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Synthesis of Zinc Hydroxyfluoride Nanofibers through an Ionic Liquid
Assisted Microwave Irradiation Method
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Zn(OH)F nanofibers were successfully synthesized from
Zn5(OH)8(NO3)2·2H2O by microwave irradiation in the pres-
ence of the ionic liquid [Tmim][BF4] (1,2,3-trimethylimid-
azolium tetrafluoroborate). The structure and morphology of
the resulting Zn(OH)F nanofibers were investigated by XRD,
SEM, and XPS, and the results indicate that the Zn(OH)F
fibers are 80–200 nm in diameter and several micrometers

Introduction

Zinc hydroxyfluoride is an important zinc-containing
material. It has been demonstrated to be a catalyst for the
formation of pyridine from tetrahydrofurfuryl alcohol and
ammonia,[1] and it has been used as a precursor for ZnO.[2]

Zinc hydroxyfluoride is generally synthesized by hydroly-
sis–condensation of zinc fluoride tetrahydrate in water fol-
lowed by evaporation at 100 °C to dryness. Zn(OH)F can
be also obtained by thermal degradation of zinc fluoride
(ZnF2) in air,[3] and more recently, it was observed on the
surface of ZnO films after treatment with a NH4F aqueous
solution.[4] However, the synthesis of nanostructured
Zn(OH)F was rarely reported. Yu et al.[5] mentioned the
synthesis of 1D nanostructured Zn(OH)F by the reaction
between ZnO and NaF briefly in a communication, but no
details were given. Recently, Huang et al.[1a] provided a hy-
drothermal route to synthesize net-like Zn(OH)F nanos-
tructure at 120 °C.

Herein, we report a facile route to synthesize Zn(OH)F
nanofibers from Zn5(OH)8(NO3)2·2H2O in a water/
[Tmim][BF4] (1,2,3-trimethylimidazolium tetrafluorobo-
rate) system by microwave irradiation. The XRD pattern of
Zn5(OH)8(NO3)2·2H2O is shown in Figure S1 (Supporting
Information). [Tmim][BF4] is a multifunctional reagent, as
it can serve as both the source of the fluoride ions and
the soft template. The synthetic method has the following
obvious advantages: (1) The process is simple. (2) The prod-
ucts have high crystallinity and their morphologies can be
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in length. A hydrogen bonding π–π stacking mechanism is
responsible for the 1D feature of Zn(OH)F. This method may
be developed into a general way to synthesize other metal
hydroxyfluoride nanostructures.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

controlled by adjusting the concentration of [Tmim][BF4].
We believe that this method may be developed into a gene-
ral procedure for the construction of metal hydroxyfluoride
nanostructures.

Results and Discussion

The X-ray powder diffraction (XRD) pattern in Fig-
ure 1a illustrates the phase characteristic of the Zn(OH)F
nanofibers. The XRD pattern is readily indexed to ortho-
rhombic Zn(OH)F (JCPDS file No. 74-1816). Minor ZnO
peaks (marked by asterisks) were detected, and they are
probably the result of the decomposition of Zn5(OH)8-
(NO3)2·2H2O under the reaction conditions; pure Zn(OH)-
F can only be obtained by careful control of the stirring
and heating process.

The elemental composition of the Zn(OH)F nanofibers
was also appraised by X-ray photoelectron spectroscopy
(XPS; Figure 1b). The presence of C, N, and B comes from
the rudimental [Tmim][BF4] on the surface of the sample.
The binding energies in the XPS spectrum were calibrated
by using that of C 1s (284.6 eV). The binding energies of
Zn 2p3/2 and 2p1/2 are identified to be 1022.2 and 1045.2 eV,
respectively.[5,6] The binding energies of F 1s and O 1s are
also identified to be 685.1 eV for F– and 533.3 eV for
O2–.[5–7]

We monitored the phase and morphology evolution of
the products synthesized at different concentrations of
[Tmim][BF4] by XRD and SEM measurements. As shown
in Figure S2a (Supporting Information), when the concen-
tration of [Tmim][BF4] was varied from 0.0168 to 0.0336 ,
Zn(OH)F was always obtained as the main phase. However,
when the concentration of [Tmim][BF4] was equal to
0.0084 , the phase of the product was close to the pure
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Figure 1. (a) XRD pattern and (b) XPS spectrum of Zn(OH)F nanofibers synthesized in the presence of 0.0253  [Tmim][BF4]. Asterisk
(*) in (a) represents hexagonal ZnO (JCPDS file No. 80-0075).

hexagonal phase of ZnO (JCPDS file No. 80–0075), which
has a submicron rod-like morphology (Figure 2a). When
Zn(OH)F grows into the main phase, the fiber-like mor-
phology becomes the dominant component in the SEM
images. This result suggests that the high yield and well-
defined nanofibers (Figure 2b–d) are Zn(OH)F. The dia-
meters of the Zn(OH)F nanofibers are ca. 80–200 nm with
a length up to several micrometers. Zn(OH)F was not stable
toward electronic irradiation during recording of its
HRTEM images. Thus, no HRTEM image is shown herein.
Even though the amount of ZnO impurity can be decreased
by increasing the concentration of [Tmim][BF4], the nanofi-
bers are distinctly interwoven with some particles when the
concentration of [Tmim][BF4] is equal to 0.0336 . In con-
trast, a plethoric amount of ZnO impurity was obtained at
a [Tmim][BF4] concentration of ca. 0.0168 . The dis-
cussions above indicate that the [Tmim][BF4] concentration
of ca. 0.0253 may be suitable for the synthesis of Zn(OH)-
F nanofibers. In the literature reported by Biswick et al.,[8]

thedecompositionof Zn5(OH)8(NO3)2·2H2OintoZn3(OH)4-
(NO3)2 and ZnO occurs at 120–140 °C, which may be re-
sponsible for the existence of the ZnO impurity in the pres-
ent work.

Louër et al.[9] demonstrated the structure of Zn5(OH)8-
(NO3)2·2H2O, which consists of infinite brucite-like layers,
where one quarter of the octahedrally coordinated zinc
atom sites are vacant and the zinc atoms are tetrahedrally
coordinated by OH groups on either side of the empty/octa-
hedra with a water molecule occupying the apex. Unbound
nitrate groups are located between the sheets. According to
the electronegative principle, the ability of BF4

– to form hy-
drogen bonds is higher than that of NO3

–. Consequently,
BF4

– will be allowed to substitute NO3
–, and then it can

intercalate into the interlayer galley. Under the reaction
conditions, the BF4

– substituted precursor will decompose
into Zn(OH)F, which means that the concentration of
[Tmim][BF4] can be used to control the component of the
final product. In the case of a [Tmim][BF4] concentration
of 0.0084 , no Zn(OH)F is observed after reaction because
of the lower F– concentration.
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Figure 2. SEM images of the samples synthesized in different con-
centrations of [Tmim][BF4] with microwave irradiation for 60 min:
(a) 0.0084 ; (b) 0.0168 ; (c) 0.0253 ; (d) 0.0336 .

We also monitored the evolution of the morphologies of
the samples at different reaction times by SEM. As shown
in Figure S3 (Supporting Information), the Zn5(OH)8(NO3)2·
2H2O precursor has an irregular plate-like shape with a
thickness of ca. 100 nm and a width of several microns,
whereas a plentiful amount of rods and particles with
smaller sizes are observed in the intermediate process. These
suggest that the fracture of the precursor and the recrystalli-
zation of Zn(OH)F may be indispensable to the construc-
tion of the Zn(OH)F nanofibers.

In the structure of Zn(OH)F detailed by Serier et al.,[3]

one of the two anionic sites is located at the intersection
between two edge-sharing octahedra linked to a third octa-
hedron by a corner and the other site is placed at the
boundary of the three edge-sharing octahedra. In this struc-
ture, the (110) plane and its equivalent planes are highly
populated by unique atoms in the low miller indices planes.
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According to the crystallographic principle, these planes are
thermodynamically stable planes of Zn(OH)F. This anisot-
ropism may explain the 1D growth habit, which corre-
sponds to the preponderant growth in the [001] direction.
The quantitative crystallinity was estimated on the basis of
the relative intensity of the (110) diffraction of Zn(OH)F
(Figure S2b, Supporting Information). The change in the
relative intensity through the concentrations of [Tmim][BF4]
shows a λ-form curve, and a maximum value appears at a
[Tmim][BF4] concentration of ca. 0.0253 . This suggests
that the ascendant growth in the [001] direction is responsi-
ble for the 1D feature of Zn(OH)F.

We[10] and others[11] have demonstrated the synthesis of
nanostructures by an ionic liquid assisted route, and a hy-
drogen bonding π–π stacking mechanism is helpful to
understand the influence and control that the ionic liquids
have on the morphologies of the nanostructures. In the
present work, [Tmim][BF4] not only acts as a fluoride ion
source, but it also can play a strategic role on the shape of
Zn(OH)F as a soft template and capping agent. The forma-
tion of the Zn(OH)F nanofibers may be possibly explained
by a hydrogen bonding π–π stacking mechanism. As shown
in Scheme 1b, the F–F distance in the BF4

– anion is about
2.28 Å,[12] which is close to the distance (ca. 2.1 Å)[3] be-
tween coplanar anions placed at each Zn(OH)3F3 octahe-
dron. Therefore, the (110) plane of Zn(OH)F is suitable to
form a coverage layer through a BF4

– adsorbing model.
Along with the BF4

– anions, the [Tmim]+ cations will be
also aligned and arranged along the (110) plane, driven by
the coulomb coupling force. Ionic liquids are believed to
facilitate the proposed relocation of the molecules on the
basis of their ability to self-assemble into ordered struc-
tures. As shown in Figure S4 (Supporting Information),
when NaF and NaBF4 are used as fluoride ion sources, the
relative intensity of the (110) diffraction is lower than that
of the case when [Tmim][BF4] is used, whereas Zn(OH)F
was observed as the main phase. It can be speculated that
a hydrogen bonding π–π stacking mechanism can rationally
explain the influence of [Tmim][BF4] on the growth habit.
As mentioned above, the change in the relative intensity
through the concentrations of [Tmim][BF4] shows a λ-form

Scheme 1. (a) Representation of the Zn(OH)F unit cell, in which all atomic positions correspond to a general 4a position [the structure
provides only one 4a cationic site and two 4a anionic sites; sites 1 and 2 (bigger spheres) correspond to the presence of hydroxy or
fluoride ions, respectively]; (b) schematic illustration of the proposed hydrogen bonding π–π stacking mechanism.
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curve. We think this may be due to the viscosity of the me-
dium. Other groups[13] have demonstrated that the viscosity
of ionic liquid/water mixtures can generally be described by
the exponential expression described in Equation (1):

η = ηILexp[–xC/a] (1)

where xC is the mole fraction of water, a is a characteristic
constant of the mixture, and ηIL is the viscosity of the pure
ionic liquid. The empirical equation [Equation (1)] indi-
cated that the viscosity of the ionic liquid/water mixtures
decreased exponentially when the mole fraction of water
(xC) increased. In addition, water gradually volatilized from
the reaction system with increasing the reaction time; the
influence of viscosity on the Ostwald ripening of Zn(OH)F
may be significant thereby. The exorbitant viscosity of the
medium will restrict the diffusion velocity of the reactants;
Ostwald ripening is, therefore, restrained to some extent.
Consequently, the 1D feature and crystallinity of Zn(OH)F
are not promoted but rather become worse when the con-
centration of [Tmim][BF4] is over 0.0253 .

Conclusions
In summary, well-defined Zn(OH)F nanofibers were suc-

cessfully synthesized from Zn5(OH)8(NO3)2·2H2O in water/
[Tmim][BF4] by microwave irradiation. The phase and mor-
phology of the products can be controlled to some extent
by adjusting the concentration of [Tmim][BF4]. A hydrogen
bonding π–π stacking mechanism is believed to be responsi-
ble for the self-assembly of [Tmim]BF4 in the synthetic sys-
tem, resulting in the formation of Zn(OH)F nanofibers.
This method may be developed to serve as a potential way
to fabricate other metal hydroxyfluoride nanostructures;
moreover, the Zn(OH)F nanofibers as precursors could be
used to construct ZnO nanofibers with hierarchical struc-
tures based on the decomposition process of Zn(OH)F.

Experimental Section
Brucite-type Zn5(OH)8(NO3)2·2H2O was prepared by a reported
route[14] and used as the precursor to fabricate Zn(OH)F nano-
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fibers. In a typical procedure, the precursor (10 mmol) was sus-
pended in water (50 mL) with different [Tmim][BF4] concentra-
tions. The suspensions were heated by microwave irradiation for
several minutes. The products were washed repeatedly with water
and ethanol and then dried in an oven at 60 °C in air.

X-ray powder diffraction (XRD) measurements were performed
with a Rigaku D/max-2500 diffractometer with Cu-Kα radiation (λ
= 0.154056 nm) at 40 kV and 100 mA. Scanning electron micro-
scopy (SEM) was performed with a JSM 6700F field-emission
scanning electron microscope. X-ray photoelectron spectroscopy
(XPS) was performed with an ESCALAB II X-ray photoelectron
spectrometer by using Mg-K X-ray as the excitation source.

Supporting Information (see footnote on the first page of this arti-
cle): XRD pattern and SEM image of Zn5(OH)8(NO3)2·2H2O;
XRD patterns of the products synthesized at different concentra-
tions of [Tmim][BF4]; evolution of the relative intensity of the (110)
reflection of Zn(OH)F synthesized at different concentrations of
[Tmim][BF4].
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