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Abstract A series of four FeII coordination polymers [Fe(patrz)3]Cl2•2H2O,
[Fe(patrz)3]Cl2, [Fe(batrz)3]Cl2•2H2O and [Fe(batrz)3]Cl2 was prepared with slight
variations in the ligand framework (1,2,4-triazol-4-yl-propanoic acid (patrz) or 1,2,4-
triazol-4-yl-butanoic acid (batrz)) and solvation (2H2O or dry). Dramatic influence
of chain length and solvent has been evidenced on magnetic properties. Spin
crossover properties were carefully studied by temperature dependent SQUID
magnetometry and 57Fe Mössbauer spectroscopy. Thermodynamic parameters for
[Fe(batrz)3]Cl2•2H2O were determined by differential scanning calorimetry (DSC)
allowing a simulation of the spin crossover behaviour and the quantification of the
cooperativity.

Keywords 57Fe Mössbauer spectroscopy · Coordination polymers · Spin transition ·
1,2,4-Triazole · Cooperativity · Differential scanning calorimetry

1 Introduction

1,2,4-triazoles are known to give an intermediate ligand field strength in FeII

coordination polymers where spin crossover (SCO) can occur [1]. Light irradiation,
temperature, and pressure are external triggers that will impact electrons distribution
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between t2g and eg levels. As a result, the spin state of these materials can be
reversibly switched between high-spin (HS, S = 2) and low-spin states (LS, S = 0).
Many parameters like temperature domain, abruptness, hysteresis, completeness,
fatigue resistance and chemical stability allow describing the wide diversity of
magnetic behaviours of these materials [2]. Depending on those characteristics many
applications are possible, ranging from molecular based information storage devices,
to highly accurate sensors, including cold channel tracking [2–4].

A series of iron(II) SCO materials was recently designed using amino acid
esters to build 1,2,4-triazoles [5–8]. Using amino acid instead of esters, a series of
metal-organic frameworks with porous properties [9, 10] and new zinc complexes
[11, 12] were obtained. We have shown that SCO conditions can also be met using
amino acids [13], despite their potential coordinating effect, thus opening exciting
perspectives in this field. Herein the essential role of azole units’ nature on the spin
state is evidenced by a comparison of SCO coordination polymers made of two very
similar functionalized amino acid derivatives.

2 Experimental

Ligands 3-(4H-1,2,4-triazol-4-yl)propanoic acid (patrz) and 4-(4H-1,2,4-triazol-4-
yl)butanoic acid (batrz) are respectively derived from β-alanine and γ-aminobutyric
acid according to the reported procedure [14]. These ligands which are reacted with
FeCl2•4H2O in a methanolic solution and precipitated as powders, were filtered and
dried in air at room temperature. Based on elemental analyses and thermogravimet-
ric measurements, complexes were formulated as [Fe(patrz)3]Cl2•2H2O (1•2H2O):
Anal. for FeC15H25N9O8Cl2: Found (calculated). C, 30.16 (30.74); H, 4.15 (4.30); N,
20.66 (21.51) and [Fe(batrz)3]Cl2•2H2O (2•2H2O): Anal. for FeC18H31N9O8Cl2:
Found (calculated). C, 34.28 (34.41); H, 4.65 (4.97); N, 19.98 (20.07).

3 Results and discussion

Both patrz and batrz ligands show neat ν(C=O) around 1730 cm−1 in IR spectra
which are unaffected in 1•2H2O and 2•2H2O that confirms the neutral nature
of the ligand and thus the non-involvement of carboxylic moiety in coordination.
Coordination occurs exclusively from the bridging 1,2,4-triazole and affords 1D
coordination polymers [1]. Those powders have amorphous textures as shown by
Scanning Electron Microscopy (SEM) (Fig. 1) and confirmed by poor X-ray powder
diffraction patterns.

Magnetic data of solvated complexes were first recorded over the temperature
range 4–300 K. Influence of ligand structure on the spin state is clearly evidenced.
While 1•2H2O remains LS over the 4–300 K range [13], 2•2H2O shows an abrupt and
hysteretic spin transition (ST), with a square shaped hysteresis loop at T↓

c = 248(1) K
and T↑

c = 256(1) K (Fig. 2, red curves).
In addition (knowing that hydration can have a crucial influence on the spin state

[15]), the samples were warmed up to 400 K and maintained at this temperature
for 10 min so as to remove non-coordinated solvent molecules and measurements
were repeated (Fig. 2, green curves). After complete dehydration which was checked
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Fig. 1 a Molecular structures of patrz and batrz. b SEM images on 1•2H2O [6] and 2•2H2O
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Fig. 2 χ M.T vs. T plot for 1•2H2O and 1 (left) [13]; 2•2H2O and 2 (right)
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Fig. 3 57Fe Mössbauer spectra of a 2•2H2O showing the hysteretic behaviour of the ST, b 1•2H2O
containing a little residual HS at 77 K
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Table 1 57Fe Mössbauer parameters for 1•2H2O and 2•2H2O

T [K] AHS/Atot [%] HS [mm/s] LS [mm/s]

δ �EQ �/2 δ �EQ �/2

1•2H2O 77(1) 15(8) 1.15(9) 3.5(2) 0.2(1) 0.52(2) 0.24(3) 0.16(3)
2•2H2O 78(1) 0 – – – 0.53(1) 0.24(1) 0.15(1)

190(1)↑ 0 – – – 0.50(2) 0.21(5) 0.22(4)
240(1)↑ 0 – – – 0.48(2) 0.24(4) 0.21(3)
250(1)↑ 16(13) 1.2(2) 3.1(5) 0.4(4) 0.48(2) 0.28(3) 0.19(3)
255(1)↑ 40(4) 1.07(1) 2.98(2) 0.15(2) 0.48(1) 0.24(2) 0.22(9)
260(1)↑ 83(4) 1.07(1) 2.93(1) 0.15(1) 0.45(4) 0.2(2) 0.2(1)
270(1)↑ 100 1.07(1) 2.90(2) 0.16(1) – – –
298(1) 100 1.05(1) 2.79(2) 0.16(1) – – –
260(1)↓ 100 1.07(1) 2.93(2) 0.15(2) – – –
250(1)↓ 53(4) 1.08(2) 2.97(3) 0.15(2) 0.49(2) 0.24(2) 0.14(2)
245(1)↓ 14(7) 1.15(6) 2.9(2) 0.14(9) 0.48(2) 0.26(2) 0.14(2)
240(1)↓ 0 – – – 0.49(1) 0.24(2) 0.15(2)

δ : isomer shift (with respect to α-Fe at 298 K); �EQ: quadrupole splitting; �/2: half width at half
maximum
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Fig. 4 (Left) DSC curve of 2•2H2O on cooling (←) and warming (→) modes. (Right) Fit between
γHS, derived by SQUID measurements and by the Slichter and Drickamer model

by thermogravimetric measurements, it was found that both ligand field strength
and cooperative effects are dramatically affected. Indeed, a gradual and incomplete
magnetic profile was observed for both 1 and 2. In particular, the 1D chain 2
reveals on cooling two anomalies around 260 K and 100 K, with a narrow plateau
around 60 K, after which zero-field splitting is observed at lower temperature.
These experiments demonstrate the crucial role played by non-coordinated water
molecules on the spin state.

57Fe Mossbauer spectra on 2•2H2O confirm the complete ST behaviour with a
100% HS population at 298 K (δHS = 1.05(1) mm/s; �EHS

Q = 2.79(2) mm/s) con-
verted to LS at 78 K (δLS = 0.53(1) mm/s; �ELS

Q = 0.24(1) mm/s) (Fig. 2). A bistable
character is clearly evidenced by comparing the significant difference between the
spectra at 250 K on warming and cooling modes (Fig. 3, Table 1).

Differential Scanning Calorimetry (DSC) of 2•2H2O provides thermodynamic
parameters associated to the spin transition. Scanning with 10 K.min−1, enthalpy and
entropy variations associated to the ST were respectively integrated as �Htrans =
8.4 kJ.mol−1 and �Strans = 33 J.mol−1.K−1 (Fig. 4).
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Fitting of the HS molar fraction (γHS) derived from Fig. 2 with Slichter and
Drickamer model [16] allowed quantifying the cooperativity associated to the spin
transition, on a first approximation (Fig. 4). An intermolecular interaction factor
J = 4.7 kJ.mol−1 > 2RTtrans has been obtained, confirming tendencies on the
cooperative behaviour observed from others 1,2,4-triazole based iron(II) SCO
compounds [17].

4 Conclusion

This study carried out on the very same 1D system [Fe(Rtrz)3]Cl2•nH2O (n = 2, 0),
show that upon increasing the chain length on the 4-R triazole substituent, the HS
state is systematically stabilized. A similar observation was made when increasing
the counter anion size in such systems [18]. Similarly, the interchain spacing could
be modified. With a highly desired gradual spin crossover around room temperature
[19], compound 1 is a nice example of room temperature sensor [13], operational
after solvent release. Thanks to its abrupt and hysteretic spin transition, 2•2H2O is
thought to be proposed as a model spin crossover system within this substance class,
e. g. for pressure studies.
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