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Microwave-assisted synthesis of CdF2 nanoflakes in ionic liquid
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Abstract

Cadmium fluoride (CdF2) nanoflakes have been successfully synthesized using an ionic liquid (1-n-butyl-3-methylimidazolium tetrafluor-

oborate, [BMIM]BF4) under microwave heating for 10 min. Not only did the ionic liquid act as the reaction medium in this route but also as an

efficient fluridizer for the formation of CdF2 species. The crystal phase, size and morphology of as-prepared nanomaterials were characterized by

X-ray powder diffraction (XRD) and transmission electron microscopy (TEM).
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1. Introduction

Cadmium fluoride is an ionic crystal with fluoride structure

with the space group Oh
5 (Fm-3m) at ambient conditions [1].

This compound has been the subject of several experimental

and theoretical studies recently due in part to its visible and

ultraviolet light transparency [2], and semiconductivity after

doping and thermal treatment [3]. Crude CdF2 has been

traditionally obtained from cadmium carbonate when treated

with aqueous hydrofluoric acid [4]. The question arised,

however, to what extent the toxicity and acute causticity of

aqueous hydrofluoric acid brought the new seeking for an

alteration.

Room-temperature ionic liquids (RTILs) have developed to

a focal point of interest in both academia and industry in the

past few decades due to their advantages such as the thermal

stability, the ability to dissolve a variety of materials and most

important, the negligible vapor pressure [5]. Considered as

environmentally benign solvents, ionic liquids have a growing

number of applications such as chemical reactions [6], catalysis

[7], electrochemistry [8] and separation [9]. They have also

been applied to the inorganic field [10]. Meanwhile, ionic

liquids are excellent microwave-absorbing agents due to their

thermal stability, high ionic conductivity and polarizability, and

thus leading to a high heating rate and a significantly shortened
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reaction time. Recently, the microwave-assisted ionic liquid

(MAIL) method has been applied in the synthesis of Te

nanowires and nanorods [11], flower-like ZnO [12], etc. In all

these cases, fluorides were not obtained under microwave

irradiation, and ionic liquids acted as the reaction media to

modify crystals, and/or tune granule sizes or morphologies. In

the current article, we focus on the formation of CdF2 species

through the reaction of an ionic liquid ([BMIM]BF4) with

cadmium hydroxide (Cd(OH)2) under microwave radiation.

This novel route may offer a universal pathway towards other

metal fluorides nanostructures.

2. Experimental

Ionic liquid [BMIM]BF4 was synthesized according to

previous literature [13]. Cd(OH)2 powders were prepared

through the reaction of cadmium nitrate with aqueous NaOH.

All other chemicals were of analytical grade and used as

received without further purification. In a typical synthetic

procedure, 50 mg of Cd(OH)2 powder was added into a 10-ml

reaction tube containing 5 ml of ionic liquid [BMIM]BF4, and

the resulting mixture was microwave-heated with 100% power

in a domestic microwave oven (National, IEC-705, 700W) for

10 min. Then microwave heating was terminated and the

solution was allowed to cool to room temperature. The products

were separated by centrifugation, washed with distilled water

and absolute ethanol in sequence, and then dried in a vacuum at

60 8C for 4 h. X-ray diffraction (XRD) patterns of the sample
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Fig. 2. TEM image of as-prepared CdF2 nanoflakes.
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were collected on a Philips-PW3040/60 X-ray diffractometer

with Cu Ka radiation (l = 0.15418 nm). TEM images were

carried out on a JEOL-2010 transmission electron microscope

at an accelerating voltage of 200 kV. Samples for TEM

measurements were prepared by placing a drop of dilute

alcohol suspension of products onto a carbon-coated copper

grid and allowing the alcohol to evaporate in air.

3. Results and discussion

X-ray diffraction (XRD) pattern of the sample, recorded in

the 2u range of 10–908with a scanning step of 0.028, is shown in

Fig. 1. It can be seen from Fig. 1 that all of the diffraction peaks

can be well indexed to the cubic CdF2 with a lattice parameter

a = 0.539 nm, which is consistent with the value reported

previously (JCPDS Cards 75-0226). No characteristic peaks of

potential impurities are detected in the XRD pattern based on

this standard card. The morphological characteristic of CdF2

species was further investigated by transmission electron

microscopy (TEM). A representative image in Fig. 2 illustrates

that the sample consists of nanometer-sized structures with a

typical laminar morphology. Although these flakes are slightly

agglomerated, the boundaries are clearly distinguishable.

In the current reaction, ionic liquid [BMIM]BF4 serves as

the source of the fluoride ions. As mentioned above, the ionic

liquid is a good suspector of the microwave radiation because of

its ionic nature, and its boiling temperature is thus reached

within a very short time. When the ionic liquid exceeds its

boiling temperature as a result of superheating, the BF�4 anions

undergo fast hydrolysis in the presence of transition metal salts

with hydration water molecules under microwave superheating

[14,15]. The overall reaction may be simplified as follows [16]:

BF�4 þ H2O �!Microwave
BF3

�H2Oþ F�

The fluoride ions react with the metal ions, giving an

insoluble metal fluoride. In parallel, the cations of ionic liquid

[BMIM]BF4 decompose to form carbon [15].
Fig. 1. XRD pattern of as-prepared CdF2 species. Peaks were indexed accord-

ing to JCPDS card (75-0226).
4. Conclusions

A microwave-assisted ionic liquid method for the

synthesis of CdF2 nanoflakes was developed. The ionic

liquid [BMIM]BF4 acted as the solvent and an efficient

fluridizer under microwave superheating has favored the

formation of CdF2 nanostructures. This method is facile,

green and ecologically friendly. We expect that this method

may be extended to synthesize nanostructures of other

fluorides.
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