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This study reports the Zinc-Aluminium layered double hydroxide compound (ZAL) intercalated
with organic anions of methyl orange (ZAMO) dye via the co-precipitate method. The
intercalation of ZAL with Methyl Orange (MO) was carried out under optimal conditions with a
concentration of 0.2 M methyl orange, a pH of 7.5 + 0.2 and an ageing time of 18 hours. The
ZAL and ZAMO were characterised using Powder X-ray diffraction (PXRD), Attenuated Total
Reflectance — Fourier Transform Infrared Spectroscopy (ATR-FTIR) and Field Emission
Scanning Electron Microscopy (FESEM) to confirm the intercalation of the guest ion. The
overall PXRD pattern of ZAL and ZAMO shows an expansion of the basal spacing from 8.7 A
to 24.7 A, indicating excellent intercalation of the ZAL compound with MO. The FTIR spectrum
of ZAL and ZAMO shows two significant bands at 3383 cm™ and 3418 cm™ attributed to the
water molecules and water in the interlayer lattice respectively, and band peaks at 1170 cm
corresponding to the sulfonic acid of MO, confirming the presence of MO in ZAMO. The spatial
orientation of ZAMO expresses the interlayer region value for the ZAL nanocomposites of 17.1
A. The FESEM revealed the morphology of ZAL with an irregular, agglomerated, dense and
non-porous plate-like structure after the ZAL was intercalated with MO and the structure
exhibited an agglomerate with porous and irregular size and shape. These findings demonstrate
the effective intercalation of MO into the ZAL framework, resulting in a nanocomposite with
modified structural and morphological properties.

Keywords: Dye; hydrotalcite; intercalation; zinc-aluminium layered double hydroxide;
co-precipitate method

Received: September 2024; Accepted: December 2024

Layered double hydroxides (LDHSs), often referred
to as anionic clays, are a class of materials that
possess a unique structure composed of positively
charged layers intercalated with anions. These
materials have garnered significant interest due
to their versatile applications in areas such as
catalysis, environmental remediation, and drug

delivery. The general formula for LDHs is [(M"),.

LMY, (OH)2)** (A™ im).nH20], where M and M'!
are divalent and trivalent metal cations, respectively,
and A™ is an interlayer anion [1]. Zinc-aluminum
layered double hydroxide (ZAL) is one of the most
widely studied LDH systems due to its high
chemical stability, ease of synthesis, and tunable

properties. The ZAL structure consists of brucite-
like layers where zinc and aluminum cations occupy
octahedral sites, with hydroxide ions providing
charge balance. The layers are positively charged
due to the partial substitution of Zn2* by AIP* and
the charge is neutralized by intercalating anions in
the interlayer spaces [2-4].

MO is characterized by the presence of a
central azo group (-N=N-) connecting two aromatic
rings (Figure 1).

This azo dye is a widely used anionic azo
dye, poses significant environmental risks due
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to its toxicity to aquatic life, persistence in the
environment, and tendency to bioaccumulate in the
food chain, potentially impacting human health
through contaminated food sources [5-8]. Additionally,
MO's vibrant color can negatively affect the aesthetics
of water bodies, rendering them unsuitable for
recreational use [9]. The removal of methyl orange
and other anionic azo dyes (congo red, acid red 88,
direct blue 71 etc.) from industrial wastewater is a
crucial environmental challenge.

The unique layered structure of ZAL makes
them highly promising candidates for the removal of
pollutants like methyl orange from wastewater. ZAL
have demonstrated exceptional adsorption capacity
and selectivity for anionic dyes due to their positively
charged layers and ability to intercalate guest anions
between the layers. Intercalating MO into ZAL
presents a promising strategy for removing and
recovering this persistent dye from contaminated
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water, mitigating its ecological impact and contributing
to environmental remediation efforts [10]. This process
not only removes the dye but also stabilizes it,
preventing its further release into the environment.
This study aims to investigate the intercalation of
methyl orange into the interlayer space of Zn-Al
layered double hydroxides via ion exchange method
and study the characteristic of the resulting material.

EXPERIMENTAL
Chemicals and Materials

All chemicals used in this study were of analytical
grade Zn(NOs)2.6H-O hexahydrate, AI(NOs):.9H-0
nanohydrate and HCI were purchased from R&M
Chemicals. Methyl Orange was purchased from
Bendosen. NaOH was purchased from Merck
(Germany). All reagents used were prepared with
deionised water (DI) without further purification.

CHj

CHj

Figure 1. Chemical Structure of MO.
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Figure 2. Schematic diagram of intercalation process of methyl orange with ZnAl-LDH nanocomposites.
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Preparation of Intercalation Methyl Orange with
ZnAl-LDH Nanocomposites using Co-precipitate
Method

The synthesis of MO intercalation with Zinc-
Aluminium-Layered double hydroxide (Zn-Al LDH)
was performed according to procedures modified
from [11] as illustrated in Figure 2. First, 0.1 M
Zn(NOs)2.6H20 and 0.025 M AI(NOs5);.9H.0 were
respectively dissolved in a 100 mL deionized water.
Meanwhile a 0.2 M methyl orange was prepared by
dissolving a calculated amount of solid dye with
25 mL of deionized water. Then the solution was
added to the mother liquor. Thirdly, a base solution
was obtained by dissolving 2 M sodium hydroxide
in 100 mL deionized water. Fourthly, the pH of the
above mixture was adjusted to pH 7.5 + 0.2 under
vigorous stirring. The solution was aged 18 h in oil
bath shaker at 70°C, until the orange precipitate was
formed. The obtained orange precipitate was washed
thoroughly using deionized water and then centrifuged
several times until impurities were fully discarded.
Finally, the orange slurry samples were dried in an
oven at 65 - 70°C for 72 hours and ground for further
characterization. It is worth mentioning that the
intercalation process was carried out under air
atmosphere.

Characterization and Spatial Orientation Modelling

A Bruker D8 Advance XRD diffractometer was used
to record a PXRD pattern of the nanocomposite in the
20 range between 5° and 70°, using CuKa radiation
at 40 mA and 40 kV (A = 1.54059 A). The infrared
spectra of ZAL, ZAMO and pure MO were obtained
using an FTIR spectra 2000 spectrophotometer (Perkin
Elmer) equipped with a diamond attenuated total
reflectance (ATR) accessory. The spectra were recorded
in the range of 4,000-400 cm™ with a spectral
resolution of 4 cm™..

The surface morphology of the materials
was observed using FESEM using Supra 55VP. The
ZAMO spatial orientation modelling was interpreted
using software ChemDraw 3D Pro Software.

RESULTS AND DISCUSSION
Powder X-ray Diffraction (PXRD)

Figure 3 displays the PXRD patterns for the ZAL
host, pure MO, and the intercalated nanocomposite at
MO concentration of 0.2 M. Pure MO exhibits a broad
peak in the range of 20°-30°=26, indicative of its
amorphous nature and disordered molecular stacking.
This broad peak makes assigning specific crystal
planes difficult. The ZAL host, on the other hand,
displays sharp reflections, characteristic of a
well-ordered layered structure. Prominent peaks
are observed around 10.30° and 22°=260. The XRD
pattern of pristine ZAL (LDH-NO3) exhibits strong
basal reflections and at approximately 10° and 20°=26,

respectively, corresponding to intercalated nitrate ions.
Additionally, the presence of reflections between
30° and 37° = 20 can be attributed to carbonate
contamination, likely arising from atmospheric
CO3* during sample preparation. These reflections
correspond to the (012), (104) and (015) crystalline
planes of the LDH structure. The obtained ZAL is
similar to the typical features of LDH with the basal
spacing of 8.7 A, which corresponds to the nitrate
peaks as the counter anion [12]. In-plane reflections,
such as and at ~60° and ~65°= 20, respectively,
confirm the hexagonal arrangement of metal cations
within the layers.

Upon intercalation of MO, the basal reflection
shifts to a lower angle (around 3.5°= 26), indicating
an expansion of the basal spacing from 8.7 A to 24.7
A. This significant increase confirms the successful
incorporation of MO anions within the interlayer
galleries of the ZAL host. The broadening of this peak
in ZAMO suggests some variation in the interlayer
spacing or a decrease in the stacking order. The
XRD pattern of LDH-MO shows a shifted basal
reflection at ~4°= 26 (003), corresponding to an
expanded interlayer distance due to the intercalation
of MO molecules. Higher-order basal reflections
(006) and in-plane reflections ((110), (200)) confirm
that the intercalation primarily affects the interlayer
structure while preserving the hexagonal arrangement
within the layers. The observed changes in the
diffraction pattern, including peak shifts and
broadening, suggest a polymorphic transformation
associated with the displacement of nitrate ions by
the larger MO anions [13].

Attenuated Total Reflectance — Fourier Transform
Infrared Spectroscopy (ATR-FTIR)

The ATR-FTIR spectra of ZAL host and ZAMO were
shown in Figure 4. Based on the broad absorption
peak in the ZAL host 3383 cm™, the peak is denoted
by the stretching vibrations of the O-H function
group caused by the adsorbed interlayer water of
the hydroxyl of the layered structure. Other than that,
the small peak at 1651 cm™ belongs to the formation
of bending water molecules, followed by the peak of
nitrate, which occupies the counter anion at 1351 cm™
[14]. The ZAMO nanocomposites exhibit broad
brand centred at 3418 cm™, which corresponded to
the O-H stretching vibration of water molecules in
the interlamellar region as well as the bending of
water molecules at 1607 cm™. Further, the significant
peak of the nanocomposites is the newly formed peak
at 1170 cm™ attributed to sulfonic structure, -S=0
stretching vibrations [15]. After the absorption band
has slightly shifted from the original position due to
the interaction process of the MO anion and the
positively charged surface layers. According to the
spectra of pure MO anion, the band at 1110 cm™
have appeared for the nanocomposites ZAMO. This is
due to the substitution of sulfonic acid to prove that
the intercalation of MO is in the anionic form [16].
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Figure 3. PXRD pattern of ZAMO nanocomposite, ZAL host and pure MO.
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Figure 4. ATR-FTIR spectra of ZAMO, ZAL host and pure MO.
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Table 1. Peaks observed in IR spectra for host and its nanocomposites.

Functional Group

Observed peaks (wavenumber cm™)

ZAMO ZAL pure MO
O-H stretching 3383 3418 -
O-H bending 1607 1644 -
NOs™ anion 1361 1351 -
S=0 stretching 1170 - 1110

vibration

227A

Carbon
17.14A Hydrogen
Sulphur
‘ Sodium
4814

Figure 5: Molecular structural models of interaction ZAMO between the ZAL interlayers.

Table 1 summarizes the FTIR peaks for ZAMO,
ZAL, and pure MO, highlighting the characteristic
functional groups and their respective wavenumber
regions. Therefore, from the FTIR analysis, the
nanocomposites is consistent with the PXRD pattern,
which supported the intercalation process of MO into
the interlayer region of ZAL.

Spatial Orientation

The three-dimension molecular size of the MO anion
and its theoretical spatial orientation arrangement
are illustrated in Figure 5. As refer to the PXRD
analysis above, the basal spacing for ZAL intercalated
is 24.7 A. Since the theoretical thickness LDH is
4.81 A [17], the interlayer region of ZAMO can be
calculated by subtracting the total basal spacing of
the nanocomposite (24.7 A as shown in Figure 5)
giving its value of 17.1 A. This value is the area
allocated for the spatial orientation of MO anion
as they displaced into the intergalleries of ZAL.
Theoretically, the orientation of MO anions was

likely to orientate in a vertical manner adjacent to
the positively charged brucite layer ZAL and also
due to the fields of benzene-benzene aromatic ring
mutually by m-m interactions Hence, the value
obtained for the interlayer ZAL is consistent to
the enlargement of the ZAL after MO anion has
intercalated into the layered structure.

Field Emission Scanning Electron Microscopy
Spectroscopy (FESEM)

The surface morphology of ZAL and ZAMO
nanocomposites was observed under 10,000x
magnification as shown in Figure 6. ZAL morphology
exhibited typical morphology of layered material,
which is aggregated hexagonal plate-like with
non-uniform particles of different sizes and shapes
[18]. After the MO anion had intercalated into the
interlayer region of ZAL, the structure formed into
small shape of aggregated plate-like with higher
surface area. This confirms the enlargement of
basal spacing in the PXRD analysis in Figure 3.
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Figure 6: FESEM of (a) ZAL and (b) ZAMO at 10K magnification.

CONCLUSION

This study explores the intercalation of methyl orange
dye into a Zn-Al layered double hydroxide compound
via the co-precipitation method. The results from
PXRD, ATR-FTIR, and FESEM analyses confirm the
successful incorporation of the guest ion within the
ZAMO nanocomposite. From the PXRD results, the
expansion of basal spacing from 8.7 A to 24.7 A were
observed and indicates the success of intercalation
between ZAL and MO. The ATR-FTIR data provides
further evidence of the characteristic functional
groups associated with methyl orange, indicating
its effective integration within the layered double
hydroxide host. The FESEM data provides insights
into the morphology and surface features of the
ZAMO material. The expanded interlayer distance
suggests the effective loading of methyl orange within
the host layered double hydroxide structure, and from
the data also reveals the polymorphic transformation
during the intercalation process.
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