Journal Name

ARTICLETYPE

Mononuclear Iron(I11) Complex with Unusual Temperature Change
of Color and Magneto-Structural Properties: Synthesis, Structure,
Magnetization, Multi-frequency ESR and DFT Study"

Cite this: DOI: 00.0000/XXXXXXXXXX

Nitish Kumar Garg,® Yogesh Goriya,* Seetharaman Manojveer,® Senada Muratovi¢,” Damir
Paji¢,¢ Mario Cetina, Irina Petreska,® Yulia Krupskaya,” Vladislav Kataev,” Magnus T.
Johnson,** Ola F. Wendt** and Dijana Ziliexb

Received Date
Accepted Date
From the reaction of 2-hydroxy-6-methylpyridine (L) with iron(ll) tetrafluoroborate, a new mononu-

clear iron(lll) octahedral complex [FelLg](BF4)3 has been isolated. The color of the complex is
reversible changing from red at room temperature to yellow-orange at liquid nitrogen temperature.
Magnetization measurements indicate that iron(l11) in [FeLg](BF4)3 is in a high-spin state § =5/2,
from room temperature down to 1.8 K. High-spin ground state of iron(lll) is also confirmed by
DFT calculation. Although, the spin-crossover of the complex is not observed, X-band and multifre-
quency high-field /high-frequency electron spin resonance (ESR) spectroscopy show rather uncommon
iron(111) spectra at room temperature and unusual temperature change with cooling. Spectral sim-
ulations reveal that the S =5/2 ground state mutiplet of the complex can be characterized by the
temperature independent axial zero-field spliting parameter of |D| = 42 GHz (0.067 cm~!) while the
value of the rhombic parameter E of the order of some tenths MHz increases with lowering the tem-
perature. Single crystal X-ray diffraction (SCXRD) shows that the iron(lll) coordination geometry
does not change with temperature while supramolecular interactions are temperature dependent, in-
fluencing on the iron(lll) rhombicity. Additionally, the DFT calculation shows temperature variation
of the HOMO-LUMO gap, in agreement with temperature changes of color and ESR-spectra of the
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iron(l11) complex.

1 Introduction o , , s
basic units in quantum information processing. > Both iron(II) and

iron(II) complexes can show spin-crossover (SCO) from the high-
spin (HS) to low-spin (LS) state and such SCO can be induced by
a change of temperature, magnetic field, pressure or by light ir-

Design of new materials with desired magnetic and other prop-
erties is a demanding task in the field of molecular magnetism.
Iron complexes have been widely investigated as magnetic mate-

rials but also in the context of metallo-proteins. ! Mononuclear
high-spin iron complexes, due to numerous transitions between
magnetic levels in a single molecule, can also serve as qubits — the
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radiation.®8 SCO of the iron(IIl) complex can also take place
from the intermediate (IS) to HS state.® SCO generally modi-
fies the magnetic and electronic structure of the metal ion and
the whole complex thereby significantly changes the physical and
chemical properties. An interesting phenomenon often related to
SCO is thermochromism — the ability to change color upon change
in temperature. This phenomenon has been observed in vari-
ous classes of organic and inorganic compounds %12 as well as
in iron complexes. 13-16 However, there are also certain iron(III)
compounds where thermochromism was not caused by SCO, al-
though such cases are rare.17-18

Changing simultaneously the magnetic behavior and color is
interesting because of possible applications such as thermal in-
dicators, switches, optical displays, data storage devices among
other interesting fields.1* To understand magnetic and optical
properties, it is necessary to describe energy levels of the inves-
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tigated complex. The number and positions of magnetic levels
mg for complexes with spin higher than § = 1/2 are described
by the axial and rhombic zero-field splitting (ZFS) parameters,
D and E, respectively.>1® ZFS parameters can be managed by
modification of the coordination environment such as changing
coordination numbers, ligand fields as well as symmetry. 20-23
The most suitable experimental technique for an accurate deter-
mination of the ZFS parameters is multi-frequency electron spin
resonance (ESR) spectroscopy operating both at the commercial
X-band (~ 10 GHz) but also at different high frequencies above
100 GHz, the so called high-field/high-frequency ESR (HF-ESR)
spectroscopy. 17-23-25 It has an advantage in that in high magnetic
fields, the Zeeman term in the spin-Hamiltonian (SH) becomes
significantly larger than the ZFS term and therefore, the ZFS pa-
rameters can be obtained more precisely.

In this work, a new mononuclear octahedral iron(III) com-
plex [FeL¢](BF4)3 is presented, where L stands for 2-hydroxy-6-
methylpyridine. The complex changes color reversibly from red
at room temperature to yellow-orange at low temperature (78
K). The reversible thermochromism was observed in both pow-
der and single crystalline form of the complex. Notably, magne-
tization measurements show that the complex is in the HS state
(§ =5/2) from room temperature down to 1.8 K. This observa-
tion is also supported by density functional theory (DFT) calcu-
lations, which confirm that the ground state of the complex is
the HS state. Therefore, the thermochromism of the complex is
not caused by SCO. However, regardless the fact that the spin
state does not change, the obtained X-band ESR spectra are non-
typical for iron(Il) ions and additionally show a strong temper-
ature dependence. It is well known that the interpretation of
high-spin transition metal spectra is clearly aided by performing
experiments at higher frequencies, and therefore multi-frequency
HF-ESR spectra were harnessed. 1726 In addition, for a better un-
derstanding of the temperature changes of the complex’ color
and ESR spectra, we report UV-Vis study and single crystal X-ray
diffraction (SCXRD) data at room and low temperature (125 K)
along with the corresponding HOMO-LUMO gaps, obtained from
DFT.

2  Results and discussion

2.1 Synthesis

The [Felg](BF4); was synthesized by reacting Fe(BF,4),-6H,0
with 6 eq. of 2-hydroxy-6-methylpyridine (L) in dichloromethane.
Recrystallization from pentane gave large red crystals with a ca
98% bulk purity. An intriguing feature of the solid material
[FeLg](BF4)3 is the reversible color of both crystals and powder
samples at different temperatures. The color changes from red
at room temperature (for both single crystal and powder sample)
to orange at 100 K (single crystal), and upon further cooling to
yellow at 78 K (powder), Fig. 1.

2.2 UV-Vis spectroscopy

To probe the observed thermochromism in a more quantita-
tive way, variable temperature solid state UV-Vis spectra were
recorded. This shows that a sample cooled with liquid nitrogen
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has a long featureless tail into the visible whereas the room tem-
perature sample has a strong absorption in the blue-green area of
the spectrum (see Fig. S1 in Electronic Supplementary Informa-
tion (ESI)).

a)

RT LT

b)

RT LT

Fig. 1 The color of [FelLg](BF4)3 changes with temperature: from red
at RT to yellow-orange color at LT: a) single crystal, b) powder sample.

2.3 Single crystal X-ray studies
Data for [FeLg] (BF4)3(L=2-hydroxy-6-methylpyridine) were col-
lected at room temperature (RT), but also at 125 K (LT) as it
is known that structural organization at lower temperature may
differ and influence magnetic properties of complexes.1” In the
cations of the complex at LT (Fig. 2) and RT (Fig. S2), the iron(III)
ion is octahedrally coordinated by six oxygen atoms from pro-
tonated pyridone ligands. Distortion from a regular octahedral
geometry is very slight; the cis O-Fe-O bond angles are in the
range 88.76(11) to 90.51(11)° and 88.8(3) to 91.7(2)° for RT
and LT structures, respectively, while trans O-Fe-O angles are
178.77(9)° (RT) and 178.0(2)° (LT). Approximately the same ge-
ometries of two structures are seen in the overlapping diagram
(Fig. S3, ESI). The Fe-O bond lengths and O-Fe-O angles are
similar to those observed in closely related structures.27-28 The
conformation of both cations is locked by a weak intramolecular
Cpy—H---O hydrogen bond (Fig. 2 and Table S1 in ESI).

Hydrogen bonding between the cation and tetrafluoroborate
counter anions involves protonated ring nitrogens as donors and
fluorine atoms as acceptors. Thus, one Np,—H---F hydrogen bond
in [FeLg](BF4)3; at RT associates the cation with three tetraflu-
oroborate counter anions, thus forming a discrete cation/anion
assembly (Fig. 3a). A crystal packing diagram along the b axis re-
veals cation/anion assemblies displaced parallel to the a axis and
slightly shifted with respect to each other (Fig. 3b).

In [FeLs] (BF4)3 at LT, besides Np,—H.- - -F hydrogen bond which
forms cation/anion assemblies, one Cy;,—H---F hydrogen bond is



Fig. 2 Molecular structure of [FeL¢](BF4)3 recorded at LT, with atom
numbering scheme. Displacement ellipsoids for non-hydrogen atoms are
drawn at the 50% probability level. Intracation Cpy—H---O hydrogen
bond is indicated by dashed line.

also present (Table S1, ESI). This interaction links neighbouring
cation/anion assemblies into two-dimensional layers (Fig. 4a).
Each tetrafluoroborate anion is also hydrogen-bonded to two
neighbouring cations by two Np,—H---F and two Cy,-H---F hy-
drogen bonds. The layers are mutually parallel, similarly like
the cation/anion assemblies at RT, but much closer so that one
Cpre—H---O hydrogen bond forms a three-dimensional network
(Fig. 4b). The distance between planes of oxygen Ol atoms
and the closest hydrogen atoms of neighbouring parallel assem-
blies is 2.496 A, which is ca. 0.54 A shorter compared to that in
[FeLg](BF4)3 at RT. That methyl hydrogen atoms are much closer
to neighbouring cations compared to those recorded at LT can be
seen in Fig. S4 (ESI).

2.4 Powder X-ray diffraction

In order to provide information on the homogeneity of the sam-
ples, a powder X-ray diffraction (PXRD) determination was car-
ried out. The Fig. S5 exhibits the X-ray powder patterns of
grounded crystals for the iron(III) complex compared to the sim-
ulated X-ray powder patterns at room temperature. The patterns
are in good agreement indicating that they represent the same
phase.

2.5 Magnetization studies

The magnetization properties of [FeLg](BF4)3 were investigated
using a VSM-SQUID magnetometer. The temperature dependence
of the magnetic susceptibility, y, and its inverse value, 1/y, are
shown in Fig. 5. Fitting 1/ to the Curie-Weiss law in the whole
temperature range using

x=C/(T+86)+xo0, (D

gives the Weiss parameter 6 ~ 0 K (6 = 0.069 & 0.003) K,
Curie constant C = (4.08 +0.08) erg K/(G? mol), yo = (2.706 +
0.006)10~* erg/G?/mol and confirms the paramagnetic behaviour

of [FeLg](BF4)3.2° From the obtained Curie constant C it is possi-
ble to calculate the spin value S of iron(III) ions and gyromagnetic
factor g from the relation:

g°S(S+1) = (3ksC) / (NNapg), )

where N = 1 is the number of spins per molecule and other quan-
tities are the well known natural constants. From this relation it
follows S = 5/2 with g = 1.93 +0.02 which is in quite good agree-
ment with the literature.

The magnetic field dependence of the magnetization recorded
at the lowest measured temperature 1.8 K is shown in the inset
in Fig. 5. The magnetization was recorded changing the mag-
netic field from 0 to 7 T and back from 7 to 0 T and no magnetic
hysteresis was detected. The obtained M (H)-curve is in excellent
agreement with the Brillouin function for spin § =5/2 shown as
a blue curve in the inset in Fig. 5.2° The value of measured satu-
ration of magnetization is M, = 4.72p, in agreement with the
slightly higher theoretical value of My, = gS = 5ug, obtained as-
suming g = 2 and the high-spin value S = 5/2 for iron(Ill) ions
at a temperature of 1.8 K30, as was already expected from the
performed Curie-Weiss analysis.

Thus, both x(7)- and M(H )-results indicate that the iron(IIl) in
[FeLg] (BF4)3 is in the high-spin state S = 5/2 in the whole tem-
perature range. Therefore, the spin-crossover of the complex does
not take place.

2.6 ESR spectroscopy
2.6.1 X-band spectra

The X-band ESR spectra of the investigated iron(III) complex, ob-
tained at a few selected temperatures, are shown in Fig. 6a) while
the spectra with indicated g-factors of the pronounced lines are
given in Fig. S6. The spectra were simulated using EasySpin soft-

ware3! with the following form of the spin-Hamiltonian for spin
§=5/2:
H=gupB-S+D[S?—S(S+1)/3] +E(S1 +52)/2 3)

where g is the g-tensor, up is the Bohr magneton, B is the ap-
plied magnetic field while D and E are the previously mentioned
axial and rhombic ZFS parameters, respectively. 32 The spectrum
at room temperature is simulated with the axial parameter |D|
= 2 GHz = 0.067 cm~! while the rhombic parameter E is taken
zero. The unusual temperature change of the spectra was sim-
ulated keeping the value of D parameter fixed while increasing
with lowering the temperature only the E parameter. The g-value
was taken equal to 2 for all simulations. The simulated spectra
together with the corresponding D/E ratios are shown in Fig. 6b).
The widths of the Lorentzian lines, W,,,, used for the simulations
are given in Table S3 in ESI. From the simulation of the X-band
spectra, it was not possible to determine the sign of the D param-
eter because the simulation was insensitive to it.

2.6.2 HF-ESR spectra

HF-ESR spectra recorded at the lowest measured temperature of
3 K are shown in Fig. 7. In the same figure, the frequency vs
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b)

Fig. 3 a) Part of the crystal structure of [FeLs](BF4)3 recorded at room temperature, showing discrete cation/anion assembly formed by N-H---F
hydrogen bonds. b) Crystal packing diagram of [FeL¢](BF4)3; at RT, viewed down the b axis, showing parallel arrangements of discrete cation/anion
assemblies. Cations are shown by capped-stick representation, while tetrafluoroborate anions are in ball and stick style. Only two major components
of disordered fluorine atoms are shown.
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Fig. 4 a) Part of the crystal structure of [FeL¢](BF4)3 recorded at LT, showing Cy.—H---F hydrogen bond that link cation/anion assemblies into
two-dimensional layers. b) Crystal packing diagram of [FelLg](BF4)3; at LT, viewed down b axis, showing the Cy,—H---O hydrogen bond that links the
two-dimensional layers into three-dimensional network. Cations are shown by capped-stick representation, while tetrafluoroborate anions are in ball
and stick style.

resonant magnetic field diagram is presented. From the promi- The branches are equidistant with the separation corresponding
nent spectral points (peak and two shoulders, labeled by ar- to the y-intercept A of the most left (red) line, amounting to
rows in the inset of Fig. 7) three resonance branches (red, black A = 6.873 GHz ZFS-parameter |D| = A/4 = 1.720 GHz.33 The ob-
and blue lines) could be obtained. From the slope of these tained g- and |D|-values are in a good agreement with the values
lines, the g-factor values very close to g = 2 could be calculated. used for the simulations of the X-band spectra (Table S3).
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Fig. 5 Temperature dependence of the magnetic susceptibility, x(T),
(green circles) and the inverse susceptibility, x ~1(T), (red squares) of the
investigated complex in the indicated magnetic field. Black solid line is
the fit to the Curie-Weiss law. Inset: Field dependence of magnetization
(orange circles) measured at the lowest temperature 7 = 1.8 K, in both
directions: 0—7 T and 7-0 T. The blue line is fit of the Brillouin function
for § =5/2, multiplied by factor 4.72 (~ M, /ug = ¢S =5).

The temperature dependence of the HF-ESR spectra (252 GHz)
is presented in Fig. S7 in ESI. Both Figures 7 and S7 show that
the HF-ESR spectra do not change significantly with frequency or
with temperature. The linewidth of the HF-ESR spectra recorded
at 3 K are broader compared to the spectra at higher tempera-
tures 20-150 K, as can be seen in Fig. S7. This might be due
to a strong magnetization of the sample causing some inhomoge-
neous broadening. It should be noticed that the powder sample
has been diluted with a non-magnetic material in order to reduce
the undesirable effect of the strong magnetization on the spectral
shape of the HF-ESR spectra. The parameters used for the simu-
lation of all HF-ESR spectra were the same as those used for the
X-band spectra, given in Table S3. The advantage of the HF-ESR
analysis compared to the X-band data is that the sign of the axial
ZFS parameter D can be determined; while the X-band simula-
tion are non-sensitive to the D-sign, the positive D value enables
a better simulation of the HF-ESR spectra.

2.7 DFT study

Motivated by the interesting features that iron based complexes
can manifest, including the change of color, we have also car-
ried out DFT calculations to inspect the ground state. A series
of DFT optimizations at different levels of theory were done for
the doublet, quartet and sextet states of the molecular structure of
[FeLg](BF4)3, and it was clearly shown that the HS state (S=5/2)
is the most stable one. Moreover, the HS and LS states are ener-
getically separated by more than 1 €V (23 kcal/mol), so assuming
a Boltzmann distribution, the transition from a ground HS state
to an excited LS state is not very likely to be observed, confirm-
ing that this complex is not a spin-crossover candidate. Energies
of the different states renormalized relative to the energy of HS

Experimental b)
spectra

Simulated
spectra

EID=0

297K

EID =113

EID=1/47

EID=1/4.5

ESR absorption derivative (arb. u.)
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g=2.00
|D| = 2 GHz (0.067 cm™)
T T T T T T
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Fig. 6 Temperature dependence of a) experimental and b) simulated X-
band ESR spectra of the Fe(lll) complex. The intensities of the spectra
are multiplied by indicated constant values. The parameters of simula-
tions are given in panel b).

state at different levels of theory are summarized in Table S4.

Additionally, DFT calculations were carried out to obtain
g-tensor values for the HS state, by using GIAO (Gauge-
Independent Atomic Orbital) method. Employing B3LYP/6-
311+ +G(2d,2p) level of theory we found the following values:
8 = 2.224, gy, =2.224, g, = 2.197. Off-diagonal elements were
shown to be negligible. These g-tensor values include relativistic
mass correction, diamagnetic correction, as well as orbital Zee-
man and spin-orbit coupling contribution to the free electron g-
value. Excluding orbital Zeeman contribution and spin-orbit cou-
pling one finds g, = 1.997, gy, = 1.997, g., = 1.995, respectively,
which justifies the assumed free-electron g-value in the magneti-
zation study and in simulations of ESR spectra.

Since SCO was not found in the studied complex, we have ana-
lyzed molecular orbitals in some more details, given that a possi-
ble explanation for the observed color changes with temperature
might lie in the temperature effects on the molecular orbitals and
more specifically the HOMO-LUMO gap. Several combinations of
functionals and basis sets were used to carry out single point DFT
calculations on the experimentally determined geometry at two
different temperatures, 125 K and 295 K, respectively. Conven-
tionally, when unpaired electrons are present, the highest singly
occupied molecular orbital (SOMO) is referred to as the HOMO.
In order to be precise, we emphasize here that the studied HOMO-
LUMO gap is actually a SOMO-LUMO gap and it is calculated by
taking the energy difference between the highest singly occupied
molecular orbital and the lowest unoccupied molecular orbital.
All DFT calculations were done by using Gaussian series of pro-
gramming packages. 3%
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Fig. 7 Frequency vs resonance field dependence of the prominent
spectral points presented together with corresponding spectra of Fe(lll)-
complex, measured at different frequencies at 7' =3 K. Inset shows simu-
lated spectrum at v =291 GHz. Three arrows indicate prominent spectral
points (peak and two shoulders) taken in the analysis.

The energy level diagram together with the visualization of the
studied orbitals is given in Fig. 8. Also, the neighbouring frontier
orbitals are given in Fig. S8 while energy eigenvalues for several
frontier molecular orbitals at both temperatures are tabulated in
Table S5. Our results show that the HOMO-LUMO gap decreases
with increasing temperature. The decrease of the HOMO-LUMO
gap with temperature is in qualitative agreement with the experi-
mentally observed UV-Vis spectrum shown in Fig. S1 which shows
an absorption peak in the green part of the spectrum at RT, hence
the sample appears as red. At lower temperatures (100-150 K) a
tail is found in the visible part of the spectra, starting from blue-
green part of the spectrum. This means that in the visible part
of the spectrum higher wavelengths are absorbed at RT in com-
parison to LT, which corresponds to the calculated decrease in
the HOMO-LUMO gap. One can note that the RT HOMO-LUMO
gap corresponds to an absorbance at ca 450 nm which is in good
agreement with the recorded experimental UV-Vis solid state spec-
trum.

Further analysis of the molecular orbitals obtained from DFT
calculations shows that this is mainly due to a shift of the LUMO
orbital which lies around 0.18 eV lower at RT compared to LT,
while the HOMO orbital lies around 0.03 €V higher. A careful
observation of the probability density distribution from the visu-
alized orbitals suggests also changes in the molecular orbital lo-
calization on the ligands, which is more pronounced in the LUMO
orbital (Fig. 8, upper panels). A similar trend is seen in neigh-
bouring LUMOs. According to X-ray structural studies, the dis-
tances between methyl hydrogen atoms to neighbouring cations
decrease when the sample is cooled down (Figs. 2 and 3). This
decrease in the cation/anion distances causes redistribution of the
electron probability density on the ligands, most likely via electro-
static interactions, which in turn gives rise to charge transfer (CT)
bands in the UV-Vis spectra, as well. It should also be noted here
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that contribution of d-d transitions to UV-Vis spectra of the studied
complex is expected to be negligible due to selection rules. Conse-
quently, optical transitions are due to ligand-to-metal CT (LMCT),
ligand-to-ligand CT (LLCT) and/or metal-to-ligand CT (MLCT).3>
Emergence of CT bands in the UV-Vis spectra is typical for octahe-
dral iron(II) complexes.36-38 At room temperatures, the LUMO
orbital, which according to Fig. 8 is mostly ligand in character,
has a lower energy, that might facilitate MLCT (the peak around
450 nm in UV-Vis spectrum at RT) or LLCT. Therefore, electrons
from iron-localized molecular orbitals may be excited to molec-
ular orbitals of the m-acceptor ligands via metal-to-ligand charge
transfer processes. One can note that the d-orbital contribution
to the HOMOs is in the order of 30% and the transition observed
will probably have a substantial LLCT character. Any LMCT char-
acter is, on the other hand, probably negligible since none of the
LUMOs have any significant metal character. The percentages of
d-orbital participation in HOMO and LUMO, as well as in the
nearest neighbors, at both temperatures, are given in Table S6.
One can furthermore note that the LUMO is substantially more
delocalized at low temperature compared to room temperature;
this could effect the intensity of the observed bands but given the
semiquantitative agreement between experiment and calculated
HOMO-LUMO we favour the explanation based on a LUMO shift
in the solid state.

Additionally, along with the calculations of the molecular or-
bitals for the neutral molecular moiety [FeL¢] (BF,)3, we have sep-
arately analyzed the orbitals for the cation (Fig. S9). Our findings
confirm that the changes of molecular orbitals with temperature
are due to the effects on cation/anion interactions. Namely, as it
can be seen from the visualization of frontier molecular orbitals
(Fig. S9) in the cationic structure there is an insignificant tem-
perature change in the electron probability density distribution in
the HOMO and LUMO orbitals, as well as in the HOMO-LUMO
gap, in comparison to the neutral one.

Energy(eV)
-20} I'=125K T=295K
L ‘ﬁ

_25[ : % )J,“J{;.‘

% ¥
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Fig. 8 HOMO-LUMO gap and visualization of HOMO (lower panels)
and LUMO (upper panels) orbitals of [FeLg](BF4)3 molecular structure
at two different temperatures. Presented results are obtained at pbe/6-
31g(d,p) level of theory.

3 Discussion

The complexity of the X-band ESR spectra (Fig. 6) is due to a
significant axial ZFS parameter D which is comparable with the



energy of the microwave quantum at X-band frequencies. In this
situation the states of the three spin doublets of the S =5/2 mul-
tiplet of the iron(IIl) ion are mixed giving rise to many "forbid-
den" transitions.3%~*! Indeed, as we have shown in the HF-ESR
experiment, increasing the energy of the microwave quantum by
at least one order of magnitude drastically simplifies the spectra
and enable an accurate determination of the parameters of the
spin-Hamiltonian (3). Similar rather uncommon ESR behaviour
of the [Fe(DMSO0)4](NO3)3 complex with the axial ZFS parameter
D~ 0.2 cm~! was described by Solano-Peralta and co-authors. 17
They also reported a change of the complex color from yellow-
orange at RT to pale yellow at 77 K as well as a temperature
dependence of the rhombicity E/D due to hydrogen bonding net-
work changing. It is interesting to note that the approximately 3
times larger D-value (D ~ 0.2 cm~! compared to our D ~ 0.067
em~1) results in totally different X-band spectra. These two ex-
amples show that ESR spectroscopy is extremely sensitive to a
change of the ZFS parameters in the |2D| ~ 10 GHz regime. Fur-
thermore, these two complexes are also good examples for how
using only a standard magnetization characterization technique
such as SQUID magnetometry one can completely miss interest-
ing temperature changes of the magnetic properties.

The revealed temperature change of the rhombic parameter E
is likely to be related with the structural changes. Single crystal X-
ray diffraction recorded at RT and LT shows that the almost ideal
octahedral coordination of the iron(III) ion does not change with
temperature as can be seen in the overlapping diagram (Fig. S3,
ESI). However, this study clearly demonstrates that supramolec-
ular interactions due to hydrogen bonds networks are changing
with temperature (Figs. 3 and 4). These structural changes are
furthermore manifested in the distribution of frontier molecular
orbitals obtained from DFT calculations and in the experimentally
observed UV-Vis spectra. As it was analyzed in the previous sec-
tion, the temperature effects on cation/anion interactions affect
charge transfer bands via electron probability density redistribu-
tion. This in turn lowers the energy value of the ligand based
LUMO orbital, facilitating MLCT and/or LLCT at room temper-
atures. The negligible change of the cation geometry observed
in X-ray crystallography is also in favour of this explanation, as
well as the small effect on the HOMO-LUMO when counteranions
were excluded in the DFT calculations. Moreover, association
of the cations with three tetraflouroborate anions via hydrogen
bonds, that enables formation of cation/anion assemblies, and
linked via additional hydrogen bond between the layers at LT is
evident from single crystal X-ray studies.

4 Conclusion

A new mononuclear iron(III) octahedral complex [FeLg](BF4)3
has been synthesized and characterized by elemental analysis,
SCXRD and PXRD. Magnetization measurements show that the
complex is in its high-spin state S = 5/2 from room temperature
down to 1.8 K i.e. no spin-crossover takes place. However, the
compound changes color from red at room temperature to yellow-
orange at liquid-nitrogen temperature, a phenomenon that moti-
vated a closer look into the [FeLg](BF4)3 properties. SCXRD at
liquid-nitrogen temperature, the temperature-dependent X-band

and HF-ESR spectroscopy and spectral simulations, together with
DFT calculation and UV-Vis spectra, provided insights into inter-
esting structural, optical and magnetic temperature behaviour of
the complex. Overall, we conclude that thermal fluctuations of in-
termolecular interactions through hydrogen bonds affect molecu-
lar orbital energies, and thereby the optical and ESR spectra of the
investigated iron(III) complex giving rise to a rare phenomenon
of a non-SCO driven thermochromism in iron(III) compounds.
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