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Abstract

A new compound of formula [Fe(qsal)2][Ni(dmit)2] (1) has been synthesised, structurally and magnetically characterised (qsalH = N-
(8-quinolyl)salicylaldimine, dmit2� = 1,3-dithiol-2-thione-4,5-dithiolato). Its structural features and its magnetic behaviour were com-
pared with those of [Fe(qsal)2]-based complexes, and more particularly [Fe(qsal)2][Ni(dmit)2] Æ 2CH3CN.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The design and preparation of materials based on tran-
sition metal building blocks and displaying a switching
behaviour, i.e. spin crossover (SC), is an area of intense
interest [1,2]. Indeed, such systems can act as active ele-
ments in switches, display and memory devices [3]. Molec-
ular compounds derived from metal bisdithiolene can also
act as sensors and exhibit remarkable properties such as
(super)conductivity, but also various magnetic and optical
phenomena [4].

We decided to combine SC systems with the Ni(dmit)2

unit (dmit2�: 2-thioxo-1,3-dithiole-4,5-dithiolato), well
known for its conductive properties when in a fractional
oxidation state [4,5]. The ultimate objective is to develop
multi-property materials exhibiting novel physical proper-

ties, due to the possible synergy between the physical prop-
erties carried by each building block.

-

S

Ni

SS

S

S

S

S

S

+

[Ni(dmit)2 ]- [Fe(qsal)2 ]+

N
N

ON
N

O

FeS

S

Very recently, we have reported [6] the new SC complex
[Fe(sal2-trien)][Ni(dmit)2], which exhibits a wide thermal
hysteresis loop of its magnetic susceptibility. Such a behav-
iour is quite unusual for Fe(III) complexes [7]. It might be
due to the particular arrangement of the crystal pack-
ing, which favours the occurrence of segregated stacks of
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cations and anions with a large number of short interac-
tions between them, among which are p–p contacts
between aromatic rings of the ligands. In the same line,
we have decided to work with the [Fe(qsal)2]+ cation
(qsalH = N-(8-quinolyl)salicylaldimine), obtained origi-
nally as the chlorine salt [8]. The qsal ligand contains sev-
eral aromatic rings, which might interact through p–p
contacts. Indeed, such interactions are observed
within the few complexes (only 9) based on this
cation [9–14]. All of them but two (I- and Br-derivatives
[9]) exhibit spin transition. For [Fe(qsal)2]NCS [9,10], a
spin-crossover behaviour is reported together with a
hysteresis loop. The [Fe(qsal)2]NCSe Æ solvent (solvent =
CH2Cl2, MeOH, 2DMSO) [11,12] complexes show a
complete spin transition accompanied with an apparent
hysteresis, due to desolvatation. More recently, Takahashi
et al. reported two complexes combining the Fe(qsal)2]+

cation and the [Ni(dmit)2]� anion, namely [Fe(qsal)2][Ni-
(dmit)2] Æ 2CH3CN [13] and [Fe(qsal)2][Ni(dmit)2]3 Æ CH3-
CN Æ H2O [14]. Spin transition is observed in both of them,
and they also exhibit Light Induced Excited Spin State
Trapping effect (LIESST). This is of particular interest in
the SCO complexes, since it could allow obtaining photo-
switchable molecular materials.

We report herein the preparation and structural and
magnetic characterisations of the new complex [Fe(qsal)2]-
[Ni(dmit)2] (1), which is not solvated in contrast to
[Fe(qsal)2][Ni(dmit)2] Æ 2CH3CN [13]. The lack of solvent
induces a different crystal structure, together with a differ-
ent magnetic behaviour.

2. Experimental

2.1. General remarks

All solvents were dried and distilled under argon atmo-
sphere prior to use. All syntheses were carried out in an
inert atmosphere glove box or using the Schlenk tech-
niques. [Fe(qsal)2]Cl Æ 1.5H2O and (n-Bu4N)[Ni(dmit)2],
(tetrabutylammonium bis(1,3-dithiol-2-thione-4,5-dithio-
lato) nickelate(III)) were synthesized following literature
procedures reported by Dickinson and coworkers [9] and
Steimecke and coworkers [15], respectively.

2.2. Synthesis of the [Fe(qsal)2][Ni(dmit)2] complex (1)

(a) [Fe(qsal)2]Cl Æ 1.5H2O (123 mg, 0.20 mmol) is dis-
solved in an acetone/methanol solution (20 mL/
20 mL) in an ultrasonic bath for 30 min. This solu-
tion is then slowly added to an acetone solution of
(n-Bu4N)[Ni(dmit)2] (159 mg, 0.23 mmol). After elim-
ination by filtration of (n-Bu4N)Cl which forms
immediately, the filtrate is placed at 4 �C overnight.
After filtration, a grey-black microcrystalline powder
is harvested, washed several times with acetone and

dried under vacuum. Yield: 86 mg (43%). Elemental

Anal. Calc. for [Fe(qsal)2][Ni(dmit)2] (C38H22FeN4-
NiO2S10) (1): C, 45.56; H, 2.21; N, 5.59. Found: C,
44.28; H, 1.94; N, 5.08%.

(b) Compound 1 can also be obtained by using the
‘‘dmitNa2’’ method [16].

Na2dmit ������!
NiCl2;6H2O

methanol

acetone
½NiðdmitÞ2�

2�
;2Naþ

��!I2;NaI

acetone
½NiðdmitÞ2�

�
;Naþ ������!

½FeðqsalÞ2 �Cl

methanol
½FeðqsalÞ2�½NiðdmitÞ2�

dmitNa2 (125 mg, 0.52 mmol) is dissolved in 24 mL
of acetone. 61.6 mg (0.25 mmol) of NiCl2, 6 H2O in
2.26 mL of methanol is added dropwise to the ob-
tained dark purple solution. Na2[Ni(dmit)2] remains
in solution and is then oxidized by addition of
an acetone solution (60 mL) of I2 (32.9 mg,
0.13 mmol) and NaI (153.2 mg, 0.26 mmol).
Na[Ni(dmit)2] also remains in solution. A solution
of [Fe(qsal)2]Cl Æ 1.5H2O (153 mg, 0.25 mmol) dis-
solved in 38 mL of MeOH is then added dropwise.
The resulting solution is evaporated (half-volume).
Isopropanol is added and the solution is left at 4 �C
overnight. After filtration, the grey-black microcrys-
talline powder is washed with cold methanol and
dried under vacuum. Yield: 186 mg (72%). Elemental
Anal. Calc. for [Fe(qsal)2][Ni(dmit)2] (C38H22FeN4-
NiO2S10) (1): C, 45.56; H, 2.21; N, 5.59. Found: C,
44.65; H, 1.87; N, 4.98%.

Single crystals of 1 were obtained by metathesis reaction
from [Fe(qsal)2]Cl Æ 1.5 H2O and (n-Bu4N)[Ni(dmit)2],
using a diffusion cell equipped with three compartments
separated with glass-frits. After ca. 10 days, brown bar-
shaped single crystals were harvested and characterised
by X-ray diffraction.

2.3. Physical measurements

2.3.1. Magnetic measurements

Magnetic studies were performed on polycrystalline
powders, between 2 and 300 K. Magnetic susceptibility
measurements were carried out with a Quantum Design
MPMS 5 magnetometer with an applied field of 10 kOe
and 500 Oe at low temperature. The independence of the
susceptibility value with respect to the applied field was
checked at room temperature. The susceptibility data were
corrected from the diamagnetic contributions.

Magnetic susceptibility measurements at high pressures
have been carried out in 20 kOe magnetic field using a
clamp-type, hardened beryllium bronze (CuBe) cell [17].
Hydrostatic conditions were obtained by mixing the pow-
der samples (ca. 15 mg) with a pressure transmitting min-
eral oil (Alcatel-100). The pressure inside the cell was
determined with an accuracy of ±0.015 GPa from the pres-
sure shift of the superconducting transition of a 99.99%
purity Pb wire. The hydrostatic conditions at high
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pressures and low temperatures were maintained as
inferred from the abruptness of the lead superconducting
transition. The temperature cycles were carried out at a
rate of 1 K min�1, the pressure was clamped at a fixed
value at room temperature. The contribution from the
pressure cell to the total susceptibility was substracted by
carrying out dummy runs.

2.3.2. Mössbauer experiments

The variable temperature 57Fe Mössbauer measure-
ments were carried out by means of a conventional con-

stant-acceleration spectrometer with a 50 mCi 57Co(Rh)
source on ca. 60 mg powder sample enclosed in a 12 mm
diameter cylindrical plastic sample holder. The samples
were cooled down in a custom-designed, liquid helium
flow-type cryostat. A least-squares computer program
was used to fit the Mössbauer parameters and to determine
the standard deviations of statistical origin [18]. The isomer
shift values are given with respect to metallic iron at room
temperature.

2.3.3. X-ray crystallographic study on single crystals

The experimental details and crystal data are listed in
Table 1. Data collection and cell refinement were performed
with a sealed Mo Ka (k = 071073 Å) X-ray source on a Stoe
Imaging Plate Diffraction System (IPDS) diffractometer, by
using the IPDS software [19] at 180 and 100 K, and on an
Oxford Xcalibur diffractometer, by using the CRYSALIS soft-
wares [20,21] at 290 K. Crystal decay was monitored by
measuring a maximum of 200 reflections per image (Stoe
diffractometer) or several test reflections (Xcalibur diffrac-
tometer). The structures were solved using SIR97 [22] or
SHELXS97 [23] and refined using SHELXL97 [24] for subse-
quent refinement. The calculations were carried out with
the WINGX program package [25]. The drawings of the
molecular structures were performed with CAMERON [26]
and ORTEP [27]. The atomic scattering factors were taken
from the International tables for X-ray crystallography [28].

3. Results and discussion

3.1. Magnetic properties of 1

The temperature dependence of the vMT product is
shown in Fig. 1. At room temperature, the vMT product
is 5.04 cm3 K mol�1, a value which agrees quite well with
that expected for the sum of the vMT of a FeIII ion in the
high-spin (HS) state (S = 5/2, g � 2.05) and a [Ni(dmit)2]Æ�

radical (S = 1/2, g � 2.19). At 300 K the system is therefore
purely HS. The vMT value slowly decreases down to ca. 2 K,
but not in a regular way. Between 300 and 220 K (zone a),
the vMT product decreases only slightly (from 5.04 to
4.51 cm3 K mol�1). In zone b (220–70 K), the decreasing
is more important (from 4.51 down to 2.89 cm3 K mol�1).
Between 70 and 30 K, the decreasing is almost similar to
that observed in zone a. From 30 K down to 2 K, the
decreasing is very large (from 2.58 to 1.77 cm3 K mol�1),
and might be due to the zero field-splitting and/or intermo-
lecular magnetic coupling. At 2 K, the vMT product is larger
than the expected value for a FeIII in the low-spin (LS) state.
These results indicate that from room temperature down to
2 K, the FeIII ions in this complex exhibit a gradual and
incomplete S = 5/2! S = 1/2 spin state change. The mag-
netic behaviour is the same upon cooling and heating, indi-
cating that there is no hysteresis loop.

To verify the occurrence of spin crossover and the
above interpretation of the magnetic behaviour as well

Table 1
Crystal data and structure refinement for 1 at 290, 180 and 100 K

[Fe(qsal)2][Ni(dmit)2] (1)

Empirical formula C38H22FeN4NiO2S10

Formula weight 1001.76
T (K) 290 180 100
Wavelength (Å) 0.71073
Crystal system triclinic
Space group P�1
Unit cell dimensions

a (Å) 9.4010(13) 9.4099(9) 9.4129(11)
b (Å) 12.3537(15) 12.2921(13) 12.2518(14)
c (Å) 19.558(3) 19.502(2) 19.4560(23)
a (�) 72.229(10) 71.709(13) 71.511(14)
b (�) 86.058(13) 85.759(13) 85.724(14)
c (�) 69.380(12) 68.821(12) 68.466(13)

V (Å3) 2022.5(5) 1995.1(4) 1977.2(4)
Z 2
qcalc (Mg/m3) 1.645 1.667 1.683
l (mm�1 ) 1.382 1.401 1.414
F(000) 1016
Crystal size (mm) 0.60 · 0.33

· 0.10
0.44 · 0.16
· 0.12

0.60 · 0.33
· 0.10

h Range for data
collection (�)

3.26–32.18 2.20–25.94 2.20–25.83

Index ranges
h �11, 13 �11, 11 �11, 11
k �17, 18 �15, 15 �14, 14
l �28, 29 �24, 23 �23, 23

Reflections collected 2262 19628 19367
Independent

reflections [Rint]
128835
[0.0652]

7208 [0.0826] 7131 [0.0521]

Completeness to h 90.3% at
hmax = 32.18�

92.5% at
hmax = 25.94�

92.6% at
hmax = 25.91�

Absorption
correction

GAUSSIAN GAUSSIAN

Refinement method full-matrix least-squares on F2

Data/restraints/
parameters

12883/0/508 7208/4/508 7131/4/508

Goodness-of-fit on
F2

0.831 0.947 1.079

Final R indices
[I > 2r(I)]

R1 = 0.0622,
wR2 = 0.1545

R1 = 0.0557,
wR2 = 0.1214

R1 = 0.0662,
wR2 = 0.1552

R indices (all data) R1 = 0.1530,
wR2 = 0.1922

R1 = 0.1069,
wR2 = 0.1388

R1 = 0.0800,
wR2 = 0.1630

Largest difference in
peak and hole
(e Å�3)

0.612 and
�0.527

0.843 and
�0.493

1.285 and
�1.206

R1 ¼
P
kF oj � jF ck=

P
jF oj; wR2 ¼ f

P
½wðF 2

o � F 2
cÞ

2�=
P
½wðF 2

oÞ
2�g1=2.

S ¼ f
P
½wðF 2

o � F 2
cÞ

2�=ðn� pÞg1=2 where n is the number of reflections and
p is the total number of parameters refined. w ¼ 1=½r2ðF 2

oÞ þ ðaPÞ2 þ bP �
avec P ¼ ½2F 2

c þMaxðF 2
o; 0Þ�=3.
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as to determine the residual HS fraction, Mössbauer
spectra of 1 have been recorded at some representative
temperatures (Fig. 2, Table 2). At 293 K the spectrum
displays only one doublet with isomer shift (d) of
0.36(1) mm s�1 and quadrupole splitting (DEQ) of
0.23(2) mm s�1 values, in agreement with the presence
of pure HS FeIII form (S = 5/2). The slight asymmetry
of this doublet may be due to texture effect as it persists
when the temperature is decreased. At 80 K, the Möss-
bauer spectrum consists of two distinct doublets with
an area ratio AHS/Atot of ca. 52 %, which is in good
agreement with the magnetic data. The distinct spectra
without any line broadening observed for the two spin-
states indicate that the spin inter-conversion rates are
slow compared to the hyperfine frequencies of Mössbauer
spectroscopy (ca. 107 s�1). The second doublet shows

large quadrupole splitting (Table 2) as expected for the
S = 1/2 spin state of LS FeIII ions. Upon further decrease
of the temperature, the spin fractions remain stable as
can be inferred from the 4 K spectrum (AHS/Atot = 55%),
indicating that the decrease of the vMT value below 80 K
is indeed due to the zero-field splitting of HS FeIII

ions.
This largely incomplete and progressive transition, as

well as the slight increase of the HS fraction at low
temperatures, is reminiscent of the behaviour of the com-
plexes [Fe(TRIM)2]F2 and [Fe(3OMe,5NO2-sal-N(1,10)-
NMe(4,7))], whose HS and LS states are almost
‘‘equi-energetic’’ [29–32]. In fact, in spin crossover sys-
tems characterized by a low equilibrium temperature
T1/2, i.e. a small energy gap between the LS and HS
states, the thermal population of vibrational levels will

Fig. 1. Temperature dependence of the magnetic susceptibility for 1 at atmospheric pressure.

Fig. 2. Representative Mössbauer spectra of 1.
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govern the spin crossover at sufficiently low temperatures
and this type of situation may even lead to a change in
the nature of the ground state. However, this change is
usually completely masked in the magnetic measurements
by the zero-field splitting effect. On the other hand,
Mössbauer spectra are not hampered with this effect
and therefore Mössbauer spectroscopy is a more conve-
nient way for the analysis of the temperature dependence
of spin fractions in this temperature range. As discussed
in Ref. [18], the observation of an increase of the HS
fraction upon decreasing temperature is an indication
for such ‘‘equi-energetic’’ situation. Indeed, Mössbauer
spectra of 1 reveal a slight increase of the HS fraction
when going from 80 to 4 K, but the change (3%) is very
close to the experimental uncertitudes. One should also
consider that kinetic is very slow at these temperatures
(‘‘freezing’’ of the spin conversion) and the equilibrium
population of levels cannot be achieved. To investigate
systems with small energy gap and to avoid freezing
effects, one may apply external pressure, which increases
the gap between the zero point energies by the work term
PDVHL (where DVHL > 0 is the volume difference

between the HS and LS states). Pressure will thus stabi-
lize the LS state and shift the transition to higher temper-
atures where no freezing occurs. Therefore, the transition
becomes more complete. Several examples for this type of
pressure effect were reported by Ksenofontov et al. [33].
In order to try to convert the low-temperature HS frac-
tion into the LS state external, pressure was thus applied
on sample 1 and the magnetic susceptibility was deter-
mined under pressure as a function of temperature.
Fig. 3 shows the vmT product as a function of tempera-
ture in the cooling mode at different applied pressures. As
expected, with increasing pressures, the transition shifts
to higher temperatures. On the other hand, the shape
of the transition curve does not change significantly
and the low-temperature HS fraction decreases only
slightly. From this observation, we infer that the low-
temperature residual fraction is not related to freezing
effects. This HS residue at low temperatures probably
results from a part of the molecules located at some lat-
tice site where the ligand-field strength is reduced (due to
crystal defects, etc.) to prevent the formation of low spin
molecules.

Table 2
Least-squares-fitted Mössbauer data for 1

T (K) Low-spin High-spin AHS/Atot

d (mm/s) DEQ (mm/s) C/2 (mm/s) d (mm/s) DEQ (mm/s) C/2 (mm/s)

4 0.17(1) 2.69(1) 0.17(2) 0.48(1) 0.85(2) 0.20(2) 0.55(1)
80 0.17(1) 2.69(1) 0.18(1) 0.472(7) 0.80(1) 0.190(9) 0.52(1)

293 0.36(1) 0.73(1) 0.23(2) 1

d, isomer shift; DEQ, quadrupole splitting; C, half-height width of the line; AHS/Atot, area ratio (error bars are given in parentheses and isomer shift values
refer to metallic iron at room temperature).

Fig. 3. Temperature dependence of the vMT product for 1 at different applied pressures.
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3.2. Description of the structure of 1

The asymmetric unit of 1 contains one [Fe(qsal)2]+ cat-
ion and two halves of [Ni(dmit)2]� anion, each Ni atom
lying on a centre of inversion (Fig. 4).

Whatever the temperature, the structure is built on lay-
ers of [Ni(dmit)2]� alternating with ‘‘mixed’’ layers of
[Fe(qsal)2]+ and [Ni(dmit)2]�. These layers spread onto
the ab plane and are perpendicular to the ac plane. Short
contacts (smaller than the sum of the van der Waals radii
of the concerned atoms [34]) between molecular units are
observed within and between these layers. (Fig. 5).

The mixed layers of [Fe(qsal)2]+ and [Ni(dmit)2]� are
shown on Fig. 6, left. In these layers, one can observe a

stacking of the [Fe(qsal)2]+ cations along the a direction,
which then form a network of parallel chains. The interac-
tions within and between the chains only appear between
perpendicular ligands (Fig. 6, right), without any p–p
interaction.

Coordination bond lengths around the Fe atom are
shown in Table 3. The Fe atom lies in an octahedral
environment, and is bonded to two qsal� ligands (hereaf-
ter noted A and B), through two oxygen atoms (O1 and
O2), two imine-nitrogen atoms (N1 and N3) and two
quinoline-nitrogen atoms (N2 and N4). When the tem-
perature decreases, the bond lengths become more homo-
geneous and the octahedron around the Fe atom is more
regular: this is in agreement with the occurrence of a

Fig. 4. Atomic numbering scheme for 1.

Fig. 5. View of the structural arrangement of 1 along the b direction.
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spin crossover from the HS state to the LS state (see
below).

Whatever be the temperature and the ligand (A or B),
the Fe–O lengths are the shortest. For a given temperature,
in ligand A, the Fe–N bond lengths are almost similar,
whatever be the nature of the N atom (imine or quinoline).
This is not the case for ligand B, since large discrepancies
are observed between Fe1–N3 and Fe1–N4, the bond
involving the quinoline atom being always longer.

These differences in ligands A and B are also reflected by
the values of the angles between the phenyl ring and the
quinoline ring of the qsal ligand. Since these aromatic rings
are connected through an imine bond, they should lie more
or less in the same plane. This is almost true for ligand A
(angles ranging between 8.69� and 9.44�), but a large dis-
tortion is observed in the case of ligand B since these rings
form angles of ca. 20� (Table 4).

Among the few [Fe(qsal)2]-based complexes reported in
the literature [9–14], only two contain the Ni(dmit)2 unit,
namely [Fe(qsal)2][Ni(dmit)2] Æ 2CH3CN [13] and [Fe-
(qsal)2][Ni(dmit)2]3 Æ CH3CN Æ H2O [14]. The latter is a
fractional oxidation state complex, whose crystal structure
is built on segregated layers of [Fe(qsal)2]+ cations and
[Ni(dmit)2]� anions, typical of molecular conductors. Its
structural arrangement is therefore not so comparable to
that of 1. On the contrary, the former resembles 1, since
it exhibits the same stoichiometry (one Fe complex
and one Ni complex) but it also includes two solvent mol-
ecules. The magnetic properties of [Fe(qsal)2][Ni(dmit)2] Æ
2CH3CN (named 1.solv. hereafter) are totally different
from that of 1: it exhibits an almost complete spin transi-
tion around 230 K, and also a very small LIESST effect
at low temperature [13]. The crystal structures of 1 and
1.solv. are also clearly different1: this is evidenced by

Fig. 6. Mixed layers of [Ni(dmit)2]� and [Fe(qsal)2]+ in 1 (left) and stacking of the [Fe(qsal)2]+ cations along the a direction (right).

Table 3
Bond lengths around Fe in 1

Bond Bond length (Å)

T = 300 K T = 180 K T = 100 K

Ligand A

Fe1–O1 1.897 1.885 1.885
Fe1–N1 2.103 2.074 2.047
Fe1–N2 2.109 2.079 2.055

Ligand B

Fe1–O2 1.907 1.913 1.900
Fe1–N3 2.108 2.069 2.038
Fe1–N4 2.123 2.098 2.069

Table 4
Angle between the phenyl and quinoline rings in 1 at 300, 180 and 100 K

Temperature (K) Angle (�)

Ligand A Ligand B

300 8.69 19.26
180 9.38 19.80
100 9.44 18.08

1 The authors wish to thank K. Takahashi (Institute for Molecular
Science and CREST, JST, Okazaki, Japan) for providing the cif file of
1.solv.
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(i) the packing of the [Ni(dmit)2]� anions, (ii) by the intra-
molecular geometry of the [Fe(qsal)2]+ cations and (iii) by
the packing of the [Fe(qsal)2]+ cations.

(i) Packing of the [Ni(dmit)2]� anions: in 1, there are no
short contacts between anions, whereas in 1-solv.,
anions pack along one-dimensional chains connected
to each other through short S� � �S contacts.

(ii) Intramolecular geometry of the [Fe(qsal)2]+ cations:
although the structure of 1.solv. has been solved at
273 K, the bond lengths around Fe are larger than in
1. Moreover, the discrepancies observed in 1 between
ligands A and B are not present in 1.solv. Whatever
the ligand, for a given atom, the bond lengths are
almost identical (Fe–O: 1.913 and 1.914 Å; Fe–Nimine:
2.125 and 2.138 Å; Fe–Nquin.: 2.150 and 1.151 Å for 1

and 1.solv. respectively). On the contrary, in 1, the Fe–
N bond lengths are almost similar whatever be the
nitrogen atom, except for one N atom of the quinoline
ring in one of the qsal ligands: this length is much
longer than the other ones. The distortion within the
Fe(qsal)2 complex is also different in 1.solv. and in 1:
the angles between the phenyl ring and the quinoline
ring are almost similar in 1.solv.: 8.65� and 7.58�,
whereas they are very different in 1 (ca. 9� and 20�).

(iii) Packing of the [Fe(qsal)2]+ cations: alike in 1.solv.,
chains are also observed in 1. However, a major differ-
ence between the two compounds lies in the relative
orientation of the [Fe(qsal)2]+ units: whereas several
p–p interactions are observed in 1.solv., only short
contacts between perpendicular ligands are observed
in 1. It is well established that p–p interactions are
assumed to favour cooperativity in SCO complexes,
and their occurrence in 1.solv. explains that it exhibits
an almost complete spin-transition, whereas 1 does
not. The same conclusions can also be drawn by com-
paring 1 with [Fe(qsal)2]NCSe.solvent (sol-
vent = MeOH, CH2Cl2 [11] or 2DMSO [12]): the
latter exhibit complete spin transition and their struc-
tural arrangement presents p–p contacts between
unsaturated rings of the [Fe(qsal)2]+ cations.

Apparently, with the qsal ligand, the occurrence of p–p
contacts between Fe cations seems to be the key point for
the derived complexes to exhibit a complete spin-transi-
tion. In this line, the role of solvent has to be underlined:
indeed, all 1:1 complexes based on [Fe(qsal)2]+ but 1 are
solvated. For instance, in 1.solv., acetonitrile is used for
the metathesis reaction between the starting reagents
and is finally included in the crystal structure. For 1,
the metathesis reaction takes place in a mixture of acetone
and methanol, which are not included in the structure. In
solvated complexes, the solvent molecule is connected to
the qsal ligands via short contacts, and the resulting struc-
tural arrangement is a p stacking of the Fe complexes.
One question still remains: what is responsible for that?
Does the solvent induce the p stacking, or does the struc-

tural arrangement of the Fe complexes induce the position
of the solvent? Whatever the answer, these subtle intra-
and inter-molecular effects are difficult to control and
predict.

4. Conclusion

Sample 1 exhibits a rather unusual magnetic behaviour
with a very gradual change of the magnetic moment. Möss-
bauer spectra clearly show that the magnetic properties
must be interpreted as an incomplete spin crossover of
the iron(III) ions. Somewhat surprisingly, the application
of external pressure does not allow changing the low-tem-
perature residual high-spin fraction significantly. We infer
that this residual fraction is not a thermally quenched
metastable phase. The difference between the gradual spin
crossover of 1 and the abrupt spin transition observed in
1.solv. probably comes from the existence of p–p contacts
between qsal ligands in the latter.

Acknowledgements

We thank COST D14, COST D35, the Picasso program
(Acción Integrada HF2005-0117) and the Network of
Excellence MagmaNet for financial support. J.A.R. thanks
the Spanish Ministerio de Educacion y Ciencia (MEC) for
the project CTQ 2004-03456/BQU. S. D. thanks the ‘‘Uni-
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Appendix A. Supplementary material

CCDC 628153, 628154 and 628155 contain the supple-
mentary crystallographic data for this paper. These data
can be obtained free of charge via http://www.ccdc.cam.
ac.uk/conts/retrieving.html, or from the Cambridge Crys-
tallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@
ccdc.cam.ac.uk. Supplementary data associated with
this article can be found, in the online version, at
doi:10.1016/j.ica.2007.03.022.
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