
Implementation of spin crossover compounds
into electrospun nanofibers

B. Dreyer1,2 ·D. Natke1 ·S. Klimke1 ·S. Baskas1 ·
R. Sindelar2 ·G. Klingelhöfer3 ·F. Renz1
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Abstract We synthesised a series of Iron(II)-triazole compounds and used the electro-
spinning procedure to incorporate spin crossover compounds (SCO) into polylactic acid
polymer fibers. Composite fiber/SCO compounds of [Fe(NH2-trz)3](BF4)2 as well as
[Fe(Htrz)2(trz)]BF4 were investigated via Mössbauer spectroscopy at 293 K and 77 K.
The Mössbauer studies show that the spin crossover behavior is maintained in the polymer
matrix.
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1 Introduction

Miniaturization of electronic components has become increasingly important in recent
years. Therefore it is a demanding task to develop electronic components from individ-
ual molecules and spin crossover compounds are becoming more and more interesting as
potential materials for various nanoscopic applications [1].
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Spin crossover compounds are discussed as valuable sensor materials [2] or in data
storage [3]. However, the individual addressing of these molecules is usually a problem
for common technologies [4]. For this reason, spin crossover compounds were incor-
porated into various polymer fibers using the electrospinning technique, thus producing
composite materials. The polymer fibers are intended to act as optical fiber and enable
a simpler addressing of the spin crossover compounds. Furthermore the influence of the
particle size of the compounds were investigated. Various spin crossover iron(II)-triazole
compounds as well as iron(II)-triazole nanoparticles have been used. The spin crossover-
polymer fiber composite materials were investigated, using Mössbauer spectroscopy. Our
studies show that the spin crossover behavior of the molecules is maintained in the polymer
fibers.

2 Experimental

We followed a synthetic route described in the literature [5]. Synthesis of the nanoparticles
has been adapted from [6].

2.1 [Fe(NH2-trz)3](BF4)2 nanoparticles

Fe(BF4)· 6H2O (1.012 mg, 3 mmol) was dissolved in 2.25 ml H2O and added to a solution
of Triton X-100 (15 ml), 1-pentanol (15 ml) and cyclohexane (60 ml). After 5 minutes a
solution of NH2-trz (756.8 mg, 9 mmol) in water was added. The reaction was stirred for
24 hours in inert atmosphere. To break the micro emulsion 75 ml of acetone was added
to the reaction. The solution was centrifuged and the nanoparticles washed three times in
ethanol.

Elemental analysis CHN (% calc.): C: 15.50 (14.96); H: 2.78 (2.51); N: 33.81 (34.89)

2.2 [Fe(NH2-trz)3](BF4)2

Fe(BF4)· 6H2O (337.39 mg, 1 mmol) was dissolved in 5 ml methanol and ascorbic acid
(5 mg) was added. Afterwards a solution of NH2-trz (252.2 mg, 3 mmol) in methanol (5 ml)
was added. The solution was stirred for 24 hours. Afterwards the complex was filtrated and
washed with methanol.

Elemental analysis CHN (% calc. for [Fe(NH2-trz)3](BF4)2· H2O): C: 14.51 (14.42); H:
2.82 (2.51); N: 33.17 (33.64)

2.3 [Fe(Htrz)2(trz)]BF4

Fe(BF4)· 6H2O (337.39 mg, 1 mmol) was dissolved in 5 ml methanol and ascorbic acid
(5 mg) was added. Afterwards a solution of Htrz (207.21 mg, 3 mmol) in methanol (5 ml)
was added. The solution was stirred for 24 hours. Afterwards the complex was filtrated and
washed with methanol.

Elemental analysis CHN (% calc. for [Fe(Htrz)2(trz)]BF4· H2O): C: 19.84 (19.64); H:
2.23 (2.75); N: 34.74 (34.36)
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Fig. 1 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2 nanoparticles in PLA fibers at 293 K
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Fig. 2 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2 nanoparticles in PLA fibers at 77 K

2.4 Integration of SCO into polymer fibers

To implement the SCO compounds into polymer fibers the electrospinning procedure
was used. The SCO compounds were added to a solution of polylactic acid (PLA) in
2,2,2-Trifluoroethanol (TFE). A SCO/polymer ratio of 5 w% was used. In a typical electro-
spinning setup with a continuous solvent flow rate of 1 ml/h a voltage of 23 kV was applied
to the solution with a fixed collector to needle distance of 20 cm. The electrospinning
procedure was performed in air atmosphere.
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Fig. 3 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2 nanoparticles at 293 K
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Fig. 4 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2 in PLA Fibers at 293 K

3 Results and Discussion

Figures 1–8 show the collected Mössbauer spectra relative to the 57Co/Rh source. The
corresponding parameters of all compounds are listed in Table 1 and are related to α−iron.

3.1 [Fe(NH2-trz)3](BF4)2 nanoparticles

The [Fe(NH2-trz)3](BF4)2 nanoparticles show a spin crossover in the polymer fibers. At
room temperature a mixture between the HS and the LS state can be observed. At 77 K
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Fig. 5 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2 in PLA Fibers at 77 K

-4 -2 0 2 4

96

97

98

99

100

v / mm s
-1

T
r
a

n
s
m

is
s
io

n
 /

 %

Fig. 6 Mössbauer spectrum of [Fe(NH2-trz)3](BF4)2· H2O at 293 K

only an Iron(II)-LS can be observed. In addition an Iron(III)-HS can be noticed at both tem-
peratures. We explain this observation with the harsh conditions during the electrospinning
procedure. Due to the high voltage up to 23 kV the nanoparticles might be partly oxidized.
The Mössbauer spectra show no presence of Fe(III) before the spinning procedure (Fig. 3).

8Page 5 of 8



8

-4 -2 0 2 4

98.50

99.00

99.50

100.00

v / mm s
-1

T
r
a

n
s
m

is
s
io

n
 /

 %

Fig. 7 Mössbauer spectrum of [Fe(Htrz)2(trz)](BF4) in PLA fibers at 293 K
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Fig. 8 Mössbauer spectrum of [Fe(Htrz)2(trz)](BF4)· H2O at 293 K

3.2 [Fe(NH2-trz)3](BF4)2

The compound [Fe(NH2-trz)3](BF4)2 was also integrated into the PLA polymer fibers. As
well as the nanoparticles they show a spin crossover between 77 K and 293 K. (Figs. 4 and 5)

3.3 [Fe(Htrz)2(trz)](BF4)

[Fe(Htrz)2(trz)](BF4) could be integrated into the polymer fibers. At 293 K the major-
ity of the compound is present in the HS-state. It is interesting, that a difference can be
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noticed between the pure compound and the polymer-composite counterpart. This effect
can be noticed also at the aminotriazole substituted compound. In both cases the LS pop-
ulation is increased. The same effect has been also shown by Janiak et al. [7] in MCM-41
structures. The nanostructuration of the 1-D chains stabilizes the LS population inside the
SCO-composite material.

4 Conclusion

In conclusion, it could be shown that [Fe(NH2-trz)3](BF4)2,[Fe(Htrz)2(trz)](BF4) as well as
nanoparticles of [Fe(NH2-trz)3](BF4)2 could be successfully integrated into PLA polymer
fibers via electrospinning. For the [Fe(NH2-trz)3](BF4)2 spin crossover compounds as well
as their nanoparticles the spin crossover behavior still occurs in the polymer matrix. For
the [Fe(NH2-trz)3](BF4)2 compounds at 77 K only the LS state can be observed, whereas a
mixture of HS and LS occurs at 293 K. In both cases for the [Fe(NH2-trz)3](BF4)2 and the
[Fe(Htrz)2(trz)](BF4) compound different HS/LS ratios can be found in the polymer fibers
compared to the bulk material. In both cases, the LS population of the SCO increases in the
composite material.

In case of the [Fe(NH2-trz)3](BF4)2 nanoparticles also a Fe(III)-HS is present at 77 K and
293 K. This could be because of an oxidation process during the electrospinning process,
since there is no Fe(III)-HS observed in the non-spun compound.
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