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Polymer-modified metal organic frameworks (MOFs) can enhance water purification 

processes by offering increased adsorption capacity, making them highly effective in 

separating pollutants from contaminated water. In this research, a facile and low-cost 

route was used to prepare Polydopamine@Zeolitic Imidazolate Framework-67 

(PDA@ZIF-67). The structure, morphology, surface functional groups and particle 

size distribution of PDA@ZIF-67 was studied using Fourier-transform infrared 

spectroscopy (FTIR), Field emission scanning electron microscopy (FESEM), Energy 

dispersive spectroscopy (EDS), and Brunauer-Emmet-Teller (BET) analyses. The 

specific surface area and pore diameter of PDA@ZIF-67 nanoparticles were found to 

be 203.78 m2/g and 4.179 nm, respectively. The PDA@ZIF-67 was used as an 

adsorbent for removal of methylene blue dye from aqueous solution. The results 

showed that the maximum adsorption capacity of PDA@ZIF-67 for removal of MB 

was achieved at pH 2, 65 °C, 10 mg of adsorbent, and methylene blue concentration 

of 7.5 ppm. Moreover, the adsorption process isotherms, thermodynamics, and kinetics 

were studied to ascertain the adsorption mechanism.  The methylene blue molecules 

located in the fine pores of the PDA@ZIF-67 adsorbent determine the adsorption rate. 

Moreover, it was found that the adsorption process of methylene blue at elevated 

temperature is a spontaneous and endothermic reaction. The adsorption capacity of 

PDA@ZIF-67, after six recovery cycles decreased to 62.21%, which can be considered 

as an excellent advantage for this adsorbent. 

INTRODUCTION 

Rapid growth of chemical industries along with the 

expansion of agriculture has led to severe pollution of 

water resources [1]. This topic is considered as a global 

problem [2]. Among the various types of water pollutants, 

dyes have been emerged as one of the most important 

issues in the scientific community [3]. 

Methylene blue (MB) with the molecular formula of 

C16H18ClN3S (Figure 1) is an organic cationic dye, which 

has been widely used in biological and chemical 

applications.  Large amounts of organic dye effluents are 

produced annually by related industries such as printing, 

textiles, dyeing, papermaking, etc. Colored effluents have 

undesirable properties such as high biological oxygen 

demand (BOD), poor biodegradation, toxic nature, and so 

on. These properties are dangerous to living organisms 

including photosynthesizing ones [4]. 

 

Fig. 1. Chemical structure of methylene blue 
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such as  advanced oxidation processes (AOP) [5], 

membrane filtration [6], flocculation [7], ozonation [8], 

photocatalytic degradation [9], biodegradation [10], 

membrane technology [11] and coagulation [12] have been 

used to remove organic pollutants from aqueous phase. 

However, application of traditional methods still faces two 

inherent limitations including complexity and economic 

inefficiency. Therefore, finding an easy, economical and 

effective method for wastewater treatment has emerged as 

a hot topic in scientific community. Adsorption on the 

surface of a suitable adsorbent is another common method 

for removal of contaminants. Carbon materials [13], 

minerals (including kaolinite and montmorillonite) [14], 

polymers [15], zeolites [16], clays [17], sludge [18], flax 

fibers [19], and biochar [20], are some of the most widely 

used adsorbents in this regard.  

Nevertheless, poor performance of the conventional 

adsorbents in terms of selectivity and capacity has been 

emerged as a fundamental problem. Designing hybrid 

materials for the adsorption of dyes is aimed at addressing 

the environmental impact of industrial wastewater, 

particularly from the textile industry. These hybrid 

materials are engineered to combine multiple 

functionalities into a single treatment solution, enhancing 

efficiency and stability. For instance, the integration of 

green polymer conductive adsorbents with metal oxides 

and conductive polymers has shown promising results in 

removing dyes like pink-XFG from wastewater. The 

synthesis of such materials often involves advanced 

techniques like precipitation copolymerization, ensuring 

their thermal stability and reusability. By optimizing the 

adsorption process in both batch and column modes, these 

hybrid materials can achieve high adsorption capacities, 

with some materials showing potential for many cycles of 

use. In recent years, metal-organic frameworks (MOFs), 

due to their high porosity and surface area, large 

adsorption capacity, and desirable guest-host interactions, 

have been employed as a promising alternative in various 

applications including drug delivery and adsorption 

processes. High adsorption capacity of MOFs has been 

attributed to the electrostatic interactions, conjugated π-π 

interactions, and hydrogen bonds. Since the MOFs show 

good thermal and chemical stability, they have been used 

in various fields such as gas adsorption, molecular 

separation and electrochemistry. One of the most studied 

metal organic frameworks is Zeolitic Imidazolate -67 (ZIF-

67), which consists of Co2+ ions linked by 2-

methylimidazolate linkers to form a cubic crystal structure 

with the unit cell parameters of a = b = c = 16.9585 Å . 

Zeolitic Imidazolate-67 offers a three-dimensional (3D) 

structure with a high tendency to adsorb contaminants in 

the aqueous media. However, the application of ZIF-67 as 

an adsorbent still faces three vital problems including low 

specific surface area, poor structural stability, and difficult 

separation. Polydopamine (PDA) is one of the dopamine 

derivatives [21]. The unique properties of PDA (size 

control, uniform spherical shape, thermal stability, good 

biocompatibility and non-toxicity) have led to its 

application in various fields [22]. Moreover, the presence 

of NH and catechol groups in PDA leads to the application 

of this compound as an active adsorbent. Recently, 

scientists have proven that some polymers can be utilized 

as effective adsorbents for removal of pollutants. A porous 

magnetic carboxylic polymer as an efficient adsorbent for 

wastewater treatment was reported by Huang et al [23]. 

Zhang and co-workers modified a cationic magnetic 

chitosan grain polymer for efficient adsorption of heavy 

metals and dyes in a wide range of pH [24].  In recent 

years, scientists have found that the polymer-doped ZIF-

67 can be utilized to overcome the above-mentioned 

challenges. Owing to the -OH functionality and its 

hydrophilic nature, PDA can be easily used as a dopant for 

ZIF-67, to provide a readily dispersible composite 

material. It has been shown that the porous structure of the 

PDA does not block the ZIF-67 holes [25]. In this work, 

we have tried to identify the shortcomings, and the existing 

gaps of the previous research as the main goal. Although 

the prior studies have had valuable results [26-29], our 

research was aimed to improve their achievements. By 

doing so, we aim to provide a more robust framework that 

can serve as a foundation for future research, thereby 

bridging the gaps identified in earlier studies and pushing 

the boundaries of our understanding further. 

As mentioned above, polymer-extended porous 

materials, including MOFs, have emerged as novel 

solutions for removal of contaminants from aqueous 

solutions. In this contribution, preparation and application 

of a new hybrid material consisting of ZIF-67 and PDA is 

reported. The PDA@ZIF-67 was used as an efficient 

adsorbent for removal of MB dye from aqueous solution. 

Effect of various parameters on the adsorption of MB, 

including the reaction time, initial dye concentration, 

absorbent dosage, pH, temperature, and PDA: ZIF-67 ratio 

was studied, as well as the kinetics and thermodynamics of 

the adsorption process. The novel features of the present 

research may include, but not limited to, hybridization of 

ZIF-67 as a representative MOF with polydopamine, ease 

of polymer extension on the ZIF-67 support, high 

adsorption capacity, and in-depth study of kinetics and 

thermodynamics of the adsorption process. To the best of 

our knowledge, this is the first report on the synthesis, and 

application of polydopamine@Zeolitic Imidazolate-67 for 

removal of methylene blue from aqueous solution. 

EXPERIMENTAL 

Chemicals 

All of the chemicals and reagents were used as received. 

CoCl2.6H2O (analysis grade), 2-Methylimidazole (extra 

pure), MB (Art. No. 159270), Ethanol (96%), KMnO4 

(Art. No. 159270), and K2Cr2O7 (Art. No. 109119), were 

purchased from Merck KGaA, Germany. Dopamine (DA, 

3,4-dihydroxyphenethyl amine, extra pure) was purchased 

from Caspian Tamin pharmaceutical Company. Double 

distilled water was used as solvent in all of the 

experiments.  

Instrumentation 

Ultraviolet–visible (UV–Vis) spectra were recorded at 

room temperature (RT) on a Cary 5000 

spectrophotometer. Energy-dispersive X-ray spectroscopy 
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(EDS) was performed using a Mira-3 XMu microanalyzer. 

Morphology of the PDA@ZIF-67 sample was studied by 

field emission scanning electron microscopy (FESEM, 

XL30 ESEM; Philips). BET measurements were 

performed on a BEL SORP mini II. A Milwaukee Mi806 

pH-meter was used in all of the experiments. 

Synthesis of ZIF-67 

ZIF-67 nano-cubes were prepared in aqueous solution at 

room temperature (RT) according to a simple method 

[30].  Briefly, 450 mg of Co(NO3)2.6H2O was dissolved in 

3 mL of double distilled water. Meanwhile 5.5 g of 2-

methylimidazole (Hmim) was dissolved in 20 mL of 

double distilled water. The two solutions were mixed and 

stirred for 6 h at rt. The resulting purple precipitates were 

collected by centrifugation, washed with water and 

methanol consequently for 3 times, and finally vacuum‐

dried at 80 °C for 24 h. 

Synthesis of PDA@ZIF-67 

First, 30 mg of ZIF-67 was dispersed in a solution of 45 

mg of dopamine in 30 mL of double distilled water in an 

ultrasonic bath. Afterwards, KMnO4 (a full spatula, 

excess) was added and stirred for 6 h. Then the white 

precipitate was washed with water and ethanol for several 

times, and dried at 50 °C overnight. Potassium 

permanganate was used as a polymerization initiator and 

the main oxidant to convert dopamine to polydopamine. It 

should be noted that K2Cr2O7 can be used as an initiator 

instead, as reported earlier [26]. 

Batch adsorption studies 

To 100 mL of a 7.5 ppm solution of MB in double distilled 

water, 10 mg of PDA@ZIF-67 was added and the mixture 

was stirred by a magnetic stirrer at 150 rpm. The progress 

of adsorption was studied at different time intervals by 

sampling and filtration of the solution, followed by 

measuring the absorbance of the filtrate at 664 nm. Each 

measurement was repeated three times and the standard 

deviations were expressed as error bars. 

pH of the solutions was adjusted to the desired value 

by using Britton–Robinson buffer, which is a universal pH 

buffer used for the pH range of 2 to 12 [26]. 

Recycling of the PDA@ZIF-67 

Recovery and reuse of the PDA@ZIF-67 composite was 

performed as follows: after the first cycle, the PDA@ZIF-

67 composite was separated by centrifugation at 3000 rpm, 

washed with double-distilled water (5 × 10 mL) and then 

with ethanol (3 × 10 mL). Finally, the precipitate was dried 

in an oven at 50 °C overnight. The recycled PDA@ZIF-67 

was used consecutively for six cycles. 

RESULTS AND DISCUSSION 

Structural characterization of the adsorbent was carried out 

by FTIR and FESEM analyses. Figure 2a displays the 

FTIR spectrum of ZIF-67. Generally, the adsorption peaks 

in the range of 600-1500 cm-1 are attributed to the 

stretching and bending vibrations of imidazolate moiety 

[32]. The observed peak at 1578 cm-1 is attributed to the 

stretching vibration of C=N [33]. Also, the adsorption peak 

at 3135 cm-1 is related to the C-H bonds of the aromatic 

ring of 2-methylimidazole. Figure 2b shows the FTIR 

spectrum of PDA. The advent of a large and wide peak in 

the range of 3200-3600 cm-1, well corroborates the 

presence of hydroxyl groups [34]. The adsorption peaks of 

amine functional groups are not seen in this spectrum due 

to the overlap of the intense hydroxyl peak [35]. The N-H 

bending vibrations, however, were observed at 1621 cm-1. 

The C=C vibrations of the PDA structure were appeared at 

1504 cm-1. Figure 2c, on the other hand, represents the 

FTIR spectrum of PDA@ZIF-67. It can be seen that the 

anticipated peaks of the corresponding functional groups 

are present in the final product, without considerable 

changes in their position and intensity. 

 

Fig. 2. FT-IR spectra of (a) ZIF-67, (b) polydopamine, and (c) 

PDA@ZIF-67 composite 

Morphological study of the PDA@ZIF-67 was carried 

out by FESEM. Surface morphology of the PDA@ZIF-67 

composite is shown in Figure 3. Clearly, the PDA@ZIF-

67 composite is formed of many ultrafine nanoparticles in 

the range of 12-18 nm. 

 

Fig. 3. FESEM images of the PDA@ZIF-67 composite. 

EDS analysis was also used to evaluate the 

composition of the constituting elements of the 

PDA@ZIF-67. As shown in Figure 4, the corresponding K 

and L lines of each of the anticipated elements were 

present, with the C:Co ratio of 26.3:1.3%w/w. 
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Fig. 4. EDS spectrum of the PDA@ZIF-67 composite. 

BET analysis was used to study the physicochemical 

properties of PDA@ZIF-67 composite. The corresponding 

N2 adsorption-desorption isotherm is shown in Figure 5a, 

where a type-IV isotherm is clearly visible with a distinct 

hysteresis loop in the P/P0 range of 0.3-0.95. The specific 

surface area of the PDA@ZIF-67 was found to be 203.78 

m2g-1. The corresponding BJH pore distribution curve 

(Figure 5b) was used to evaluate the pore structure of 

PDA@ZIF-67. As can be seen, two types of pores 

including micro- (˂2 nm) and meso-pores (2-50 nm) were 

present with an average pore diameter of 4.179 nm. 

 

Fig. 5. (a) The N2 adsorption-desorption isotherm of PDA@ZIF-67, 

and (b) its corresponding BJH pore distribution curve 

With the characterized PDA@ZIF-67 composite in 

hand, a systematic study was conducted to evaluate its 

adsorption capacity. First, we compared the adsorption of 

MB on polydopamine, Zeolitic Imidazolate-67, and 

PDA@ZIF-67 composite. To do so, a 2.5 ppm solution of 

MB in double distilled water was prepared. 10 mg of each 

adsorbent was added to 100 mL of the aforementioned 

solution. Up to 99% of MB removal was observed within 

45 min by using the PDA@ZIF-67 synthesized in presence 

of potassium permanganate as a polymerization agent (to 

convert dopamine to polydopamine during the synthesis of 

PDA@ZIF-67).  

Figure 6, shows the trend of MB adsorption in terms of 

C/C0 vs. time for each of the adsorbents, where, C0 is the 

initial concentration of dye solution, and C is its 

concentration at time t. As shown, the PDA@ZIF-67 can 

remove up to 99% of MB within 45 min at RT and neutral 

pH, when KMnO4 was used as the polymerization initiator. 

In comparison, when K2Cr2O7 was used as the 

polymerization initiator, PDA@ZIF-67 showed a lower 

adsorption capacity. 

 

Fig. 6. The adsorption process of MB (2.5 ppm) over time in 

presence of 10 mg of each adsorbent at RT and neutral pH. 

In order to optimize the polydopamine/ZIF-67 ratio, 

various proportions of each ingredient were tested. It was 

found that the optimal ratio of polydopamine to ZIF-67 

was 45:30 (mg) as shown in Figure 7. 

 

Fig. 7. The adsorption process of MB (2.5 ppm) over time in 

presence of 10 mg adsorbent synthesized with different 

polydopamine: ZIF-67 ratios at RT and neutral pH. 

One of the key factors in the adsorption processes is the 

pH of solution. In this study, the Britton-Robinson buffer 

(Aka BBR or PEM) was used to adjust the pH in the range 

of 2-12, to study the effect of pH on the adsorption of MB 

[36]. Figure 8 illustrates the UV-Vis spectra of MB after 

10 min in presence of 10 mg of the composite at different 

pH values (2, 4, 6, 8, 10, and 12). As shown, the maximum 

adsorption capacity was obtained at pH 2. As predicted, 

the adsorbent at the negative pH (pH˂0) has a positive 

charge due to the protonation of the hydroxyl groups, so 

that the adsorption capacity at high acidic pH cannot be 

maximum. This observation is due to the fact that 

electrostatic interactions are not the dominant force in MB 

at pH 2. In fact, a high adsorption capacity for MB in the 

MB+ form in acidic environment is obtained due to the π-

π interactions, or formation of hydrogen bonds (Co--

OH…NH) between the MB and PDA@ZIF-67 [37]. 
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Fig. 8. UV-Vis spectra of MB (2.5 ppm) after treatment with 10 mg 

of PDA@ZIF-67 for 10 min at different pH. 

Effect of the initial dye concentration on the adsorption 

process was also studied in presence of 10 mg of 

PDA@ZIF-67 to determine the optimal concentration of 

MB. All of the experiments were conducted at RT and pH 

2 for 10 minutes. The corresponding UV-Vis spectra are 

shown in Figure 9, and the results are summarized in Table 

1. According to the data of Table 1 and Figure 9, the 

optimal concentration of MB was determined to be 7.5 

ppm. 

 

Fig. 9. Effect of the initial dye concentration on the UV-Vis spectra 
of MB dye solutions treated with 10 mg of PDA@ZIF-67 for 10 min 

at pH 2. 

Table 1 

The adsorption percentage of MB vs. concentration of dye after 

10 min.a RT, pH 2, 10 mg of PDA@ZIF-67 

To determine the optimal contact time, the adsorption 

process of MB (7.5 ppm) was studied at RT and pH 2 in 

presence of 10 mg of the adsorbent from 2 to 10 min. As 

shown, the optimal contact time for this process, was found 

to be 8 minutes with up to 89.50% removal of dye (Figure 

10). 

 

Fig. 10. Effect of contact time on the adsorption process of MB dye. 

Eventually, the optimum temperature for the 

adsorption of MB was determined by studying the 

adsorption reaction at four different temperatures from 25 

to 65°C. The obtained results are illustrated in Figure 11, 

where one can see that the adsorption of MB (100 mL, 7.5 

ppm) after 8 min reached to the maximum (99.89%) at 

65oC in presence of 10 mg of PDA@ZIF-67 at pH 2. 

 

Fig. 11. Effect of temperature on the removal of MB (7.5 ppm, pH 

2, 10 mg of PDA@ZIF-67). 

Recyclability of the PDA@ZIF-67 

The adsorption efficiency of an adsorbent after recycling 

is an important and crucial factor. As shown in Figure 12, 

a reasonable decrease in the removal capacity of 

PDA@ZIF-67 was observed. The recycled composite after 

the 6th run was able to remove up to 62.1% of MB. 

 

Fig. 12. Reuse of the PDA@ZIF-67 for six consecutive cycles. 

Adsorption efficiency (%) MB concentration (ppm) 

94.61 2.5 

93.13 5 

89.64 7.5 

72.91 10 

65.84 15 

47.76 20 
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Adsorption kinetics and isotherms 
Study of the adsorption kinetics is very important to predict 

the adsorption mechanisms that control the pollutants 

removal, and the retention time of the adsorbed species. The 

adsorption kinetics can be explored by some kinetic models 

such as pseudo-first-order (PFO) [1], pseudo-second-order 

(PSO) [1], and intra-particle kinetics [38]. 

The pseudo-first-order equation is described as 

equation (1): 

qt=qe(1-exp-k
1

t) (1) 

where, the unit of rate constant (k1) is 1/min., and t is 

the adsorption time. 

The Pseudo-second-order equation can be expressed as 

equation (2): 

qt=k2qe
2t/1+k2qe

t (2) 

where, k2 represents the rate constant of the pseudo-

second-order equation (g/mg.min). The initial absorption 

velocity can be obtained using the values of k2 and qe in 

the aforementioned equation. 
The intramolecular diffusion model follows equation (3): 

qt=kit0/5+C (3) 

where, C is related to the thickness of the boundary 

layer. The rate constant of intramolecular diffusion (ki) is 

min/1. Table 2 shows the calculated parameters for the 

adsorption of MB by PDA @ ZIF-67. 

Table 2 

Kinetic parameters obtained from traditional models for MB 

adsorption (5 mg L-1) 

Pseudo first-

order 

Pseudo second-

order 

Intra-particle 

diffusion 

qe K1 R2 qe K2 R2 Kdiff C R2 

33.8

61 

0.4

64 

0.95

41 

81

.3 

0.0

18 

0.99

97 

9.85

78 

48.2

58 

0.96

61 

The obtained qe values from the pseudo-first-order 

kinetics model for MB adsorption is not consistent with the 

experimental data. The q-theoretic data values follow the 

pseudo-second-order model. According to the model, the 

intra-particle diffusion of the adsorption process creates a 

linear plot for qt vs. t0.5, implying that if the lines pass 

through the origin, the speed control step is shown with 

this model (Figure 13). 

 
Fig. 13. (a-c) Pseudo-first order, pseudo-second order, and intra-

particle model for dye adsorption on PDA@ZIF-67 utilizing linear 

equation. 

The highest and lowest R2 values belong to the pseudo-

second-order and pseudo-first-order kinetics, respectively. 

Therefore, the adsorption of MB on PDA@ZIF-67 best fits 

to the pseudo- second order model. These results indicate 

that the rate-limiting phase of MB adsorption is the 

chemical adsorption phase of capacitance forces through 

the exchange or sharing of electrons between the adsorbent 

and the sorbent. To better understand the mechanism of the 

adsorption process, adsorption isotherms were used. 

Therefore, Langmuir, Freundlich, and Temkin isotherms 

were selected as the three most important isotherm models 

in this study. 

The adsorption process was studied at a constant 

temperature. Adsorption isotherms are mathematical 

relationships that show the number of adsorbed molecules 

on the surface of the adsorbent. The adsorption properties 

of PDA@ZIF-67 toward MB at different concentrations of 

2.5 to 20 mg/L was investigated. 

A. Langmuir adsorption isotherm: 

The Langmuir adsorption isotherm was developed by 

Irwin Langmuir in 1916 [22]. 

The Langmuir equation is as follows (equation (4)): 

𝐶𝑒

𝑞𝑒

=
𝐶𝑒

𝑞𝑚𝑎𝑥

+
1

𝑞𝑚𝑎𝑥𝑘𝐿

 (4) 

Where, kL denotes Langmuir constant (mg/L) and it 

means adsorption capacity at a pure level . 

According to the Langmuir equation, the obtained 

values for KL and qmax were 2.0833 L/mg, and 100 mg/g, 

respectively. 

B. Freundlich adsorption isotherm 

The Freundlich equation is as follows (equation (5)): 

ln 𝑞𝑒 =
1

𝑛
ln 𝐶𝑒 + ln 𝐾𝑓 (5) 

where, Kf is the Freundlich constant (mg/g), which 

represents the approximate index of Freundlich surface 

adsorption, and 1/n is the factor of surface adsorption 

strength during the adsorption process. The value of Kf 

based on the Freundlich equation was found to be 56.053 

mg/g. 

C. Temkin adsorption isotherm  

The equation of Temkin described in the literature [25] is 

as follows (equation (6)): 

𝑞𝑒 =
𝑅𝑇

𝑏𝑇
ln 𝐴𝑇 + (

𝑅𝑇

𝑏𝑇
) 𝑙𝑛 𝐶𝑒 (6) 

where, qe is the amount of solute adsorbed per unit 

weight of adsorbent (mg/g), Ce is the equilibrium 

concentration of MB (mg/L), R, A, T and b are the Temkin 

constants. According to the obtained parameters, the 

Langmuir, Freundlich and Temkin diagrams were drawn 

and interpreted. According to the diagrams (Figure 14) and 

Table 3, it can be concluded that the adsorbent follows the 

Langmuir adsorption isotherm (high values of R2). 
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Table 3 

The Langmuir, Freundlich and Temkin isotherms model 

constants and their correlation coefficients R2 for the sorption of 

MB on PDA@ZIF-67. 

Langmuir 

Q0 (mg/g) b (L/mg) 

101.3772 0.2460 

R2 0.9328 

Freundlich 

Kf (mg/g) 5112.109 

N (g/L) 4.8247 

R2 0.9066 

Temkin 

Kt (mg/g) 0.8665 

B 13.3558 

R2 0.8029 

 

 

 

Fig. 14. (a-c) Langmuir, Freundlich, and Temkin isotherms for MB 

adsorption on PDA@ZIF-67 (Initial concentration of 7.5ppm, 65 
oC). 

Thermodynamics 

The thermodynamic parameters were taken into account to 

characterize the adsorption operation on account of the 1 

mole transfer of a solute from an aqueous solution on the 

solid-liquid interface. The empirical outcomes for 

adsorption of MB dye on PDA@ZIF-67 were applied at 

five various temperatures (298, 308, 318, 328, and 338 K) 

to evaluate the thermodynamics parameters such as Gibbs 

free energy (ΔG°, kJ/mol), entropy change (ΔS°, J/mol K), 

and enthalpy change (ΔH°, kJ/mol). The aforementioned 

parameters were calculated utilizing Van't Hoff equations 

(7, 8). 

ln 𝐾𝑑 =
ΔS°

𝑅
−

ΔH°

𝑅𝑇
 (7) 

 

𝛥G° = −𝑅𝑇 𝑙𝑛𝐾𝑑  (8) 

Where, R, T, and KL refer to the gas constant (8.314 J 

mol-1K-1), temperature (K), and Langmuir isotherm 

constant (L g-1), respectively. The values of ∆G° were 

determined utilizing the Equation (9). Table 4 reveals the 

obtained thermodynamic parameters. 

Table 4 

Thermodynamic parameters of MB adsorption on PDA@ZIF-

67 

Temperature 

(K) 

Thermodynamic parameters 

∆𝐺°a(KJ 

mol-1) 

∆𝐻°a(KJ 

mol-1) 

∆𝑆°a(J mol-1 

K-1) 

298.15 -11.0567 30.6512 140.132 

308.15 -12.6887   

318.15 -13.8791   

328.15 -15.2529   

338.15 -16.7788   

∆S°> 0 implies that the MB molecules adsorption is 

randomly increased at the solid/solution border of the 

adsorbent. Consequently, throughout the enhancement of 

MB adsorption on the adsorbent surface, the amount of 

MB in solution decreases, and the freedom of solvent 

particles and PDA@ZIF-67 interface accelerates. 

Therefore, there is a strong affinity between the 

PDA@ZIF-67 particles and MB molecules [39].  

Additionally, the endothermic reaction can be 

corroborated with the improving adsorption capacity 

correlated with the increase in temperature. ∆G°<0 

indicates that the process of adsorption is practical at RT 

and the increase of ∆G° values with growing temperature 

signifies that the adsorption process of MB on the 

PDA@ZIF-67 is more spontaneous at higher temperatures 

[36]. 

On the other hand, the ΔH° magnitude can provide an 

idea about the kind of adsorption. The evolved heat during 

physical adsorption is of the same magnitude order as the 

heats of condensation, for instance, 2.1 - 20.9 kJ mol-1, 

whereas the heats of chemisorption generally fall between 

80-200 kJ mol-1 [36]. In this research, the ΔH° value was 

30.6512 kJ mol-1 and signifies that the adsorption of MB 

should be considered as chemisorption [40]. It has been 

observed that the adsorbent capacity was mainly a function 

of the initial concentration of MB, and qm generally 

increases with increasing initial concentration of MB [36]. 

In order to highlight the relative advantages of the present 

study with those reported previously, a comparison is 

made in Table 5. 
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Table 5 

A comparison of the obtained results for PDA@ZIF-67 with other common adsorbents reported in the literature 

Adsorbent q(mg/g) Experimental Conditions Reference 

PDA@ZIF-67 100 

pH 2.0 

Dye concentration: 7.5 mg/L 

Contact time: 8 min 

Temperature: 65°C 

Adsorbent dosage: 10 mg 

Present work 

MOF1 102.4 

pH 7.0 

Dye concentration: 10 mg/L 

Contact time: 2 h 

Temperature: 25°C 

[41] 

Laboratory paper 24 

pH Neutral 

Dye concentration: 40 mg/L 

Contact time: 2 h 

Adsorbent dosage: 250 mg 

Temperature: 30°C 

[14] 

Fe3O4@MIL-100(Fe) 73.80 

pH 9.0 

Dye concentration: 60 mg/L 

Contact time: 120 min 

Adsorbent dosage: 100mg 

Temperature: 45°C 

[42] 

Magnetite@silica @pectin hybrid 

nanocomposite 
85.18 

pH 8.0 

Dye concentration: 100 mg/L 

Contact time: 120 min 

Temperature: 25°C 

[4] 

Parthenium hysterphorus 39.7 

pH 7.0 

Dye concentration: 40 mg/L 

Contact time: 60 min 

[24] 

CuO loaded Activated Carbon 1 10.54 

pH 6.0 

Dye concentration: 50 mg/L 

Contact time: 4.5 min 

Adsorbent dosage: 1.1g/L 

Temperature: 25°C 

[13] 

Fly ash geopolymer powder 50.7 

pH > 9 

Dye concentration: 75 mg/L 

Contact time: 2 h 

Adsorbent dosage: 40mg 

Temperature: 25°C 

[15] 

Fe-BDC MOF 8.65 

pH 9.0 

Dye concentration: 5 mg/L 

Contact time: 24 h 

Adsorbent dosage: 2.5g/L 

Temperature: 323 K 

[3] 

 

A comparison of the data presented in Table 5 reveals 

that the adsorption capacity, q (the weight of pollutant 

adsorbed per gram of adsorbent (mg/g)), for the 

PDA@ZIF-67 is considerably higher than the other 

adsorbents. In comparison with MOF1 (entry 2), however, 

the advantage of PDA@ZIF-67 is reflected in the contact 

time (8 min vs. 2 h). These results can introduce 

PDA@ZIF-67 as an efficient adsorbent for removal of MB 

under mild conditions. 

CONCLUSION 

In the present work, a new hybrid crystalline porous 

material was synthesized by doping ZIF-67 with PDA. The 

resultant composite was used as an adsorbent to remove 

MB dye from aqueous solution. The PDA@ZIF-67 

exhibited an excellent adsorption performance in removal 

of MB dye. The optimal conditions for the maximum 

adsorption efficiency were found to be dye concentration 

of 7.5 ppm, pH 2, 10 mg of PDA@ZIF-67 at 338 K. Under 

these optimized conditions, 99.89% of MB was removed 

within 8 min. The Langmuir isotherm was identified as the 

most favorable model to describe the adsorption process 

(Q0= 101.37 mg/g). From the recyclability point of view, 

the recycled composite at the 6th run was able to remove 

up to 62.1% of MB. Based on the obtained results, it can 

be concluded that the PDA@ZIF-67 can be used as an 

effective adsorbent to remove MB from aqueous solutions. 

In future studies, one can aim to explore the scalability of 

polydopamine@Zeolitic Imidazolate-67 for industrial 

applications, investigate its modification, and assess its 

performance in the adsorption of a broader range of dye 

pollutants in aqueous solutions. 
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