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Abstract

Layered double hydroxides have been extensively used as electrode materials, adsorbents and
precursors for catalysts. In this work, a simple preparative method was adopted, and its influence on
the crystallinity and band gap values was investigated. Cobalt-aluminium and nickel-aluminium based
layered double hydroxides (0.75:0.25/0.667:0.333) were prepared using the reduction-oxidation
method. Ni’*/Co’" cations were reduced to metallic cobalt/nickel using sodium borohydride in the
presence of trivalent aluminium ions and sodium carbonate solution at 28- 30 °C to prepare layered
double hydroxides (LDHs). The resulting compounds were characterized using powder X-ray
diffraction, infrared spectra, scanning electron microscopy and UV-visible diffuse reflectance spectra.
The interplanar spacings around 7.6 A for Co-Al LDHs (0.75/667:0.333) and Ni-Al LDHs
(0.75:0.25/0.667:0.333) were observed from the powder X-ray diffraction patterns. Infrared spectral
data confirm the presence of water molecules and carbonate ions in the interplanar region. Co-Al
(0.75:0.25/0.667:0.333) LDH and Ni-Al (0.75:0.25/0.667:0.333) LDHs exhibit band gaps in the range
of 2 to 5.4 eV, indicating that the compounds exhibit semiconducting to insulating behaviour.
Scanning electron microscopic data shows irregular morphologies with particle sizes in the
micrometer range for both Co-Al (0.75:0.25/0.667:0.333) LDH and Ni-Al (0.75:0.25/0.667:0.333)
LDH samples, respectively.

Keywords: Cobalt-aluminium based layered double hydroxide, Nickel-aluminium based layered
double hydroxide, Layered compound, Band gap, Morphology.

1. Introduction

Anionic clays called layered double hydroxides (LDHs) derive their structure from mineral
brucite, in which the fraction of divalent cations is replaced by trivalent cations, to create positively
charged sheets [1]. The interlayer regions of LDHs contain negatively charged ions and water
molecules to counteract the positive charge and ensure stability [2]. The general formula for layered
double hydroxides is represented by [M®; M (OH)]*"(A™)xn.yH20, where ‘x’ ranges from 0 to
0.33 and M(II) and M(III) are divalent and trivalent metal cations, respectively [3]. LDHs have several
advantages due to their low cost and diversity in their chemical composition, leading to the easy
tunability of their properties. LDHs have been used as catalysts, catalyst supports, polymer composite
stabilizers, reinforcement materials, hosts for drug delivery materials, and adsorbents for wastewater
treatments [4-8]. Several methods have been adopted to prepare LDHs due to their chemical and
thermal stability. Of all the methods, the co-precipitation method from aqueous solution is often used
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to prepare different types of LDHs [3]. Nucleation and particle growth occur simultaneously in the
precipitation method, yielding aggregation of particles with irregular shape and morphology having
micrometer size. To overcome this, several alternative methods, including microwave irradiation,
ultrasound and nucleation and aging phases, have been reported [9-15].

The thermal decomposition of LDHs leads to the formation of mixed oxides exhibiting higher
degree of basicity compared to the oxide anions. Intercalation of acidic anions into the interlayers of
LDHs results in acid-base characteristics [16]. Calcined mixed oxides obtained from LDHs, upon
aging in anion-containing solutions, result in the reconstruction of the structure of LDHs and the
phenomena are called the memory effect [15,16]. LDHs have better anion exchange capacities (AEC)
than those of cationic clays [17-18].

It is a challenge to prepare crystalline LDHs with uniform particle size and shape due to their
technological applications. A novel reduction-oxidation method has been reported to prepare Ni-Al
LDH [12]. In this work, reduction-oxidation method was used to prepare Co-Al LDH
(0.75:0.25/0.667:0.333), Ni-Al LDH (0.75:0.25/0.667:0.333) samples at 28-30 °C and to age the
obtained slurry/precipitate for 1 h and 48 h respectively in their mother liquor. The type and the
composition of LDHs affect the band gap and in this report, band gap studies were carried out for Co-
Al LDH (0.75:0.25/0.667:0.333) and Ni-Al LDH (0.75:0.25/0.667:0.333) samples at 28-30 °C and
aged for 1 h and 48 h respectively.

2. Materials and methods
2.1. Chemicals

Nickel chloride hexahydrate, aluminium nitrate nonahydrate, sodium borohydride, sodium
carbonate, and cobaltous nitrate hexahydrate were used. All the reagents were obtained from SD Fine
Chemicals, Private Limited, India, and used without purification.

2.2. Preparation of Co-Al LDH and Ni-Al LDH samples

The preparative procedure reported by Quanyao Liu et al. has been adopted to prepare Co-Al
LDH and Ni-Al LDHs [12]. To prepare Co-Al LDH (0.75:0.25), 0.5458 g of cobalt nitrate hexahydrate
was dissolved in 50 mL of distilled water and 0.2344 g aluminium nitrate nonahydrate was dissolved
in 50 mL of distilled water separately; these two solutions were mixed to prepare 100 mL of solution-
A [Co?": A" molar ratio of 3:1([Co®"]+[AI®Y]=1M]. Solution B is obtained by dissolving 0.0756 g of
sodium borohydride in 20 mL of distilled water (NaBH4 = 0.1 M). Solutions A and B were mixed and
stirred quickly for a few minutes. Later, 0.1 M sodium carbonate solution (50 mL) is added
[(Na2COs)/[Co(ID)]+[AI(IIT)]=2] to it to obtain Co-Al LDH (0.75:0.25) at 28-30 °C. The slurry
obtained was divided into two parts, first part of it was aged for 1 h and second part was aged for 48 h
at 28-30 °C separately in mother liquor. Then the obtained products were filtered, washed with
distilled water and dried at 28-30 °C.

Two more Co-Al LDH (0.6667:0.333) samples with Co*:AI** mole ratio of (2:1) were also
prepared by following the above method at 28-30 C and ageing for 1 h and 48 h separately. The
second set of LDHs, i.e Ni-Al LDHs having Co*":Al** mole ratios of 3:4 and 2:1 were prepared by
adopting the above procedure at 28-30 °C and aged for 1 h and 48 h separately. The details of reagents
used to prepare Co-Al (0.75:0.25/0.667:0.333) LDH and Ni-Al (0.75:0.25/0.667:0.333) samples are
given in Table 1.
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2.3. Characterization techniques

The samples were characterized using different techniques. To determine the structure of the

samples, a Bruker D8 advanced diffractometer (Cu Ka source A=1.5418 A) (scan rate 4°min’'; steps:
0.02; scan range: 10-80°) was used to record powder X-ray diffraction (pXRD) data. UV-visible DRS
(UV-Vis-DRS) spectral data were measured in absorbance and reflectance modes in the range of 200-
1000 nm [(UV Vis Spectroscopy JASCO (V-670 PC)]. Infrared spectra were recorded using a Thermo
Nicolet iS50 with an inbuilt ATR spectrometer (Thermo Fisher Scientific, USA) to identify the
characteristic functional groups present in the samples. The morphology and elemental data of the
samples were collected using a scanning electron microscope (SEM) (SEM-EDAX: Jeol
6390LA/OXFORD X-MaxN, accelerating voltage: 0.5 to 30 kV) and energy dispersive X-ray analysis
(EDXA).

Table 1. The quantities of reagents used to prepare Co-Al (0.75:0.25/0.667:0.333) LDH and Ni-Al
(0.75:0.25/0.667:0.333) samples

SI. | LDH Weight of the compounds taken (g)/molarity of the solution/s
No. Cobaltous Nickel Aluminium | Sodium Sodium
nitrate nitrate nitrate carbonate | borohydride
hexahydrate | hexahydrate | nonahydrate

1 | Coo75Alp2s LDH 0.5458 g - 0.2344 g 0.5299 g 0.0756 g
at 28-30 °C and | (0.0375 M) (0.0125 M) (0.1 M) (0.1 M)
aged for 1 h

2 | Cooe7Alozs LDH 9.701 g - 0.3122 g 1.0598 g 0.0756 g
at 28-30 °C and | (0.0335 M) (0.0166 M) (0.2M) (0.1 M)
aged for 1 h

3 | CoorsAlpos LDH 0.5458 g - 0.2344 ¢ 0.5299 ¢ 0.0756 g
at 28-30 °C and | (0.0375 M) (0.0125 M) (0.1 M) (0.1 M)
aged for 48 h

4 | Cooe7Alozs LDH 9.701g - 0.3122 g 1.0598 g 0.0756 g
at 28-30 °C and | (0.0335 M) (0.0166 M) (0.2M) (0.1 M)
aged for 48 h

5 | Nig7sAlos LDH - 0.4456 g 0.2344 g 0.5299 g 0.0756 g
at 28-30 °C and (0.0375 M) (0.0125 M) (0.1 M) (0.1 M)
aged for 1 h

6 | Nige7Alozs LDH - 0.3961 g 03122 ¢ 1.0598 g 0.0756 g
at 28-30 °C and (0.0333 M) (0.0166 M) (0.2M) (0.1 M)
aged for 1 h

7 | Nig7sAlos LDH - 0.4456 g 0.2344 g 0.5299 g 0.0756 g
at 28-30 °C and (0.0375 M) (0.0125 M) (0.1 M) (0.1 M)
aged for 48

8 | Nigg7Alpss LDH - 0.3961 g 03122 ¢ 1.0598 g 0.0756 g
at 28-30 °C and (0.0333 M) (0.0166 M) (0.2M) (0.1 M)
aged for 48 h
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3. Results and discussion
3.1. XRD patterns

In the procedure used to prepare Co-Al LDH (0.75:0.25/0.667:0.333) and Ni-Al LDH
(0.75:0.25/0.667:0.333) samples, Quanyao Liu et al. proposed the following reaction steps [12]:

2M?*+ BH4 +4H,0 — 2M + B(OH)4 +2H, + 4H" — step-1 (M>" = Co*"/Ni*") — (1)

2M + O, + 2H,0 — 2M(OH),— (2)

M"”* +40H — M'(OH)s — (3) (M"”" = AI*)

6M(OH), + 2M'(OH)4 + COs* + mH,0 — [M¢M'2(OH)16]CO3.mH,0 + 40H — (4) [12].

On mixing metal salts solution (Co*"/Ni*" with AI**) with sodium borohydride (NaBH4), metallic
cobalt/nickel is formed (step-1). The obtained metallic nuclei (cobalt/nickel) are oxidized to their
respective metal hydroxides [Ni(OH),/Co(OH).] using the trace quantities of dissolved oxygen present
in the solution (step-2). At the same time, AI*" ions are converted to aluminate complex anion
[AI(OH)4] in alkali pH (step-3). In step-4, the reactions between metal hydroxide and aluminate ion
[6M(OH), + 2A1(OH), ] in the presence of carbonate ion lead to the formation of M-Al LDH (M =
Co*/Ni*") [12].

Figure 1(a-d) shows the powder XRD patterns of Co-Al LDH samples having different Co:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 ° C and aged for 1 h and 48 h respectively.
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Figure 1. Powder XRD patterns of a) Coo.7sAlo2s LDH and b) Coo¢7Alo.33 LDH obtained at 28-30 °C,
aged for 1 h; ¢) Coo.75Alp2s LDH and d) Cog.67Alo33 LDH samples obtained at 28-30 °C and aged for
48 h separately.
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For Coo.75Alo2s LDH sample aged at 28-30 °C for 1 h, the first two peaks in the powder X-ray
diffraction (XRD) patterns were observed at 20 = 11.76° and 20 = 23.08° A having d spacings of 7.51
A and 3.85 A. The first two reflections at 20 = 11.74° and 20 = 23.96° A having d spacings of 7.53 A
and 3.71 A was observed for Coos7Alo33 LDH sample aged for 1 h at 28-30 °C. The reflections for
both the samples could be indexed to (003) and (006) planes indicating that they have layered structure
(Figures 1a and 1b).

Figure 1(c,d) shows the powder XRD patterns of Co-Al LDH samples having different Co:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged for 48 h separately. While the first two
peaks for Cog.75Alo2s LDH sample aged for 48 h at 28-30 °C was observed at 26 = 11.66° and 20 =
23.13° A having d spacings of 7.58 A and 3.84 A and the first two peaks at 20 = 11.86° and 20 =
23.57° A having d spacings of 7.45 A and 3.77 A for Coo¢7Alo33 LDH sample aged for 48 h at 28-30
°C. Figures 1c¢ and 1d show the reflections in the powder X-ray diffraction patterns of Cog75sAlo2s LDH
and Coo.¢7Alo33 LDH samples aged for 48 h at 28-30 °C which could be indexed to hydrotalcite
(JCPDS 14-191). The lattice parameters (a=b and c¢) for Coo7sAlo2s LDH and Cooe7Alo3z LDH
samples were calculated using cation—cation distance in the brucite-like layer [2d(110))] and thickness of
one brucite-like layer and one interlayer (¢ = 3doos). The lattice parameters for Coo.7sAlo2s LDH and
Coo.67Al0.33 LDH aged at 28-30 °C for 48 h are ¢ = 22.743 A and 22.327 A respectively. With decrease
in the aluminium content in Co-Al LDHs, there is a marginal reduction in the d-spacing from 7.53 A to
7.513 A due to lower anion content.

The lattice parameter ‘c’ indicates that the LDHs are of 3-layer polytype (3R) [19]. The
calculated lattice parameters for Cog7sAlo2s LDH and Cooe7Alo33 LDH samples aged for 1 h are a =
3.06 A, c=22.391 A and a=3.063 A, c = 22.581 A respectively.
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Figure 2. Powder X-ray diffraction patterns of a) Nio.7sAlo2s LDH and b) Nig.s7Alo33 LDH obtained at
28-30 °C, aged for 1 h; ¢) Nip7sAlo2s LDH and d) Nige7Aly33 LDH samples obtained 28-30 °C and
aged for 24 h separately.
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Figure 2(a,b) shows the powder XRD patterns of Ni-Al LDH samples having different Ni:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged for 1 h separately and the peaks could
be indexed to hydrotalcite (JCPDS 14-191). The first two lines in the powder X-ray diffraction
patterns for Nio.7sAlo2s LDH sample aged for 1 h at 28-30 °C was observed at 20 = 11.56° and 26 =
23.2° A having d spacings of 7.62 A and 3.83 A. While the first two peaks at 20 = 11.57° and 20 =
23.2° A have d spacings of 7.57 A and 3.81 A for NigsAlp33 LDH sample aged for 1 h at 28-30 °C.
The lattice parameters for Nig7sAlo2s LDH and Nig67Alo33 LDH samples aged for 1 h at 28-30 °C are a
=3.03A,¢c=2290A anda=3.013 A, c =22.71 A and respectively. Figure 2(c,d) shows the powder
XRD patterns of Ni-Al LDH samples having different Ni:Al mole ratio (0.75:0.25/0.67:0.33) obtained
at 28-30 °C and aged for 48 h separately. The first two reflections for Nip.75Alp2s LDH sample aged for
48 h at 28-30 °C was observed at 20 = 11.672° and 20 = 23.29° A having d spacings of 7.575 A and
3.81 A, whereas the reflections in the pXRD patterns of Nigs7Alo33 LDH sample aged for 48 h at 28-30
°C were observed at 20 = 11.765° and 20 = 23.475° A having d spacings of 7.515 A and 3.78 A
respectively. The lattice parameters for Nig7sAlo2s LDH and Nig¢7Alo33 LDH samples aged for 48 h at
28-30°Carea=3.02 A, c=22.725 A and a=3.008 A, c = 22.545 A and respectively [19].

The interplanar distance of Co-Al LDH and Ni-Al LDH samples depends on i) the charge
density of the layer, ii) type of anion (COs*) and iii) the number of moles of water molecules present
between the interlayer. The ‘a’ parameter changes marginally and is independent of the preparative
conditions of Co-Al LDH (0.75:0.25/0.67:0.33) and Ni-Al LDH (0.75:0.25/0.67:0.33) samples.

3.2. Infrared spectral data

Figure 3(a,b) shows the infrared spectral data of Co-Al LDH samples having different Co:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged at 28-30 °C for 1 h separately.

Figure 3(a) shows the infrared spectral data of Co-Al LDH samples having Co:Al mole ratio
(0.75:0.25) obtained at 28-30 °C and aged for 1 h separately. The broad peak observed at 3405 cm’!
could be indexed to OH stretching vibration from the layer and water molecules. The peak observed at
1637 cm'for Cog75Alp2s LDH (Figure 3a) is due to deformation mode of vibrations of interlayer water
molecules i.e. 3(H>0). The peak at 1355 cm’! is assigned to the anti-symmetric stretching mode (v3) of
COs* ion. The bending modes observed at 723 cm! is assigned to v4 mode of carbonate anion in the
Coo.75Alo.2s LDH structure. The 546 cm™! band arise due to OH-O bond/interaction formed between the
intercalated water and COs* ion of Coo.7sAlo..s LDH sample aged for 1 h (see Figure 3a).

The peak observed at 3558 cm'! is indexed to OH stretching vibrations from the layer and water
molecules. Bending modes of vibrations of OH groups arise due to the presence of interlayer water
molecules and are observed in the range of 1600 cm™ to 1700 cm™. The peak observed at 1632 cm™
for Coo67Alo33 LDH is due to H-O-H deformation mode of vibrations from interlayer water molecules
i.e. 8(H>0). The band observed at 1348 cm™ can be attributed to the anti-symmetric stretching mode
(v3) of COs* group. The out-of-plane bending mode v varies from 862 to 892 cm™ depending on the
nature of the cation. The v» bending mode is observed at 770 cm™ and 691 cm™! is assigned to v4 mode
of carbonate anion in the Cog7Alp33 LDH structure. The 551 cm™ band is distinct for the structure of
layered double hydroxide and could arise due to OH-O bond/interaction formed between the
intercalated water and COs> ion [see Figure 3(b)] [20-21].

Figure 3(c,d) shows the infrared spectral data of Co-Al LDH samples having different Co:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged for 48 h separately. The peak
assignments for the above samples are given in Table 2. Figure 4(a,b) shows the infrared spectral data
of Ni-Al LDH samples having Ni:Al mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged
for 1 h separately. Figure 4(c,d) shows the infrared spectral data of Ni-Al LDH samples having Ni:Al
mole ratio (0.75:0.25/0.67:0.33) obtained at 28-30 °C and aged for 48 h separately. The assignment of
the peaks observed for the above samples is given in Table 2.
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Figure 3. Infrared spectra of a) Cog.7sAlo2s LDH and b) Coo.¢7Alo33 LDH obtained at 28-30 °C, aged
for 1 h; ¢) Cog.75Alp2s LDH and d) Coos7Alo33 LDH samples obtained at 28-30 °C and aged for 24 h
separately.

3.3. UV-VIS spectral data

The compounds can be categorized into conductors, semiconductors and insulators based on
their electrical conductivity/band gap values. There will be no band gap for conductors, while for
semiconductors and insulators, it is in the range of 1.5 to 3 eV and 3-5 eV respectively.

Generally, layered double hydroxide samples exhibit three absorption bands in the UV and
visible-light regions of the electromagnetic spectrum at 28-30 (°C). The first band is observed in the
range of 200 to 300 nm, the second in the range of 300 to 550 nm and the third in the range of 600 to
800 nm. The 200-300 nm bands are assigned to ligand-to-metal charge transfer (LMCT) from the O-2p
orbital to M-3d(ty;) orbital and the peaks exhibited in the 300 to 800 range correspond to d-d
transitions, from the M?* (Co?"/Ni?") ions in an octahedral geometry [22,23]. Also, DFT studies have
been carried out to investigate the energy and band gap in layered double hydroxides [24].

UV-visible diffused reflectance/absorption spectra were obtained for Co-Al LDH
(0.75:0.25/0.67:0.33) and Ni-Al LDH (0.75:0.25/0.67:0.33) samples to study the optical property of
the samples. Figure 5(a) shows the UV-visible DRS spectra of Cog7sAlo2s LDH sample recorded in
absorbance mode, and the band gaps for the various peaks are observed at 4.81 eV, 3.5 eV (weak),
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2.37 eV respectively. Also Figure 5(a’) gives the Tauc plot of Cog7sAlp2s LDH prepared at 28-30 °C
for 1 h from which the calculated band gaps are observed at 1.69 eV and 2.0 eV respectively.

From the UV-visible DRS absorbance plot, the calculated band gap (eV) values for Coo.¢7Alo33
LDH prepared at 28-30 °C for 1 h is 4.88 eV (Figure 5b). Along with these, additional values of band
gaps at 2.40 eV and 2.07 eV were observed, indicating that the intrinsic property is insulating in
nature. Based on the Tauc plot, the observed band gaps for the above sample are 1.75 eV and 2.07 eV
respectively (see Figure 5b’).

Table 2: Assignment of peaks observed for Co-Al LDH (0.75:0.25; 0.667:0.333) and Ni-Al LDH
(0.75:0.25; 0.667:0.333) samples prepared at 28-30 °C and aged for 1h and 48 h respectively

Sample Assignment of peaks (wave number, cm™)
OH stretch | Deformatio | anti- bending mode | OH-O
due to | n mode | symmetric bond/interaction
layer OH | 6(H20) stretching formed between the
and mode of COs* intercalated water
interlayer ion and COs* ion
H.0
molecules
Coo.75Alp2s LDH at 3405 1637 1355 723 546
28-30 °C and aged
for 1 h
Coo.67Alo33 LDH at 3558 1632 1348 770, 691 551
28-30 °C and aged
for 1 h
Coo.75Alp2s LDH at 3427 1635 1356 710 543
28-30 °C and aged
for 48 h
Coo.67Alo33 LDH at 3371 1620 1349 694 550
28-30 °C and aged
for 48 h
Nio.7sAlo2s LDH at 3403 1633 1358 703 551
28-30 °C and aged
for 1 h
Nio.7Alo33 LDH at 3332 1632 1348 764, 559
28-30 °C and aged 691
for 1 h
Nio.7sAlo2s LDH at 3380 1635 1357 721 554
28-30 °C and aged
for 48
Nio.g7Alo33 LDH at 3345 1630 1348 784, 560
28-30 °C and aged 689
for 48 h

The band gap (eV) values of Cog7sAlo2s LDH prepared at 28-30 °C for 48 h is 4.71 eV. In
addition to the above, we observe additional band gap values at 3.39 eV (weak) and 2.41 eV (see
Figure 6a). Based on the Tauc plot, we observe band gaps for the above sample at 1.63 eV and 1.97 eV
respectively (Figure 6a’).

The band gap (eV) values of Cogs7Alo33 LDH prepared at 28-30 °C for 48 h is 5.04 eV. Also, we
observe an additional band gap at 2.36 eV (see Figure 6b). Based on the Tauc plot, the observed band
gaps for the above sample at 1.77 ¢V and 2.10 eV, respectively (Figure 6b’).
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Figure 4. Infrared spectra of of a) Nio.7sAlo2s LDH and b) Nio.s7Alo33 LDH obtained at 28-30 °C and
aged for 1 h; ¢) Nig75Alp»s LDH and d) Nige7Alp33 LDH samples obtained at 28-30 °C and aged for 24
h separately.

The band gap (eV) value obtained from the absorbance data of UV-visible DRS of Nig75Alo.2s
LDH prepared at 28-30 °C for 1 h is 5.04 eV (Figure 7a). In addition to the above, the observed
additional band gap values are 3.32 eV (weak) and 1.90 ¢V. Based on the Tauc plot, the band gap for
the above sample is 1.56 eV (Figure 7a’).

From the absorbance of UV-visible DRS data, the calculated band gap (eV) value of Nig¢7Alo33
LDH prepared at 28-30 °C for 1 h is 5.54 eV. Additional band gap values are observed at 3.27 eV
(weak) and 1.93 eV (Figure 7b). Based on the Tauc plot, the band gap values for the above sample are
observed at 1.77 eV and 2.10 eV respectively (Figure 7b").

The band gap (eV) values of Nig7sAlp2s LDH prepared at 28-30 °C for 48 hr is 5.37 eV (Figure
8a). In addition to the above, we observe additional band gap values at 3.25 eV (weak) and 1.90 eV.
Based on the Tauc plot, we observe a band gap for the above sample at 1.56 eV (Figure 8a’).

Based on the UV-visible DRS spectra, the band gap (eV) value of Nigs7Alo.33 LDH prepared at
28-30 °C for 48 h is 5.21 eV (Figure 8b). In addition to the above, additional band gap values of 3.33
eV (weak) and 1.97 eV were observed. Based on the Tauc plot, the band gap for the above sample is
1.45 eV (Figure 8b"). Due to the low band gap values observed for both CoAl-LDH and NiAl-LDH
samples, they are semiconducting in nature.
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The band gap (eV) values for Ni-Al LDH (0.75:0.25/0.66:0.33) samples prepared at 28-30 °C
and aged for 1 h/48 h are in the range of 1.4 to 2.05 eV indicating that Ni-Al LDHS
(0.72:0.25/0.667:0.333) also exhibit a band gap in the range of semiconductors.

v ' J
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Figure 9. Scanning electron micrographs of a) Cog.7sAlp2s LDH and b) Coo.67Alo33 LDH samples
obtained at 28-30 °C and aged for 1 h separately.

)

Figure 9 shows the scanning electron micrographs of Co¢7sAlo2s LDH and Coge7Alo33 LDH
samples obtained at 28-30 °C and aged for 1 h separately. They exhibit irregular morphologies, and the
particle size is in the micrometer range.
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Figure 10. Scanning electron micrographs of a) Nig 7sAlo>s LDH and b) Nigs7Alo33 LDH samples
obtained at 28-30 °C and aged for 1 h separately.

Figure 10 shows the scanning electron micrographs of a) Nig.75Alo2s LDH and b) Nio.g7Alo33
LDH samples obtained at 28-30 °C and aged for 1 h separately. They also exhibit irregular
morphologies with micrometer-range particles.

From the above data, it is indicated that Co-Al LDHs have a slightly lower band gap compared
to NiAl-LDHs. The LDH samples (Co-Al LDH/Ni-Al LDH having different mole ratios:
0.67:0.33/0.75:0.25) exhibit absorption peaks ranging from the UV region to the visible region of the
electromagnetic spectrum. Co-Al LDH and Ni-Al LDHs have been used as photocatalysts in the
degradation of toxic organic reagents/dyes [25-27]. The above data can provide insight into the
variation in band gap depending on the type of the LDHs and can be used for their potential
applications in photocatalysis.
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4. Conclusions

CoAI-LDHs (0.75:0.25/0.667:0.333) and NiAl-LDHs (0.75:0.25/0.667:0.333) with better
crystallinity were prepared by reduction-oxidation method. The advantage of this technique is that it
will lead to the formation of crystalline samples. The preparative method can be adopted to synthesize
different types of layered double hydroxides having diverse combinations of divalent metal ions with
aluminium ions provided the divalent metal ions exhibit redox behavior. The LDH samples Co-Al
LDH and Ni-Al LDH (0.75:0.25/0.667:0.333)] having different mole ratios exhibit absorption peaks
ranging from the UV region to the visible region of the electromagnetic spectrum. Therefore, Co-Al
and Ni-Al LDHs have potential applications in the wide spectral range (UV-visible) for photocatalytic
applications.
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