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Abstract
In this work, nickel–chromium-layered double hydroxide (Ni(II)–Cr(III)LDH) is prepared via co-precipitation method at 
room temperature with 1:2:3 molar ratio of  CrCl3·6H2O:  NiCl2·6H2O: NaCl using sodium hydroxide as a precipitating agent. 
Ni(II)–Cr(III) LDH is synthesized in the absence and in the presence of functionalized amino-organic compounds such as 
acetamide, glycine, and urea. The ratio between  CrCl3·6H2O:  NiCl2·6H2O: NaCl: acetamide, glycine or urea was 1:2:3:6. 
The mixed nickel–chromium oxide nanoparticles are prepared by the calcination of Ni(II)–Cr(III) LDHs at 600 ℃ for 2.5 h. 
Ni(II)–Cr(III) LDHs and mixed Ni(II)–Cr(III) oxides nanoparticles are characterized by several techniques including FTIR, 
TGA, XRD, FESEM, HRTEM, and PL. Functionalized amino-organic compounds improve the thermal stability in the order 
of glycine > urea > acetamide. Also, it affects photoluminescence PL intensity which indicates a marked reduction in elec-
tron–hole recombination with the highest photocatalytic activity compared to visible light-driven  H2 and  O2 evolution. The 
resulting mixed Ni(II)–Cr(III) oxides particles have an amorphous structure and a relatively uniform size of below 10 nm.

Graphic abstract

HRTEM images of Ni(II)-Cr(III)/g LDH at two different magnifications: a) before and b) after 

calcination
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1 Introduction

The layered crystalline configuration of layered double 
hydroxides (LDHs) contains various intercalating anionic 
units with the ability to exchange these interlayer anions 
with relatively larger anionic organic residues. The main 

character of these mixed metal oxides is considered more 
complete for the MgAl–CO3

2− structure. LDHs have three 
unequal types of base locations, namely; strong basic  O2 
sites present on the surface of the material, medium basic 
O sites, and the hydroxyl groups that give rise to locations 
with weak basicity. The variability in chemical structure 
and physico-chemical characteristics of synthesized LDHs 
compromises excessive diversity in applications of these 
materials. The creation of active base sites leads to the 
remarkable increase in catalytic reactivity after application 
of the calcination process. This intercalation makes LDHs 
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very beneficial in various uses such as nanofillers for the 
production of polymer nanocomposites, and in nanotechnol-
ogy, to develop the flame retardancy of polymer nanocom-
posites [1]. The unique properties of these materials open 
up the field in many applications such as the use of adsorp-
tion of harmful ions in the environment, which accompany 
dilute water residues [2]. It can also be used in disposing of 
nuclear waste by adsorption such as anionic radionuclides. 
In addition, it can be used for storage purposes by convert-
ing it into insoluble materials such as ceramics [3]. Cal-
cination of synthetic LDHs produces mixed metal oxides 
(MMOs) with strong basic properties and large surface areas 
compared to the original LDH precursor. The synthesis of 
many organic entities is possible by controlled calcination 
of LDHs, such as methane or hydrocarbon steam reform-
ing, aldol, condensation methanation, epoxidation [1–4], 
and nitrous oxide  (N2O) decomposition [5, 6]. In general, 
LDHs are weak, solid bases, and achieve improved basic 
properties when stimulated primarily by thermal calcina-
tion [7, 8]. Both LDHs and calcined LDHs have different 
applications in many fields, including catalysis [9], phar-
maceutical products [10], polymer additives [11], environ-
mental cleaning by ion exchange or adsorption processes 
[12, 13], selective chemical, non-reactors [14], in separation 
and membrane technology [15], and as photoactive materials 
[16]. LDHs have low costs, making their use and MMOs as 
solid catalysts a promising alternative for the refinement of 
soil, groundwater, and waste water [17, 18]. On the other 
hand, there is a variety of morphologies of LDHs, it has dif-
ferent forms such as powders [19, 20], and spheres [21, 22], 
LDH belt with nanoparticles [23] and fibrous structure [24]. 
Progress in the production of LDH structural ingredients 
with dissimilar morphologies of powder/sphere, mono/mono 
(1-D) belt/fiber; to two-dimensional films was reported by 
Ye Kuang et al. [25]. On the other hand, synthesis of various 
oxides, nanoparticles, including iron, nickel, cobalt, copper, 
and chromium was reported by thermal decomposition [23, 
26–30].

This study aims to investigate the thermal stability, mor-
phology, and crystallinity of such prepared Ni(II)–Cr(III) 
LDH in the absence and in the presence of functionalized 
amino-organic compounds (acetamide, glycine, and urea). 
The aim of the study is also to prepare mixed nickel–chro-
mium oxides nanostructures via easy thermal decomposition 
of LDHs.

2  Experimental

2.1  Raw materials

All chemicals, glycine (Aldrich), acetamide (Aldrich), urea 
(Aldrich), sodium chloride (Merck), sodium hydroxide 

(Merck), nickel chloride hexahydrate (Sigma), chromium 
chloride hexahydrate (Sigma) were employed as received 
without further refinement.

2.2  Synthesis of LDHs

The synthesis process of LDH was done at room temperature 
by means of the method of co-precipitation using a molar 
ratio of  CrCl3·6H2O:NiCl2·6H2O: NaCl = 1:2:3. Typically, 
5.32 g of  CrCl3·6H2O was dissolved in a reasonable vol-
ume of distilled water. 9.5 g of  NiCl2·6H2O was supplied to 
the chromium solution under magnetic stirring at 850 rpm. 
3.5 g NaCl as a host material was added to the mixture. The 
Ni(II)–Cr(III) mixture volume reaches 200 ml by adding 
distilled water. Sodium hydroxide (25% wt./wt.) was added 
dropwise until the pH reached 10.5. Gradually Ni(II)–Cr(III) 
LDH was precipitated by the addition of sodium hydroxide 
solution. The resulting slurry of Ni(II)–Cr(III) LDH was 
left in a water bath for 24 h at 75 ℃. The filtration process 
was applied for the Ni(II)–Cr(III) LDH followed by wash-
ing several times by means of distilled water to eliminate 
extra solvable ions, until pH of filtrate reached 7. The drying 
is achieved in an oven at 80 ℃. The resulting sample was 
labeled with Ni(II)–Cr(III) LDH. The same procedure was 
repeated in the presence of acetamide, glycine, and urea. The 
ratio between  CrCl3·6H2O:  NiCl2·6H2O: NaCl: acetamide, 
glycine or urea was 1:2:3:6. The resulting Ni(II)–Cr(III) 
LDHs that were prepared in absence and in the presence of 
acetamide, glycine, and urea were labeled by Ni(II)–Cr(III) 
LDH, Ni(II)–Cr(III)/a LDH, Ni(II)–Cr(III)/g LDH, and 
Ni(II)–Cr(III)/u LDH, respectively.

2.3  Synthesis of mixed Ni(II)–Cr(III) oxides 
nanoparticles

The mixed metal oxide nanoparticles of chromium and 
nickel were prepared from Ni(II)–Cr(III) LDHs by calcina-
tion at 600 ℃ for 2.5 h.

2.4  Characterization

Characterization methods and typical conditions are 
recorded in Table 1.

3  Results and discussion

3.1  FTIR analysis of Ni(II)–Cr(III) LDHs

The FT-IR analysis was used to demonstrate that the 
organic molecules acetamide, glycine, and urea mol-
ecules were successfully introduced into the LDHs and 
that FT-IR analysis can ensure the existence of interlayer 
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anions, crystalline water, and lattice  O2 vibrations in 
LDHs. Figure 1 shows the FT-IR spectra of the samples 
prepared in this study. Figure 1a shows a broad band at 
3412 cm−1 which can be attributed to stretching vibra-
tions of OH ions or physically adsorbed water and also 
due to moisture absorption [31]. The weak band at 
1639.73 cm−1 as shown in Fig. 1b can be ascribed to the 
bending mode of water molecules. In Fig. 1c, the weak 
band at 2450 cm−1 represents an extended vibration of 
NH bonds. Extended N–H vibrations in the absorption 
range at 518 cm−1 are associated with the stretching and 
bending patterns in the metal–oxygen bonds [32]. The 
absorption range at 1635 cm−1, 1641 cm−1, 1639 cm−1 
for Ni(II)–Cr(III)/a, Ni(II)–Cr(III)/g, and Ni(II)–Cr(III)/u 
LDH accordingly belongs to the asymmetric expansion 
of the carbonyl group in acetamide, glycine, and urea as 
shown in Fig. 1d.

3.2  TGA of Ni(II)–Cr(III) LDHs

For assessment of the thermal stability of the LDHs, the 
temperature was fixed at 100 and 200 ℃ for 10 min during 
the thermal degradation process. This leads to two clear pla-
teaus during the test as the weight decreases at constant tem-
perature. Figure 2 shows that the thermal stability of LDHs 
is influenced by the presence of organic molecules and the 
effect varies in the order of glycine > urea > acetamide. The 
data in Fig. 2 show that the thermal strength of the LDHs 
structure reaches temperatures of about 200 ℃. Calcination 
above 200 ℃ decomposes LDHs into unstructured mixed 
metal oxides. The oxides obtained in this way are uniformly 
distributed (“solid solution”) for non-similar cations within 
the mixed oxide structure, which is a major motivation for 
the use of LDHs in catalysis applications, for example, as a 
catalyst support or catalyst precursor. The Ni(II)–Cr(III)/g 
LDH, Ni(II)–Cr(III)/u LDH, Ni(II)–Cr(III)/a LDH, and 
Ni(II)–Cr(III) LDH keep the same behavior at temperatures 
of 100 and 200 ℃ with the same above order. The loss of 

Table 1  List of characterization methods

Characterization method Model used and conditions

XRD Philips X’Pert, CuKa, 40 kV, 30 mA and k = 1.54056 Å
HRTEM TEM, JEOL ARM-200F, JEOL, Japan
Photoluminescence (PL) RF-5301 PC, Shimadzu. The excitation wavelength was 325 nm. The excitation and 

emission slits width was fixed at 10 nm
FTIR PerkinElmer FT-IR type 1650 spectrophotometer (wavelength range 4000–200 cm−1)
TGA PerkinElmer Thermogravimetric Analyzer TGA 4000 was employed

Temperature range is 50–995 ℃ and heating rate is 10 ℃/min in nitrogen atmosphere
FESEM FESEM, JSM-7500F, JEOL, Japan

Fig. 1  FTIR of a Ni(II)–Cr(III) 
LDH; b Ni(II)–Cr(III)/u LDH; 
c Ni(II)–Cr(III)/g LDH; and d 
Ni(II)–Cr(III)/a LDH
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mass up to 200 ℃ is due to the elimination of interlayer and 
adsorbed water [33]. In the range of 250–500 ℃, the break-
down of interlayer hydroxyl and chloride anions takes place. 
The existence of the transition metals in the LDHs samples 
presented negligible influence on the thermal strength. From 
Fig. 2, a temperature of 600 ℃ was selected for calcination 
of LDHs. The calcination temperature is crucial for effec-
tive reconstruction of the layered structure. The temperature 

throughout the calcination of LDHs should be greater than 
the temperature of the layer breakdown and below than that 
of formation of spinel phase (this solid phase is stable and 
cannot be transformed to LDH in water). Consequently, 
the calcination temperature for LDHs is typically located 
between 400 and 700 ℃ [34].

3.3  XRD diffraction of Ni(II)–Cr(III) LDH

The structural properties of the original Ni(II)–Cr(III) LDH 
before and after calcination with acetamide, glycine, and 
urea were inspected by X-ray diffraction technique. The 
XRD patterns for the Ni(II)–Cr(III) LDHs are shown in 
Fig. 3a–d. A glance at the XRD data listed in Table 2 indi-
cated that six of titled compound afforded a Monoclinic 
2 crystalline phase, space group  P21/m, one a Tetragonal 
(Ni(II)–Cr(III) (LDH)B), space group P4/m, and Hexago-
nal (Ni(II)–Cr(III) (g) (LDH)A), space group P6/m for the 
last compound. It demonstrates well-defined basic peaks 
having orientations in the (031) (103) (300) (140) (200) 
(222) (002), and (222) planes for investigated Ni(II)–Cr(III) 
LDH, Ni(II)–Cr(III)/a LDH, Ni(II)–Cr(III)/g LDH, and 
Ni(II)–Cr(III)/u LDH (before and after calcination), respec-
tively. Among these planes in Ni(II)–Cr(III) LDHs before 
calcination, the (015) (628) (054) (034) surface at d-spac-
ing, equal to 1.52 Å, with the maximum intensity, presents 
the smallest surface energy and is thermodynamically and 

Fig. 2  TGA of a Ni(II)–Cr(III)/g LDH; b Ni(II)–Cr(III)/u LDH; c 
Ni(II)–Cr(III)/a LDH; and d Ni(II)–Cr(III) LDH

Table 2  XRD data of original Ni(II)–Cr(III) LDH before and after calcination with acetamide, glycine, and urea; symmetry (hkl) plans and their 
corresponding 2θ position and, d-spacing

Symmetry (before calcination) 2θ (hkl) d (Å) Symmetry (after calcination) 2θ (hkl) d (Å)

Ni(II)–Cr(III) (LDH) [40] Monoclinic 2 (a: 
8.43, b:70.9, c: 7.91 Å), γ = 90, β = 90.25, 
α = 90°

11.86 031 7.46 Ni(II)–Cr(III) (LDH) [44] Tetragonal (a: 4.15, 
b: 4.15, c: 17.27 Å), γ = 90, β = 90, α = 90°

37.01 114 2.43
22.99 0161 3.86 43.54 200 2.08
34.99 − 371 2.56 63.26 101 1.47
46.34 054 1.95 75.62 314 1.26
60.96 015 1.52

Ni(II)–Cr(III) (a) (LDH) [41] Monoclinic 2 (a: 
23.69, b:3.98, c: 4.47 Å), γ = 90, β = 93.90, 
α = 90°

11.76 103 7.52 Ni(II)–Cr(III) (a) (LDH) [45] Monoclinic 2 (a: 
15.82, b:7.69, c: 7.44 Å), γ = 90, β = 101.29, 
α = 90°

37.33 222 2.41
23.23 − 602 3.83 43.57 – 223 2.08
35.055 – 903 2.56 63.28 822 1.47
47.287 1105 1.92 75.67 161 1.26
61.06 628 1.52

Ni(II)–Cr(III) (g) (LDH) [41] Hexagonal (a: 
16.01, b:16.01, c: 7.24 Å), γ = 90, β = 90, 
α = 120°

19.206 300 4.63 Ni(II)–Cr(III) (g) (LDH) [46] Monoclinic 2 
(a: 5.73, b:5.95, c: 8.31 Å), γ = 90, β = 90.4, 
α = 90°

37.09 022 2.42
36.398 241 2.47 43.52 004 2.08
47.049 342 1.93 57.52 015 1.6
61.060 054 1.52 63.29 – 224 1.47

75.37 – 242 1.26
Ni(II)–Cr(III) (u) (LDH) [43] Monoclinic 2 

(a: 8.43, b:70.9, c: 7.91 Å) γ = 90, β = 90.25, 
α = 90°

11.65 140 7.59 Ni(II)–Cr(III) (u) (LDH) [47] Monoclinic 2 (a: 
7.74, b:6.27, c: 14.83 Å), γ = 90, β = 112.03, 
α = 90°

36.94 – 221 2.43
22.99 0161 3.86 43.46 222 2.08
34.96 – 371 2.56 63.16 142 1.47
47.106 084 1.93 75.53 – 147 1.58
61.015 034 1.52
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electrostatically the most stable [35]. In addition, the (200) 
( − 223) (004) and (222) miller indices at d-spacing 2.08 Å 
for isolated Ni(II)–Cr(III) LDHs after calcination are cal-
culated using CRYSTALSLEUTH program. The lattice 
parameters (a, b, c Å) and (γ, β, α°) for the Monoclinic 2, 
Hexagonal, and Tetragonal phase of Ni(II)–Cr(III) LDHs are 
listed in Table 2 using a software CRYSTALSLEUTH pro-
gram [36–39]. The calculated values as well as the detected 
d values are in a good agreement with the reported data 
base_code_amcsd [40–47]. In pure Ni(II)–Cr(III) LDHs 
before calcination, four peaks exist at 2θ ≅ 11, 22, 35, 47, 
and 61°, all peaks are weak intense broad peaks. This con-
firms the semi-crystalline nature of Ni(II)–Cr(III) LDHs. 
Also, XRD peaks of Ni(II)–Cr(III) LDHs after calcination, 
the five peaks existing at 2θ ≅ 37, 43, 63 and 72°, appeared, 
and the broad peak is shifted to smaller angles that confirms 
the strong interaction between Ni and Cr LDHs. Finally, the 
calcination process of Ni(II)–Cr(III) LDHs has a small effect 
on the original Ni(II)–Cr(III) LDHs crystallinity.

3.4  FESEM analysis of Ni(II)–Cr(III) LDH

The morphologies of the as-prepared samples were 
explored by field emission scanning electron microscopy 
(FESEM), as presented in Fig. 4a, b. The specific aim is 
to investigate the influence of acetamide, glycine, and urea 

on the resultant LDH morphology. The study demonstrates 
that LDHs own several clusters of intercrossed flaky sheets 
[48]. From the image, it can be noticed that the particle 
dimension in LDH is located on the non-metric scale.

In comparison of Ni(II)–Cr(III) LDH (Fig. 4a) with 
Ni(II)–Cr(III) LDH synthesized in the presence of aceta-
mide, glycine, and urea, it is clear to see the difference in 
surface morphology for the LDH with or without these 
organic molecules. There is a clear difference in the result-
ing particles shape of Ni(II)–Cr(III) LDH prepared in the 
existence of the three organic molecules depending on 
the nature of these functionalized amino compounds. Fig-
ure 4b shows the FESEM of as-prepared Ni(II)–Cr(III) 
LDH and Ni(II)–Cr(III) LDH prepared in the presence 
of different organic molecules. From the images, it can 
be noticed that the porosity between the calcinated clus-
ters is much more than the porosity between the clusters 
before the calcination process. This may be ascribed to the 
elimination of water,  CO2, and intercalated organic mol-
ecules between the layered double hydroxide to convert 
into mixed nickel–chromium oxides during the calcina-
tion, which results in establishment of channels and pores 
[49]. Also from the images, it can be realized that the 
resulting mixed Ni(II)–Cr(III) oxides from Ni(II)–Cr(III) 
LDH, Ni(II)–Cr(III)/a, Ni(II)–Cr(III)/g LDH, and 
Ni(II)–Cr(III)/u are located in the nanoscale.

Fig. 3  XRD of original 
LDH before (B) and after 
calcination(A): a Ni(II)–Cr(III) 
LDH(B&A); b Ni(II)-Cr(III)/a 
LDH (B and A); c Ni(II)–
Cr(III)/g (B and A); and d 
Ni(II)–Cr(III)/u LDH (B and A)
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3.5  HRTEM analysis of Ni(II)–Cr(III) LDH

TEM was used with the purpose of investigation of the 
morphology and particle size of mixed Ni(II)–Cr(III) 
oxides and the product obtained after calcinations at 600 ℃ 
for 2.5 h, as presented in Fig. 5. The HRTEM micrographs 
established that mixed Ni(II)–Cr(III) oxide particles had 
the representation of the LDH platelet configuration with 
a reasonably even size of below 10 nm. As displayed in 
Fig. 5b, aggregates of fine particles were identified after 
calcination process.

3.6  Photoluminescence properties of Ni(II)–Cr(III) 
LDHs

The PL spectra exploration is very important to show the 
relocation, transference, and separation effectiveness of the 
photo-generated electron and hole pairs in numerous sem-
iconductors [50]. Figure 6 displays the PL spectra of the 
LDHs samples before calcination. It is observed that a sharp 
PL emission peak is obtained for all samples at 364 nm, 
and this can be due to the encirclement of charge transport-
ers typically from excitons on its surface. The maximum 

Fig. 4  SEM images of Ni(II)–Cr(III) LDH, Ni(II)–Cr(III)/a LDH, Ni(II)–Cr(III)/g LDH, and Ni(II)–Cr(III)/u LDH at two different magnifica-
tions: a before and b after calcination
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PL emission peak intensities are recorded as 1361, 939, 
819, and 443 for the sample containing acetamide, bare 
sample, a sample containing urea, and a sample contain-
ing glycine, respectively. PL emission broad peak at 468 nm 
is recorded with peak intensities of 514 for Ni(II)–Cr(III) 
LDH. By addition of acetamide organic molecule during 
the preparation of Ni(II)–Cr(III) LDH, an enhancement of 
board peak intensity (716) is obtained. On the other hand, 
in the presence of urea and glycine, the broad peak has been 
disappeared. Figure 6 shows, that for all samples, symmetri-
cal sharp peaks at λ = 364 nm without any shifts appeared. 
There are two main zones for photoluminescence; one is 

attributed to band edge emission, which occurs at a shorter 
wavelength, and the other occurs at a longer wavelength 
attributable to the capture emission. Davar et. al [51]. and 
Gadallah et al. [52] have two such reports. Generally, the 
reduction or intensification of the luminescence intensity is 
determined by the distance between the nanoparticle Ni and 
the nanoparticle Cr. When there is no distance or very short 
distance between nickel and chromium nanoparticles, there 
is a decrease in luminescence, the so-called luminescence 
curing. Over a certain distance between the Ni and Cr nano-
particles, there is an increase in luminescence, the so-called 
luminescence intensification. Both luminescence extinction 

Fig. 5  HRTEM images of Ni(II)–Cr(III) LDH, Ni(II)–Cr(III)/a LDH, Ni(II)–Cr(III)/g LDH, and Ni(II)–Cr(III)/u LDH at two different magnifi-
cations: a before and b after calcination
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and amplification of luminescence have been reported [53]. 
Thus, the presence of such organic compounds during the 
preparation stage effects on the PL intensity. This influence 
is owing to the synergistic behavior of both LDH and differ-
ent previous organic monomers. Since, the electron trans-
mission is of useful applied importance in some cases such 
as photocatalysis. 

Figure 7 shows the PL spectra of mixed Ni(II)–Cr(III) 
oxides prepared from LDHs samples after calcination at 
600 ℃ for 2.5 h. We observed the broad PL emission main 
peak for all investigated LDHs (except Ni(II)–Cr(III)/g 
LDH) at 364 nm. The Ni(II)–Cr(III)/g LDH polymer shows 
a shoulder broad peak at both 364 and 378 nm at the same 
peak intensity. The PL intensity of the resulting mixed 
Ni(II)–Cr(III) oxides from the LDHs takes the following 

order: Ni(II)–Cr(III) LDH (525 PL max.) >  Ni(II)–Cr(III)/a 
LDH (475 PL max.) >  Ni(II)–Cr(III)/g LDH (349 PL 
max.) >  Ni(II)–Cr(III)/u LDH (314 PL max.), respectively. 
Thus, the presence of such organic compounds during the 
calcination affect the PL intensity. The maximum quench-
ing is observed for mixed Ni(II)–Cr(III) oxides which calci-
nated from Ni(II)–Cr(III)/u LDH, demonstrating a remark-
able reduction of the electron–hole recombination with the 
maximum photocatalytic activity to visible light-driven  H2 
and  O2 evolution, which is consistent with the photocatalytic 
results.

4  Conclusion

Properties of LDHs before and after calcination are affected 
by the presence of functionalized amino organic com-
pounds in the starting materials. Presence of the functional-
ized organic compounds improved the thermal stability of 
LDHs and changed the crystal types of LDHs before and 
after calcination which affects the catalytic properties of the 
resulting mixed metal oxide nanoparticles. A highly porous 
structure of mixed metal oxides was obtained after calcina-
tion process with a semi-crystallinity nature. The presence 
of functionalized organic compounds during the calcination 
affects the PL intensity. The PL intensity has been decreased 
by a factor of 0.1, 0.34, and 0.4 in the presence of acetamide, 
glycine, and urea, respectively.
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