changes in counter-anions, solvent, ligands substituent... strongly affect the T(LIESST)

value, the metal dilution that reduces the cooperativity does not modify it in a huge way [26-
33].

Up to now, the effect of metal dilution on T(LIESST) has been checked with Zn(II) or Mn(II),
that are ions with volumes close to that of Fe(Il) in the HS state. This has led to structures
with an overlap between T(LIESST) and T2 [26,31-33]. In the present work we studied the
“neutral” Ni(II) ion regarding the internal pressure it exerts on the Fe(II) network since it has
an intermediate ionic radius (r = 69 pm) with regard to the iron (II) metal radius of the HS (78
pm) or the LS (61 pm) states [44]. The iron(II) SCO complex [Fe(bpp)2](NCSe), has been
selected in view of both its abrupt thermal spin transition, well defined with a small hysteresis
loop of 2 K (T12¢= 230 K, T1»T= 232 K) [45], and its relatively high T(LIESST) value of
about 75 K [42b]. For each [FexNiix(bpp)2](NCSe): solid solution (0.14 < x < 1), we have
measured systematically the Tin. and T(LIESST) values and investigated in details the
relaxation process for each compound. We have previously reported studies on Mn(II) and
Zn(Il) solid solutions and we have demonstrated that the relaxation of the photo-induced
metastable HS state of the iron(Il) is weakly influenced by metal dilution. Indeed, the
T(LIESST) was shown to be constant [28,30] or slightly increased [26,29,31,32,33] upon



metal dilution. Two questions have motivated the present study: (i) Does the dilution with
nickel induce an internal positive or negative pressure? (i) Does nickel cause a decrease of
T(LIESST)? We have then compared these previous results with the ones obtained with the
Ni(Il) ions, which is the smallest ion we can use for metal dilution, to understand how the
amount and nature of M(II) molecular entities modify almost all of the spin transition
properties. This paper addresses this issue through interpretation of the results obtained in this
study in comparison with previous ones.

2. Experimental section
2.1. Chemicals

The preparation of [Fe(bpp)2](NCSe)2 , 1, with bpp = 2,6-bis(pyrazol-3-yl) pyridine has been
described earlier by Sugiyarto et al. [45]. The diluted compounds [FexNi1-x] were synthesized
according to the same procedure, replacing the metal salt by mixtures of iron(Il) chloride and
nickel(1l) chloride in given ratios. The values of the iron fractions (x) were calculated from
the iron and nickel atomic percentages determined by quantitative analysis (ICP and CHN).
The found and calculated values are in good agreement, as can be seen in Fig. 1 (a). The
elemental analysis of C, H, N were performed on a FlashEA™ 1112 elemental analyzer, and
the results agreed well with the calculated data. 6 compounds were obtained with x = 1 (1),
x=0.8(2),x=0.6 (3),x=0.4 (4), x =0.14 (5), x = 0 (6). Elemental Anal. (%) Calc. for
compound 1 [Fe(bpp)2](NCSe). C 41.88, H 2.63, N 24.42; found C 41.55, H 2.62, N 24.46.
Calc. for compound 2 [FeosNio.2(bpp)2](NCSe). C 41.84, H 2.63, N 24.40; found C 41.63, H
2.61, N 24.45; Calc. for compound 3 [Feo.sNio.a(bpp)2](NCSe). C 41.81, H 2.63, N 24.38;
found C 41.80, H 2.61, N 24.52; Calc. for compound 4 [Feo.sNio.s(bpp)2]J(NCSe). C 41.78, H
263, N 2436; found C 4162, H 261, N 2452. Calc. for compound 5
[Feo.14Nio.gs(bpp)2](NCSe). C 41.73, H 2.62, N 24.33; found C 41.48, H 2.60, N 24.50. Calc.
for compound 6 [Ni(bpp)2](NCSe). C 41.71, H 2.62, N 24.32; found C 41.69, H 2.61, N
24.53.

2.2. X-Ray powder diffraction.

The X-ray powder diffraction of 1-6 have been recorded on a Philips PW1820 diffractometer
provided by PANalytical X’Pert, using a Bragg-Bentano geometry (A = 1.5406 A) from 5 to
50° at 0.02°/s. Above 30° the peak intensity was too weak to be relevant compared to the
background.

2.3. Magnetic and Photomagnetic Studies.

Magnetic susceptibility data were collected using a Quantum Design MPMS 5 SQUID
magnetometer under an applied field of 1 T. All measurements were performed on
homogenous polycrystalline samples and in the temperature range 10 to 290 K. Diamagnetic
corrections for the sample holder and the material (using Pascal constants) were applied.

Photomagnetic measurements were performed using a Kr+ laser coupled via an optical fiber
to the cavity of a MPMS-55 Quantum Design SQUID magnetometer operating at 2 T. It was



noted that there was no change in the data due to heating of the sample. The suspended
crystalline sample was prepared in a thin layer (~0.1 mg) to promote full penetration of the
irradiated light. The sample mass was obtained by comparison with the thermal spin transition
curve measured on a larger accurately weighed polycrystalline sample. The calculated mass is
of course approximate, however the adequacy between the bulk and thin layer magnetic
measurements is reasonable, taking into account the fact that the data correction of such low
amount of sample is challenging. Our previously published standardised method for obtaining
LIESST data was followed [46]. The sample was first slow cooled to 10 K, ensuring that
potential trapping of HS species at low temperatures did not occur. Irradiation was carried out
at a set of wavelength and the power on the sample surface was adjusted to 5 mW cm 2. Once
photo-saturation was reached, irradiation was ceased and the temperature increased at a rate
of 0.3 K min! to ~100 K and the magnetisation measured every 1 K to determine the
T(LIESST) value [42,46] ; given by the minimum of the OymT /0T versus T curve for the
relaxation. The 7(LIESST) value describes the limiting temperature above which the light-
induced magnetic high-spin information is erased in a SQUID cavity. In the absence of
irradiation, the magnetism was also measured over the temperature range 10 —290 K to
follow the thermal spin transition and to obtain a low temperature baseline. In addition to
T(LIESST) measurements, kinetic studies were performed by irradiating the sample at 10 K
until photo-saturation, then, under constant irradiation the sample was warmed to a desired
temperature around the 7(LIESST) region. At the desired temperature, irradiation was ceased
and the decay of the magnetization signal was followed for several hours, or until complete
relaxation back to the low-spin baseline.

2.4. Optical reflectivity measurements

Variable temperature reflectivity measurements were performed using a home-built
instrument coupled with a CVI spectrometer. This equipment can collect the reflectivity
spectra in the 450-950 nm range at a given temperature, and also follow the temperature
dependence of the signal at a selected wavelength (= 2.5 nm) between 10 K and 290 K. The
instrument is also equipped with an optical detector, which collected the whole reflected
intensity and gave the total reflectivity signal as a function of temperature. The source of
white light consisted of a halogen lamp emitting between 300 and 2400 nm. This analysis was
performed directly on a thin layer of the solid samples in the form of a polycrystalline powder
without any dispersion in a matrix. It was checked that no change in the powder was recorded
after a thermal cycle.

3. Results and discussion

Starting from the neat compound [Fe(bpp)2](NCSe)., 1, with bpp = 2,6-bis(pyrazol-3-yl)
pyridine, several solid solutions [FexNii-x(bpp)2]J(NCSe). were synthesized with x = 0.8 (2),
x=0.6 (3),x =04 (4), x =0.14 (5), as well as the neat material [Ni(bpp)2](NCSe)2, 6. No
single crystals of the solid solutions could have been obtained. The composition was
determined by elemental analysis, showing that the found and expected values (the ones
calculated for the synthesis) are in good agreement, as can be seen in Fig. 1 (a). The powder



X-Ray diffraction of the six compounds was recorded and the diffraction patterns reported on
Figure 1b show that all the compounds are isostructural.
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Fig 1. (a) Iron fraction x obtained from elemental analysis vs. iron fraction calculated from the iron/nickel ratio
used for the synthesis. The full line corresponds to the ideal situation where x(found) = x(calculated). (b) Room-
temperature X-ray powder diffraction patterns of [FexNi.x(bpp)2](NCSe).

3.1. Magnetic characterization

The magnetic measurements were performed on polycrystalline samples and the thermal
evolution of the molar magnetic susceptibility, ym, times the temperature was followed. This
measured ymT product is, in fact, the sum of the contributions of iron(Il) ions and nickel(II)
ions (equation (1)). To have access to the behavior of the iron ions, the magnetic contribution
of the nickel ion has been removed according to equation (2). For that, the (ymT)ni was
experimentally measured on the pure [Ni(bpp)2](NCSe): sample as: (ymT)ni = 1.02 cm?®.mol-
! K, corresponding to the paramagnetic contribution of the nickel(II) ion (d%, S = 1). Figure 2
(a) reports the thermal dependence of the experimental ymT product relative to 1 mole of



compounds 1-5. Since the iron(Il) ions in the LS state are diamagnetic the (ymT)re product is
proportional to the HS fraction (yus). Thus, yus may be directly deduced from the (ymT)re
product through equation (3) where (ymT)re'" refers to the (ymT)re value at high temperatures,
typically at 300 K. Fig. 2 (b), shows the evolution of yns as function of temperature in the
cooling and heating modes, for all the mixed compounds under investigation.
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Fig 2. (a) Evolution of the ymT signal as function of x curves for [FexNiix(bpp)2](NCSe).. (b) Evolution as a
function of x of the yus vs. T curves obtained from magnetic susceptibility measurements for different iron
concentration Xx.

The thermal spin-crossover temperature, T12, was estimated as the temperature at which yus
has the particular value yus = (1 - rus)/2, with rus the residual paramagnetic quantity at low
temperature (i.e. 50 K). The information given by this data (Figure 3) agrees with the previous
observations in metal dilution studies [19-37], i.e. when the metal dilution increases, we can
notice that, (i) the transition temperature Ti» shifts to lower temperatures which can be
understood through a change of internal pressure; (ii) spin crossovers become globally more
gradual and the hysteresis loop cancels out reflecting a progressive loss of cooperativity; (iii)
a residual paramagnetism (rus) appears for highly diluted system which is also a consequence
of the negative pressure exerts by the nickel ions.

A comparison with the behavior reported for the zinc and manganese solid solutions stresses
that the effect of nickel, on the thermal spin crossover, is less pronounced that the effect
obtained by Zn(Il) and Mn(lIl) in the same series [26,30]. If one considers the ionic radius of
the different metal ions, r(Mn?*,83pm) ; r(Feit,78pm) ; r(Zn?*,74pm) ;
r(Ni%t, 69 pm) and r(Fe?d, 61 pm), this observation confirms that the larger the ion the
better the HS state stability, inducing a more efficient shift of the thermal transition



temperature toward low temperature. For example, for a metal dilution of about x = 0.2, the
Mn(I1) host shifts the transition temperature, T1/2, to lower temperatures of about 130 K while
the Zn(I1) shifts T12 of about 82 K and Ni(ll) which is the smallest of them moves T2 only
about 17 K as shown in Fig. 3. This very small effect observed for the Ni(ll) ion agrees with
the previous studies [19] since the Ni(ll) ion has an ionic radius r(Ni?*) =~ [r(Fens®")+
r(FeLs*")]/2 resulting in an almost neutral internal pressure effect.
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Fig 3. Concentration dependence of the transition temperature Tio for [FexNiix(bpp)2](NCSe), , [FexZna.
x(bpp)2](NCSe), and [FexMn1-x(bpp)2](NCSe)..

3.2. Optical characterization

Thermal spin-crossover can be monitored by following the visible spectrum of the powder
sample. Changes in the diffuse absorption spectra measured as a function of temperature and
light irradiation were used to follow the relative amounts of HS and LS iron(Il) species.
Typical spectra, recorded for [Feo.sNios(bpp)2](NCSe)2, are presented in Fig. 4 (a). The first
part of the figure shows the evolution of the spectra between 280 and 100 K. It can be
observed that, when decreasing the temperature, a broad band present at 800-850 nm tends to
disappear, whereas a new band, sharper, appears at 700 nm. The absorptions in the
550-750 nm region can be assigned to both MLCT and d—d transitions of the LS material,

namely the 'A; — 'T;. On the other hand, the broad peak at 800 nm is attributed to a d-d band

of the HS state of the compound, namely the >T> — °E. At temperatures below 100 K, a

decrease of the band at 650 nm can be observed, associated with a re-increase of the band at
800 nm. This is due to the fact that the same reflectivity experiment can also monitor any
light-induced phenomena occurring at the surface of the sample. When the temperature is
sufficiently low, relaxation of the photo-induced HS state is sufficiently slow and the light
intensity at the surface of the sample is large enough to populate the photo-induced HS state.
In order to have an easy comparison between the different metal dilutions, the reflectivity as a



function of the temperature has been recorded at a given wavelength, namely 647 nm, in the
5T, — °E band of the HS state (Fig. 4 (b)). All the compounds exhibit the same general

behaviour: starting from room temperature, the reflectivity decreases first between 250 and
200 K, depending on the compound. Further cooling of the compound leads to a re-increase
of this reflectivity. Again this behaviour corresponds (i) at high temperature to the thermal
spin transition, and (ii) at low temperature to the population of a photo-induced high-spin
state. The occurrence of the photo-induced phenomenon at low temperature implies that the
lifetime of the photo-induced state can be studied using photomagnetic studies.
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Fig 4. (a) Changes in the diffuse absorption spectra of the mixed [Feo.sNio.s(bpp)2]J(NCSe). system upon cooling
and upon light irradiation. (b) Evolution of the diffuse reflectivity signal recorded at 647 nm and generating
LIESST below 80 K as function of x.



3.3. Photomagnetic properties

The low — high spin photoconversion can also be investigated by photomagnetic studies. At
10 K, the samples were irradiated with the most efficient wavelength to induce LIESST
effect, that is, 647 nm. This wavelength corresponds to a shoulder in the MLCT band of the
diffuse absorption spectra (Fig. 4 (a)). Figure 5 reports the photomagnetic experiments
performed on 1-5. After light excitation at 647 nm at 10 K, the temperature was increased in
the dark to record the T(LIESST) curve. The ym7 product first increases upon warming from
10-30 K due to zero-field splitting of the high spin iron(Il) ion [47]. Then after a plateau, the
ymT value decreases sharply. The value of ymT at this plateau informs on the efficiency of the
photoswitching: for all of them, a complete photoconversion is achieved. T(LIESST) is
determined by the minimum of the derivative o(ym7)/0T versus T (Insets, Fig. 5). The
T(LIESST) values of all the metal-diluted complexes listed in Table 1 are almost identical at
around 75 K, with a slight decrease upon metal dilution.
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thermodynamic parameters (Ea, k. and E.*). The insets show the derivative dymT/dT vs. T curves, whose
minimum corresponds to the T(LIESST) value.

Table 1. Magnetic and photomagnetic properties of the mixed [FexNiix(bpp)2](NCSe), system. 71, is the
temperature at which the sample contains 50% of LS and HS molecules. T(LIESST) is the temperature at which
the light-induced HS information was erased during warming from 10 K at a rate of 0.3 K min!. For x =1 and x
= 0.6, and 0.14 kinetic parameters as defined in eqn (5) and (6) are reported.

SCO Systems ® O B0 6 e emy e
[Fe(bpp)2](NCSe), 231 233 75 1.8x10°  7.2x10° 1190 130
[Feo.8Nio.2(bpp)2](NCSe), 229 229 75 / / / /
[FeosNioa(bpp)2](NCSe) 26 226 74 20x10°  1.5x107 1194 100
[FeosNios(bpp)2](NCSe) 21 221 73 25x10°  5.6x107 1210 55
[Feo.14Nioss(bpp)2](NCSe), 2014 214 71 / / / /

3.4. Relaxation kinetics

To learn more about the lifetime of the photo-induced state, compounds 1, 3 and 4 were
systematically investigated from the relaxation kinetics point of view (Figure 6). For all the
compounds, the HS fraction after photoexcitation remains constant with time at 10 K, as a
signature of the quantum tunneling region of the relaxation process. Between 60 K and 80 K
the HS - LS relaxation is observed which corresponds to the thermally activated regime
accessible with the SQUID apparatus. While compound 1 exhibits a self-accelerated
relaxation process, this characteristic signature of cooperative materials disappears upon
metal dilution to let place to stretched exponential relaxations. This behavior is coherent with
the loss of cooperativity due to metal dilution. The relaxation curves were nicely simulated
according to the mean field macroscopic equations of Hauser, which reflects the change in the
energy barrier as a function of yus (the fraction of spin centres in the sample that are high-spin
at a given temperature) [38,40,48] (see Equations 4, 5, 6 and 7) where o(7) = (E.*/ksT) is the
acceleration factor at a given temperature and the relaxation rate k*pr(7, yns) depends
exponentially on both yus and 7 (eq. (4) and (5)).

HS = Ky Yus @)
k*uL (T, yus) = kar(T).exp[a(T)(1 — yus)] 5
ke (T) = ko + k oexp(—Ea/ ks T) (6)

25 — s {ko + keo-exp (T4 k7)) -expla(DI(L =] ”



All the kinetic parameters such as the apparent activation energy E., the apparent pre-
exponential factor, k», of the activated region as well as the rate constant, ky of quantum
tunnelling region are calculated from the straight line fits given by the Arrhenius plot Inkx.(7T)
vs 1/T (Fig. 6) and listed in Table 1. In this series, we also observed that E, remains almost

constant while kyz (T — o) (also written k ,) increases with increasing doping level.

According to equation (6), an increase of k. will lead to a decrease of 7(LIESST), whereas an
increase of E, will lead to an increase of T(LIESST). It seems that the metal dilution through
the increase of k. parameters leads to a decrease of 7T(LIESST) values. An elegant way to
validate the parameters obtained from the simulation of the relaxation kinetics is to reproduce
the experimental T(LIESST) curves. The procedure used for that takes carefully into account
both time and temperature dependencies of the relaxation, and combines the quantum
mechanical tunnelling and the thermally activated regions following eq. (7). In Fig. 5 we
show the calculated T(LIESST) curve deduced from the kinetics parameters listed in Table 1
for metal complexes (x =1, 0.6 and 0.4).
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Fig 6. HS — LS relaxation at various temperatures for the mixed [FexNiix(bpp)2]J(NCSe). systems (x = 1, 0,6
and 0.4) . The solid lines are the fits obtained with the models described in the text. The corresponding Arrhenius
plot of In(kn) versus 1/T are given down. The lines represent the best linear simulations.

3.5. Discussion

Table 1, collects all the data obtained during this study. First of all, Ti, decreases by 19 K
between the pure compound (x = /) and the most diluted compound (x = 0./4). In contrast,
T(LIESST) varies by only 4 K, explained by an increase of ku. (T — o) while the activation
energy E, remains constant. These findings are very similar to those previously reported for
the [FexZnix(bpp)2] (NCSe), series [30] and confirm that the T(LIESST) value is nearly
independent of the metal dilution. However, it is important to note that the T(LIESST) value



decreases substantially for [FexNiix] compounds. This is understandable according to the
small ionic radius of nickel ion. We, also, previously reported the variation of T(LIESST)
value in the [FexMnix(bpp)2]J(NCSe). series. The results given by the studies of the (2,6-
bis(pyrazol-3-yl) pyridine) series diluted by three different ions, namely [FedMi-
«(bpp)2]J(NCSe)2 (M = Mn, Zn and Ni) are reported on Fig. 7. It clearly appears that, the
dilution with manganese showed a slight increase of T(LIESST) with increasing doping level,
this increase of T(LIESST) value being weaker or nonexistent in the case of dilution with
zinc. Finally, the dilution with nickel, induced a decrease of the T(LIESST) with increasing
metal dilution level. It is interesting to note that the variation of T(LIESST) value in the three
cases, contradicts the rule stating that “the lower the thermal spin transition temperature (T1/2),
the higher the T(LIESST)”. Basically it is expected that the T(LIESST) value increases with
decreasing T1/2, in agreement with the inverse-energy-gap law [39, 40] and with the empirical
observed relation T(LIESST) = To - 0.3Ti» [42]. Concerning the thermal spin crossover,
previous studies on this phenomenon have shown that any change of pressure in the lattice by
chemical metal dilution or by external stimulus affects the Gibbs free energy through a
change of the molecular volume of reaction giving rise to the additional term pAVur [3,40].
Thus, it appears that the host molecules in a doped system can affect the transition
temperature, T12, in two ways: (1) The role of the host molecules as defects in the lattice
tends to lower Ty, as the transition becomes more gradual. (2) The ionic radius of the host
complex may favor either one of the two spin states [21]. An explanation of the various
observations in terms of the nucleation and growth mechanism of phase transitions in the
solid state was given [21,27(b)]. In the case of [FexNiix(bpp)2](NCSe), series, the first
situation seems to be predominant. Experiments are needed to directly control and monitor the
number and nature of crystal defects and domains to clarify the situation.
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4. Conclusions

We have reported the thermal and photo-induced spin-crossover properties of FexNii-
x(bpp)2](NCSe)> systems and compare these results to previous ones obtained in the same
series with Zn and Mn as doping metals. We have shown that dilution has a strong effect on
magnetic and photomagnetic properties. The magnitude of these effects depends strongly on
the nature of the diluting metal. All this may be understood as follows: manganese, having an
ionic radius larger than that of the iron in its HS state, stabilizes the HS state by exerting a
"negative" internal pressure, which leads to an important decrease of T12 and a slight increase
in the value of T(LIESST). Zinc, with a similar ionic radius than iron HS, causes no change in
T(LIESST) but shift Ti» towards lower temperatures. Finally, nickel with an almost
intermediate ionic radius between iron HS and iron LS {r(Fei})—r(Ni3%) =
9pm; r(NiZt) —r(Fe?d) = 8 pm}, will tend to stabilize slightly the state of smaller
volume, namely the LS state. This therefore generates a slight decrease in T(LIESST) and T1/2
with increasing doping level.
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Effects of Metal Dilution on the Spin-Crossover
Behavior and Light Induced Bistability of Iron(ll)
in [FexNizx(bpp)2](NCSe)2

Chérif Baldé*, Cédric Desplanches, Jean Frangois
Létard, and Guillaume Chastanet*

The thermal and light-induced spin-crossover
behaviors of [FexNiix(bpp)2](NCSe), solid solutions
(bpp = 2,6-bis(pyrazol-3-yl)pyridine), were studied
and compared to Zn(Il) and Mn(ll) solid solutions,
giving a first global view of dilution effects on the
spin-crossover properties.



