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Introduction

Room-temperature ionic liquids are a new class of organic
solvents, which have received much attention in many fields
of chemistry owing to their unique physicochemical proper-
ties, such as high fluidity, high thermal stability, low melting
temperature, extended temperature range in the liquid state,
low toxicity, high ionic conductivity and others.[1] For these
reasons, ionic liquids are actively being explored as environ-
mentally benign solvents for organic chemical reactions,[2]

separations,[3] electrochemical applications,[4] biopolymers[5]

and molecular self-assemblies.[6] In recent years, ionic liquids
have also been discovered to be excellent media in the for-
mation and stabilisation of metallic or metal oxide nano-
sized objects.[7–12]

Cyano-bridged bimetallic nanoparticles with a spin state
in the range 100–1000 are nanosized magnetic objects with
physical properties intermediate between those of single-

molecule magnets[13] and magnetic metallic nanoparticles.[14]

The synthesis of these discrete nano-objects and their self-
assembly into three-dimensional arrays have attracted in-
creasing interest in the last few years.[15–18] A pioneering
work has been realised by S. Mann and co-workers, who
prepared cubic nanocrystals (ca. 12–50 nm) of molecular
magnetic materials stabilised within reverse micelles.[15] The
synthesis of nanosized cyano-bridged magnetic materials
with sizes of around 4 nm using reverse micelle media,[16]

polymer and biopolymer matrices[17] and amorphous and
mesostructured silica[18] have also been reported. Neverthe-
less, only a few magnetic studies of these materials were de-
scribed. In this respect, detailed measurements were per-
formed on powdered Ni3[Cr(CN)6]2 nanoparticles with a
spin ground state of around 130, thus showing that this ma-
terial has superparamagnetic behaviour with slow magneti-
sation relaxation.[16]

Here we report a principally new exploit of ionic liquids
as an alternative reaction medium in the synthesis of cyano-
bridged coordination-polymer nanoparticles of adjustable
size. We prepared stable colloid solutions containing nano-
particles of cyano-bridged molecule-based magnets,
M3[Fe(CN)6]2/ ACHTUNGTRENNUNG[RMIM]ACHTUNGTRENNUNG[BF4] (M2+ =Ni, Cu, Co) and
Fe4[Fe(CN)6]3/ ACHTUNGTRENNUNG[RMIM] ACHTUNGTRENNUNG[BF4] (R=1-butyl (BMIM), 1-decyl
(DMIM)), synthesised in the corresponding 1-R-3-methyl-
ACHTUNGTRENNUNGimidazolium tetrafluoroborate [RMIM]ACHTUNGTRENNUNG[BF4] (Scheme 1),
which acts as both a stabilising agent and a solvent. By vary-
ing the length of the N-alkyl chain on the imidazolium
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cation of [RMIM]+ and the
temperature, the growing pro-
cess can be controlled to pro-
duce nanoparticles of different
sizes.

Results and Discussion

ACHTUNGTRENNUNG[BMIM]ACHTUNGTRENNUNG[BF4] and [DMIM]-
ACHTUNGTRENNUNG[BF4] ionic liquids were chosen
as solvents because of their

temperature range in the liquid state (melting points at �81
and �25 8C, respectively). [BMIM]3[Fe(CN)6] was synthes-
ised by a metathesis reaction from [BMIM] ACHTUNGTRENNUNG[BF4] and
K3[Fe(CN)6]. Mixing two solutions of [BMIM]3[Fe(CN)6]
and [M ACHTUNGTRENNUNG(H2O)6](X)2 (M=Cu, X=BF4; M=Ni, Co, Fe; X=

NO3) in [RMIM]ACHTUNGTRENNUNG[BF4] for two hours at room temperature
led to the formation of a series of deeply coloured and
transparent solutions M3[Fe(CN)6]2/ ACHTUNGTRENNUNG[RMIM]ACHTUNGTRENNUNG[BF4] (M=Cu
for 1, Ni for 2, Co for 3) and Fe4[Fe(CN)6]3/ ACHTUNGTRENNUNG[RMIM]ACHTUNGTRENNUNG[BF4]
(4) in which R=1-butyl for 1a–4a and 1-decyl for 1b–4b

(Scheme 2). The as-obtained solutions are stable for months.
Nevertheless, adding alcohols (CH3OH, C2H5OH) or water
to these solutions induced immediate precipitation of col-
oured solids.[19] As observed for the bulk materials, UV-visi-
ble absorption spectra of the as-obtained solutions 1–4 show
broad intervalence charge-transfer bands in the visible
region (Figure 1, Table 1). However, the maxima of the in-
tervalence bands for the samples are shifted toward higher
wavelength from that of the bulk materials by approximate-

ly 80 nm for 1a–4a and by approximately 180 nm for 1b–4b.
Such shift in UV-visible spectra has also been observed in
the case of cyano-bridged nanoparticles incorporated into
an amorphous silica matrix[18] and may be ascribed to the
surface effect of the nanoparticles.[20] The infrared spectra of
solutions 1–4 clearly show the bands corresponding to the
stretching vibrations of the bridging cyano groups
(Table 1).[21]

Drops of solutions 1–4 were frozen in liquid nitrogen and
sliced using microtomy techniques before being deposited
onto a copper grid for transmission electron microscopy
(TEM) observations. The TEM images of 1–3 show uniform-
ly sized, spherical nanoparticles that are nonaggregated and
well dispersed in [RMIM] ACHTUNGTRENNUNG[BF4]. Figure 2a shows a represen-
tative TEM image of 1a in which nanoparticles with a mean
size of 3.3�0.6 nm are observed. The colloids obtained in
[BMIM]ACHTUNGTRENNUNG[BF4] (1a–3a) present very close nanoparticle size
distributions of approximately 3 nm, whereas the mean size
of the colloids obtained in [DMIM] ACHTUNGTRENNUNG[BF4] (1b–4b) slightly
decreases by approximately 0.9 nm (Table 1). This result in-
dicates that the length of the N-alkyl chain on the imidazoli-
um cation of [RMIM]+ has an influence on the nanoparticle
size distribution. As observed previously, the processes of
nucleation and growth govern the size of the nanoparti-
cles.[22] In the ionic-liquid medium, high nucleation rate due
to the low interface tension and weak Ostwald ripening
favour the formation of small nanoparticles.[23] In this re-
spect, lower interface tension of [DMIM] ACHTUNGTRENNUNG[BF4] (26 mJm�2 at
336 K) in comparison with [BMIM] ACHTUNGTRENNUNG[BF4] (38 mJm�2 at
336 K) favours the formation of smaller nanoparticles.[24] It
is also conceivable that the resulting nanoparticles are con-
stituted of an anionic coordination-polymer network electro-
statically complexed by imidazolium cations. As a conse-
quence, the alkyl-chain-length modification of the imidazoli-
um cations used as solvent can affect the size of the result-
ing nanoparticles.

The TEM images of the homometallic sample 4a are dif-
ferent from the above-mentioned TEM images in that they
show the formation of dendritic structures (Figure 2b). Most
of the cyano-bridged nanoparticles stick together to form
dendrites, and some single nanoparticles disperse evenly in
solution. On the other hand, the same nanoparticles formed
in ionic liquid [DMIM] ACHTUNGTRENNUNG[BF4] (thus forming 4b) are nearly
uniformly sized, spherical and well-dispersed. The average
diameter of the particles is 2.2�0.6 nm, and no dendrites
could be observed. Visibly, in the case of 4a, [BMIM] ACHTUNGTRENNUNG[BF4]
influences the growth rate on various faces leading to aniso-
tropic nanoparticles, which induces the formation of dendrit-
ic structure.[23]

The reaction temperature has a significant influence on
the size of the nanoparticles. [BMIM]3[Fe(CN)6] reacts with
[M ACHTUNGTRENNUNG(H2O)6](X)2 to form nanoparticles even between �50 8C
and room temperature. The size distribution of the nanopar-
ticles formed in this temperature range does not change sig-
nificantly. However, if the mixing of the reactants takes
place at 80 8C, the formation of solids consisting of
M3[Fe(CN)6]2 crystallites of micrometric size with regular

Scheme 1. Molecular structure
of 1-R-3-methylimidazolium
tetrafluoroborate [RMIM]-
ACHTUNGTRENNUNG[BF4] in which R=1-butyl
([BMIM] ACHTUNGTRENNUNG[BF4]) or 1-decyl
([DMIM] ACHTUNGTRENNUNG[BF4]).

Scheme 2. Synthesis of cyano-bridged molecule-based magnet nano-
ACHTUNGTRENNUNGparticles in [RMIM] ACHTUNGTRENNUNG[BF4].

Figure 1. UV/Vis absorption spectra of 1a (&), 2a (&), 3a (*) and 4a
(*).
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geometrical shape were observed. These crystallites can be
detected by X-ray diffraction techniques.

We also investigated the influence of the postsynthetic
heating of the colloids on the nanoparticle size. When, im-
mediately after mixing [BMIM]3[Fe(CN)6] with [M-
ACHTUNGTRENNUNG(H2O)6](X)2 in [BMIM] ACHTUNGTRENNUNG[BF4], the colloids were heated at 50
or 80 8C for two hours, the solutions maintain their transpar-
ency and no visible change of the colloidsL aspect was ob-
served. The TEM observations performed on these samples

show the presence of uniformly
sized, spherical and well-dis-
persed nanoparticles, as ob-
served in the case of nonheated
colloids. However, the size dis-
tributions demonstrate that the
mean size of the nanoparticles
1a decreases from 3.3�0.6 nm
to 3.0�0.8 and 2.4�0.5 nm
after heating at 50 (1c) and
80 8C (1d), respectively
(Table 1). Aggregation of the
nanoparticles and the formation
of a blue-grey precipitate from

the colloids was observed when the temperature was in-
creased to 140 8C.

The magnetic properties of the obtained colloids 1–4 stud-
ied by direct current (dc) and alternating current (ac) modes
are qualitatively different from their bulk counterparts (see
Table 2 and the Supporting Information).[25] Figure 3 shows

the field-cooled/zero-field-cooled (FC/ZFC) magnetisation
(M) results in the range of 1.8–25 K for sample 1a.[26] The
ZFC curve shows a narrow peak at 5.5 K, which indicates
the blocking temperature (TB) of the particles with a mean
volume. The FC curve increases as the temperature decreas-

Table 1. Some relevant characteristics of colloids 1–4.

T
[8C]

IR
ñ ACHTUNGTRENNUNG(C�N) [cm�1]

UV/Vis
l [nm]

Nanoparticle
size [nm]

Cu3[Fe(CN)6]2/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (1a) RT 2162, 2091(s) 615 3.3�0.6
Cu3[Fe(CN)6]2/ ACHTUNGTRENNUNG[DMIM] ACHTUNGTRENNUNG[BF4] (1b) RT 2166 (s), 2093 790 2.2�0.7
Cu3[Fe(CN)6]2/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (1c) 50 2162, 2091(s) 615 3.0�0.8
Cu3[Fe(CN)6]2/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (1d) 80 2162, 2091(s) 615 2.4�0.5
Ni3[Fe(CN)6]2/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (2a) RT 2159 (s), 2085 415(sh) 2.7�0.4
Ni3[Fe(CN)6]2/ ACHTUNGTRENNUNG[DMIM] ACHTUNGTRENNUNG[BF4] (2b) RT 2161 (s), 2089 460(sh) 1.9�0.8
Co3[Fe(CN)6]2/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (3a) RT 2158, 2084(s) 590 3.0�0.8
Co3[Fe(CN)6]2/ ACHTUNGTRENNUNG[DMIM] ACHTUNGTRENNUNG[BF4] (3b) RT 2155, 2086(s) 630 2.3�0.6
Fe4[Fe(CN)6]3/ ACHTUNGTRENNUNG[BMIM] ACHTUNGTRENNUNG[BF4] (4a) RT 2073 (s) 760 dendrite, 3.0�0.7
Fe4[Fe(CN)6]3/ ACHTUNGTRENNUNG[DMIM] ACHTUNGTRENNUNG[BF4] (4b) RT 2102, 2049(s) 880 2.2�0.6

Figure 2. a) TEM image of solution 1a (scale bar=50 nm); inset: size-dis-
tribution histogram for 1a. b) TEM micrograph of solution 4a (scale
bar=50 nm); inset: magnification of the TEM image of 4a.

Table 2. Some relevant magnetic data for colloids 1–3.

Concentration
[m]

TB

[K]
D/kB

[K]
t0
[s]

z Hc at
1.8 K [Oe]

1a 1.4N10�6 5.5 191 3.0N10�18 8.2 582
1a 7.4N10�7 5.2 185 1.6N10�18 7.1 600
1a 1.8N10�7 4.3 137 1.7N10�15 –[a] 607
1b 1.4N10�6 5.1 160 5.7N10�17 7.5 600
1d 1.4N10�6 3.1 115 5.4N10�17 7.1 –
2a 1.4N10�6 5.2 219 2.6N10�21 6.5 688
2b 1.4N10�6 4.7 166 2.6N10�18 8.8 690
3a 1.4N10�6 2.3 52 5.7N10�13 –[a] –
3b 1.4N10�6 <1.8 – – – –

[a] Could not be fitted.

Figure 3. FC (*)/ZFC (*) magnetisation curves for 1a performed with an
applied field of 10 Oe.
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es and reaches saturation at 3 K. The FC and ZFC curves
coincide at high temperatures and start to separate at 7 K;
this indicates the blocking temperature of the largest parti-
cles. The closeness of TB to the separation temperature of
the ZFC/FC curves (Tsep) indicates the presence of nanopar-
ticles with a narrow energy-barrier distribution.[27] The FC/
ZFC curves of sample 1b present similar shapes and show a
blocking temperature of 5.1 K.

To investigate the nature of the irreversibility observed in
the FC/ZFC curves in more detail, the temperature depend-
ence of the alternating current (ac) susceptibility was stud-
ied. The temperature dependence of the in-phase (c’) and
out-of-phase (c’’) components of ac susceptibility for 1a
measured in a zero external field with different frequencies
ranging from 1 to 1500 Hz is shown in Figure 4. At 1 Hz,
both c’ and c’’ responses exhibit a peak at 6.2 and 5.0 K, re-
spectively, which shift towards higher temperature when the
frequency increases. The frequency dependence of these
peaks can be analysed by the Arrhenius law, shown in Equa-
tion (1):

t ¼ t0 expðD=kBTÞ ð1Þ

in which D is the average energy barrier and is given by D=

KV (K being the anisotropy energy constant and V the par-
ticle volume). The energy barrier D/kB and the pre-exponen-
tial factor t0 were estimated to be 191 K and 3.0N10�18 s, re-
spectively (inset of Figure 4b). This low value of t0 is close
to what is commonly observed for spin glass rather than for
superparamagnetic systems, which is usually in the range
10�10–10�12 s.[28] Sample 1b exhibits similar behaviour with a
smaller energy barrier of 160 K and t0 of 5.7N10�17 s. The
presence of magnetic interparticle interactions along with
surface effects can affect the dynamics of magnetisation re-
orientation and give rise to the appearance of spin-glass-like
dynamics.[29] On the other hand, it cannot be excluded that
the observed behaviour of our colloids is a result of the
glasslike behaviour of a single particle due to the small size
of the particles and hence to the particularly relevant role of
the surface.[27,30] From the average particle-energy-barrier
values and by using the average particle-volume values ob-
tained from TEM measurements, we evaluated the anisotro-
py constant K, which is equal to 5.9N105 and 3.9N105 Jm�3

for 1a and 1b, respectively. These values are in the range of
the K values observed for metal oxide nanoparticles.[27] To
check if the relaxation time in the obtained frozen colloids
presents a critical slowing down, we performed a dynamic
scaling analysis according to the power law shown in Equa-
tion (2):

t ¼ t0½Tg=ðTmax�TgÞ�z ð2Þ

where Tg is the glass temperature and z is the critical expo-
nent, which is commonly used in classical spin-glass sys-
tems.[31] The frequency dependence of the maximum of the
ac susceptibility of 1a was satisfactorily fitted with Tg=

5.5 K, t0=1.3N10�8 s and z=8.2, the latter being similar to
the exponent reported for spin glasses (inset of Figure
4a).[29]

To further investigate the influence of interparticle inter-
actions on the magnetic relaxation in our system, we per-
formed ac susceptibility measurements with varying nano-
particle concentration and thus with varying interparticle in-
teraction strength.[32] The temperature dependence of the ac
susceptibility for 1a was measured for three different con-
centrations: 1.4N10�6, 7.4N10�7 and 1.8N10�7

m. With de-
creasing concentration, the peaks of the c’ and c’’ compo-
nents were shifted to lower temperatures (Figure 5), which
suggests that the blocking temperature, and most likely the
energy barrier, decreases with decreasing interparticle inter-
actions. In addition, the Arrhenius law fitting of the thermal
variation of the relaxation time performed for this series of
samples shows that the energy barrier D/kB decreases with
decreasing interaction strength (Table 2). These features are
in accord with studies performed on strongly interacting par-
ticles in frozen ferrofluids.[32] On the other hand, the thermal
variation of the relaxation time of the most diluted sample
(1.8N10�7

m) cannot be satisfactory fitted with a power law,
visibly suggesting that the decrease of interparticle interac-
tions within our series of concentrations leads to the change

Figure 4. a) Temperature dependence of the in-phase (c’) component of
the ac susceptibility of 1a ; inset: thermal variation of the relaxation time
according to a power law. b) Temperature dependence of the out-of-
phase (c’’) component of the ac susceptibility of 1a ; inset: thermal varia-
tion of the relaxation time according to the Arrhenius law. Frequencies:
1 (*), 20 (*), 125 (^), 499 (&), 998 (~) and 1488 Hz (!).
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of the magnetic regime from spin-glass-like dynamics to a
superparamagnetic regime modified by interparticle interac-
tions.[31]

The field dependence of the magnetisation for samples 1a
and 1b at 2 K shows saturation-magnetisation values of
27366 and 27389 emumol�1 (4.9 mB), respectively, which cor-
respond to the expected value for a {Cu3Fe2} unit with ferro-
magnetic Cu2+–Fe3+ interactions through the cyano
bridge.[33] A hysteresis effect is observed at this temperature
with a coercive field (Hc) of 582 and 600 Oe, respectively
(Figure 6, Table 2). An S-shape of the first magnetisation

curve is in agreement with the presence of strong interparti-
cle interactions in the system.[30,34]

To obtain evidence of the influence of the nanoparticle
size on the magnetic properties of the colloids, the magnetic
measurements were performed on sample 1d, which was ob-
tained after heating at 80 8C (nanoparticle mean size=2.4�
0.5 nm), and compared with sample 1a (nanoparticle mean
size=3.3�0.6 nm). The ZFC magnetisation curve of 1d
shows a narrow peak situated at 3.1 K (5.5 K for 1a), which
suggests that the blocking temperature of particles with a
mean volume decreases as the size of the nanoparticles de-

creases. The temperature dependence of the in-phase (c’)
and out-of-phase (c’’) components of the ac susceptibility
for 1d measured with different frequencies ranging from 1
to 1500 Hz exhibit frequency dependent peaks, which shift
towards higher temperature when the frequency increases.
The thermal variation of the relaxation time fitted with the
Arrhenius law gives an average energy barrier (D/kB) of
115 K and pre-exponential factor (t0) of 5.4N10

�17 (Table 2).
These results clearly show that the size of the nanoparticles
affects the average energy barrier of the system and that de-
creasing the nanoparticle size induces a decrease of the
energy barrier.[30]

Conclusion

In summary, we have developed a method for the synthesis
of heterometallic cyano-bridged coordination polymers of
controlled size, in ionic liquids employed as both structuring
agents and solvents. To the best of our knowledge, this is the
first report of the use of ionic liquids in the synthesis of co-
ordination-polymer nanoparticles of adjustable size. Deeply
coloured colloids containing uniformly sized, spherical nano-
particles with small sizes of approximately 2–3 nm were ob-
tained. These colloidal systems of nanoparticles/ionic liquid
are exceptionally stable and no ligand is required, which
suggests that the ionic liquid plays the role of stabilising
agent. We observed that the length of the N-alkyl chain on
the imidazolium cation of the ionic liquid influences the size
of the nanoparticles, which slightly decreases as the length
of the alkyl chain increases. The nanoparticle size can also
be changed by controlling the temperature. It is noteworthy
that, in one case, the nanoparticles stick together to form
dendritic structures. The study of the magnetic properties of
frozen colloids shows that the relaxation of magnetisation is
strongly influenced by interparticle interactions, which leads
to the appearance of spin-glass-like dynamics in these sys-
tems.

Experimental Section

General : K3[Fe(CN)6] was purchased from Acros and [Ni ACHTUNGTRENNUNG(H2O)6] ACHTUNGTRENNUNG(NO3)2,
[Co ACHTUNGTRENNUNG(H2O)6] ACHTUNGTRENNUNG(NO3)2, [Cu ACHTUNGTRENNUNG(H2O)4] ACHTUNGTRENNUNG(BF4)2 and [Fe ACHTUNGTRENNUNG(H2O)6] ACHTUNGTRENNUNG(NO3)2 were pur-
chased from Aldrich. AgBF4 was purchased from Alfa Aesar. [BMIM]-
ACHTUNGTRENNUNG[BF4]

[35] and [DMIM] ACHTUNGTRENNUNG[BF4]
[36] were synthesised according to published

procedures. The quantity of water was controlled by the Karl–Fisher
method and maintained at 0.2 wt% for all syntheses.

IR spectra were recorded on a Perkin–Elmer 1600 spectrometer with
4 cm�1 resolution. UV/Vis spectra were recorded on a Cary 5E spectrom-
eter in solution or in the solid state on KBr disks. Transmission electron
microscopy (TEM) observations were carried out at 100 kV (JEOL 1200
EXII). Samples for TEM measurements were prepared by using ultrami-
chrotomy techniques from a frozen drop of solution or from resin-em-
bedded powder for solid materials and then deposited onto copper grids.
Magnetic susceptibility data were collected with a Quantum Design
MPMS-XL SQUID magnetometer. The data were corrected for the
sample holder and the diamagnetism contributions were calculated from
the Pascal constants.[37]

Figure 5. Temperature dependence of the in-phase (c’) and out-of-phase
(c’’) components of the ac susceptibility measured with frequency of 1 Hz
for colloid 1a with varying concentration: 1.4N10�6 (*), 7.4N10�7 (&)
and 1.8N10�7

m (*).

Figure 6. Field dependence of the magnetisation for 1a, performed at
1.8 K.
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Synthesis of [BMIM]3[Fe(CN)6]: A methanolic solution (100 mL) of
K3[Fe(CN)6] (1 g, 3 mmol) and [BMIM] ACHTUNGTRENNUNG[BF4] (2 g, 9 mmol) were mixed
and stirred for one night at room temperature. The suspension was fil-
tered off, the filtrate was concentrated (ca. 10 mL) and the product was
precipitated by addition of Et2O. [BMIM]3[Fe(CN)6] was obtained as a
yellow powder in 94% yield. IR (KBr): ñ=3150 (NCH of NC(H)), 3096
(ring HCCHas), 2933 (HCHsym of CH3(N)), 2115 (CN), 1574 (CH3N,
CH2N, CH2N of ring in plane), 1467 (d ACHTUNGTRENNUNG(HCH) of CH3(N)), 1170 (CH3N,
CH2N, CH2N of ring in plane), 628 cm�1 (CH3N, CH2N, CH2N of ring out
of plane); elemental analysis calcd (%) for C30FeH15N12: C 57.25, Fe 8.88,
N 26.71; found: C 57.41, Fe 8.19, N 26.59.

Synthesis of colloids M3[Fe(CN)6]2/ ACHTUNGTRENNUNG[RMIM] ACHTUNGTRENNUNG[BF4] (M=Cu for 1, Ni for 2,
Co for 3) and Fe4[Fe(CN)6]3/ ACHTUNGTRENNUNG[RMIM]ACHTUNGTRENNUNG[BF4] (R=1-butyl for 1a–4a and 1-
decyl for 1b–4b): In a typical synthesis, a solution of [M ACHTUNGTRENNUNG(H2O)6](X)2 (X=

NO3 for 1, 3, 4 and BF4 for 2) (0.22 mmol) in [RMIM] ACHTUNGTRENNUNG[BF4] (1 mL) was
added to a solution of [BMIM]3[Fe(CN)6] (0.15 mmol) in [RMIM] ACHTUNGTRENNUNG[BF4]
(1.5 mL). The yellow solutions change colour without any visible precipi-
tate. After 5 min, the solutions was stirred for 2 h at room temperature
for 1a,b–4a,b and at 50 and 80 8C for 1c and 1d, respectively.

Dilution of the colloids : Colloid 1a with a concentration of 1.4N10�6
m

was diluted with [BMIM] ACHTUNGTRENNUNG[BF4] two and four times in order to obtain the
concentrations 7.4N10�7 and 1.8N10�7

m, respectively.
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