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The temperature dependence of the magnetic susceptibility, optical reflectivity and electrical

conductivity of [Fe(HB(pz)3)2] (pz = pyrazolyl) revealed irreversible changes in the material

during the low-spin to high-spin transition when the ‘‘as-prepared’’ sample was heated above

B400 K for the first time. During this first heating sequence, the initially fine powder sample

became coarse, and its crystal structure changed from tetragonal to monoclinic. Single-crystals of

the monoclinic form suitable for X-ray analysis could be isolated after the first thermal cycle, and

their structure was resolved in the P21/n (Z = 4) space group. Successive cooling and heating

cycles did not lead to further modification of the crystal structure, and the temperature

dependence of the physical properties remained invariable. Remarkably, the electrical conductivity

of the sample measured at 293 K dropped from 6.1 � 10�8 to 2.1 � 10�11 S m�1 following the

first thermal cycle—suggesting possible applications of this material in read-only memory

devices (ROM).

1. Introduction

Coordination complexes containing various substituted

poly(1-pyrazolyl)borate ligands have been intensively investi-

gated since the pioneering work of Trofimenko.1 Iron and

cobalt derivatives, among several other possible complexes,

have received particular attention because their spin state

equilibrium is highly sensitive to ligand substitution.2 The

ferrous complex formed with the hydrotris(1-pyrazolyl)borate

ligand, [Fe(HB(pz)3)2] (1), where pz = pyrazolyl, is one of the

most studied complexes of this family (Fig. 1). In this thermo-

chromic complex, the iron(II) ions undergo a thermally-

induced spin crossover between their 1A1 low-spin (LS) and
5T2 high-spin (HS) electronic configurations in the 300–450 K

temperature range. This high temperature spin crossover

(SCO) behavior was first revealed by optical spectroscopy3

and confirmed later by magnetic susceptibility, Mössbauer and

infrared spectroscopic studies.4,5 Interestingly, the thermal

spin transition curve recorded during the first heating differs

drastically from the successive thermal cycles. Grandjean

et al.5 explained this rather unusual observation by shattering

the initially microcrystalline sample into a fine powder, which

they observed on a melting point stage during the first heating.

Indeed, it is well-established that the spin crossover pheno-

menon is very sensitive to grinding of the sample.6,7 These

mechanical treatments induce various defects in the crystal

lattice, leading to more and more gradual and incomplete

transition curves. Moreover, it was reported in many instances

that single-crystals of spin crossover complexes break apart

when going through the spin transition. This phenomenon

occurs due to the important volume change which accom-

panies these transitions.8 However, crystal fracture leads

in general only to slight changes in physical properties.

In this context, we have found only one well-documented

literature report on self-grinding phenomena in a spin cross-

over system. Miyazaki et al.9 revealed that single-crystals of

Fig. 1 The schematic structure of [Fe(HB(pz)3)2] (1).
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[Fe(DAPP)(abpt)](ClO4)2 (DAPP=bis(3-aminopropyl)(2-pyridyl-

methyl)amine and abpt = 4-amino-3,5-bis(pyridin-2-yl)-1,2,4-

triazole) gradually disintegrate upon thermal cycling, and this

morphological change is accompanied by a continuous varia-

tion of the physical properties. The occurrence of such a

violent self-grinding effect in 1 therefore appears rather

surprising. For this reason, we repeated and extended previous

studies on this compound by investigating its physical proper-

ties and crystal structure in a wide temperature range. These

new data confirm most of the observations made by

Grandjean et al.,5 but refute their interpretation of the

observed magnetic behavior. In the course of this study,

interesting and unexpected electrical properties of 1 were also

been uncovered, of possible relevance for the technological

application of this compound.

2. Experimental section

Synthesis

Hydrotris(1-pyrazolyl)borate ligand10 and the corresponding

[Fe(HB(pz)3)2] iron(II) complex5 were synthesized according to

experimental procedures reported in the literature. The

[Fe(HB(pz)3)2] complex was sublimed at 463 K in a vacuum

(ca. 0.1 Torr) prior to use, and either a microcrystalline

clear violet powder or small single-crystals (depending on

the sublimation conditions) were obtained. Elemental analysis

calculated for [Fe(HB(pz)3)2] (481.91 g mol�1): calc. C, 44.86;

N, 34.88; H, 4.18; found C, 44.61; N 34.53; H, 4.09%.

Physical properties

Magnetic susceptibility measurements were carried out at

heating and cooling rates of 2 K min�1 in a 2 T magnetic field

by means of a Quantum Design MPMS2 SQUID magneto-

meter. The experimental data were corrected for the dia-

magnetic contribution. AC conductivity data were recorded

in the two-probe geometry using a Novocontrol BDS 4000

broadband dielectric spectrometer coupled to a Quatro Cryo-

system. Frequency sweeps (10�2–106 Hz) were carried out

isothermally in the 220–445 K temperature range. Diffuse

reflectance measurements were performed using a halogen

lamp, a heating and cooling stage (Linkam), and a Princeton

Instruments monochromator and CCD camera system

(InSight100A).

Thermal analysis

Differential thermal analysis and thermogravimetric (DTA-TG)

data were acquired simultaneously using a SETARAM

92–16.18 thermal analyzer. Differential scanning calorimetry

(DSC) analysis was carried out on a Netzsch DSC 204

instrument under helium purging gas (20 cm3 min�1) at a

heating/cooling rate of 10 K min�1. Temperature and enthalpy

(DH) were calibrated using the melting transition of standard

materials (Hg, In, Sn).

Microscope observations

The morphology of samples was observed under an Olympus

BX51 optical microscope equipped with a DP12 digital camera.

Images of the crystals were recorded during the heating and

cooling cycles through the window of a Linkam THMS600

variable temperature stage, and also at room temperature

before and after a thermal cycle using a �5 or �20 objective

lens, respectively.

X-Ray crystallography

A Panalytical MPD XPert Pro powder diffractometer and an

Antoon Paar TTK 450 Chamber were used to acquire variable

temperature powder diffractograms between room tempera-

ture and 453 K. The extraction of peak positions for indexing

and cell refinement were performed with the fitting program

DICVOL, available in the PC software package Highscore+

supplied by Panalytical. Single-crystal X-ray diffraction

(XRD) data were collected at room temperature and 420 K

with monochromatic Mo-Ka radiation (l = 0.71073) using an

Xcalibur (Oxford Diffraction) diffractometer. A total of 12 676

reflections were collected at room temperature, of which 3218

unique reflections were used for the structure determination.

The second collection at 420 K was formed from 13 117

measured reflections, 3411 of which independent reflections

were used for the hypothesis and refinement. DIRDIF9211 was

used for the structure solutions, SHELXL-9712 for the refine-

ments and PLATON13 for structure analysis. The final R

factor (with I 4 2s(I)) had values of 0.0431 and 0.0501 for

the 298 and 420 Kmeasurements, respectively. Crystallographic

data are given in Table 1. The temperature dependence of the

unit cell parameters between 298 and 423 K was determined

using a KAPPA-CCD-Enraf-Nonius diffractometer.

3. Results and discussion

Physical properties

Fig. 2 shows the temperature dependence of the product of the

molar magnetic susceptibility (wM) and the temperature (T) for

a powder sample of 1. The magnetic properties of

Fe[HB(pz)3]2 were reported earlier in refs. 4 and 5. The results

we obtained are quite similar to these reports. In our case, the

wMT product of 1 (‘‘as-prepared’’) exhibited a gradual increase

from 0.07 cm3 mol�1 K at 300 K to 1.21 cm3 mol�1 K at

405 K, then an abrupt increase to 2.40 cm3 mol�1 K at 410 K

and finally a gradual increase to 2.80 cm3 mol�1 K at 450 K.

On the contrary, upon cooling, the wMT product gradually

decreased to 0.197 cm3 mol�1 K at 300 K. In agreement with

Table 1 Crystallographic data for 1w

T = 180 K T = 298 K T = 420 K

Chemical formula C18H20N12B2Fe
Mw 481.9
a/Å 9.900(2) 9.9390(7) 9.8400(6)
b/Å 17.020(3) 17.0720(16) 17.6210(19)
c/Å 12.890(3) 12.9410(14) 13.3150(14)
b (1), 96.53(3) 96.658(7) 97.068(7)
V/Å3 2157.8(8) 2181.0(3) 2291.2(4)
Z 4 4 4
Space group P21/n P21/n P21/n
rcalc/g cm�3 1.483 1.468 1.397
m/cm�1 0.734 0.726 0.691
R factor 0.027 0.0409 0.0501
Weighted R factor 0.0673 0.0804 0.0642
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the initial report of Hutchinson et al.,4 the magnetic suscepti-

bility displayed an apparent hysteresis only for the first

thermal cycle. For all subsequent cooling and heating treat-

ments, the magnetic properties retraced the initial cooling

curve and not the initial heating curve. The temperature at

which the sharp and irreversible transition was observed in our

sample is different somewhat from previous reports (410 K vs.

390 K5). One should recognize, however, that the initial state

(i.e. the freshly sublimated sample) of this transition is thermo-

dynamically unstable, and obviously no characteristic transition

temperature exists for such a system, since the transformation

from the metastable to the stable phase depends not only on

the temperature, but also on the time.

The spin crossover in 1 is also accompanied by spectacular

color changes (see ESIw). At room temperature, the

‘‘as-prepared’’ sample has a violet color, which fades when it

is heated to 470 K. Remarkably, when the sample is cooled

back to room temperature, its visual aspect appears very

different from the initial one. At the end of the first cycle,

the initially pale-violet fine microcrystalline powder becomes

coarse, leading to a deeper color and a more brilliant aspect.

We have also carried out a microscopic observation of these

morphological changes, as shown in Fig. 3. The optical

microscope clearly shows that the sample is composed of

small, needle-like crystallites of a few mm in size before the

first thermal cycle (Fig. 3a), while it reveals the presence of

well-defined single-crystals having various sizes up to a few

hundred mm after the first cycle (Fig. 3b). Indeed, the in situ

observation during the first heating process (see ESIw) demon-

strates clearly that at 430 K large single-crystals can already

grow within a few minutes from the initially fine powder.

This recrystallisation process is certainly related to the fact

that around 430 K, the sublimation of the sample slowly

begins. These observations are not in agreement with those

of Grandjean et al.,5 who actually reported the opposite

process, i.e., the disintegration of the sample at the end of

the first thermal cycle. In order to obtain more quantitative

details of the optical changes, we have acquired variable

temperature diffuse reflectance spectra of 1 in the 400–900 nm

range. Fig. 4(a) displays the reflectivity spectra at different

temperatures during the first two thermal cycles. The spectra

are plotted as �log(Rsig/Rref), where Rsig/Rref is the normalized

reflectance signal, since this quantity is almost proportional to

the absorbance of the sample, provided that the scattering

coefficient is wavelength-independent. The reflectance spec-

trum of the sample at room temperature is characterized by an

intense absorption band centered around 530 nm—responsible

for the violet color of the compound—which was assigned to

the 1A1g -
1T1g ligand-field absorption of the LS molecules.14

When the temperature increases the intensity of this band

decreases due to the transformation of the singlet LS ground

state to the quintet HS state, leading to the bleaching of the

samples. During the first heating cycle one can also observe a

Fig. 2 The temperature dependence of the wMT product of 1 upon

two successive thermal cycles (first cycle: closed circles, second cycle:

open triangles).

Fig. 3 Microscope images recorded at 295 K displaying the typical

aspect of the same sample a: before and b: after the first thermal cycle.

Fig. 4 (a) Diffuse reflectance spectra of 1 recorded at various

temperatures during the first two thermal cycles. (b) Temperature

dependence of the reflectivity of 1 (recorded at 530 nm) upon two

successive thermal cycles.

This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 New J. Chem., 2009, 33, 1283–1289 | 1285
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rather abrupt change of the reflectance signal around 420 K

(Fig. 4(b)), which can be straightforwardly correlated with the

discontinuous change observed in the magnetic measurements.

Moreover, the first heating cycle differs significantly from the

subsequent cooling and heating cycles, which nearly follow

the same trace. These findings are in good agreement with the

report of Grandjean et al.5 However, Fig. 4(a) and 4(b) very

clearly reveal that the reflectance of the ‘‘as-prepared’’ sample

at 300 K (i.e., in the pure LS state) is not the same as that of

the thermally cycled sample. The observed enhancement of the

singlet absorption band is, of course, not related to any change

of absorption coefficient, but occurs due to the change of the

scattering coefficient, which can be traced back to the altered

sample granularity (Fig. 3).

Besides the magnetic and optical properties, the SCO pheno-

menon is known to be accompanied by changes of the

electrical properties as well. Actually, most SCO complexes

are highly insulating, and pertinent information can be

obtained by determining their (quasi-static) dielectric constant.15

We therefore measured the complex impedance of a powder

sample of 1 (placed between two gold-plated brass electrodes)

over a large frequency and temperature range. Quite surprisingly

we noticed that the conductivity of the sample was relatively

high, B6 � 10�8 S m�1, at room temperature. This observa-

tion was confirmed on two independently-synthesized batches,

proving that it is not due to adventitious contamination but is

an inherent property of this complex. Fig. 5(a) displays the

frequency dependence of the real part, s0(f), of the complex

conductivity s*(f), recorded at representative temperatures

during the first heating cycle. At each temperature, one can

distinguish low and high frequency regions. In both regions,

the conductivity exhibits only a slight frequency dependence,

but the high frequency part of the spectrum is characterized by

a higher conductivity. The critical frequency, fc, which

separates the low and high frequency regions, increases con-

tinuously with increasing temperature from ca. 1 Hz to 10 kHz

between 243 and 363 K, then decreases to B1 Hz at 433 K.

Fig. 5(b) shows the thermal variation of the real part of

the complex conductivity, s0, extracted from the frequency-

independent region at 10 mHz. At this frequency, s0 can be

assimilated to the dc conductivity. The dc conductivity is

strongly activated up to ca. 360 K, next starts to decrease

slowly up to 415 K and then exhibits an abrupt drop. All other

heating and cooling cycles follow a common trace that differs

significantly from the first heating curve. Notably, the

electrical conductivity (at a given temperature) is smaller by

three orders of magnitude when compared to the first heating

curve and displays no discontinuities. The conductivity data

can be clearly correlated with the magnetic behavior. When

the temperature increases, the conductivity of the LS form also

increases, but above ca. 360 K, the LS - HS crossover

counterbalances the effect of the thermal activation, which

means that the HS form of 1 is more insulating than the LS

form. Around 415 K, an irreversible transition occurs towards

the thermodynamically stable form, in agreement with the

magnetic and optical observations. This stable phase is

significantly more insulating than the ‘‘as-prepared’’ sample,

but the LS form also exhibits a higher conductivity than the

HS form (at a given temperature). As far as the charge

transport mechanism is concerned, in such a low mobility

solid, the conductivity should be associated with a charge-

hopping process. The fact that fc exhibits a similar temperature

dependence as the ac conductivity strongly suggests that this

frequency corresponds to the hopping frequency.16 These

processes can be straightforwardly analyzed within the

Jonscher or electric modulus formalisms,17 but such a detailed

study is out of the scope of the present paper and the work will

be published elsewhere.

The various physical property measurements (magnetic,

optical and electric) corroborate the occurrence of an irrever-

sible transition in 1 during the first heating cycle. However,

our visual observations reveal that this transition is followed

by a recrystallization of the sample at higher temperatures.

This finding suggests that the change of the thermal spin

crossover curve from a rather abrupt to a gradual one is

not driven by a self-grinding process. Indeed, such an irrever-

sible transition may also be explained by thermal degradation

or by polymorphism. In the latter scenario, it is assumed that

the as-prepared metastable polymorph is converted to the

thermodynamically stable polymorph during the first heating

process. In order to assess the validity of these hypotheses,

we have carried out different thermal and crystallographic

analyses on 1.

Fig. 5 (a) The frequency dependence of the ac conductivity of 1

recorded at selected temperatures between 243 and 433 K during the

first heating cycle. (b) The temperature dependence of the ac

conductivity of 1 (recorded at 10 mHz) after two successive thermal

cycles (first cycle: open symbols, second cycle: closed symbols).

1286 | New J. Chem., 2009, 33, 1283–1289 This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009
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Thermal analysis

The DSC curves of a powder sample between 300 and 450 K

are shown in Fig. 6. Two heating–cooling sequences were

carried out; the first heating mode reveals a very broad

endothermic peak corresponding to the gradual spin crossover

phenomenon between ca. 340 and 410 K, and a subsequent

well-defined endothermic peak around 439 K. The onset of the

transition occurring at 430 K corresponds to the abrupt

and irreversible change observed in the physical properties.

Conversely, in the cooling mode, the DSC curve reveals a

single very broad exothermic peak corresponding to the spin

conversion from the HS to the LS state. The same broad peak

is observed during the second heating–cooling cycle, but

without the anomaly observed during the first heating. A

simultaneous DTA-TG analysis (Fig. 7) clearly confirms that

no mass change is associated with this endotherm. On the

other hand, above 480 K, the DTA-TG analysis shows a

reduction of sample mass, which corresponds to the beginning

of the sublimation of the sample.

Crystal structures

Oliver et al.18a and other groups18b,c have described the room

temperature (LS) structure of 1, but to our knowledge, no

other polymorphs have been published until now. The crystal

structures of a freshly obtained [Fe(HB(pz)3)2] single-crystal

were resolved by X-ray crystallography at 298 K (LS state)

and 420 K (LS +HS mixture) (Fig. 8 and Table 1). The X-ray

analysis did not reveal any change in space group over the

temperature range 298–420 K. Both structures belong to

the monoclinic space group P21/n (Z = 4). The symmetry of

the molecule in the solid state is virtually D3d, and the [FeN6]

octahedral coordination sphere is formed of six nitrogen

atoms belonging to the pyrazolyl ligands. Selected bond

lengths and angles are given in Table 2 and Table 3,
Fig. 6 DSC curves of 1 recorded in heating and cooling modes (two

successive cycles; first cycle: full lines, second cycle: dashed lines).

Fig. 7 Simultaneous DTA-TG curves of 1 in the first heating

sequence.

Fig. 8 a: An ORTEP view of the Fe[HB(pz)3]2 molecule (ellipsoids

are drawn at the 50% probability level). b: The crystal packing

at 298 K.

This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 New J. Chem., 2009, 33, 1283–1289 | 1287

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

B
el

gr
ad

e 
on

 0
2 

Ja
nu

ar
y 

20
13

Pu
bl

is
he

d 
on

 2
9 

A
pr

il 
20

09
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/B
90

28
11

K

View Article Online

http://dx.doi.org/10.1039/b902811k


respectively (see ESI for further XRD dataw). Since a change

from the t2g
6 LS state to the t2g

4eg
2 HS state is predicted to be

accompanied by an expansion of the metal–ligand bond

lengths from ca. 2.0 to 2.2 Å, accurate X-ray crystal analyses

provide useful indications of the spin state of the iron(II) ion.

In compound 1, each Fe–N bond is lengthened by approxi-

mately 5.5–6% upon increasing the temperature, the average

Fe–N distances at 298 K and 420 K being 1.982(8) and

2.098(10) Å, respectively. The high temperature (420 K) values

correspond to a ca. 1 : 1 mixture of HS and LS states, in

reasonably good agreement with the magnetic data. Consider-

ing the unit cell parameters, as might be expected, the cell

volume increases with temperature due to the combined effect

of thermal dilatation and spin state change. This increase is

accompanied by a rise in the value of the b and c parameters,

whereas the a value decreases slightly (Table 4). Depending on

the temperature, the bond angles around the nitrogen atoms

bonded to the boron atoms do not vary in the same way; some

of them decrease whereas others increase. It is worth noting

that while the N–N–C angles do not change, the N–N–B

angles increase slightly and the C–N–B angles decrease by

about 1.5% between 298 to 420 K. This change is consistent

with the variation in the Fe–B bond lengths; Fe–B2: 3.085 Å at

298 K and 3.154 Å at 420 K. Finally, an important point is

that above ca. 420 K, the crystals systematically broke apart,

in agreement with the observations of Grandjean et al.5 This

can be explained by the loss of cohesion upon increasing the

temperature due to the rise in the free volume of the unit cell.

These XRD results indicate a polymorph form of the

crystal, in comparison with the results of Oliver et al.,18a

who determined at 289 K a different unit cell, characterized

by a volume of 2240.3 Å3, which is significantly higher than

the volume of 2181.0(3) Å3 obtained by us at 298 K. At this

point, it is worth noting that polymorphism in connection

with SCO phenomena has already been observed in certain

pyrazolylborate complexes.19 In order to elucidate the possible

polymorphism in 1, we recorded powder X-ray diffractograms

of an ‘‘as-prepared’’ powder sample between room tempera-

ture and 453 K (Fig. 9). At room temperature, the lattice

parameters belong to the tetragonal system with a = b =

17.11(2) and c = 7.493(7) Å. Above 413 K, a phase transition

clearly occurs, but up to 453 K, cell refinement was not

possible due to the co-existence of at least two different phases.

The variation of the cell parameters and the corresponding

volume are reported in the ESIw; a gradual volume increase of

ca. 4% between room temperature and 413 K was measured.

The sample was then cooled back down to room temperature,

but the observed diffraction pattern was clearly different from

the initial one recorded at the same temperature. Indeed, the

room temperature diffraction pattern obtained after a thermal

cycle could be refined by similar lattice parameters as the

single-crystals (monoclinic system; a = 9.89(1) Å, b =

17.00(2) Å, c = 12.87(1) Å, V = 2149.6(6) Å3 and b =

96.61(1)1), and the powder diffraction pattern generated from

the single-crystal data appeared to be very similar to experi-

mentally obtained powder patterns (see ESIw). Following this

heating–cooling sequence, a few single-crystals could be

isolated and investigated by X-ray crystallography. The struc-

ture and space group (P21/n (Z = 4), a = 9.900(2) Å,

b = 17.020(3) Å, c = 12.890(3) Å, V = 2157.8(8) Å3 and

b = 96.53(3)1; T = 180 K) of these crystals was found to be

comparable with those of crystals obtained by sublimation

(see above).

These observations lead us to propose the following scenario

for the thermal behavior of 1. A freshly sublimed sample—

depending on the details of the sublimation process—may

consist of either a fine powder or a coarse crystalline material,

which is comprised of tetragonal or monoclinic polymorphs of

1, respectively. During the first heating sequence, the initially

metastable LS tetragonal polymorph abruptly transforms to the

thermodynamically stable HS monoclinic form at around

400–410 K (depending on the heating rate). If the sample is

Table 2 Selected bond lengths (Å) for 1

T = 180 K T = 298 K T = 420 K

Fe(1)–N(12) 1.9774(17) 1.980(3) 2.095(4)
Fe(1)–N(22) 1.9871(17) 1.987(3) 2.097(3)
Fe(1)–N(32) 1.9789(16) 1.980(4) 2.099(5)
Fe(1)–N(41) 1.9800(16) 1.974(4) 2.091(5)
Fe(1)–N(51) 1.9833(16) 1.992(3) 2.113(3)
Fe(1)–N(61) 1.9770(16) 1.976(3) 2.094(4)

Table 3 Selected bond angles (1) for 1

T = 180 K T = 298 K T = 420 K

N(12)–Fe(1)–N(22) 89.24(7) 88.33(11) 86.53(14)
N(12)–Fe(1)–N(32) 87.77(7) 89.05(12) 86.34(15)
N(12)–Fe(1)–N(41) 91.72(7) 91.67(12) 92.67(15)
N(12)–Fe(1)–N(51) 92.41(7) 92.68(11) 94.62(14)
N(12)–Fe(1)–N(61) 179.09(7) 179.01(12) 177.96(16)
N(22)–Fe(1)–N(32) 88.15(7) 88.35(12) 86.11(12)
N(22)–Fe(1)–N(41) 92.73(7) 92.25(12) 96.01(14)
N(22)–Fe(1)–N(51) 178.14(7) 177.97(12) 177.13(12)
N(22)–Fe(1)–N(61) 90.18(7) 90.88(11) 92.37(14)
N(32)–Fe(1)–N(41) 178.98(7) 179.07(13) 177.60(14)
N(32)–Fe(1)–N(51) 91.06(7) 89.91(12) 91.33(12)
N(32)–Fe(1)–N(61) 91.51(7) 91.53(12) 95.30(15)
N(41)–Fe(1)–N(51) 88.07(7) 89.48(12) 86.57(14)
N(41)–Fe(1)–N(61) 89.01(7) 87.75(12) 85.74(15)
N(51)–Fe(1)–N(61) 88.16(7) 88.12(11) 86.56(14)

Fig. 9 Selected X-ray diffraction patterns of 1 acquired during the

first heating sequence up to 453 K and after cooling back to room

temperature (from bottom to top).
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allowed to stand at high temperature (ca. 420–430 K) for several

minutes, rather large single-crystals of this monoclinic

polymorph can be grown. These crystals display the same

structure as single-crystals obtained directly after sublimation.

Apparently, this crystal growth occurs at the onset of sublima-

tion of the sample. During successive cooling and heating

cycles, the compound preserves its monoclinic structure, and

LS to HS conversion gradually takes place in this lattice

between room temperature and 450 K. However, around

420 K, the crystals break apart, presumably due to large lattice

strains; this phenomenon does not significantly influence the

material’s physical properties. As a perspective, it would

certainly be very interesting to solve the structure of the

tetragonal polymorph from high quality powder XRD data in

order to search for correlations between the crystal structure

and the magnetic behavior of the two polymorphs, alongside

the ideas proposed by Reger et al.20

4. Conclusions

In this work, we have re-investigated the remarkable spin

crossover properties of the complex [Fe(HB(pz)3)2]. For the

most part, we have confirmed the observations previously

published in the literature. However, our results do not

support the proposition of Grandjean et al.,5 who explained

the irreversibility of the abrupt spin transition observed during

the first heating sequence as a self-grinding process. Our novel

structural data reveal a rich polymorphism in this compound,

and, on the basis of these findings, we propose a new inter-

pretation of its magnetic behavior. In particular, we have

associated the irreversible transition with a structural change

between a metastable tetragonal and a stable monoclinic form.

Additionally, we have revealed that solid [Fe(HB(pz)3)2]

exhibits an electrical conductivity that is moderate on an

absolute scale but relatively high within the family of spin

crossover complexes. Even more importantly, the conductivity

changes by 3–4 orders of magnitude when the material passes

through the first (irreversible) transition. This property,

together with the knowledge that this thermochromic com-

pound is stable to light, air and water, as well as the fact that it

can be deposited on surfaces by sublimation, suggests that it

might be useful as an active element in ROM-type devices for

various applications, alongside the initial ideas of Kahn and

Martinez.21
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