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 In this study, cadmium imidazolate frameworks were synthesized by a 

solvothermal method from cadmium acetate and 2-methylimidazole in an 

ethanol/methanol mixture. The Cd(Im)2 processed at 150 oC after 8 hours with 

the mixture of solvents has high crystallinity. The appearance of the 

absorption band at 407.73 cm-1 shows a link formation of Cd (II) and N within 

HIm’s molecule. Cadmium imidazolate only formats zeolite crystal, the 

network fibers were potent, and the pores were alike. The dimension of pores 

is approximately 200 nm. The XRD diagram shows that the Cd(Im)2 has high 

crystallinity. The Cd(Im)2 phase is obvious from reflections at 7o, 10o, 12o, 14o, 

15,6o and 17o. The surface area of Cd(Im)2 was 662.894 m2/g or 858.389 m²/g 

with BET or Langmuir calculations, respectively. The maximum adsorption 

capacity of Cd-ZIF-8 for the RhB is 64.52 mg.g-1, and the adsorption data were 

fitted well with a pseudo-second-order model.   
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Introduction 

 

Manufactured dyes are notably troublesome chemical 

toxins. The industrial wastes of these dyes are 

exceedingly noxious to aerobic and aquatic life and can 

cause compounds that show carcinogenic, mutagenic, 

and neurotoxic effects [1, 2]. Moreover, they can 

expressly preclude light penetration and inhibit 

photosynthesis in aquatic plants [3]. The unsuitable 

discarding of an enormous quantity of these deleterious 

dyes not only results in remarkable environmental 

pollution but also in the loss of considerable 

expenditures that make the coloring industry one of the 

most polluting industries on the globe [4]. Rhodamine B 

(RhB) is a conventional organic dye that is universally 

used in industries because of its low cost. Even though 

RhB has many utilities in many industrial progressions, it 

is tremendously toxic and deleterious to the 

environment and human health, even at a low 

concentration of less than one ppm. It is essential to 

diminish RhB to an allowable concentration before 

throwing it into the environment [5]. 

A branch of porous metal-organic frameworks (MOFs), 

zeolitic imidazolate frameworks (ZIFs), have an 

individual bonding angle of 145° between the metal and 

the imidazolate linker (M-Im-M angle), which imitates 

the Si-O-Si angle of zeolites as first published in 2006 [6, 

7]. These physicochemical properties make ZIFs 

outstanding adsorbents for apprehending toxins and 

gases ranging from small to large toxic molecules in 

water [7-9]. On this subject, ZIF-8, which has a high 

surface area, is among the most routinely researched 

ZIF materials. In ZIF-8, tetrahedrally coordinated zinc 

ions are linked by 2-methylimidazole (2-mIm) through 

its nitrogen atoms. The solidity of these porous crystals 
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in water makes them highly engaging materials for 

reduplicated adsorptive elimination in aqueous media 

[10]. Not long ago, it was published that a multiplicity of 

modified and unmodified ZIFs materials were 

successfully used as adsorbents for the degeneration of 

heavy metal ions and organic pollutants, such as dyes 

from wastewater [11-13]. Many researchers have 

reported the effectiveness of ZIF-8 in the elimination of 

organic dyes such as rhodamine 6G, triiodide, and 

methylene blue as well as benzotriazoles and phthalic 

acid, As(III), etc. [14-16]. For example, Chin and Anh Tran 

reported that nanosized ZIF-8 presents appreciable 

prospect for the adsorption and photodegradation of 

Rhodamine B [14, 17], while it indicated a low adsorption 

capacity for methyl orange [18-20].  

Recently, zeolitic imidazolate frameworks (ZIFs) have 

attracted extensive research interest due to their 

potential applications in removing pollutants from 

wastewater. The Cd- zeolitic-imidazolate framework 

(Cd-ZIF-8) was published with the results of its 

adsorption to remove methyl orange (MO) at different 

operating conditions. The maximum MO adsorption 

capacity of Cd-ZIF-8 was 145.41 mg g-1 and the material 

has good stability after the adsorption with no release 

of Cd ions over a wide pH range [12]. 

The Cd-ZIF was also utilized for the ultrasound-assisted 

removal of malachite green (MG) dye. The experimental 

maximum adsorption capacity of MG onto Cd-ZIF was 

3324.17 mg/g at 25 °C [21]. In this study, we report on 

the preparation, characterization, and properties of Cd-

based MOFs with the 2-methylimidazole (MeIM) organic 

linker and investigate their adsorption capacity for 

Rhodamine B (RhB). 

 

Experimental 

 

Chemicals 

 

Cadmium acetate dehydrate (98%), 2-methylimidazole 

(98%), methanol (97%), and ethanol (98%) were 

purchased from Xilong Chemical Company, China.  

 

Synthesis of Cd-ZIF-8 

 

A mixture of 0.267 g cadmium acetate dehydrate and 

0.410 g 2-methylimidazole dissolved in a 15 mL mixture 

of ethanol/methanol (v/v: 1/1) was put into a 20 mL 

Teflon autoclave. The initial substance mixture was 

heated at various temperatures for 8 hours and then 

cooled to room temperature. After segregation by 

filtering, powder crystals were purified with ethanol (3 x 

10 mL) and evacuated in vacuum at room temperature. 

 

Characterization techniques 

 

The infrared (IR) spectra of the material samples were 

recorded using a FT-IR spectrometer (Brucker, 

Germany) in the range of 400-4000 cm-1. Scanning 

electron microscopy (SEM; Hitachi S-4600, Japan) was 

used for imaging the surface and morphologies of 

materials. Powder X-ray diffraction (XRD) patterns were 

measured using an X’Pert Pro diffractometer (Jeol, 

Japan) with CuKα radiation (15 mA and 40 kV) at a scan 

rate of 2°.min-1 with a step size of 0.02°. The specific 

surface area values of Cd(Im)2 were calculated by the 

Brunauer Emmett Teller (BET) method and the Langmuir 

method using the nitrogen adsorption isotherm. 

 

Adsorption experiments 

 

A series of experiments were conducted at room 

temperature. Different initial concentrations of RhB (20, 

40, 60, 80, and 100 mg/L) were used to study the effect 

of contact time. This was done by mixing an amount of 

Cd-ZIF-8 with V = 100 mL of RhB solution at different 

pHs in the dark. The mass of adsorbent was added 0.1 g 

to V = 100 mL of RhB solution with initial concentration 

of C0 = 20 mg/L and a self-generated pH (~ 7). The pH 

of the solution was controlled by adding HCl (0.1 M) and 

NaOH (0.1 M). At the reserved times, the remaining RhB 

solution was analyzed, and its residual concentration at 

equilibration time t (min), (Ce, in mg/L) was determined 

by a UV-vis photo-spectrometer (DV-8200 Drawell) at 

552 nm.  

C0 and Ce values were used to estimate the amount of 

RhB adsorbed on the Cd-ZIF-8, at each equilibrium, qe 

(mg/g) determining the following equation: 

𝑞𝑒 =
𝐶0 − 𝐶𝑒
𝑚𝐶𝑑−𝑍𝐼𝐹

× 𝑉𝑅ℎ𝐵 

where mCd-ZIF is the Cd-ZIF-8 mass (g) and VRhB is the 

volume of the RhB solution (L). 

Different equilibrium isotherms and adsorption kinetic 

models were used to study the adsorption process. The 

linear curve fitting method in Excel software was 

employed to fit kinetic and isotherm models to the 

experimental data. To assure the sureness of results, 

each investigation was performed three times and 

averaged. 

Both of the Langmuir and Freundlich models were used 

in this study to describe the adsorption equilibrium: 
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Langmuir: 
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚
𝐶𝑒 +

1

𝐾𝐿 .𝑞𝑚
 

Freundlich: 𝑙𝑛𝑞𝑒 = 𝑙𝑛𝐾𝐹 +
1

𝑛
𝑙𝑛𝐶𝑒  

Where, qe is the adsorption capacity at equilibrium 

(mg.g-1 ), qm is the maximum adsorption capacity of the 

adsorbent (mg.g-1 ), KL is Langmuir constant; Ce is the 

adsorbate concentration at equilibrium (mg.m-3). KF and 

n are model constants, KF is related to the adsorption 

affinity of the adsorbent, and n indicates the adsorption 

process’s support. 

The adsorption kinetics of RhB were explored based on 

two models: pseudo-first-order and pseudo-second-

order. The kinetic rate constants were calculated, 

respectively.  

- The pseudo-first-order equation can be expressed as 

follows: 

ln(𝑞𝑚 − 𝑞𝑡) = 𝑙𝑛𝑞𝑚 − 𝑘1 ×
𝑡

2.303
 

where qt and qm are the adsorbed amounts (mg.g-1) at 

time t (min), and at equilibrium, k1 (min-1) is the 

corresponding adsorption rate constant. 

- The pseudo-second-order model, as shown below, 

has been applied broadly for solute adsorption and 

catalysis reactions in liquid conditions: 
𝑡

𝑞𝑡
=

1

𝑘2 × 𝑞𝑒
2
+

𝑡

𝑞𝑒
 

where qt and qe are the adsorbed amounts (mg.g-1) at 

time t (min) and at equilibrium, k2 (g.mg-1.min-1) is the 

corresponding rate constant. 

To explore the reusability of the prepared Cd-ZIF-8 after 

adsorption, the adsorbent was de-adsorbed through 

repeated washing with ethanol and then completely 

dried before next testing cycles. Five cycles were done, 

and the removal efficiency was determined by the UV-

Vis spectrum. The removal performances were 

calculated according to the following formula: 

𝐻(%) =
(𝐶0 − 𝐶𝑛)

𝐶0
× 100 

where C0 (mg/L) is the initial concentration of the 

Rhodamine B solution, and Cn (mg/L) is the 

concentration of the dye solution after absorption at  

cycle n. 

 

Results and discussion  

 

Characterization of Cd-ZIF-8 

 

The coordination mode between the ligands and the 

metal ion link was determined by analyzing the FT-IR 

spectra of the two ligands and Cd-ZIF-8. Figure 1 

displays the IR spectra of the ligand (HIm) and its Cd(II) 

complex (Cd(Im)2).  

 

Figure 1: IR spectrum of 2-methylimidazole and 

Cadmium Imidazolate 

In the IR spectra of 2-methylimidazole (Fig 1a), the broad 

absorption centered at 3608.07 cm-1 exhibits the -OH 

stretching vibration of the coordination water molecule. 

The absence of the expected absorption bands at 

2653.27 cm-1 and 2517.46 cm-1 for the hydro bond 

internal molecule and at 1675 cm-1 and 1502.23 cm-1 for 

the protonated amine groups indicates the complete 

deprotonation of HIm ligand. In the complex, a new 

band is seen in the 407.73 cm-1, which is probably due 

to the formation of the weak band observed in the < 

500 cm-1 range, which is attributed to νM-N [12]. It shows 

the link formation of Cd (II) and N within HIm’s molecule. 

This thing leads to the loss of the hydro bond internal 

molecule between HIms to the formation of Cd(Im)2 

following the below equation: 

 

Along with the starting agents' ratio and solvent, the 

reaction temperature also strongly influences the 

formation of the framework structure. The SEM image 

of the prepared cadmium imidazolate shown in Figure 

2 is the morphology of Cd(Im)2 completed at different 

temperatures during the same 8-h reaction time. SEM 

images show that the reaction temperatures of 130 oC 

and 140 oC produce amorphous materials. Cadmium 

imidazoate shows zeolite crystal form at 150 oC. After 8 

hours at 150 oC, the network fiber shape is precise, and 

the pores are uniform with a pore size of about 200 nm. 

But when the reaction occurs at 160 oC, Cd(Im)2 forms 

an amorphous form, tends to cluster and close crystal 

arrangements, and does not create a hollow frame. This 

result shows that the porous framework structure can 

only form at a specific temperature. 
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Figure 2: SEM image of Cd(Im)2 prepared with different 

temperatures: 130oC (a); 140oC (b); 150oC (c); 160oC (d) 

The crystal phase structure of Cd(Im)2 determined using 

powder X-ray diffraction technique. The XRD patterns 

shown in Figure 3 are the phases of the Cd(Im)2 

prepared for different reaction conditions.  

 

Figure 3: The XRD patterns of the Cd(Im)2 prepared for 

different temperatures: 130oC (a); 140oC (b); 150oC (c); 

160oC (d) 

The crystal structure of Cd(Im)2 is a complex mixture of 

variations in bond lengths and angles. Crystals are 

formed differently at each temperature. Although there 

is crystal formation at low reaction temperatures (130oC 

and 140oC), it is not obvious. On the XRD pattern of 

these samples, the appearance of peaks less than 10o is 

typical for the metal-organic framework with very low 

intensity. The XRD pattern of Cd(Im)2 was prepared at 

150oC after 8 hours with a high crystallinity 

ethanol/methanol mixed solvent (Figure 3c). The 

Cd(Im)2 phase is clearly shown through reflections at 7 
o, 10 o, 12 o, 14 o, 15.6 o and 17 o [22]. However, the crystal 

exhibits structural destruction with increasing reaction 

temperatures, for example, 160oC. Feature peaks in its 

XRD pattern disappear or have low intensity. According 

to the results of the study on a newly designed multi-

carboxylate imidazole ligand [23], the framework of 

Cd(Im)2 material forms networks with polymer-like 

structured voids. Specifically, every three cadmium 

atoms bond together through carboxylate ligands to 

form a heptagonal prism coordinated with two 

imidazole rings. This framework is only formed at a 

specific temperature, corresponding to the synthesis 
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condition of Cd(Im)2 framework material at 150°C. 

Meanwhile, at lower temperatures (130°C and 140°C), 

the formation of Cd(Im)2 compound is in the form of a 

salt of cadmium metal and benzene carboxylate acid. As 

for the thermodynamics, at 150°C, the new equilibration 

variation reaches a value less than 0, which meets the 

requirement of the chemical reaction evolution. This 

result can realize the relatively sharp formation of 

Cd(Im)2 metal-organic framework at optimum 

temperature. In addition, during prolonged reaction 

times, it is necessary to maintain the correct temperature 

to ensure that the desired material is obtained. 

 

Figure 4: Isotherm linear plot of the Cd(Im)2 at 150 oC 

The porous property of Cd(Im)2 was identified by 

measurement of surface area (BET) which was 

investigated using N2 adsorption-desorption isotherms. 

Nitrogen adsorption isotherms show type I curves, 

which reveal the microporous nature. The BET surface 

area of Cd(Im)2 in Figure 2c was 662.894 m2/g or 

858.389 m²/g with Langmuir surface area (Figure 4). 
With this characteristic, Cd(Im)2 can adsorb various 

objects, such as gases, vapors, toxic organic 

compounds, or heavy metal ions in water. This study 

tested the Cd(Im)2 metal-organic framework for the 

adsorption of the chromogenic organic compound 

Rhodamine B in an aqueous medium. 

 

Rhodamine B adsorption onto the of Cd-ZIF-8 

 

The adsorption capacity of RhB in solution on Cd(Im)2 

was investigated. The results of determining the 

adsorption capacity according to the initial 

concentration are presented in Table 1 below. 

Freundlich’s and Langmuir's adsorption models were 

applied to evaluate and calculate the maximum 

adsorption capacity. According to the Langmuir model, 

the maximum adsorption capacity of Cd-ZIF-8 for RhB 

was recorded at 64.52 mg.g-1. 

Table 1: The RhB adsorption capacity of Cd-ZIF-8 

C0 (mg/L) 19.276 39.831 59.165 78.321 99.986 

Ce (mg/L) 0.043 0.183 1.830 16.890 35.486 

qe (mg/g) 19.233 39.648 57.336 61.432 64.500 

Ce/qe 0.002 0.005 0.032 0.275 0.550 

 

 

Figure 5: The maximum adsorption capacity of Cd-ZIF-

8 for RhB 

Table 2: Parameters and correlation coefficients for 

isotherms and kinetic models of Cd-ZIF-8 adsorption 

Pseudo-first-order model 
Pseudo-second-order 

model 

k1 (min-1) R2 
k2 (g.mg-

1.min-1) 
R2 

0.030169 0.8839 0.00024 0.9472 

Langmuir isotherm Freundlich isotherm 

qmax 

(mg/g) 

KL 

(L/mg) 
R2 KF n R2 

64.52 41.509 0.9995 41.509 6.3052 0.8115 
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A critical factor in determining the efficiency of an 

adsorption process is knowing the suitable time of 

contact between an adsorbate and the adsorbent that 

allows maximum adsorption. The effect of different 

initial contact times was investigated, and the result is 

shown in table 2. The adsorption data of Cd-ZIF-8 were 

well fitted with a pseudo-second-order model at R2 = 

0.9472 (Figure 6). It suggested that the rate-limiting step 

in the adsorption process might be chemisorption [24].  

 

Figure 6: The kinetic models of Cd-ZIF-8 adsorption 

The adsorption of Rhodamine B onto the Cd-ZIF-8 fitted 

well with Langmuir and Freundlich isotherm models 

(Figure 5), which confirms the surface adsorption sites 

on adsorbents were of homogeneous distribution, and 

the adsorption of Rhodamine B on the Cd-ZIF-8 

material might occur in the monolayer model. 

 

Reusability of the Cd-ZIF-8 

 

To make the adsorption process cost-effectively, a 

adsorbent should have a high recycling ability, which 

could open the way to pilot-scale applications. Herein, 

we also investigated whether prepared Cd-ZIF-8 could 

regenerate its adsorption sites by performing five 

adsorption/desorption cycles. Regeneration cycles are 

displayed in Figure 6, where we can see the RhB removal 

percentage dropping slightly after five runs of the 

adsorption/desorption process. After the first cycle, 

which shows the highest value (99.78%), a slight 

decrease in RhB regeneration can be observed. It 

reaches 92.03% in the fifth cycle, which can be due to a 

reduction of available sites for adsorption. The 

negligible decrease in removal percentage after five 

cycles indicates the excellent applicability of the 

prepared Cd-ZIF-8 for dye removal in practice. 

 

Figure 7: Recycling performance of Cd-ZIF-8 in the 

removal of RhB. 

 

Conclusion 

 

The present study explored the successful use of a 

synthesized cadmium zeolitic-imidazolate framework 

(Cd-ZIF-8) for the adsorption and removal of 

Rhodamine B from an aqueous solution at different 

operating conditions. XRD, BET, FT-IR, and SEM 

techniques characterized and confirmed the prepared 

material. The BET surface area of Cd(Im)2 was 662.894 

m2/g, while SEM analysis showed micrometer-sized 

crystals with uniform network fibers. The Langmuir 

isotherm was found to fit more satisfactorily than the 

Freundlich isotherm, the favorable adsorption of RhB 

onto the adsorbent. The corresponding maximum 

adsorption capacity was equal to 64.52 mg/g. The 

obtained thermodynamic parameters indicated an 

endothermic adsorption process; thus, raising the 

temperature led to more significant RhB adsorption. The 

kinetic study showed that RhB adsorption on Cd-ZIF-8 

followed a pseudo-second-order model, suggesting 

that the dominant adsorption mechanism is 

chemisorption. The adsorption-desorption efficiency of 

the Cd-ZIF-8 was examined for up to five successive 

cycles and showed excellent reusability performance. 

Based on the results of the present work, the proposed 

material could be considered an excellent adsorbent for 

effective dye removal, opening new paths for further 

research. 
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