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Use of a 4,5-dicyanoimidazolate anion based
ionic liquid for the synthesis of iron and silver
nanoparticles†
Suvendu Sekhar Mondal,a Dorothea Marquardt,b Christoph Janiakb and
Hans-Jürgen Holdt*a
Sixteen new ionic liquids (ILs) with tetraethylammonium, 1-butyl-3-methylimidazolium, 3-methyl-1octylimidazolium and tetrabutylphosphonium cations paired with 2-substituted 4,5-dicyanoimidazolate
anions (substituent at C2 = methyl, triﬂuoromethyl, pentaﬂuoroethyl, N,N’-dimethyl amino and nitro) have
been synthesized and characterized by using diﬀerential scanning calorimetry (DSC), thermogravimetric
analysis (TGA). The eﬀects of cation and anion type and structure of the resulting ILs, including several
room temperature ionic liquids (RTILs), are reﬂected in the crystallization, melting points and thermal
decomposition of the ILs. ILs exhibited large liquid and crystallization ranges and formed glasses on
cooling with glass transition temperatures in the range of −22 to −71 °C. We selected one of the newly
designed ILs due to its bigger size, compared to the common conventional IL anion and high electronwithdrawing nitrile group leads to an overall stabilization anion that may stabilize the metal nanoparticles.
Stable and better separated iron and silver nanoparticles are obtained by the decomposition of corresponding Fe2(CO)9 and AgPF6, respectively, under N2-atmosphere in newly designed nitrile functionalized
4,5-dicyanoimidazolate anion based IL. Very small and uniform size for Fe-nanoparticles of about 1.8 ±
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0.6 nm were achieved without any additional stabilizers or capping molecules. Comparatively bigger size
of Ag-nanoparticles was obtained through the reduction of AgPF6 by hydrogen gas. Additionally, the

DOI: 10.1039/c6dt00225k

AgPF6 precursor was decomposed under microwave irradiation (MWI), fabricating nut-in-shell-like, that is,
core-separated-from-shell Ag-nano-structures.
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1.

Introduction

Transition-metal-nanoparticles (M-NPs) are very important for
technological applications in several areas of science and
industry, including catalysis, chemical sensors, biocatalysts
and nanomaterial technology.1–9 For example, silver (Ag)-nanoparticles (Ag-NPs) are potential building blocks for the creation
of new materials with tailored properties for optical10 and
medical applications.11–13 Particularly, Fe-NPs can be used for
olefin hydrogenation reactions.14 Therefore, the controlled and
reproducible synthesis of defined and stable M-NPs is of high
importance.15,16
M-NPs can be stabilized by the ionic charge, high polarity,
high dielectric constant and supramolecular network of ionic
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liquids (ILs).16–18 According to the DLVO (Derjaugin–Landau–
Verwey–Overbeek) theory,19 ILs provide an electrostatic protection in the form of a “protective shell” for M-NPs, so that no
extra stabilizing molecules or reagents are needed.20,21 ILs can
therefore function both as stabilizer and solvent for the preparation of small (<5 nm) and (generally) kinetically stabilized
M-NPs.22,23 For these reasons, the chemistry of inorganic compounds and inorganic materials synthesis in ILs has attracted
tremendous interest in the recent years.24,25 Interestingly, the
stabilization of M-NPs in nonfunctionalized or functionalized
ILs is primarily based on the IL-anions, which form the
immediate layer around the nanoparticle because the molecular volume of the IL anion influences sizes and shapes of
the resulting M-NPs (Fig. 1a).26–28 Experimentally PF6− anions
from BMIm+PF6− were found on a Pd nanocluster surface by
XPS. This supports the hypothesis that weakly coordinating
anions can contribute to the stability of transition-metal
nanoclusters in organic solutions or ILs.29 In addition, functional amino-,30 carboxylic acid-,31 hydroxyl-,32 nitrile-,33 or
thiol-,34 groups on the imidazolium cations exert an additional
stabilization on M-NPs because of specific interactions of the
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Fig. 1 (a) Schematic presentation of the stabilization of M-NPs through
IL anions to prevent aggregation;28 (b) possible stabilization modes of
M-NPs by nitrile functionalized IL anion.

functional group with the particle surface. The donor atom(s)
of the functional group can attach to the M-NPs much like an
extra stabilizing capping ligand.28 Then, the stabilization of
M-NPs in functionalized-imidazolium-based ILs occurs
through the cation with its functional group. Therefore, it
could be a good idea to design a new types of ILs in which the
IL-anion is larger in size and having functional group,
showing synergistic eﬀects for the stabilization and protection
from agglomeration of M-NPs (Fig. 1b) as previously mentioned that IL anion showed weak interactions with M-NPs.28
We previously reported the synthesis and structure–thermal
property of ILs based on imidazolium cations combined with
2-substituted 4,5-dicyanoimidazolate anions.35 The electron
withdrawing characteristics of the nitrile functional group can
be utilized to prepare correspondingly stabilized anionic
imidazolate anions, which lead to opportunities for the formation
of ILs containing imidazolate anions. The imidazolates have
been found to not only introduce properties required for ILs,
but also allow for the formation of low melting ILs, and
indeed in some cases room temperature ionic liquids (RTILs).
Herein, we present the synthesis and characterization of
sixteen new ILs based on imidazolium, ammonium and phosphonium cations, combined with 2-substituted 4,5-dicyanoimidazolate anions. The substituent at the C2-position of the
imidazolate anion is tuned from electron-withdrawing to electron-donating groups. The eﬀects of cation and anion type and
structure on the thermal properties of the resulting ILs, including several room temperature ionic liquids (RTILs) are examined and discussed. We also show a simple synthesis method
for Fe-NPs and Ag-NPs from metal precursors Fe2(CO)9 and
AgPF6, respectively, in one of the newly designed ILs. The
results show that the additional nitrile functional group
together with the delocalized π-electrons of the imidazolate ILanion led to a more uniform product and a better stabilization
of the Fe-NPs.

Paper

synthesized by metathesis reaction. In general, corresponding
potassium imidazolate was combined with ammonium or imidazolium or phosphonium chloride ([Q]Cl) to form a new IL in a
solvent mixture of acetone/dichloromethane at room temperature (Scheme 1).35 The cations were tetraethylammonium
(Et4N+), 1-butyl-3-methylimidazolium (BMIm+), 3-methyl-1octylimidazolium (OMIm+) and tetrabutylphosphonium
(Bu4P+). The anions included 2-substituted 4,5-dicyanoimidazolate. Potassium 2-substituted 4,5-dicyanoimidazolate salts
were prepared by the treatment of the corresponding imidazole
with potassium carbonate in acetone at 20–25 °C. Reaction of
equimolar amounts of [Q]Cl and the potassium 2-substituted
4,5-dicyanoimidazolate salts in acetone/dichloromethane (1 : 1,
v/v) at room temperature gave the corresponding [Q]imidazolate
ILs with high yields after the removal of the precipitate of
potassium chloride and the evaporation of the organic solvents
(Scheme 1). Experimental data were supported by 1H and
13
C NMR spectroscopy, elemental analysis and mass
spectrometry (ESI†). ILs, (1–3)a35,36 and 2b37 were reported previously. All ILs were dried, prior to thermal analysis.
2.2.

Thermal characterization

The salts or ILs varied in their physical state from highmelting solids (with tetramethylammonium cations) to ILs at
room temperature, forming glassy solids on cooling. The
thermal behavior of synthesized ILs was determined by
thermal gravimetric analysis (TGA) and diﬀerential scanning
calorimetry (DSC). The characterization data of these ILs are
presented in Table 1. The influence of structural variation in
the cation and anion moieties reflected their properties.
2.2.1. Thermogravimetric analyses. The thermal stability
was measured by using TGA, with isocratic heating at 10 °C
min−1 under an air atmosphere. The decomposition temperatures are shown in Table 1. Generally, the thermal stability of
the ILs is governed by the identity of the cationic and anionic
core and type of side chain of the cation and anion.32,35
Herein, ILs contain the same anionic moieties; only the
change of substituents at the C2 position at imidazolate
anions and various cations can influence the decomposition
of ILs (Table 1 and Fig. 2). As ILs are nonvolatile, the upper
limit of the liquid range of ILs is usually given by their

2. Results and discussion
2.1.

IL synthesis

Diﬀerent kinds of ILs, combinations of ammonium, imidazolium and phosphonium cations and imidazolate anions, were

This journal is © The Royal Society of Chemistry 2016

Scheme 1

Synthetic strategy of imidazolate-anion based ILs.
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[Et4N]+ (1)

[4,5-diCN-2-CH3-Im]− (a)
[4,5-diCN-2-CF3-Im]− (b)
[4,5-diCN-2-C2F5-Im]− (c)
[4,5-diCN-2-N(CH3)2-Im]− (d)
[4,5-diCN-2-NO2-Im]− (e)

[BMIm]+ (2)

[OMIm]+ (3)

[Bu4P]+ (4)

Td

Tg/Tc/Tm

Td

Tg/Tc/Tm

Td

Tg/Tc/Tm

Td

Tg/Tc/Tm

252
255
270
233
249

—/—/50.0b, 72.2b, 98.9
−/42.6/62b, 70
—/11.3, 102.9/16.4b, 112.6
—/102.4/121.6
—/52.6, 88.5/121.5

234
257
265
257
239

−63.0/—/—
−58.1/—/—
−62.4/—/—
−53.5/—/—
−44.2/—/—

235
258
288
255
229

−60.6/8.7/29.7b, 40.9
−63.6/—/—
−66.1/—/—
−54.4/—/28.7b,39.2b
−46.9/—/—

403
362
352
344
239

−62.3/−14.9/32.4
−71.5/—/—
−68.9/—5.5/28.9
−57.9/—/—
−54.2/—/—

Representative DSC traces were recorded from the transition onset temperature at a heating rate of 10 °C min−1 in the cooling/heating cycle.
Decomposition temperatures were determined by TGA, heating at 10 °C min−1. b Solid–solid transition (Ts–s). Td = decomposition temperature, Tg
= glass transition temperature, Tc = crystallization temperature, Tm = melting transition temperature.
a

Fig. 2

Thermal decomposition of ILs.

thermal decomposition temperature, which generally lies
between 233 and 403 °C. 2-Substituted 4,5-dicyanoimidazolate
anion-based ILs (e.g. 1c, 1d, 2b, 2d, 2e, 3b, 3d, 3e and 4a)
exhibited a complete mass loss and volatilization of the component fragments occurred during heating (Fig. 2). In contrast,
ILs 1e, 2c, 3c, 4b, 4c, 4d and 4e showed 10–15% polymeric products. Such ILs show that the decomposition occurs in two distinct steps. The first decomposition can be found at around
350 °C, probably representing the cleavage of alkyl chains. A
second decomposition step can be observed up to 390 °C. This
leads to the assumption that first the IL reacts by the elimination of alkyl chains, maintaining the nitrogen-containing
structural elements. Further, condensation of the material
probably proceeds by a trimerization of nitrile groups forming
triazine rings, which is a common reaction for nitriles.38 It was
noted that the stabilities of the [Bu4P]+-based ILs (decomposition temperatures ranging from 344–403 °C) were markedly
higher than those of the other cation-based ILs. Future utilization of phosphonium salts appears promising for high
temperature applications. IL 4e decomposed unexpectedly at
low temperature probably due to the nitro group.
2.2.2. DSC analyses. DSC traces were recorded from the
transition onset temperature at a heating rate of 10 °C min−1

5478 | Dalton Trans., 2016, 45, 5476–5483

in the cooling/heating cycle. The first type of behavior was
observed by the ILs that showed a single glass transition (Tg) at
low temperature during the cooling scan (Fig. 3a). [BMIm]+based ILs, 4d and 4e showed only glass transition. The second
type of transition was noted with some ILs (e.g., 1c) that exhibited one solid–solid transition initially to form liquid crystalline
state (Tm1) through melting (Tm2) at heating scan (Fig. 3b). On
the cooling scan, such ILs only show the crystallization peak,
exhibited a complete but inhomogeneous crystallization consisting of two distinct temperatures that were observed at
cooling scan (Table 1). For example, Et4N-based ILs, one liquid
crystalline state (or mesophase) also is formed. Such peak is
observed before crystallization, indicating that more time was
taken for orientation in liquid crystalline state as the molecular volume increased. IL 1e showed only melting transition
at relatively high temperature (121.5 °C), without showing
solid–solid transition, designated as high melting salt.
During cooling scan, 1e exhibited two distinct very sharp

Fig. 3 DSC experiments were performed by heating the samples at a
rate of 10 °C min−1 and temperature range −120 to 120 °C (130 °C for
[Et4N]+ based ILs). (a) IL 4b shows only glass transition; (b) 1c exhibits a
glass transition, then the soft glassy material crystallizes followed by a
sudden endothermic solid–solid transition, before melting; (c) 1e IL
exhibits a weakly intensiﬁed and a completely inhomogeneous crystallization and consists of two distinct temperatures, without solid–solid
transition; (d) IL 4a shows clear Tg, Tc and Tm.

This journal is © The Royal Society of Chemistry 2016
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crystallization points (Fig. 3c). The fourth or major type of
behavior was exhibited by the remaining ILs (Fig. 3d). During
the heating scan, these ILs showed a Tg at low temperature to
form a supercooled liquid which transformed to an exothermic
crystallization (Tc) peak at relatively high temperature, followed
by a sharp melting transition (Tm) as the temperature
increased further. It can be clearly seen that the liquid range
for these ILs is governed principally by the choice of cation,
which has the greatest influence on the lower melting (or
glass) transition temperature, with the [Bu4P]+-based ILs 4(a–e)
showing the lowest temperatures of all.
2.3.

M-NPs synthesis

M-NPs can be synthesized in ILs through chemical reduction
by hydrogen gas or decomposition, by means of photochemical reduction or electro-reduction/electrodeposition of metal
salts where the metal atom is in a formally positive oxidation
state.16,17,28 Metal carbonyls Mx(CO)y or other M(0) complexes
are interesting precursors for the synthesis of metal nanoparticles (M-NPs) because the metal atoms are already in their
final zero-valent oxidation state. Thus, no reducing agent is
necessary and the carbonyl (CO) side product is largely given
oﬀ to the gas phase and thereby removed from the M-NP dispersion. Contamination from by- or decomposition products
which are otherwise generated during the M-NP synthesis are
therefore significantly reduced and very clean particles can
thus be obtained.28 Common to the synthesis of M-NPs in ILs
is that no extra stabilizing molecules or organic solvents are
needed, even if in some cases such stabilizers are added.
It has been demonstrated that stable M-NPs are obtained
reproducibly by thermal or photolytic decomposition from
mononuclear metal carbonyl precursors suspended in the ILs
BMIm+BF4−, BMIm+OTf − and BtMA+Tf2N− (BtMA+ = n-butyltrimethylammonium, Tf2N = N(O2SCF3)2, OTf = O3SCF3) with a
very small and uniform size of 1 to 1.5 nm in BMIm+BF4−
which increases with the molecular volume of the IL anion to
100 nm in BtMA+Tf2N−.26 Taubert et al. also showed that the
shape, size, and aggregation behavior of gold nanoparticles
depend on the IL anion.27 We have chosen one of the newly
designed ILs, 3a, due to its larger size, compared to the
common conventional IL anion. Its size and the high electronwithdrawing nitrile group should lead to an overall stabilization of the imidazolate anion towards M-NPs. Metal pre-

Table 2

cursors Fe2(CO)9 and AgPF6 (1–2 mass % rel. to IL, Table 2 and
Scheme 2) were dispersed into dried and degassed IL, 3a and
stirred for 12 h at RT under N2-atmosphere. The auxiliary base,
n-butylimidazole was added to the dispersion of AgPF6 to trap
the acidic HPF6 side product (Table 2, entry 3).39 The magnetic
stirring bars were removed from the dispersion and the reaction mixture was subsequently heated to 210 °C (20 W, 6 min)
by microwave irradiation (MWI) or reduction by hydrogen gas
(Table 2). The dark brown (entries 1 and 2; Table 2) and yellow
(entry 3, Table 2) colored reaction products were treated under
reduced pressure to eliminate volatile byproducts and M-NPs
dispersions were obtained. The samples were kept under N2atmosphere. Fig. 4a shows representative transmission electron microscopy (TEM) images of the nanoparticles obtained
from the decomposition of Fe2(CO)9 in IL 3a. Small Fe-NPs
with narrow size distribution are obtained from Fe2(CO)9 by
MWI in the 4,5-dicyanoimidazolate-based IL, 3a. The sample
grown in 3a contains small and monodisperse particles with a
diameter of 1.8 ± 0.8 nm (103 analyzed particles, determined
from TEM micrograph, Fig. 5a). The visible clustering is due to
the superparamagnetic properties of Fe-NPs. Selected area
electron diﬀraction (SAED) patterns do not show reflections
indicative of a crystalline material. We therefore conclude that
the particles obtained from the synthesis are amorphous
Fe-NPs stabilized by the IL (Fig. 4b).
Ag-NPs were synthesized by using AgPF6 precursor in two
diﬀerent methods; through the reduction of hydrogen gas and
MWI (Table 2). Reduction by H2 of AgPF6 in 3a and in the
presence of n-butylimidazole lead to small Ag-NPs of 4 ± 1 nm
(Fig. 4c and 5b). From MWI we got rather large, up to several
100 nm-sized silver particles. Interestingly, core–shell Ag

Scheme 2 Formation of Fe-and Ag-NPs by microwave irradiationinduced decomposition or H2 reduction under N2 atmosphere in IL.

Fe-/Ag-NPs synthesized by microwave irradiation-induced decomposition and H2 reduction of Fe2(CO)9 and AgPF6, respectively

Entry

IL, 3a [g]

Precursor

Amount [g]

Decomposition method

Mass % of metal rel. to IL

∅ ± σa [nm] ± [nm]a

1
2
3

1.04
0.34
0.70

Fe2(CO)9
AgPF6
AgPF6

0.0338
0.0078
0.0330

MWIb
MWIb
H2 d,e

1
1
2

1.8 ± 0.6c
Core–shell nano-structures f
4.0 ± 1.0g

a

Particle diameter ± standard deviation. b Microwave (MWI) conditions (20 W, run time: 30 s, hold time: 6 min; 210 °C). c 103 analyzed particles,
determined from TEM micrographs, after four months form synthesis. d Hydrogen reduction (H2, 4 bar, 100 °C oil-bath temperature, 1 h).
e
n-Butylimidazole added. f HRTEM and HAADF-STEM micrographs, no statistics of particle diameters was obtained, measured after three month
later from the synthesis. g HAADF-STEM micrographs, 65 particles measured; sample age six months, prepared in the presence of
n-butylimidazole as auxiliary base to remove the HPF6 by-product.39

This journal is © The Royal Society of Chemistry 2016
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Fig. 4 (a) TEM-image of Fe-NPs in 3a six weeks after synthesis
(see Fig. S1 in ESI† for enlarged version and additional images); (b)
SAED-image of Fe-NP (the black bar in the SAED is the beam stopper)
indicating amorphous material (no well-deﬁned sharp reﬂections); (c)
HAADF-STEM image of Ag-NPs after six weeks after synthesis in 3a, by
H2 gas reduction.

Fig. 7 HAADF-STEM images of Ag-NPs and Ag core–shell nanostructures, prepared in 3a through microwave irradiation-induced
decomposition of AgPF6.

Fig. 5 (a) Histogram of Fe-NP diameter distribution (1.8 ± 0.8 nm,
based on 103 particles); (b) histogram of Ag-NP diameter distribution
(4. ± 1.0 nm, based on 65 particles).

mode, the nanoparticles are shown bright against a dark background. The STEM images revealed free space between the
core and the shell of the Ag nanostructures, similar to a nut in
its shell. Hence, the Ag-nanostructure can be termed nut-inshell-like, that is, core-separated-from-shell. The elemental
analysis of the shell and the core of Ag-nanostructure displayed high peaks only for Ag (besides small Cu peaks for the
sample holder, Fig. 8). At the moment we can only speculate
on the origin of this apparently unprecedented phenomenon.
We suggest that during sample preparation or under the
action of the electron beam in the TEM small silver clusters
agglomerate around the larger micrometer-sized structures. As
the larger structures have a surface layer of IL cations and
anions the small clusters cannot integrate into the large particle but can only form a disconnected layer around it.

3. Materials and methods

Fig. 6 HRTEM-images of Ag core–shell nanostructures obtained in 3a
by microwave decomposition of AgPF6; (a) overview of the large,
facetted Ag-NPs; (b) close-up image of a core–shell nanostructure.

nanostructures (Fig. 6 and 7) were formed by decomposing the
AgPF6 precursor under MWI, proven by energy dispersive X-ray
spectroscopy (EDX). In the high-angle annular dark field
scanning transmission electron microscopy (HAADF-STEM)

5480 | Dalton Trans., 2016, 45, 5476–5483

Tetraethylammonium chloride, 1-butyl-3-methylimidazolium
chloride, 3-methyl-1-octylimidazolium chloride, tetrabutylphosphonium chloride, Fe2(CO)9, AgPF6 and solvents were used
as purchased from commercial suppliers (Sigma-Aldrich, Fluka,
Alfa Aesar, IoLiTec and others) without further purification, if
not stated otherwise. 2-Substituted 4,5-dicyanoimidazoles (R1 =
CF3, C2F5, N(CH3)2 and NO2) were synthesized according to published procedures.40,41 ILs, 1b and 1c are prepared according to
the published procedure (see ESI† for details).35
3.1.

Nanoparticles synthesis

Microwave vials with a Teflon septum were used. They were
charged with IL, 3a and Fe2(CO)9 or AgPF6 by placing the vial

This journal is © The Royal Society of Chemistry 2016
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lected under a flow of nitrogen, using an average sample
weight of 5–8 mg placed in an aluminum pan sealed by using
pin-hole caps. Experiments were performed by heating the
samples at a rate of 10 °C min−1. The DSC instrument was
adjusted so that zero heat flow was between 0 and −0.5 mW
and the baseline drift was less than 0.1 mW over the temperature
range −120 to 120 °C (130 °C for [Et4N]+ based ILs). The transition
temperatures were determined as inflection points using Mettler
Toledo STARe software V9.30. An empty sample pan was considered as reference. TEM images were taken at room temperature
on a Zeiss LEO 912 TEM operating at an accelerating voltage of
120 kV. HR-TEM and HAADF-STEM images were obtained on a
FEI TECNAI G2 F 20 (S)TEM (operating at 200 kV), TITAN 80–300
image CS-corrected, TITAN 80–300 probe CS-corrected STEM and
TITAN3 60–300 (all operating at 300 kV). Samples were deposited
on 200 mm carbon-coated copper grids.

4.

Fig. 8 EDX (HAADF)-spectra of core ( point 1) (top) and shell ( point 2)
(bottom) of core–shell Ag nano-structure in HAADF-STEM, showing the
presence of Ag (at the HAADF-STEM image inset of the nanostructure).

in a Schlenk tube or by handling in a glovebox. The general
procedure for preparing of 1–2 wt% M-NPs dispersion in 3a
was to add the required mass of metal precursor under nitrogen to the dried and degassed IL (0.34–1.04 g). A 1–2 wt% dispersion of M-NPs in 3a was prepared by adding the required
mass of metal salt [Fe2(CO)9: 0.0338 g; 0.098 mmol at entry 1,
AgPF6: 0.0078 g; 0.031 mmol at entry 2 and AgPF6: 0.0330 g;
0.13 mmol at entry 3] under nitrogen to the dried and
degassed IL. The metal salts were finely dispersed in the IL by
stirring for 12 h at room temperature under nitrogen. For entry
3 n-butylimidazole (2.0 equiv., 0.032 g, 34 µL) was added as
auxiliary base to trap the HPF6 side product. The magnetic stirring bar was removed from the dispersion and the reaction
mixture was subsequently heated to 210 °C (20 W, 6 min) by
microwave irradiation (MWI, CEM Discover). The dark brown
(entries 1 and 2; Table 2) and yellow (entry 3, Table 2) colored
M-NPs dispersions were obtained. They were degassed under
reduced pressure for 30 min to remove CO and other by-products.

3.2.

Characterization

Melting point, crystallization and glass transition temperatures
of the ILs were determined by diﬀerential scanning calorimetry using Mettler-Toledo DSC1 Stare System. Data were col-

This journal is © The Royal Society of Chemistry 2016

Conclusions

ILs make a unique architectural platform where the properties
of cation and anion could be independently modified to
design new functionalized ILs with low melting points and the
eﬀect of structural modification reflects the properties of ILs.
The investigations of potential ILs containing planar heterocyclic anions and their structure–property relationship have
been largely neglected. We have reported the synthesis and
characterization of new ILs based on 2-substituted 4,5-dicyanoimidazolate anions combined with various cations and
the resultant ILs reflected the thermal transition behavior.
The main finding of the current work is that one of the
nitrile functionalized imidazolate anion based IL can also be
eﬃcient reaction media and stabilizers of M-NPs if used as
pure phases and not in aqueous solution. In particular the
imidazolate anion appears to lead to a well-controlled nucleation and growth process, which is illustrated by the narrow
size distribution of the resulting Fe-NPs. Moreover, the nitrile
functionality of IL anion stabilizes the particles over extended
periods of time, which (i) is an indication of a rather strong
interaction of the IL with the Fe-NPs and (ii) could be useful
for practical applications, such as functional fluids and catalyst. Additionally, large core–shell Ag nano-structures and
small Ag-NPs were fabricated when AgPF6 precursor was
decomposed under microwave irradiation and through the
reduction by H2 gas, respectively. The previously reported
additional stabilization of M-NPs using task-specific ILs were
the changing the functionalities at IL cation. To the best of our
knowledge, for the first time we used nitrile functionalized
imidazolate anion base IL as a task-specific IL for the synthesis
of M-NPs. Nevertheless, the current result shows that the interaction between an IL anion and its functional group for the
stabilization of (growing) nanocrystal is far from understood,
but that a detailed understanding of the IL-inorganic interaction, the thermodynamics and kinetics, and the nucleation
process in particular is necessary for a true rational design of
M-NPs from task-specific ILs.
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