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a b s t r a c t

Zinc-stearate-layered hydroxide nanohybrid was prepared using stearate anion as an organic guest, and
zinc layered hydroxide nitrate, as a layered inorganic host by the ion-exchange method. Powder X-ray
diffraction patterns and Fourier transform infrared results indicated that the stearate anion was actu-
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norganic materials

ally intercalated into the interlayer of zinc layered hydroxide nitrate and confirmed the formation of
the host–guest nanohybrid material. Also, surface properties data showed that the intercalation process
has changed the porosity for the as-prepared nanohybrid material in comparison with that of the par-
ent material, zinc hydroxide nitrate. The nanohybrid material was heat-treated at 600 ◦C under argon
atmosphere. Stearate anion was chosen as a carbonaceous reservoir in the nanohybrid to produce carbon

reati
hemical synthesis
-ray diffraction

nanoparticles after heat-t

. Introduction

Considerable attention is being focused on different types of
nionic layered materials and their organic–inorganic nanohybrids,
s they are considered good candidates for use in various areas of
ndustry and medical applications [1–9]. This is due to their abil-
ty to intercalate various functional anions between their layers
nd other important physicochemical properties for technological
pplications as food additive [10] and controlled release [11] for-
ulations, biosensor [12], ion scavenger [13–15], electrochemical

erformance [16], etc. Furthermore, they have frequently been used
s precursors and templates to produce various metal oxides [17],
atalysts [18], carbon [19], porous materials [20], etc.

Zinc layered hydroxide nitrate (ZLH) is an anionic synthetic lay-
red material whose layers are constructed by hydroxide groups
nd water molecules [17]. Octahedral holes within the layers are
ccupied by only one type cation, zinc ions. This is against the other

nionic layered materials, layered double hydroxides (LDHs) with
t least two types of cations within the layers [11]. The nitrate
roups are positioned between the layers freely and are not directly
oordinated with the zinc ions in the ZLH [17]. The intercalation or
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ng of the nanohybrid and subsequently acid washing process.
© 2010 Elsevier B.V. All rights reserved.

ion-exchange process of the interlayer nitrates with other inorganic
or organic anions can improve properties rather than their counter-
parts or it can produce new properties for the obtained nanohybrid
materials [21]. Thus, due to the fact that, the layered materials,
such as ZLH and its nanohybrids are suitable precursors for upcom-
ing products, the kind of the intercalated anion between the layers
may play a role in determining the properties of these materials
and also the resultant products.

The aim of this study is to present the intercalation of
stearate anion (SA) between zinc hydroxide nitrate layers for
the formation of a new organic–inorganic nanohybrid material
(ZLHSA) using simple ion-exchange method. Also, heat-treatment
of the nanohybrid sample at 600 ◦C leads to produce carbon
nanoparticles. Results from the powder X-ray diffraction (PXRD),
Fourier transform infrared (FTIR), field emission scanning elec-
tron microscopy (FESEM) and also surface area studies are
discussed.

2. Experimental

All solutions were prepared using de-ionized water. Zinc hydroxide nitrate was
synthesized according to our previous work [17]. Briefly, in a typical experimental
procedure, slow dropwise addition of 0.5 M NaOH solution into 0.2 M of Zn(NO3)2

solution with vigorous stirring under nitrogen atmosphere was done. The solution

was kept at pH 7.0 (±0.05). The precipitate was filtered, washed three times with
water and two times with acetone and dried in an oven overnight at 70 ◦C. The ZLH-
stearate nanohybrid (ZLHSA) was obtained by contacting 0.5 g of the pre-prepared
ZLH into 200 ml solution of 0.1 M SA (in acetone) for 2 h. The nanohybrid material,
ZLHSA was heated at 600 ◦C in an electric tubular furnace under argon atmospheric
pressure at a flow rate of 100 ml/min for 2 h at a rate of 5 ◦C/min and then cooled

dx.doi.org/10.1016/j.jallcom.2010.11.041
http://www.sciencedirect.com/science/journal/09258388
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ig. 1. PXRD patterns for zinc layered hydroxide nitrate, ZLH and its resulting
anohybrid with SA, ZLHSA.

own naturally under argon atmosphere. To obtain carbon nanoparticles, the heat-
reated material was dissolved in 1 M HCl (0.5 g solid/100 ml) at 50 ◦C for 4 h with
tirring.

Powder X-ray diffraction (PXRD) patterns were collected on a UNISANTIS
MD300 powder diffractometer unit using CuK� (� = 1.54 Å) at 45 kV and 0.8 mA.
ourier transform infrared (FTIR) spectra were recorded using a BRUKER (VECTOR
3) spectrophotometer in the range of 400–4000 cm−1. The surface area and pore
ize analyses were determined with a BELSORP measuring instrument (BELSORP-
ini, JAPAN, INC) using nitrogen gas adsorption–desorption technique at 77 K. The

arbon nanoparticles morphology was characterized by a field emission scanning
lectron microscopy (FESEM, JEOL JFM-6700F) together with energy-dispersive X-
ay spectroscopy (EDX) that was used to determine the elemental composition of
he carbon nanoparticles.

. Results and discussion

.1. Powder X-ray diffraction

Fig. 1 shows the powder X-ray diffraction (PXRD) patterns for
he as-prepared zinc layered hydroxide nitrate, ZLH and its result-
ng nanohybrid with SA, ZLHSA, respectively. ZLH has a brucite-like
tructure with high crystallinity as shown by the narrow width
f the reflection peaks, especially basal spacing with around 9.8 Å
17,19]. As shown in the figure, PXRD pattern for the nanohybrid,
LHSA has a new sharp peak that can be observed at around 14.0 Å.
his shows that the ion-exchange process of nitrate with SA was
one completely, evidenced by the lack of the peak due to the par-
nt material, ZLH at 9.8 Å. That is, nitrate was replaced by bigger
ize stearate anions, SA in the interlayer of the ZLH, and SA has
xpanded the basal spacing from 9.8 Å in the ZLH to 14.0 Å in the
anohybrid.

.2. FTIR study

FTIR spectrum for ZLH is shown in Fig. 2a. Lattice vibrations
f metal–oxygen bonds Zn–O are observed at around 467 and

36 cm−1 [19,22]. The band at around 634 cm−1 is attributed to the
-mode of the O–H groups [17,23]. A weak peak at 840 cm−1 shows
he �2 mode of the interlayer anion, nitrate in ZLH where �3 vibra-
ional mode of the same anion is observed sharply at 1382 cm−1

17,24,25]. At around 1635 cm−1 water-bending vibrations (ıH2O)
wavenumbers/cm 1

Fig. 2. FTIR spectra for the as-prepared ZLH (a), stearic acid (b) and zinc-stearate-
hydroxide nanohybrid, ZLHSA (c).

of the interlayer water molecule is observed [17]. A broad band
at about 3492 cm−1 is due to O–H groups within the layers and
presence of H2O molecules between the layers of ZLH and/or phys-
ically adsorbed water molecule stretching [17,24]. The broadness
of this peak shows that the O–H groups are involved predomi-
nantly in hydrogen bonding with zinc metal hydroxide and the
water molecules [10,17,24].

The FTIR spectrum of stearic acid (Fig. 2b) shows two sharp
bands at 2917 and 2848 cm−1, which are due to the methylene
asymmetric and symmetric C–H stretching vibrations, respec-
tively [26,27]. As observed, the presence of carboxylic group of
C O stretching vibration is described by the presence of the
band at 1701 cm−1 [26,27]. Methylene scissoring vibrations can be
obtained by the band at 1465 cm−1 [27]. The band at 1296 cm−1 is
due to methylene twisting vibrations while the one that is at around
933 cm−1 is attributed to C–O–H out of plane bending vibrations
of the acidic group [27]. The band at around 717 cm−1 is due to
methylene –CH2– rocking vibrations [27].

Fig. 2c shows the FTIR spectrum of ZLHSA, the as-prepared
nanohybrid. As expected, the spectrum resembles a mixture of each
spectrum of SA and ZLH. This means that spectral band features of
both SA and ZLH are simultaneously present in the nanohybrid,
ZLHSA. In addition, the C–H stretching vibration in the nanohy-
brid appears in the range of 2400–2800 cm−1. Two bands at 2920
and 2846 cm−1 are assigned to the methylene C–H stretching vibra-
tions. A broad absorption band at around 3000 cm−1 combined with
the methylene C–H stretching vibrations is attributed to the O–H
stretching due to the presence of hydroxyl group in ZLH, indicating
the presence of the hydrogen bond between the layers [10,19]. The
carboxylate group gives rise to a band at 1541 cm−1. Shifting of the
band as compared to that of free stearic acid reveals that hydrogen
bonding in the intercalated SA with hydroxyl groups within the
brucite-like layers and the intercalated water molecules is much
stronger than that for free stearic acid [11,19,28]. Bands at around
1458 cm−1 is due to –CH2– scissoring vibration, at 725 cm−1 is
attributed to methylene rocking vibrations, and at around 468 cm−1

is associated with the M–O of the host material, ZLH.

3.3. Surface properties study of ZLH and ZLHSA
Adsorption–desorption isotherms of nitrogen gas on ZLH and
its nanohybrid with SA, ZLHSA and their pore size distributions
are given in Fig. 3. Also, surface properties data are summarized
in Table 1. Brunauer–Emmett–Teller (BET) surface area values of
ZLH and its nanohybrid with SA intercalated between the layers
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Fig. 3. Adsorption–desorption isotherms of nitrogen gas for zinc layered hydroxide nitrate, ZLH and its resulting nanohybrid with SA, ZLHSA.

Table 1
Obtained data from surface analyses of ZLH and its nanohybrid with SA, ZLHSA.

Sample Surface areaa (m2/g) Total pore volumea, Vt (cm3/g) Average pore diametera (nm) BJH rp, peak (nm)

27 14.13
62 1.85

a
p
0
o
T
a
a
s
p
a
d
t
a
t
d
s

3

h
w

ZLH 10 0.07
ZLHSA 10 0.11

a Calculated by BET method.

re both the same and around 10 m2g−1. On the contrary, total
ore volume for ZLH is 0.077 cm3 g−1 and this has increased to
.10 cm3 g−1 when SA anion was intercalated between the layers
f ZLH to replace the nitrate and to obtain the nanohybrid, ZLHSA.
he Barret–Joyner–Halenda (BJH) pore size distributions for ZLH
nd ZLHSA show that they are of the mesoporous-type materi-
ls [17,29]. However, the pore size distribution for ZLH shows a
harp peak centered at around 14.13 nm and a few small single-
eaks while for ZLHSA only one single-peak pore size distribution
t around 1.85 nm is observed (Fig. 4). In general, the pore size
istributions show the formation of more regular mesopores in
he ZLHSA compared to that of the parent material, ZLH. The
dsorption–desorption isotherms for both ZAL and ZLHSA belong
o Type II which is characteristic of a plate-like material. ZLH almost
oes not show hysteresis where ZLHSA depicts fat Type H3 hystere-
is loop indicating of slit-shaped pores [29].
.4. Surface morphology study of carbon nanoparticles

The morphology of the carbon nanoparticles obtained from the
eat-treated nanohybrid, ZLHSA at 600 ◦C and subsequent acid
ashing process was studied with FESEM as illustrated in Fig. 5.
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Fig. 5. Surface morphology of carbon nanoparticles obtained from heating of ZLHSA
at 600 ◦C after acid washing process.
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ig. 6. Energy-dispersive X-ray spectroscopy (EDX) of carbon nanoparticles
btained from heating of ZLHSA at 600 ◦C after acid washing process.

he image clearly shows the plates with rough surface which are
maller than 100 nm. EDX analysis confirmed the presence of 100%
arbon material without any impurity in the carbon nanoparticles
fter acid washing process as shown in Fig. 6.

. Conclusions

Carbon nanoparticles can be obtained by the heat-treatment
f an easy to make layered nanohybrid material, zinc-stearate-
ayered hydroxide. This new organic-clay nanohybrid material, in

hich the organic moiety is intercalated between the inorganic
ayers, was synthesized using stearate anion as a guest and zinc
ydroxide nitrate as an inorganic layered host by ion-exchange
echnique. In comparison with other methods such as CVD where
he organometallic precursors are pricy and laser ablation in which

he products are in low quantities and the utilized apparatuses
re expensive, the proposed method is very simple, the chemi-
als used in the synthesis are cheap and the manner is economical
nd suitable for a large scale production of nano-sized carbon
anoparticles.
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