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Thermodynamics of spin crossover in a bis
(terpyridine) cobalt(II) complex featuring a
thioether functionality†

Lúcio Ferraz Lobato, a Samuele Ciattini,b Angelo Gallo, c

Rafael A. Allão Cassaro, a Lorenzo Sorace *d and Giordano Poneti *a,e

In this contribution, a terpyridine-based ligand bearing a thioether functionality is used to prepare a new

cobalt(II) spin crossover complex: [Co(TerpyPhSMe)2](PF6)2 (1), where TerpyPhSMe is 4’-(4-methyl-

thiophenyl)-2,2’:6’,2’’-terpyridine. Its structure, determined by single crystal X-ray diffraction, reveals a

mer coordination of the tridentate terpyridine ligands, leading to a tetragonally compressed octahedron.

Intermolecular interactions in the crystal lattice freeze the complex in the high spin state in the solid state

at all temperatures, as indicated by magnetometry and Electron Paramagnetic Resonance (EPR) spectra.

When dissolved in acetonitrile, however, temperature dependent electronic, 1H-NMR and EPR spectra

highlight an entropy-driven spin crossover transition, whose thermodynamics parameters have been

determined. This is the first report of a cobalt(II) SCO complex featuring a thioether group, allowing its

implementation in chemically grown bistable monolayers and may open important perspectives for the

use of such systems in molecular spintronics.

Introduction

Molecular materials with externally controllable physico-
chemical properties1 are appealing candidates for sensors,2

mechanical actuators,3 units of storage4 or treatment5,6 of
digital data. Complexes exhibiting Spin Crossover (SCO) are
the most widely investigated class of switchable materials, fea-
turing a transition between low spin and high spin electronic
configurations, which is triggered by application of heat,
pressure, magnetic field and other stimula.7–9 Albeit being
mostly found for pseudo-octahedral iron(II) complexes,10 SCO
has been observed also in coordination compounds based on
different metal ions,11–13 being cobalt(II) one of them.11,14–17

Compared to iron(II) systems, cobalt(II) complexes are known
to display more gradual entropy-driven SCO transitions.18

More recently, they attracted attention for their ability to show
thermal hysteretic SCO behaviour19–21 and the possibility to
act on their electronic state by electrochemical stimuli.19

Deposition of switchable molecular materials on solid sur-
faces in a controlled and reproducible manner is a mandatory
step for their implementation in devices. Moreover, it offers a
potential way to control their electronic state externally using
physical properties of the supporting layer.22 Indeed, the
thioether,23,24 thioacetyl,25–27 or thiol28–30 functional groups
have been frequently used, in the past, to functionalize mag-
netic molecular materials in order to graft them on top of
noble metal surfaces. In this respect, due to its ability to bind
transition metal ions and the ample possibilities of
functionalization, the 2,2′:6′,2″-terpyridine (tpy) molecular
scaffold has proven to be a powerful building block for the
development of discrete or supramolecular systems31–33 with
potential gas absorption, photovoltaic, luminescent and mag-
netic applications.34–36 The 4′-position of the central pyridine
ring is the most frequently encountered position for the deriva-
tization of the terpyridine motif, yielding divergent molecular
synthons for the preparation of coordination polymers.33

Furthermore, terpyridine-based ligands are the most fre-
quently reported in literature to provide cobalt(II) SCO
systems.11,17,37 By exploiting this approach, a complex where
the cobalt(II) ion is coordinated by two terpyridine molecules
functionalized in their 4′-position with a carboxylic acid
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recently revealed the persistence of SCO in a self-assembled
monolayer on top of a silver surface.38 This is the only
example, up to date, of a chemisorbed self assembled mono-
layer of a SCO complex, clearly evidencing the need to search
for other potential candidates.

With this aim, we have here used the 4′ position to functio-
nalize the terpyridine scaffold with a thioether functional
group, separated from the terpyridine motif by a phenyl ring,
to prepare the 4′-(4-methylthiophenyl)-2,2′:6′,2″-terpyridine
ligand (TerpyPhSMe hereafter – Scheme 1). The TerpyPhSMe
ligand has been previously employed to prepare coordination
compounds with different metal ions (ruthenium(II),39–41

iridium(III),42 zinc(II)43,44 and copper(II)45), but to the best of
our knowledge, its potential for the preparation of switchable
paramagnetic complexes is still unexplored.

The obtained ligand has been used to prepare a new cobalt-
based complex, [Co(TerpyPhSMe)2](PF6)2 (1): its structure has
been determined by single-crystal X-ray diffraction and its
magnetic behaviour in the solid state has been evaluated with
magnetometry and electron paramagnetic resonance. In solu-
tion, its SCO behaviour has been evaluated with temperature
dependent electronic spectroscopy and nuclear (1H NMR) and
electron (EPR) magnetic resonances.

Results and discussion
Synthesis

All manipulations were performed under aerobic conditions
using materials as received. CoCl2·6H2O, 2-acetylpyridine,
4-methylthiobenzaldehyde and potassium hexafluoro-
phosphate were purchased from Aldrich and used as received.
The 4′-(4-methylthiophenyl)-2,2′:6′,2″-terpyridine ligand
(TerpyPhSMe) was synthesized according to a previously
reported procedure.39 Compound 1 has been prepared by
reacting a methanolic solution of CoCl2·6H2O (0.133 g,
0.56 mmol) with a stirring methanol suspension of

TerpyPhSMe (0.452 g, 1.27 mmol) and left to react at room
temperature for 4 hours. After this, the solution was filtrated
to eliminate any undissolved, unreacted material, and an
aqueous solution of KPF6 (0.207 g, 1.125 mmol) was added to
the filtrate, causing the immediate separation of an orange
precipitate. The obtained microcrystalline powder was sub-
sequently recrystallized from a mixture of acetone and water.
Mass spectrometry (Fig. S1†) and elemental analysis confirmed
the expected structure of 1. Yield: 86%. Anal. Calcd for
C44H34CoF12N6P2S2: C, 49.87; H, 3.23; N, 7.93. Found: C, 50.06;
H, 3.17; N, 7.62%. Selected IR data (cm−1): 1599(m), 1479(w),
1419(w), 1248(w), 1079(w), 1017(w), 828(s), 650(w), 552(m),
503(w). 1H NMR (600.17 MHz, CD3CN) at 298 K δ (ppm): 92.36
(4H, s, 1), 54.35 (4H, s, 4), 43.6 (4H, s, 5), 32.27 (4H, s, 2), 13.77
(4H, s, 3), 9.14 (4H, s, 6), 9.09 (4H, s, 7), 3.55 (6H, s, 8).

Solid state behaviour

Structural analysis. Single crystals of 1 suitable for X-ray
diffractometry were grown from slow evaporation of a 50 : 50
acetone/water solution at room temperature. The crystal struc-
ture of 1 has been determined at 99 K and its asymmetric unit
is shown in Fig. 1. Details of the data collection and structure
refinement are reported in Table S1.† Compound 1 crystallizes
in the P21/c space group with 4 molecules per unit cell. The
cobalt(II) ion is coordinated by the two terpyridine ligands in
the classical bis-meridional fashion. The average Co–N bond
length is 2.1285 Å, and the coordination environment can be
described as an axially compressed octahedron, with Co–N2
and Co–N5 bond lengths being about 0.1 Å shorter than the
average of the other four ones (see Table 1 selected bond
lengths and angles). This is consistent with what previously
observed for the high spin isomer of [Co(tpy-R)]2+

cations.16,20,21,46 In order to quantify the degree of distortion
from ideal octahedral coordination of cobalt(II), Σ and ζ para-
meters were calculated using the OctaDist software,48 and
Continuous Shape Measure analysis (CShM) was carried out
using the SHAPE software.49 The ζ parameter describes the dis-
persion among the distances of the first coordination sphere
(ζ ¼ P6

i¼1
di�j dmeanj where di and dmean are Co–N bond lengths

and average bond length, respectively), while Σ measures the
deviation of the twelve cis-N–Co–N angles from 90°
(Σ ¼ P12

i¼1
90�j φj both are expected to be zero for a perfect octa-

hedron. The obtained values of ζ = 0.25, Σ = 130.9 and CShM =
4.68 (see Table S2† for details) indicate that the octahedral
coordination environment of cobalt(II) is significantly dis-
torted. However, the ζ = 0.25 value obtained is in the expected
range for high spin systems, while typically higher values are
found for low-spin systems, due to Jahn–Teller distortions.16

Therefore, all of these structural parameters indicate that in
the single crystal phase of 1, the cobalt(II) ion displays a high
spin configuration at 99 K.

In the case of 1, intermolecular π⋯π interactions are
observed between pyridyl rings containing N4 and N6 and
between pyridyl ring containing N4 and the phenyl ring of
methylthiophenyl moiety of TerpyPhSMe ligand. Each mole-
cule of the complex interacts with other three adjacent mole-Scheme 1
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cules leading to a two-dimensional network (Fig. S2†). The dis-
tances between centroids of pyridyl rings, and between cen-
troids of pyridyl and phenyl rings are 3.718 and 4.004 Å, with
the angle between planes being 15.4 and 17.8° and slippage of
1.614 and 1.244 Å, respectively. Other C–H⋯π and P–F⋯π
interactions (not shown) were observed involving H3 and H43,
with H⋯centroid distances of 2.76 and 2.99 Å, and C–
H⋯centroid angles of 134 and 161°, respectively. The P2–
F7⋯π (1 − x, −1/2 + y, 1/2 − z) intermolecular interaction
involves the pyridyl moiety of TerpyPhSMe containing N5, with
F7⋯centroid distance of 3.055 Å and P2–F7⋯centroid angle of
124.3°. These parameters are in the range found for π⋯π, C–
H⋯π and P–F⋯π interactions in the literature.52–55 In addition,
PF6

− anions interact with the complex through non-classical
C–H⋯F hydrogen bonds (Fig. S3†).56 The parameters found
for the shortest H⋯F distances interactions are gathered in
Table S3.† Many other weak intermolecular interactions with
H⋯F distances spanning the range 2.45–2.54 Å were observed
(not shown). These intermolecular interactions contribute to

stabilization of crystal lattice and to the structural rigidity
which locks 1 in the high spin state, in analogy to what was
previously observed for other SCO complexes.11,50,51

EPR spectroscopy. The powder spectrum of 1 at different
temperatures is reported in Fig. 2.

At low temperature the spectrum shows the typical features
of a high spin cobalt(II) system, and can be interpreted by con-
sidering an effective S = 1/2 Spin Hamiltonian with largely an-
isotropic g tensor, resulting from the combined effect of dis-
tortions and spin–orbit coupling affecting the orbitally degen-
erate 4T1g state in purely octahedral symmetry.

Fig. 1 ORTEP view of the asymmetric unit of 1 with the displacement ellipsoids drawn at 50% of probability. Hydrogen atoms have been omitted
for clarity. Colour code: cobalt(II) ion (cyan), carbon (black), nitrogen (blue), sulphur (yellow), phosphorous (orange) and fluorine atoms (light green).

Table 1 Selected bond lengths and bond angles for 1

Bond lengths (Å)
Co1–N1 2.1765(18) Co1–N4 2.1637(19)
Co1–N2 2.0699(18) Co1–N5 2.0624(18)
Co1–N3 2.1573(19) Co1–N6 2.1415(18)

Bond angles (°)
N2–Co1–N1 75.21(7) N2–Co1–N6 112.12(7)
N3–Co1–N1 149.39(7) N3–Co1–N4 96.26(7)
N4–Co1–N1 95.93(7) N5–Co1–N3 104.84(7)
N5–Co1–N1 105.31(7) N6–Co1–N3 90.96(7)
N6–Co1–N1 91.54(7) N5–Co1–N4 76.12(7)
N2–Co1–N3 75.61(7) N6–Co1–N4 151.55(7)
N2–Co1–N4 96.33(7) N5–Co1–N6 75.44(7)
N5–Co1–N2 172.44(7)

Fig. 2 Temperature dependence of the solid state EPR spectrum of 1
and best simulation for the T = 10 K spectrum (black line) and T = 100 K
(purple line) obtained with models and parameters reported in the text.
Spectra at 40 K and 100 K have been rescaled by factors reported on the
left for a better appreciation.
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In particular, the gz
eff > gx,y

eff feature is consistent with a
tetragonal compression of the octahedron, resulting in an
orbital ground doublet, further split by spin–orbit coupling.16

On increasing temperature the spectrum of the high spin
species disappears as expected, due to the strong temperature
dependence of the spin–lattice relaxation time of high-spin
cobalt(II) in distorted octahedral environment. However, up to
100 K it remains a small trace of a broad and partially struc-
tured spectrum around g = 2.00, which we attribute to a frac-
tion of low-spin cobalt(II) species.

A reliable simulation of the low temperature spectrum was
obtained by using the following Spin Hamiltonian:57

Ĥ ¼ μBB � geff � Seff þ Seff � Aeff � I ð1Þ

where Seff = 1/2 and I = 7/2, while Aeff accounts for the hyper-
fine interaction with magnetically active nucleus of 59Co (100%
natural abundance). The best simulation was obtained by
using parameters gx

eff = 2.045 ± 0.005, gy
eff = 2.095 ± 0.005, gz

eff

= 7.40 ± 0.01, Ax
eff = Ay

eff = 5.0 ± 0.5 × 10−3 cm−1, Az
eff = 29.5 ±

0.5 × 10−3 cm−1. Both the geff principal values and the hyper-
fine coupling parameters are in good agreement with previous
reports on high-spin complexes featuring terpyridine-like
ligands.16 The spectrum at 100 K can be simulated by consid-
ering an S = 1/2 species with gx,y = 2.20 ± 0.02, gz = 2.01 ± 0.01
and hyperfine coupling to an I = 7/2 nucleus and Ax = (9 ± 1) ×
10−3 cm−1 Ay = (3.0 ± 0.5) × 10−3 cm−1, and Az = (2.5 ± 0.5) ×
10−3 cm−1.

The observed pattern of effective g values for the high-spin
species cannot be analyzed in the framework of an S = 3/2 Spin
Hamiltonian58 and requires resorting to a description of the
electronic structure of distorted octahedral cobalt(II) which
explicitly takes into account the unquenched orbital angular
momentum first proposed by Griffith:59,60

Ĥ ¼ � 3
2
κλL̂ � Ŝþ μBB � geŜ� 3

2
κL̂

� �
þ Δax L̂z2 � 1

3
LðLþ 1Þ

� �

ð2Þ

here the orbital (L = 1) and spin (S = 3/2) angular momenta
characterizing the ground 4T1g term of the octahedral cobalt(II)
ion interact through spin–orbit coupling, as described by the
first term of the Hamiltonian and the orbital-reduction para-
meter (κ) takes into account the covalence effect and the
crystal field induced mixing of 4T1g(

4F) with 4T1g(
4P). The third

term of this Hamiltonian represents the effect of an axial
crystal field which splits the 4T1g orbital triplet in octahedral
symmetry into an orbital singlet 4A2g and an orbital doublet
(4Eg). The observation of a gz

eff > gx,y
eff pattern can only be

explained with a negative Δax value, resulting in a 4Eg ground
state. A very good reproduction of the observed effective g
values could be obtained by using the parameters λ =
−180 cm−1; κ = 0.9; Δax = −200 cm−1, resulting in a gz

eff =
7.426, gx,y

eff = 2.136.60,61 The Spin Hamiltonian parameters of
the minority species responsible for the 100 K and the 50 K
spectra are on the contrary consistent with low-spin cobalt(II)
species previously reported in literature.16,62 This clearly

points to the powder sample containing a fraction of low spin
species, in contrast with the pure high spin observed in the
single crystal by X-ray diffractometry. Indeed, the PXRD
pattern collected on the sample (Fig. S4†) shows the presence
of a second phase in addition to the high spin one consistent
with the pattern calculated using the single crystal structure.
The coexistence of two phases with different spin states in
microcrystalline powder, even if the single crystal behaviour
indicates a pure high-spin phase, has been reported earlier for
cobalt(II) complexes.62

Magnetometry. The temperature dependence of the product
of the molar magnetic susceptibility times the absolute temp-
erature (χMT ) of 1 has been measured in the solid state and is
reported in Fig. 3.

The χMT value at room temperature (2.35 emu K mol−1) is
on the lower end of what expected for an octahedrally distorted
high spin Co(II) centre, characterized by a relevant orbital con-
tribution.60 On cooling, the χMT values lower steadily until
about 150 K, then more steeply to reach 1.39 emu K mol−1 at
10.0 K. The observed values are consistent with those observed
by EPR spectroscopy, and point to a high-spin cobalt(II) con-
figuration for 1 in the whole investigated temperature range
but with a fraction of low-spin cobalt(II) species. In line with
the results from the crystallographic analysis, which evidenced
a structural rigidity imposed by the intermolecular inter-
actions, no spin crossover is observed in the whole investigated
temperature range. The observed data could be reasonably
reproduced by using for the high spin species the same set of
parameters of the Griffith Hamiltonian (eqn (2)) which were
used to interpret the low temperature EPR spectrum,61 and
assuming the powder sample to contain a 25% fraction of low-
spin cobalt(II) with a temperature independent χMT value of
0.4 emu K mol−1.

Thus, the combined investigation of solid state EPR spec-
trum and magnetometry unequivocally indicate that 1 main-
tains the high spin configuration down to low temperature,
despite indicating the presence of a non-negligible amount of

Fig. 3 Temperature evolution of the χMT product of 1 and simulated
curve obtained using the parameter-free model reported in the text.
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a temperature independent fraction of low-spin cobalt(II)
species in the powder sample.

Solution behaviour

Electronic spectroscopy. Since solid state effects are known
to critically affect the energy difference between the low- and
high-spin state in SCO complexes,21,47 an investigation of the
SCO behaviour of 1 in solution has been performed. The temp-
erature dependence of the electronic spectrum of an aceto-
nitrile solution of 1 is reported in Fig. 4 (details on normaliza-
tion and spectra before normalisation are reported in ESI,
Fig. S5†).

All spectra are dominated by charge-transfer bands in the
ultra-violet region, while the absorption band observed at
520 nm can be ascribed to a d–d transition of the low spin
isomer of 1 (2A1 →

2T1,
2T2), in analogy to what was previously

inferred for the [Co(tpy)2]
2+ cation.63 Upon heating from 283 K

to 343 K, an evolution of the electronic spectrum is observed,
with the bands at 236 and 255 nm becoming more intense,
and the other absorptions (280 and 520 nm) losing intensity,
giving rise to an isosbestic point (here located at 300 nm due
to the normalization condition of the spectra). Such behaviour
is in line with an entropy-driven SCO equilibrium for 1, with
the high and low spin isomers coexisting in solution for every
investigated temperature, due to the gradual nature of the tran-
sition in cobalt(II) SCO systems.

EPR spectroscopy. Given the indications of electronic spec-
troscopy of the dominant presence of low-spin cobalt(II) in
solution, we performed EPR spectra in the same medium
down to 10 K. The lowest temperature spectrum is reported in
Fig. 5. A single broad line, partially anisotropic and hyperfine
split is observed at field corresponding to g = 2.10. The spec-
trum was tentatively simulated with a Hamiltonian essentially
equal to eqn (1), except that it now acts on a real S = 1/2 spin.
The best simulation provided a set of parameters which is con-

sistent with those of the low-spin minority species observed in
the solid state sample and of other low-spin cobalt(II)-tpy com-
plexes previously reported in literature:16,62 gx = 2.015 ± 0.005,
gy = 2.15 ± 0.01, gz = 2.20 ± 0.01, with Ax = (2.2 ± 0.2) × 10−3

cm−1, Ay = (3.0 ± 0.2) × 10−3 cm−1, and Az = (9.7 ± 0.2) × 10−3

cm−1. Interestingly, no sign of the high spin species observed
in the solid-state sample could be detected. On increasing
temperature, in fact, the spectrum simply loses intensity, and
disappears above the melting point of the solvent, thus not
allowing to follow the SCO transition suggested by UV-Vis spec-
troscopy in fluid solution.

1H-NMR spectroscopy. NMR spectroscopy has been pre-
viously used to characterize spin equilibria in solution64–70 as
well as to foresee the use of SCO molecular materials as local
thermometers.71 Typically NMR spectroscopy is able to
measure the magnetic moment of a sample in solution, either
through the Evans method, or the paramagnetic shifts of its
magnetically active nuclei. However, the Evans method is not
much accurate for the determination of the thermodynamics
parameters of the SCO in solution, since it requires a careful
control of the concentration of the analyte’s solution and has a
limited accuracy.70 For these reasons, we measured the temp-
erature dependencies of the paramagnetic shifts in the
1H-NMR spectra of 1 to follow its entropy-driven SCO equili-
brium and determine the enthalpy (ΔH°) and entropy (ΔS°)
variations associated to it. This approach allows us to fit
several experimental observables with a single model at the
same time, increasing the robustness of the obtained thermo-
dynamics parameters. The dependencies of selected 1H chemi-
cal shifts in 1H-NMR spectrum of 1 in the 233–333 K range are
shown in Fig. 6 (the complete 1H-NMR spectrum of an aceto-
nitrile-d3 solution of 1 is reported in Fig. S6†).

The spectrum consists of 8 paramagnetically shifted signals
over a 90 ppm frequency range, indicating the presence of a
significant magnetic anisotropy in the susceptibility of 1. The

Fig. 4 Temperature dependence of the electronic spectrum of an
acetonitrile solution of 1. Inset: Zoom of the region around the isosbes-
tic point at 300 nm.

Fig. 5 X-Band EPR frozen solution spectrum of 1 recorded at 10 K and
best simulation obtained using parameters reported in the text.
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spectral attribution has been carried out on the basis of the
relative integrals of the various signals, the D2d symmetry of
the complex in solution and on a recent study of the 1H-NMR
spectrum of a structurally related system, [Co(pytpy)2](OTf)2,
where pytpy is the 4′-(4′′′-pyridyl)-2,2′:6′,2″-terpyridine ligand.68

It is evident that the chemical shift of H4 and H5 signals
increases upon heating; this cannot be explained by the
temperature dependence of the susceptibility of 1 in the
solid state, which undergoes a monotonic decrease upon
heating (see Fig. S7†). Rather, considering the outcome of
the UV-Vis spectroscopy and solution EPR study, this behav-
iour can be interpreted assuming the onset of SCO behav-
iour in solution. Moreover, the continuous shifting of the
peaks suggests that the high spin/low spin equilibrium is
fast on our NMR time scale. Under this condition, the

temperature dependence of the chemical shifts of the ith

signal can be fitted with eqn (3):64,67

δðTÞi ¼
CLS;i

T
þ ðCHS;i � CLS;iÞ
T e

ΔH°

RT � ΔS°
R

� �
þ 1

� � ð3Þ

where CLS and CHS are the Curie constants of the different
peaks for the low and high spin isomers, respectively, and ΔH°
and ΔS° are the enthalpy and entropy changes associated to
the SCO equilibrium. Eqn (3) assumes that the signals of both
isomers follow a Curie-like behaviour, and that the SCO tran-
sition profile is described by a Boltzmann distribution, with
no intermolecular interactions. To reduce overparameteriza-
tion, the chemical shift of each signal is supposed to arise

Fig. 6 Panel a: 1H-NMR spectra of an acetonitrile-d3 solution of 1 acquired at different temperatures (dashed lines indicates the chemical shifts
assignment). Only selected resonances are shown for clarity. Panel b: Temperature dependence of the chemical shifts of every non-equivalent
hydrogen of 1. Lines are the best fitting curves, whose function and parameters are described in the text. Panel c: 1H assignments for the
TerpyPhSMe ligand in 1.
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only from paramagnetic terms (contact and pseudocontact),
ignoring its diamagnetic chemical shift, and the thermo-
dynamic quantities are assumed to be temperature indepen-
dent, even if this is not always the case for cobalt(II) SCO
systems.72 The fitting procedure was carried out for every peak
simultaneously, and yielded values of the enthalpy and
entropy change of the SCO equilibrium of 9.4(6) kJ mol−1 and
28(2) J K−1 mol−1, respectively, in qualitative accord with pre-
vious reports of cobalt(II) SCO systems73,74 (for a complete list
of the best fitting parameters, see Table S4†). These quantities
allow to estimate the transition temperature, T1/2, featuring
equivalent amounts of low and high spin isomers in solution,
as 336(32) K. It must be stressed that attempts to fit the data
including the diamagnetic contribution to each chemical shift
led to the same thermodynamic values, but also to a huge
increase in their uncertainties and were then not taken in
consideration.

Conclusions

In this contribution, a terpyridine ligand functionalized with a
thioether group, TerpyPhSMe, has been used to prepare a new
cobalt(II) complex designed as a potential candidate to observe
spin crossover on chemically grafted monolayers. The mole-
cular structure of complex 1 obtained by X-ray diffractometry
shows that TerpyPhSMe ligand binds in the usual meridional
fashion to yield a mononuclear complex featuring the
thioether moieties uncoordinated. The axial compression of
the octahedron, the analysis of the bond lengths and distor-
tion of the first coordination sphere shows that 1 is a high
spin complex in the solid state at 99 K. We attribute the
absence of a spin conversion in the solid state to the intra-
molecular π–π interactions and non-classic C–H⋯F hydrogen
bonds, which lock the molecule in the high spin isomeric
form. Magnetometry and EPR confirms that 1 is a high spin
complex in the solid state independently of the temperature
but powder sample contains a fraction of low spin cobalt(II).
After dissolution in acetonitrile, however, EPR indicates the
sole presence of low spin cobalt(II) at low temperature, and
temperature-dependent electronic spectra suggest the onset of
an entropy-driven spin crossover equilibrium above room
temperature, which is indeed confirmed by the temperature
evolution of 1H-NMR spectra. Fitting of the thermal dependen-
cies of the chemical shifts using a Boltzmann distribution
model allowed to extrapolate the thermodynamic quantities
associated to it (ΔH° = 9.4(6) kJ mol−1 and ΔS° = 28(2) J K−1

mol−1). This is extremely relevant in the perspective of using
this complex to obtain switchable monolayers, where the solid
state effects which lock the molecule in high spin state can be
neglected.30
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