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Synthesis of [Fe(L)(bipy)], spin crossover
nanoparticles using blockcopolymer micelles+
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Nowadays there is a high demand for specialized functional materials for specific applications in sensors
or biomedicine (e.g. fMRI). For their implementation in devices, nanostructuring and integration in a com-
posite matrix are indispensable. Spin crossover complexes are a highly promising family of switchable
materials where the switching process can be triggered by various external stimuli. In this work, the syn-
thesis of nanoparticles of the spin crossover iron(i) coordination polymer [Fe(L)(bipy)], (with L = 1,2-phenyl-
enebis(iminomethylidyne)bis(2,4-pentanedionato)(2-) and bipy =
polystyrene-poly-4-vinylprididine blockcopolymer micelles as the template defining the final size of the

4,4'-bipyridine) is described using

nanoparticle core. A control of the spin crossover properties can be achieved by precise tuning of the
crystallinity of the coordination polymer via successive addition of the starting material Fe(L) and bipy.
By this we were able to synthesize nanoparticles with a core size of 49 nm and a thermal hysteresis
loop width of 8 K. This is, to the best of our knowledge, a completely new approach for the synthesis of
nanoparticles of coordination polymers and should be easily transferable to other coordination polymers
and networks. Furthermore, the use of blockcopolymers allows a further functionalization of the
obtained nanoparticles by variation of the polymer blocks and an easy deposition of the composite

www.rsc.org/nanoscale

Introduction

The synthesis of nanostructured and composite materials is of
growing importance for coordination polymers and (porous)
coordination networks (e.g. MOFs) that are discussed for their
high potential in drug delivery, sensing, catalysis, or as con-
trast agents."” Such applications require their incorporation
into composite materials or mesoscopic systems. Additionally,
there is a great interest in tailoring size-dependent physical
properties such as light absorption. A well-known example is
the different colours of colloidal gold nanoparticles.?
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material on surfaces via spin coating.

Nowadays many methods for the synthesis of metal- or metal-
chalcogenate nanoparticles are available, e.g. decomposition
of complexes, reduction of metal salts, fast precipitation, or
inverse micelle techniques.* However, for the synthesis of
nanostructured coordination polymers or coordination net-
works (including MOFs), the number of methods is restricted
and further depends strongly on the used system."” The poten-
tial of blockcopolymers for the synthesis of coordination
network nanoparticles is almost unexplored.’

Spin crossover (SCO) coordination polymers and networks
are well established model systems to develop new synthesis
strategies for nanostructured coordination compounds and
further to investigate size and matrix effects.® These materials
can be switched by external stimuli between a low-spin (LS)
and a high-spin (HS) state.” This switching ability is associated
with changes in the chemical and physical properties, explain-
ing the high interest for their applications in sensors,® display
devices® or as functional contrast agents.'® For potential appli-
cations it is essential to understand the interplay between the
particle size and/or matrix effects and the SCO properties. In
bulk material, cooperative spin transitions with hysteresis
(bistability)'* are possible due to intermolecular interactions.
There are only a few systems where 1D coordination polymer
nanoparticles or 3D coordination network nanoparticles were

This journal is © The Royal Society of Chemistry 2016
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prepared, generally accompanied by the loss of the spin cross-
over behaviour of the bulk material.">**™*° For most of those
systems the inverse micelle technique was used’*™” and few
attempts were made to entrap nanoparticles in a matrix.'®*%*°
Nearly no examples preserving the hysteresis in a nano-
structured system are known.'®?° Nanospheres of mono-
nuclear spin crossover complexes can be obtained through the
self-assembly of amphiphilic complexes.” In this work we
investigate the size and crystallinity of nanoparticles and show
how it is possible to preserve the spin crossover properties of
the bulk material down to particle sizes below 50 nm.

We use our extensive library of mononuclear and poly-
nuclear spin crossover complexes to investigate systematically
the origin of cooperative effects (e.g. thermal hysteresis loops
or steps) during the spin transition.>” Recently, we reported a
strong influence of a poly-4-vinylpyridine (P4VP) matrix on the
spin transition properties of sub-microcrystals of the SCO
coordination polymer [Fe(L)(bipy)],.>* Inspired by the results
we used P4VP based blockcopolymers (BCP) as a template for
the nanoparticle synthesis. Polystyrene-poly-4-vinylprididine
BCPs are known for their ability to build micellar structures
via self-assembly.>* The direct synthesis of nanoparticles (NPs)
in the polymer micelles is expected to bring large yields while
omitting toxic surfactants and using less toxic solvents com-
pared to the inverse micelle technique. In addition, the block
morphology of the polymer offers the possibility of controlled
deposition on various surfaces.>® PS-P4VP based BCPs are
used for the large area deposition of inorganic nanoparticles
such as gold*® or iron oxide.”® The incorporation of SCO
NPs in such a polymer matrix may lead to an increased
stability against degradation wunder aerobic conditions.
Consequently we decided to use PS-P4VP based micelles as
nano-reactors for the synthesis of nanoparticles of the iron(u)
complex [Fe(L)(bipy)].. A schematic representation of the general
approach using a self-assembly strategy is given in Scheme 1.

Results and discussion
Synthesis of the nanoparticles

For the synthesis of the coordination polymer (CP)-block-
copolymer (BCP) composite materials, the self-assembly approach
recently reported for sub-microcrystals in a poly(4-vinylpyri-
dine) matrix was used.*® The polystyrene-poly-4-vinylpyridine
BCP (PS-P4VP, M = 150 000 g mol ', 1250 PS units, 200 P4VP
units, 14% P4VP) was dissolved in THF and stirred for 15 min
to allow self-assembly. The resulting empty BCP micelles have
a hydrodynamic radius of 63 nm (ESI Fig. S17). For the CP-
BCP composite materials, a solution of the BCP with the pre-
cursor iron(n) complex [Fe(L)] was used as the starting
material. In the solid state [Fe(L)] is stabilized by two
additional methanol molecules as axial ligands that are easily
replaced by pyridine derivatives. Based on the size of [Fe(L)] of
12 x 9 A, approximately one iron complex can coordinate to
every third or fourth vinylpyridine (VP) unit. Thus a ratio of
1:4.5 of [Fe(L)]: VP-units is chosen to avoid an uncoordinated
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Scheme 1 Top: Formula of the compounds with the used abbrevi-
ations. Bottom: Schematic representation of a self-assembled blockco-
polymer micelle for use as a nano-reactor. Successive addition of the
complex [Fe(L)] and the bridging ligand bipy to the blockcopolymer
(BCP) micelle will lead to a growth of the coordination polymer (CP) in
the core of the micelle.

iron complex in the reaction mixture. It results in two iron(u)
species, namely the penta-coordinated [Fe(L)(VP)] (20%, high-
spin, HS) and the octahedral [Fe(L)(VP),] (80%, low-spin, LS;
see the Mossbauer spectrum of compound 1, Fig. S27).

After 2 h of reflux (66 °C) the bridging ligand 4,4-bipyridine
(bipy) was added to the solution. Due to the LS state of the
majority species [Fe(L)(VP),], the ligand exchange is expected
to be slowed down. To allow crystalline growth of the CP in the
BCP micelles, further successive additions of [Fe(L)] and bipy
were used (= number of cycles; each with the same ratio of
[Fe(L)]: bipy).

To optimize the reaction conditions for the formation of
the CP, the [Fe(L)]:bipy ratio, reaction time, and reaction
temperature were varied. An overview of the used reaction con-
ditions is given in Table 1. Tables S1 and S2f summarize the
results of this screening. Independent of the [Fe(L)]: bipy ratio,
well defined spherical particles are obtained for the samples
7-15. For too high amounts of 4,4"-bipyridine (samples 13-15),
gradual spin transitions and an increasing LS fraction were
observed (see Table S2t). This hints to the formation of the
mononuclear complex [Fe(L)(bipy),] or very short detached
CP chains. Consequently the [Fe(L)]:bipy ratio was fixed to
1:2.5 for the following screening to prevent the formation of
[Fe(L)(bipy),] species. For the samples stirred at room tempera-
ture (21-24), larger aggregates and less well defined spherical
particles were observed in the TEM pictures (Table S27), thus a
higher reaction temperature (66 °C is the boiling point of the
solvent THF) supports the formation of uniform composite
nanoparticles. The increase of the reaction time from 15 min

Nanoscale, 2016, 8, 19058-19065 | 19059
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Table 1 Sample overview

[Fe(L)]: bipy Total time Temperature
Sample Cycles [mol: mol] [h] [eC]
1 0 1:0 2 66
2 1 1:2.5 3 66
3 2 1:2.5 4 66
4 3 1:2.5 5 66
5 4 1:2.5 6 66
6 5 1:2.5 7 66
7 1 1:1 3 66
8 1 1:3 3 66
9 1 1:4 3 66
10 1 1:5 3 66
11 3 1:6 5 66
12 3 1:7 5 66
13 3 1:8 5 66
14 3 1:9 5 66
15 3 1:10 5 66
16 1 1:2.5 2.25 66
17 2 1:2.5 2.50 66
18 3 1:2.5 2.75 66
19 4 1:2.5 3.00 66
20 5 1:2.5 3.25 66
21 1 1:2.5 3 RT
22 2 1:2.5 4 RT
23 3 1:2.5 5 RT
24 5 1:2.5 7 RT

(samples 16-20) to 1 hour (samples 2-6) for each cycle
improves the SCO properties of the composite materials. This
can be related to the time available for crystallite growth, as
will be shown in the following section.

Each additional cycle leads to an increasing amount of CP
in the BCP micelles. This is reflected in an increase of the
1(C=0) stretching vibrations (1640 cm™' and 1560 cm™') of
[Fe(L)] in the composite material, followed by IR spectroscopy,
see Fig. S3.f Transmission electron microscopy (TEM) was
used to study the size, shape and uniformity of the obtained
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material and Mossbauer spectra to determine the conversion
of the octahedral [Fe(L)(VP),] LS fraction. In agreement with
an increasing amount of the desired [Fe(L)(bipy)] units of the
CP (see Scheme 1), the LS fraction decreases from 47% for
sample 3 to 45%, 16%, and finally 0% for the samples 4, 5,
and 6, respectively. The results are summarized in Table S3.f
Furthermore, magnetic measurements were performed to get
information about the spin crossover properties.

Control of the crystallite size of the coordination polymer

The investigated CP-BCP composite material consists of a BCP
micelle in which the CP was incorporated. As a representative
example of the morphology of the CP-BCP composite micelles,
in Fig. 1 transmission electron microscopy (TEM) pictures of
sample 6 (5 cycles) are given. TEM images of further samples are
provided in Table S1.f In all cases a spherical core-shell mor-
phology was obtained. Based on the differences in contrast, the
iron complexes in the P4VP part form the core while the PS part
is the shell. An energy dispersive X-ray spectroscopy analysis
(EDX) of 6 was done to confirm the regio-selectivity of the [Fe(L)
(bipy)] complex to the VP units of the BCP micelles (ESI Fig. S4+).

Dynamic light scattering (DLS) was used to determine the
total size of the CP-BCP composite micelles in solution. There
is a slight increase in the hydrodynamic size upon loading the
BCP micelle with the CP. After the first addition of the CP, the
outer diameter of the CP-BCP composite micelle increases
from 126 nm for the empty micelle to 147 nm for the loaded
one. For the following additions of the CP, the outer diameter
stays more or less constant. TEM was used to determine the
size of the core and the outer diameter in the dried state.
Independent of the amount of added CP, for loaded CP-BCP
micelles the same core and total diameter were obtained in
the range of the error. This indicates that the BCP micelle is
an ideal template for the synthesis of spherical particles, in
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Fig. 1 Characterization of the CP—BCP composite micelles. (a) TEM pictures of 6 (5 cycles) at two different magnifications illustrating the core
shell nature of the particles. (b) Size histogram from the TEM picture given in (a). (c) Autocorrelation function (left) of the CP—BCP particles in THF

(43 wt%) and the resulting distribution of the hydrodynamic radius (right).
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Fig. 2 Particle core size and crystallinity of the CP—BCP composite micelles. (A) PXRD spectra between 22° and 24°. The continuous red line
resembles the fit used for the determination of the FWHM. (B) Particle core size determined by TEM (dots) and calculated via the Debye—Scherrer
equation from the PXRD data (open circles) as a function of the number of reaction cycles. (C) Schematic representation of the CP—BCP composite
micelle illustrating the growth of the crystalline CP parts in the core of the micelle.

our case of the CPs. This opens up a new route to obtain CP
nanoparticles with a spherical morphology instead of the
usually obtained needle-like structures.

Note that the size of the CP-BCP micellar core seems to be
determined by the first addition of [Fe(L)(bipy)],. This may be
explained by changes in the morphology of [Fe(L)(bipy)], in the
core of the micelle. Consequently, powder X-ray diffraction
(PXRD) (see Fig. 2a and S5t) was used to estimate the crystallinity
of the CP in the BCP core. The corresponding results are summar-
ized in Table 2 together with the results for the empty BCP
micelles. In Fig. 2b, the size of the core as a function of the
number of cycles is compared with the size of the crystalline parts
determined by PXRD. Therefore, the half width of the most promi-
nent peak in the PXRD spectra at a 20 value of 23°, illustrated in
Fig. 2a, was analyzed using the Debye-Scherrer equation (1):*

0.891
AB(20) = L cosd@

(1)

where 1 is the wavelength of the diffractometer (0.15418 nm),
0 is the peak angle [rad], L corresponds to the mean crystal size
[nm] and AB is the FWHM (full width at half maximum) of the
peak [rad]. A continuous decrease of the line width is observed
in the diffraction pattern with increasing number of cycles
indicating a continuous increase of the crystalline parts. We
found that sample 2 is completely amorphous. For samples 3
and 4 the crystallite size is significantly smaller than the core
size determined by TEM while for samples 5 and 6 about the
same size is obtained. We propose a change in the core crystal-
linity induced by the increase in the [Fe(L)(bipy)] concen-
tration, as illustrated in Fig. 2c. The growth of the CP chains
leads to an increase of the [Fe(L)(bipy)] density within the

This journal is © The Royal Society of Chemistry 2016

Table 2 Particle size (diameter) and crystallinity of the samples deter-
mined by DLS, TEM and PXRD measurements in nm

Cycles Sample DLS* TEM core  TEM shell®  PXRD (23°)
0 BCP 126 +22 708

1 2 147 £22 528 101 +15

2 3 140+13 57 +8 94 +15 33+3

3 4 142+12  62+13 91+12 32+3

4 5 147 £15 446 96 + 12 47+3

5 6 145+13 495 113 +15 45+3

“The differences in the hydrodynamic diameter (DLS) and the outer
diameter determined by TEM are due to drying effects.

micelle core. This triggers the crystallization and later a
rearrangement of the small crystallites to larger crystals of the
size of the micelle core. A comparison of samples 2-6 with
samples 16-20 with shorter reaction times reveals that longer
reaction times support this crystallisation process.

Magnetism

The change in the crystallinity of the CP core and therefore of
n in [Fe(L)(bipy)], in the BCP micelle should significantly influ-
ence the SCO properties of the composite material. Due to the
differences in the coordination environment of the outside
[Fe(L)] units of the [Fe(L)(bipy)], coordination polymer, only
the inside [Fe(L)] units are expected to undergo spin crossover
(SCO). Magnetic measurements of samples 3-6 were done in
the temperature range between 330 K and 50 K in the cooling
and heating modes. The results are given as y\T versus T plots
in Fig. 3, where y\ is the molar susceptibility and T is the
temperature. The ratio of high spin (HS):low spin (LS) iron

Nanoscale, 2016, 8, 19058-19065 | 19061
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Fig. 3 Plot of the ymT product versus T determined by SQUID measure-
ments. The increase in the crystallinity is reflected by an increase of the
cooperative interactions (hysteresis) during the spin transition.

centers was confirmed by Mossbauer spectroscopy at room
temperature (see Fig. S6 and Table S47).

The room temperature yyT product of the samples with
2 and 3 cycles (3 and 4) is 1.9 cm® K mol™" significantly lower
than the theoretical value for iron(u) in the HS state (ymT =
3.0 cm® K mol™') due to a significant LS fraction. Upon
cooling, for both samples a drop of the y\7T product to ca.
1.0 em® K mol™" is observed in the temperature region
between 225 K and 125 K. This can be correlated to a very
gradual and incomplete spin crossover. This is in contrast to
the previously described microcrystals in a PAVP matrix, where
the spin transition was either quenched or a spin transition
with hysteresis was observed.?® For sample 5 the room temp-
erature y\7T product has a value of 2.9 cm® K mol™! which is
almost in the region expected for an iron(u) complex in the HS
state. A gradual SCO is observed in the temperature region
between 200 K and 125 K with about 40% of the iron centers
involved. This indicates that the number of SCO active iron
centers did increase compared to 3 and 4 (both about 30%).
This trend continues for 6 with five cycles with a room temp-
erature yyT product of 3.1 ecm® K mol ™, typical of iron(m) HS
complexes. The spin transition takes place between 210 K and
125 K with 45% of the iron center involved. From 3 to 6 a sig-
nificant increase in the fraction of SCO active [Fe(L)] units is
observed indicating the increase of n in [Fe(L)(bipy)],. In the
case of 5 and even more pronounced in the case of 6, different
transition temperatures are observed in the heating and the
cooling. The Ty, values (where 50% of the SCO active centers
did undergo spin transition) of 6 are 162 K in the cooling and
170 K in the heating mode corresponding to a 8 K wide
thermal hysteresis loop. With the increasing number of cycles,
an increase of the hysteresis width is observed and the SCO
properties converge towards those of the bulk material (20 K
hysteresis for the bulk*® and 8 K for 6, approx. 1 K hysteresis
for 5). This is directly linked to the crystal size of the CP core
in the CP-BCP composite (see Fig. 2).

Experimental
Synthetic procedures

Polystyrene-b-poly(4-vinylpyridine) (PS-P4VP, purum, MW =
150 000) was synthesized as described before.>* 4,4"-Bipyridine

19062 | Nanoscale, 2016, 8, 19058-19065
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was obtained from Alfa Aesar and used as received.
Tetrahydrofurane (THF) was purified as described in the litera-
ture.”® [Fe(L)(MeOH),] was synthesized as described before.*
All syntheses were performed under inert conditions using the
Schlenk technique with argon (purity > 99 999%, 5.0). The syn-
thesis of all samples was repeated at least twice.

1: PS-PAVP (50 mg, 0.33 umol) and [Fe(L)(MeOH),] (6.4 mg,
15 pmol) were added to a 50 ml flask. Subsequently THF
(20 ml) was added and the mixture was heated to reflux for
2 h. After cooling to room temperature the solvent of the
brown solution was removed via cold distillation to yield a
brown, polymer-like powder. Elemental anal. (%) found: C
63.24, H 7.78, N 1.69.

2: PS-P4VP (50 mg, 0.33 pmol) and [Fe(L)(MeOH),] (6.4 mg,
15 pmol) were added to a 50 ml flask. Subsequently THF
(20 ml) was added and the mixture was heated to reflux for
2 h. After cooling to room temperature, 4,4"-bipyridine (5.6 mg,
36 pmol) was added to the brown solution and the reaction
mixture was heated for 1 h to reflux. After cooling to room
temperature the solvent was removed via cold distillation to
yield a brown, polymer-like powder. Elemental anal. (%)
found: C 63.70, H 7.49, N 2.38.

3: the synthesis as described for sample 2 was repeated.
Before solvent removal, [Fe(L)(MeOH),] (6.4 mg, 15 pmol) and
4,4'-bipyridine (5.6 mg, 36 pmol) were added in a second cycle
and the mixture was heated for one further hour to reflux.
After cooling to room temperature the solvent was removed via
cold distillation to yield a brown, polymer-like powder.
Elemental anal. (%) found: C 65.55, H 7.81, N 1.55.

4: the synthesis described for sample 3 was repeated, with
one further cycle of addition of [Fe(L)(MeOH),] (6.4 mg,
15 umol) and 4,4"-bipyridine (5.6 mg, 36 umol) followed by
further heating to reflux for 1 h. After cooling to room temp-
erature the solvent was removed via cold distillation to yield a
brown, polymer-like powder. Elemental anal. (%) found: C
68.34, H 7.05, N 4.67.

5: the synthesis described for sample 4 was repeated, with
one further cycle of addition of [Fe(L)(MeOH),] (6.4 mg,
15 pmol) and 4,4"-bipyridine (5.6 mg, 36 pmol) followed by
further heating to reflux for 1 h. After cooling to room temp-
erature the solvent was removed via cold distillation to yield a
brown, polymer-like powder. Elemental anal. (%) found: C
60.58, H 7.06, N 3.13.

6: the synthesis described for sample 5 was repeated, with
one further cycle of addition of [Fe(L)(MeOH),] (6.4 mg,
15 pmol) and 4,4"-bipyridine (5.6 mg, 36 pmol) followed by
further heating to reflux for 1 h. After cooling to room temp-
erature the solvent was removed via cold distillation to yield a
brown, polymer-like powder. Elemental anal. (%) found: C
63.91, H 6.94, N 4.85.

The colour turned increasingly darker from sample 2 to 6
with an increasing amount of iron. Elemental analyses reveal
increasing nitrogen contents from sample 1 to 6 in line with
the increasing amount of CP. The variations in the values are
due to differences in the solvent contents and contamination
of the samples with grease.

This journal is © The Royal Society of Chemistry 2016
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Methods

Transmission electron microscopy. Transmission electron
microscopy was performed with a Zeiss CEM902 electron micro-
scope (Zeiss, Oberkochen, Germany). Samples were dispersed in
toluene applying vortex several times. The dispersion was
dropped on a carbon coated copper grid (Science Services,
Munich). The acceleration voltage was set to 80 kV. Micrographs
were taken with a MegaView III/iTEM image acquiring and process-
ing system from Olympus Soft Imaging Systems (OSIS, Muenster,
Germany) and an Orius 830 SC200 W/DigitalMicrograph system
from Gatan (Munich, Germany). Particle size measurements
were performed with “Image]” image processing software by
Wayne Rasband (National Institutes of Health, USA).

Infrared spectroscopy. Transmission infrared spectra were
collected using a PerkinElmer Spectrum 100 FT-IR (ATR).
Samples were measured directly as solids.

Elemental analysis. Carbon, nitrogen and hydrogen contents
were collected on a Vario EL III. Samples were placed in tin
boats. All samples were measured at least twice and the
average of both measurements was used.

Energy dispersive X-ray spectroscopy. Energy dispersive X-ray
spectroscopy was done on a 200 kV FEI-Titan G2 80-200 S/TEM
(Eindhoven, Netherlands). Samples were dispersed in metha-
nol applying vortex and ultrasound several times. The dis-
persion was dropped on a carbon film coated copper grid. The
acceleration voltage was set to 200 kV.

Scanning electron  microscopy. Scanning
microscopy micrographs were acquired with a Zeiss LEO 1530
(Oberkochen, Germany).

Magnetic measurements. Magnetic susceptibility measure-
ments were performed on a Quantum Design MPMS-XL-5
SQUID magnetometer in the temperature range between 50
and 300 K. The samples were prepared in gelatin capsules
placed in a plastic straw. All samples were measured with a
magnetic field of 3 T in the settle mode with a cooling and
heating rate of 5 K min~"' between each measurement point.
The measured values were corrected for the diamagnetism of
the sample holder, the polymer matrix (measured values) and
the ligand (tabulated Pascal constants).

X-Ray powder diffraction. X-Ray Powder Diffraction data for
samples 2 to 6 and the bulk [FeL(bipy)], were collected on a
STOE StadiP X-ray powder diffractometer in transmission geo-
metry between 5 and 45° 26. Samples were placed in capil-
laries and Cu-Kol radiation was used for the measurement.
Radiation was detected with a Mythen 1 K detector.

Mossbauer spectroscopy. >’Fe Mdssbauer spectra were
recorded in transmission geometry at constant acceleration
using a conventional Mdssbauer spectrometer with a 50 mCi
’Co(Rh) source. The samples were sealed in the sample holder
under an argon atmosphere. The spectra were fitted using Recoil
1.05 Mossbauer Analysis Software.®" The isomer shift values are
given with respect to an o-Fe reference at room temperature.

Dynamic light scattering. DLS of all samples was recorded
on a Malvern Zetasizer Nano ZS. Samples were measured in
solution in glass cuvettes from Carl Roth GmbH+Co. KG.
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Conclusions

In this work the synthesis of spin crossover iron(u) coordi-
nation polymer nanoparticles is described using block-
copolymer micelles as microreactors. An excellent control over
the size of the coordination polymer is obtained via the block-
copolymer micelle size. A strong influence of the crystallinity,
tunable by the number of cycles, of the coordination polymer
core on the spin crossover properties of the material is
observed. This is, to the best of our knowledge, a completely
new approach for the synthesis of nanoparticles of coordi-
nation polymers and should be easily transferable to other
coordination polymers and networks. Furthermore, the use of
blockcopolymers allows a further functionalisation of the
obtained nanoparticles by variation of the polymer blocks.
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