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Abstract In this study, lanthanum containing Zn/Cr-Lay-

ered double hydroxide (LDH) was synthesis by co-pre-

cipitation method and it was used as photo catalyst in the

photo degradation of methylene blue. Physicochemical

characterization was carried out by X-ray diffraction,

Fourier transform infrared, UV–Vis diffuse reflectance

spectroscopy, field emission scanning electron microscopy

and transmission electron microscopy techniques. Results

showed that the photo catalytic activity of Zn/Cr/La-LDH

sample is higher than Zn/Cr-LDH sample. Kinetic research

showed that the reaction rate constant Zn/Cr/La-LDH is

approximately 1.4 times higher than the apparent reaction

rate constant of ZnCr-LDH. The stability of the samples

was characterized through cyclic photo catalytic test.

Results indicated no observable performance degradation

for prepared photo catalyst even after four recycles. This

work provides an insight into designing and synthesizing

new Zn/Cr/La-LDH hybrid materials with good photo

catalytic performance.

1 Introduction

Environmental pollutions with various harmful organic

compounds are currently one of the most urgent problems

that both scientific community and general public face.

Thus, different methods for organic decontamination have

been studied extensively over the last few decades. How-

ever, in context of expensive energy and on-going serious

environmental pollution, the search for suitable materials

for the removal of organic pollutants, is an important

mission of scientific community [1]. A lot of research is

being carried out on the development of advanced oxida-

tion processes for wastewater treatment, which usually

operate at mild temperature and pressure. Among them,

photocatalysis employing semiconductor catalysts has

verified their efficiency in degrading refractory organics

into readily biodegradable compounds, and ultimately

mineralizing them into innocuous CO2 and H2O [2]. But,

the greater part of the frequently used photocatalysts like

TiO2 cannot be activated by visible light due to their large

band gap, resulting in low photo-electronic conversion

efficiency [3–5]. As visible light occupies the largest pro-

portion of the solar spectrum, much attention in photo-

catalysis has been focused on the photocatalytic

degradation of organic pollutants under visible light irra-

diation, which is one of the most promising ways for

environmental issues [6–8]. Therefore, developing new

materials with high efficiency has become a hot topic in

order to improve the efficiency of degradation of dye and

other molecules using just sunlight [9, 10].

Along with the alternate semiconductor photocatalysts

that have been investigated to date, layered double hydroxide

(LDH)-based photocatalysts have emerged as a very

promising candidate to replace TiO2, owing to their unique

layered structure, tunable band gaps, low cost, ease of scale-

up, and good photocatalytic activity for water splitting and

other reactions [11–16]. As one kind of useful multi-func-

tional layered materials, LDH as have attracted much

attention owing to their potential applications in catalysts,

medicine, adsorption, ion exchangers, electrical functional

materials and organic–inorganic nanocomposites [17–19].
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On account of its relatively high surface area and anion

exchange capacities, it has been used to treat toxic metals and

anionic dyes [20–23]. The novelty of eco-compatible LDHs

lies in their simple synthetic procedures, high level of purity,

ability to be organo-modified with a variety of organic ions,

versatility in chemical composition and multiple interactions

with other compounds [24, 25]. The general chemical com-

position of LDH can be represented as

M2þ
1�xM3þ

x ðOH)2

� �
An�ð Þx=n�mH2O

h i
, where M2? and M3?

represent di- and trivalent metal ions within the brucite-like

layers respectively, and An- is an interlayer anion. Accord-

ing to the formula, it is possible to obtain a great variety of

LDH by solely changing the nature and proportions of the

metallic cations in the hydroxyl sheets and by the interca-

lation of various solvated anions in between the layers

[26–29].

Numerous investigations on the application of LDHs

based photocatalysts by incorporating particular photoac-

tive metal cations into LDHs for the elimination of organic

pollutants using artificial UV or solar light as the irradia-

tion source have been reported. Surface defects can be

introduced by controlling the particle size, which change

the LDH electronic structure and greatly enhance the effi-

ciency of photogenerated charge separation and photocat-

alytic reactions rates [30–32].

Transition metal oxides have indicated good potential

catalytic properties; while the rare earth element La based

compounds including Lanthanum oxide and hydroxide

have shown better potentials for adsorption of arsenic from

aqueous solutions, lubricant additives [33–35]. How to take

advantage of the particular characteristics of LDH mate-

rials and transition metal oxides including rare earth ele-

ments for photocatalytic reactions, it is important for the

design and synthesis of novel materials for elimination of

organic pollutants.

We have synthesized Zn/Cr-LDH and Zn/Cr/La LDHs

by coprecipitation method. Methylene blue (MB) decom-

position reactions under visible light irradiation were used

in this study to evaluate the photocatalytic activities of the

obtained LDH. The structural, morphological, textural and

semiconducting properties of as-synthesized solids were

confirmed by UV–Vis DRS, field emission scanning elec-

tron microscopy (FE-SEM) and transmission electron

microscopy (TEM), X-ray diffraction (XRD), Fourier

transfer infrared (FTIR), and UV–Vis techniques. The

photocatalytic degradation experiments with Zn/Cr/La-

LDH composite were conducted to show that a higher

visible-light-driven degradation of organic pollutants could

be obtained. Zn/Cr/La-LDH composite photocatalyst

exhibited much high photo catalytic activity as compared

to Zn/Cr-LDH alone.

2 Experimental

2.1 Materials

Zinc nitrate hexahydrate [Zn(NO3)2 .6H2O], Chromium

nitrate nonahydrate [Cr(NO3)3 .9H2O], Lanthanum(III)

nitrate hexahydrate [La(NO3)3 .6H2O] NaOH and Na2CO3

were purchased from Aldrich Chemical Co. All chemicals

were commercial materials of the highest available purity

and they were used as received.

2.2 Preparation of layered double hydroxide

Co-precipitation method was used for the synthesis of the

Zn/Cr/La-LDHs First, a mixture of 1.0 g of Zn(NO3)2�
6H2O, 0.27 g of Cr(NO3)3�9H2O and 0.2 g of La(NO3)3�
6H2O (Zn:Cr:La = 2.0:0.7:0.3 molar ratio) was dissolved

in certain volume of deionized water. Then the above

solution and a mixture containing NaOH (2 M) and Na2-

CO3 (0.5 M) were added simultaneously to a three-necked

flask at a speed of 1 drop s-1. The pH of resulting sus-

pension was maintained at 9–10 by continuous addition of

a 1 M NaOH and the mixed solution stirring for 12 h.

Finally, the mixture was transferred to Teflon-lined stain-

less steel autoclaves and the hydrothermal temperature is

160 �C for another 24 h. The resulting solid product was

separated by centrifugation, washed with deionized water

several times until pH = 7, and dried in an oven at 80 �C
for 6 h. This solid was labeled Zn/Cr/La-LDH.

Zn/Cr-LDH with 2.0:1.0 molar ratios was prepared by

similar procedure without using La(NO3)3 .6H2O.

2.3 Photo catalytic experiments

Photo catalytic activities of all the samples were evaluated

by degradation of the aqueous methylene blue (MB) as

model pollutant under visible light irradiation. Methylene

blue is a cationic dye, used extensively for dying cotton,

wool and silk. The risks of the existence of this dye in

waste water have arisen from the burns effect of eye,

nausea, vomiting and diarrhea. MB has a maximum

absorption in the 660 nm visible area. Methylene blue is

chosen as a model contaminant to evaluate the photocat-

alytic activity of prepared samples due to its stability under

visible light irradiation. Chemical structure of methylene

blue (C16H18N3SCl) makes it to fall under a group of azin

dyes. The photo catalytic reaction was carried in a single-

compartment cylindrical quartz reactor. A 200 W xenon

lamp was used as a light source. The luminous intensity of

the xenon lamp was 100 mW/cm2. The actual experiments

were performed at room temperature. The initial concen-

tration of MB was 2 mg/L and 20 mg as-prepared photo
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catalysts were added and then stirred with a magnetic bar.

Prior to illumination, the solution containing MB and photo

catalyst magnetically stirred for 120 min in the dark to

ensure the establishment of an adsorption–desorption

equilibrium between the photo catalyst and MB. Then the

solution was exposed to light irradiation under magnetic

stirring for 120 min. At certain time intervals, specific

amount of the solution was withdrawn and the changes in

concentration of MB were observed using a UV–Vis

spectrophotometer.

2.4 Characterization techniques

XRD (Philips X’ Pert Pro-MPD) studies were performed

to identify the formation of crystal phase by using Cu Ka
radiation (k = 0.1542 nm). The diffraction patterns were

collected between 2h of 5o and 80o at a scanning rate of

0.05�/min. The scanning speed was 0.02�/s. FT-IR spectra

were recorded on Jasco-680 (Japan) spectrophotometer

with 4 cm-1 resolution. The KBr pellet technique was

applied for monitoring changes in the FT-IR spectra of the

samples in the range of 4,000–400 cm-1. The vibrational

transition frequencies are reported in wave numbers

(cm-1). The morphology of the samples was examined by

FE-SEM (HITACHI; S-4160) which was connected with

an energy dispersive spectroscopy (EDS). The powdered

sample was dispersed in H2O, and then the sediment was

dried at room temperature before gold coating. Trans-

mission electron microscopy (TEM) images of the sam-

ples were collected on a Philips CM120 transmission

electron microscope with accelerator voltage of 100 kV.

The UV–Vis absorption spectra were recorded using UV–

Vis-NIR spectrophotometer with an integrating sphere

(DUV-3700, Shimadzu, Japan), which BaSO4 was used as

a reference.

3 Results and discussion

The reaction pathways for the synthesis of Zn/Cr/La-LDH

by co-precipitation method are shown in Scheme 1.

3.1 FT-IR study

FT-IR spectra of Zn/Cr-LDH and Zn/Cr/La-LDH are

shown in Fig. 1. LDH containing CO3
2- anions have

characteristic bands for various modes of infrared sensitive

vibrations of the anion [25–27]. In these spectrum, the

broad absorption band in the region 3100–3600 cm-1 is

assigned to the OH stretching vibrations, m(OH), associated

with the basal hydroxyl groups and interlayer water. The

bending vibration of the interlayer H2O is also reflected in

the broad bands around 1620 cm-1. The O-C-O asym-

metric stretching vibration appears between 1363 and

1507 cm-1. Compared with CO3
2- of CaCO3

(1430 cm-1), there is a considerable lower shifted

absorption peak at 1365 cm-1, shows that there was an

intercalation between CO3
2- and interlayer H2O through

the strong hydrogen bonding. The bands at lower

wavenumbers such as 792 cm-1, 552 cm-1 and 431 cm-1

can be assigned to the metal–oxygen stretching modes

(Zn–O, Cr–O). In the case of Zn/Cr/La-LDH, the bands

recorded in the low-frequency region of the spectrum

(\ 600 cm-1) can be interpreted as lattice vibration modes

such as M–O-H vibration and O-M–O stretching. These

results confirmed the formation of LDHs (Fig. 1).

Zn(NO3)2. 6 H2O
Cr(NO3)3. 9 H2O
La(NO3)3. 6 H2O NaOH

Na2CO3

1-Stirring for 12 h at 60 OC
2-Sonicated for 2h

Heated in Autoclaves
24 h at 160 oC

Zn/Cr/La-LDH

Scheme 1 Synthesis of Zn/Cr/La-LDH
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3.2 X-ray diffraction

The XRD patterns of the synthesized Zn/Cr-LDH and Zn/

Cr/La-LDH samples showed a typical layered double

hydroxide structure. In the Zn/Cr-LDH sample, the sharp

and symmetric reflections for (0 0 3), (0 0 6), (1 1 0) and (1

1 3) planes and broad asymmetric peaks for (0 0 9), (0 1 5)

and (0 1 8) planes, which are characteristic planes of HT-

like materials with hexagonal crystal system assuming a 3R

packing of layers [36]. The sharpness and intensity of the

reflections, as a measure of crystallinity, decreased in the

Zn/Cr/La-LDH due to the presence of La3? ions. The high

electric charge of La3? favored the formation of related

carbonate and oxy-hydroxide lanthanum species at the

early stage of the co-precipitation [37]. The possible reason

may be related to the different ratios of electric charge to

radius for different metal ions. The average crystalline size

of Zn/Cr-LDH and Zn/Cr/La-LDH samples, which has

been determined from the half width of the diffraction

using the Debye–Scherrer equation (D = Kk/bcosh) is

approximately 34 nm and 26 nm, respectively, where D is

the crystallite size, k is wavelength of the radiation, h is the

Bragg’s angle and b is the full width at half maximum [38]

Fig. 2.

3.3 FE-SEM and EDX study

The FE-SEM images and EDS patterns of the Zn/Cr-LDH

are shown in Fig. 3. In general, LDH crystal has plate-like

morphology and hexagonal crystallite. It is found that this

sample showed the characteristics of plate-like morphology

and hexagonal crystallite of LDH materials. The particle

size distribution indicates that the size of LDH nanoparti-

cles mainly ranges from 25 to 50 nm. Moreover, as shown

in Fig. 3, the EDS pattern of the Zn/Cr-LDH indicates the

elements of Zn and Cr and confirmed the formation of the

LDH.

Figure 4 shows the FE-SEM images as well as the EDS

pattern of the Zn/Cr/La-LDH. The sample also showed the

nature of LDH particles, which roughly consists of plate-

like shape as well as spherical shape, stacked with smooth

surface in which is formed of irregular aggregates. These

figures show that the diameter distribution of LDH parti-

cles were narrow and they have the diameter about

30–40 nm. The presence of La in the LDH was also con-

firmed by EDS techniques as shown in Fig. 4.

3.4 TEM study

TEM picture presented an actual image of nanoclay pla-

telets to permit recognition of internal morphology of

nano-hybrids. Figure 5 shows the TEM image of Zn/Cr-

LDH and Zn/Cr/La-LDH samples with different magnifi-

cations. According to the TEM pictures, both samples have

smooth overlapping crystals, and they are approximately in

hexagonal form with uniform thickness which was com-

monly observed for typical LDH compounds. For Zn/Cr/

La-LDH, the plate size is smaller than another sample

without La (Fig. 5). According to the TEM images, the

particles size of the Zn/Cr-LDH and Zn/Cr/La-LDH are

15–25 and 10–18 nm, respectively and these results are in

consisted with the XRD patterns of the LDH samples.

3.5 Optical measurements

The light absorbance of the Zn/Cr-LDH and Zn/Cr/La-

LDH samples was evaluated by the UV–Vis diffuse

reflection absorption spectra and the results are shown in

Fig. 1 FT-IR spectra of the Zn/Cr-LDH and Zn/Cr/La-LDH

Fig. 2 XRD patterns of the Zn/Cr-LDH and Zn/Cr/La-LDH

9864 J Mater Sci: Mater Electron (2016) 27:9861–9869

123



Fig. 3 FE-SEM photographs

and EDS pattern of the Zn/Cr-

LDH sample

Fig. 4 FE-SEM photographs

and EDS pattern of the Zn/Cr/

La-LDH sample
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Fig. 6. The strong absorption band in the region of 394 nm

for Zn/Cr-LDH, can be assigned to typical in Zn(II) coor-

dinated to the CO3
2- gallery [28–30]. In the case of Zn/Cr/

La-LDH, absorption at 586 nm was observed and

confirmed the presence of La3? in the brucite like sheets.

The broad nature of absorption at * 600 nm could be

ascribed to supramolecular guest–guest (hydrogen bonding

and van der Waals forces) or guest–host interactions

(electrostatic attraction, hydrogen bonding and van der

Waals forces) [28–30]. In case of the layered materials, the

UV spectrum shows an overall broadening and a red shift is

observed due to higher aggregate formation.

3.6 Photo catalytic activity of Ni/Cr-LDH and Ni/

Cr/La-LDH samples

Photo catalytic activity of different samples was followed

through degradation of methylene blue as a function of

irradiation time with Xe light. To get the response of photo

catalytic activities of Zn/Cr-LDH and Zn/Cr/La-LDH

samples, the absorption spectra of exposed samples at

various time intervals were recorded and the rate of color

degradation was observed in terms of change in intensity at

kmax of the dye. The photo degradation yield is defined as:

Fig. 5 TEM micrographs of the

(a, b) Zn/Cr-LDH and (c, d) Zn/

Cr/la-LDH

Fig. 6 UV–Vis spectra of the ZnCr-LDH and Zn/Cr/La-LDH
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Photo degradation yield ð%Þ ¼ ½ðC0 � CÞ=C0� � 100 ð1Þ

where C0 and C are initial concentration and concentration

of dyes after photo degradation under visible light irradi-

ation at various time interval, respectively. In order to

obtain the real photo degradation yield, the decreases of the

dye concentration because of the adsorption and direct

photolysis should be deducted. The photo catalysis of MB

is negligible without the presence of Zn/Cr-LDH and Zn/

Cr/La-LDH samples, suggesting that the degradation of

MB is induced by photo catalysis. Figure 7a shows the

photo degradation rate of MB under Xe light in presence of

different samples. Under the irradiation of light, the Zn/Cr/

La-LDH sample exhibited better photo catalytic activity

than Zn/Cr-LDH sample. The higher photo catalytic

activity of Zn/Cr/La-LDH sample can be attributed to the

combined effect of various factors: the presence of lan-

thanum, the effect of surface morphology on the surface

area of these samples and the increased light-harvesting

ability (capability to absorb visible light and higher light

absorption, compared to Zn/Cr-LDH). Photo catalytic

reactions kinetics can be expressed by the Langmuir–

Hinshelwood (L–H) model [39, 40]:

lnðC0=CÞ ¼ kappt ð2Þ

where kapp is the apparent pseudo first order reaction rate

constant and t is the reaction time. A plot of ln(C0/C)

versus t will yield a slope of kapp. The calculated kapp and

correlation coefficients were present in the Fig. 7b. The

degradation process follows pseudo first-order kinetics and

the degradation rate constant calculated from the slope of

the kinetics plot was found to be 0.0079 and 0.0113 min-1

for Zn/Cr-LDH and Zn/Cr/La-LDH samples, respectively.

The stability of a photo catalyst is also important for its

practical application for it can be regenerated and reused.

The stability and reusability of the Zn/Cr-LDH and Zn/

Cr/La-LDH catalysts was carried out with the same ratio of

catalyst and dye concentration. After each reaction run, the

catalyst was separated from the reaction system and its

reusability was also investigated carefully. The catalyst

was washed several times with distilled water, dried and

reused. Each cycle was carried out in the dark for 120 min

and then exposed under Xe light for 120 min. As shown in

Fig. 7c, after a four-cycle experiment, these catalysts

exhibited similar catalytic performance without significant

deactivation. The above results revealed that these com-

posite are potential catalysts with good photo catalytic

activity, stability, and reusability.

4 Conclusions

In summary, Zn/Cr-LDH and Zn/Cr/La-LDH composites

were synthesized by co-precipitation method. The charac-

teristics of the obtained samples were investigated by SEM,

TEM, XRD, FTIR, EDX and UV–Vis. Photo catalytic

experiments showed that lanthanum containing ZnCr-

Layered double hydroxide (Zn/Cr/La-LDH) catalyst
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Fig. 7 a The photo catalytic degradation of MB over Zn/Cr-LDH and

Zn/Cr/La-LDH samples under xenon light irradiation. b Ln(Ct/C0)

versus irradiation time plot. c Photo catalyst stability test of prepared

samples
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displayed high photo catalytic activity as compared to Zn/

Cr-LDH under xenon light irradiation because of the

increased surface area and light harvesting ability. Kinetic

research showed that the reaction rate constant of Zn/Cr/

La-LDH sample is approximately 1.4 times higher than the

reaction rate constant of Zn/Cr-LDH. The stability of the

samples indicated no observable performance degradation

for prepared photo catalyst even after four recycles.

Therefore, these prepared composites would have a widely

applied prospect in photo catalytic field to eliminate the

organic pollutants from waste water.
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