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Abstract— A metal-organic framework Ag/ZIF-67 was successfully synthesized and characterized by several methods including X-ray powder 

diffraction (PXRD), Fourier transform infrared (FT-IR), Scanning electron microscopy (SEM), and Thermogravimetric analysis (TGA). The 

results showed that Ag/ZIF-67 had a polyhedron structure was similar with ZIF-67 and 5.1% of Ag nanoparticles was loaded into its structure. 

The catalytic activity of Ag/ZIF-67 was then investigated into methyl orange (MO) minerization process in presence of H2O2. High efficiency 

was obtained with over 99% when using H2O2 concentration 0,08 mol.L-1, methyl orange concentration 10 mg.L-1, Ag/ZIF-67 concentration 200 

mg.L-1 at 30oC, pH 7 in 180 min. The solid and could be recycled and reused without a significant degradation in catalytic activity with the 

efficiency is over 90% after 3 times. 
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I. INTRODUCTION 

Metal-organic frameworks (MOFs) are a class of porous 

coordination polymers (PCPs), promising crystalline solid-

state materials [1]. Zeolitic imidazolate frameworks (ZIFs) is 

one group of MOFs, built by transition metal (such as Zn or 

Co) and imidazole compounds as lattice nodes and bridges, 

respectively [2]. Compared to other types of MOFs materials, 

ZIFs would be illustrated remarkable properties that are better 

thermal, hydrothermal and chemical stabilities [3, 4].  

Recently, loading metal nanoparticles (NPs) techniques 

into ZIFs have been more and more interesting, seeing that 

ZIFs are shown to be suitable capability as matrices to 

encapsulate and support functional NPs [5]. This combination 

would be important development for catalyst manufacture 

owing to taking full the best characteristic of NPs and host 

matrix, maybe they can increase electrical and catalyst 

properties to prepare with single component material [6].  

In recent years, several examples of incorporation of NPs 

into cavities of ZIFs systems have been reported by difference 

methods for preparation, such as doping Au, Pt, Ni, Pd into 

ZIF-8 and ZIF-90 [7-10], encapsulating Ag, Pd, Cu by ZIF-67 

core-shell [6, 11-13]. NPs-ZIFs have demonstrated application 

potentials for catalyst and decontamination [14, 15]. For 

instance, Han-Qing Yu (2013) investigated to synthesize 

Pd@ZIF-67 that was used as heterogeneous catalyst for 

Cr(IV) reduction to Cr(III). In detail, the PdNPs were 

embedded into ZIF-67 via two periods: (i) firstly, palladium 

acetate (Pd(OAc)2) impregnated with ZIF-67 through 

material’s channel; (ii) subsequently, Pd
2+

 would reduce to Pd 

zero valent by HCOOH. This material showed high catalytic 

performance and could be reused for ten times [6]. 

Methyl orange (MO) is an azoic organic dye that is 

broadly consumed in industry. Like many other dyes of its 

class MO on inadvertently entering the body through 

ingestion, metabolizes into aromatic amines by intestinal 

microorganisms [16]. It is also demonstrated to have acute 

toxicity to humans and ecosystems. To date, many methods 

have been carried out to decontaminated the present of MO in 

wastewater such as Fenton processes [17, 18], H2O2/UV [19]. 

They would be shown effective solution but the oxidizing 

agent or catalyst of those methods is not able to recycle. In this 

paper, we propose the process to mineralize MO using 

Ag/ZIF-67 in presence of H2O2. This method is also based on 

the attack of hydroxyl radicals (
°
OH) on MO. Hydroxyl 

radicals work as extremely strong oxidizing agents with E
0
 = 

2.8 V/NHE at room temperature and atmospheric pressure 

[19], which is created by the catalysis of Ag NPs on ZIF-67 

surface for H2O2 decomposition. Here we report a new method 

to prepare Ag/ZIF-67, its catalytic capacity for MO 

degradation and affective factors on this process. 

II. MATERIALS AND METHODS 

A. Material 

Cobalt (II) nitrate hexahydrate (Co(NO3)2.6H2O) 99.99%, 

2-methylimidazole (C4H6N2) 99%, methanol, silver nitrate 

(AgNO3) >99%, formic acid (HCOOH), acetone (CH3COCH3) 

were purchased from Sigma-Aldrich, methyl orange 

(C14H14N3NaO3S), hydrogen peroxide (H2O2) were purchased 

from Xi long scientific Co., Ltd, China. 

B. Preparation of ZIF-67 

ZIF-67 was synthesized according to previous report with 

the ratio of Co
2+ 

and 2-HMim is 1:4 [6, 20]. Briefly, 0.717 g 

cobalt nitrate hexahydrate (0.0025mol) and 0.821 g 2-methyl 

imidazole (0.01mol) were respectively dissolved in 25 mL 

methanol. Then 2-methyl imidazole solution was gradually 

added into cobalt salt solution. The mixture was stirred by 

magnetic stirring during 10 mins, and aged at ambient 

temperature over 24 h. After that, the purple precipitation was 

obtained by centrifugation at 6000 rpm within 8 mins. The 



 International Journal of Scientific Engineering and Science 
Volume 3, Issue 3, pp. 81-85, 2019. ISSN (Online): 2456-7361 

 

 

82 

http://ijses.com/ 

All rights reserved 

purple solid was washed by methanol (3x10 mL) for 3 days. 

Finally, the sample was dried at 60
o
C within 24 h. 

C. Encapsulation of AgNPs into ZIF-67 

To synthesize the Ag/ZIF-67-1:4 (name code means the 

ratio of AgNO3 doped amount and ZIF-67 is 1:4), 62.5 mg 

AgNO3 was dissolved in 50 mL acetone obtaining transparent 

solutions. Then 250 mg ZIF-67 was added into the solution 

under magnetic stirring for 1 h [6]. Subsequently, 0.25 mL 

formic acid was added into the mixture at 60
o
C during 60 

mins. The black solid rapidly precipitated, and separated 

solvent by Pasteur pipette. The obtained solid was washed 

with acetone several times and dried at 60
o
C within 8 h to get 

the major product. The preparations of Ag/ZIF-67-1:2, 

Ag/ZIF-67-1:1 and Ag/ZIF-67-2:1 were similar with that of 

Ag/ZIF-67-1:4 except for that the amount of AgNO3 salt and 

HCOOH were changed. 

D. Catalyst experiments 

Ag/ZIF-67 sample was dispersed into 50 mL methyl 

orange (MO) aqueous solution. The mixture was stirred within 

1 h to establish the adsorption equilibrium of MO onto the 

surface of Ag/ZIF-67. Then H2O2 30% was added. The 

solution was continuously stirred for 30, 60, 90, 120, 150 and 

180 mins at room temperature, respectively. After each period 

time, the solution was measured the absorbance of MO by 

UV-vis spectrophotometer. Effective factors to degradation 

process were observed including AgNO3 doped amount, 

Ag/ZIF-67 dosage, initial concentration of MO, concentration 

of H2O2, time and temperature. 

III. RESULTS AND DISCUSTION 

A. Characterization of the Ag/ZIF-67 

The Ag/ZIF-67 in ratio differences between the ZIF-67 

and AgNO3 were measured by XRD patterns to confirm 

crystalline structure. The result was showed in Fig.1. The 

sharp and clear peaks at 38
o
, 44

o
, 64

o
, 77

o
 were detected in all 

samples, which were indexed for 4 planes 111, 200, 220 and 

311, respectively of the face centered cubic silver [21]. 

However, almost peaks of ZIF-67 were not appeared when 

compared with PXRD of ZIF-67, it would be possible that the 

Ag NPs were grown along the direction and cover surface of 

ZIF-67 framework [6].  

 

 
Fig. 1. Powder XRD patterns of Ag/ZIF-67 samples with ratio differences 

between AgNO3 doped amount and ZIF-67 

 

Additionally, the element component was analyzed by energy 

dispersive X-ray (EDX) spectra (Fig. 2). They verified the 

presence of corresponding elements in the representative 

Ag/ZIF-67-1:4 sample and quantified EDX spectroscopic data 

show that was loaded 5.1% of AgNPs. 

Figure 3 showed the SEM micrographs of representative 

Ag/ZIF-67-1:4 sample (a) and ZIF-67 (b), respectively. The 

Ag/ZIF-67-1:4 sample had a polyhedron structure which was 

similar with ZIF-67 and reveal that these polyhedron 

possessed well- identified planes, direct margin and coarse 

surfaces. 

 

 
Fig. 2. EDX spectra of representative Ag/ZIF-67-1:4 sample  

 

 
Fig. 3. SEM micrographs of representative Ag/ZIF-67-1:4 sample (a) and ZIF-

67 (b) 

 

 
Fig. 4. FT-IR of 2-HMim, ZIF-67 and representative Ag/ZIF-67-1:4 

 

To investigate surface chemistry of Ag/ZIF-67 the FT-IR 

spectrum was used and displayed in Fig.4. The spectrum of 

synthesized ZIF-67 appeared peaks from 600 cm
-1

 to 1500 cm
-

1
 could be indicated to the stretching and bending frequency of 

the imidazole ring [22, 23]. The peak at 1582.3 cm
-1 

could be a 

assigned of stretching mode of C=N bonding in ligand which 

deviate from the report of Lin et al (1584 cm
-1

) [22]. Since 

ZIF-67 was embedded by AgNPs (Ag/ZIF-67), position of 

these peaks was altered. Specifically, the stretching mode of 

C=N bonding in Ag/ZIF-67 was detected at 1587.3 cm
-1

 

(a) (b) 
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(deviating 5 cm
-1

 from ZIF-67). Furthermore, Thermal 

gravimetric analysis (TGA) measurement was carried out from 

50 to 800
o
C (Fig. 5). The TGA trace for ZIF-67 revealed a 

high decomposition temperature of 350
o
C while that of 

Ag/ZIF-67 is approximately 225
o
C. The reduction to initial 

decomposition temperature of ZIF-67 that might be due to 

high thermal conductivity property of Ag covered onto ZIF-67 

surface. 

 
Fig. 5 TGA of representative Ag/ZIF-67-1:4 sample and ZIF-67. 

B. Catalyst Activities Evaluation 

In this study, the hydroxyl radicals are generated by the 

catalysis of AgNPs in ZIF-67 surface with H2O2 according to 

path way [24]: 

Ag + H2O2                  Ag
+
   +   

°
OH  + OH

- 
   (1) 

the reaction (1) would be considered as the Fenton process, 

high oxidizing agent 
°
OH radicals

 
continuously attack and 

mineralize dye molecular. The pathway for MO degradation 

based on report of Guivarch et al [17] is proposed in Fig.6. 

 

 
Fig. 6 Suggested reaction pathway for the degradation of MO by H2O2-

Ag/ZIF-67 

 

Temperature is crucial effective factor to a chemical 

reaction. In this work, experiments were conducted in a 

temperature range of 20-50
o
C to investigate the effect of 

temperature on the mineralization MO process. The results 

was shown in Fig. 7. It is observed that the degradation rates 

at 40
o
C and 50

o
C are faster than those at 20

o
C and 30

o
C, with 

decolorization efficiency at 60% within 30 min. However, the 

degradation of MO was not completed within 180 min. On the 

other hand, even though the degradation rate was quite slow at 

20
o
C, the decolorization efficiency was more completely than 

that of 40
o
C and 50

o
C with approximately 90% within 180 

min. The line of 30
o
C tended to have a trend between low and 

high temperature and achieved equilibrium within 90 min with 

degradation efficiency 85%. It is obviously proved that the 

temperature promotes degradation rate. At the same time, it 

also has some disadvantages because the temperature could 

boost the decomposition of H2O2 lead to produce more 
°
OH 

radicals. As we known, 
°
OH can attack H2O2 as Eq (2), 

therefore, it would reduce total efficiency. 

OH
° 
+ H2O2                H2O + HO2

° 
 (2) 

To evaluate the effect of initial MO concentration on the 

decolorization efficiency, the variation of MO concentration 

was altered from 10 mg.L
-1

 to 30 mg.L
-1

, and the result was 

illustrated in Fig.8. As the MO concentration increased, the 

degradation process rate rapidly increased within 30 min. 

Generally, MO molecular were adsorbed onto material surface 

before mineralized by 
°
OH. When MO concentration 

increased, the absorption efficiency was promoted since MO 

molecular easily diffuse to Ag/ZIF-67 surface, thus 
°
OH 

radicals just formed in Ag/ZIF-67 surface easy attack and 

break up MO molecular. 

 

 
Fig. 7. Effect of temperature on the degradation efficiency of MO: initial MO 

concentration, 10 mg.L-1; Ag/ZIF-67 dose, 0.2 g.L-1; initial pH 7, H2O2 

concentration, 0.04 mol.L-1. 

 

 
Fig. 8. Effect of MO initial concentration on the degradation efficiency of 
MO: Ag/ZIF-67 dose, 0.2 g.L-1; initial pH 7, temperature, 30oC and H2O2 

concentration, 0.04 mol.L-1. 

 

The effect of H2O2 concentration was investigated in the 

range from 0.02 mol.L
-1 

to 0.1 mol.L
-1

. It was obviously that 

the MO degradation rate increased when H2O2 concentration 

increased (Fig. 9.) This trend could be explained that the main 

agent to MO degradation is 
°
OH radicals produced from H2O2 

decomposition. The enhancement of H2O2 could supply more 
°
OH radicals leading to the observation for the higher 

mineralization of MO at higher H2O2 concentration.  

It also found that the degradation rates of MO were 72.5%, 

88.2% and 98.5% within 180 min in presence of H2O2 

concentration of 0.02, 0.04 and 0.06, respectively. Whereas, 

the degradation efficiency equilibrium was approximately 

100% with the H2O2 concentration of 0.08 and 0.1 mol.L
-1

 

within 60 first min (Fig. 9). Therefore, in this study, the H2O2 

initial concentration 0.08 mol.L
-1

 was selected as the optimal 

value when MO initial concentration was 10 mg.L
-1

 within 60 

min. 
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Fig. 9. Effect of H2O2 concentration on the degradation efficiency of MO: 

initial MO, 10 mg.L-1; Ag/ZIF-67 dose, 0.2 g.L-1; initial pH 7 and temperature, 

30oC. 

 

 
Fig. 10. Effect of Ag/ZIF-67 dose on the degradation efficiency of MO: initial 

MO concentration, 10 mg.L-1; initial pH 7, temperature, 30oC and H2O2 

concentration, 0.04 mol.L-1. 

 

Series of experiments were performed to investigate the 

effects of Ag/ZIF-67 dose on the degradation efficiency. As 

shown in Fig. 10, generally, Ag/ZIF-67 would be limited 

factor. Specially, the degradation efficiency was found to be 

76.4%, 88.2% and 80% within 180 min, respectively, when 

using Ag/ZIF-67 dose of 100 mg.L
-1

, 200 mg.L
-1 

and 300 

mg.L
-1

. As the reaction occurred at the Ag
o
-H2O2 site 

°
OH 

radicals was generated. Increasing dose of material would 

supply more active site and support the analysis. However, 
°
OH could attack H2O2 as Eq (2), therefore, it would reduce 

degradation efficiency. Figure 10 also illustrated that H2O2 

had low degradation efficiency in 10.5% within 180 min 

without any catalyst. Using ZIF-67 as a catalyst the efficiency 

was found 30.2% within 180 min and the material was 

decomposition at the first use.  

C. Reused Capacity  

 
Fig. 11 The MO degradation efficiency after 5 times reused: initial MO, 10 

mg.L-1; Ag/ZIF-67 dose, 0.2 g.L-1; initial pH 7 and temperature, 30oC and 
H2O2 concentration, 0.08 mol.L-1. 

The recycling performance of the Ag/ZIF-67 was studied 

by series experiment after five times reused. Figure 11 showed 

that Ag/ZIF-67 exhibited high durability. However, the 

efficiency gradually decrease after each time, for instance, 

efficiency was found 99.6%, 97.52%, 90.23%, 81.9%, 44.6%, 

respectively for the first, the second, the third, the forth and 

the fifth use. Besides, after reused three times, Ag/ZIF-67 was 

characterized by PXRD and FT-IR (Fig.12). This material was 

retain all clear peaks at 38
o
, 44

o
, 64

o 
and 77

o 
(Fig. 12a). The 

FT-IR spectrum (Fig. 12b) had a similar result, the spectrum 

of material reused unremarkable change compared with fresh 

material. The MO degradation efficiency was still over 90% 

after three times reused. 

  

 
Fig. 12. PXRD pattern and FT-IR spectrum of Ag/ZIF-67 after three times 

reused 

IV. CONCLUSTION 

In summary, the Ag/ZIF-67 was successfully synthesized 

by solution impregnation method between AgNO3 salt and 

ZIF-67 in acetone. The synthesized material had outstanding 

physicochemical properties and high catalytic activity. High 

efficiency in degradation of MO was obtained with over 99% 

when using H2O2 concentration 0,08 mol.L
-1

, MO 

concentration 10 mg.L
-1

, Ag/ZIF-67 concentration 200 mg.L
-1

 

at 30
o
C, pH 7 in 180 min. The solid catalyst could be facilely 

separated from the reaction mixture by simple centrifugation, 

and could be reused three times without a significant 

degradation in catalytic activity. This work would provide a 

new potential technique for treatment of non-biodegradable 

dye in wastewater. 
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