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ABSTRACT 

 
Copper(II) imidazolate and two different mass ratio of copper(II) - zirconium(IV) bimetallic imidazolate (2Cu:1Zr and 1Cu:2Zr) were synthesized by 

hydrothermal method using metal sulphates in aqueous solution. The metal imidazolate frameworks were characterized by field emission scanning 

electron microscope (FESEM), thermogravimetry (TG), ultraviolet-visible spectroscopy (UV-Vis) and N2 adsorption–desorption. The addition of 

zirconia increased the surface area of the metal organic frameworks and also makes it thermally stable up to 250˚C. The incorporation of zirconia 

into the copper(II) imidazolate improves the visible light absorbance. The band gap of 2:1 and 1:2 mass ratio of copper(II) - zirconium(IV)  

imidazolate increased to 2.70 eV and 3.28 eV, respectively, with more absorbance in the visible region compared to copper(II) imidazolate with 

1.65 eV. 

INTRODUCTION 

 
The metal–organic frameworks (MOFs), which are self-assembled by the coordination of metal cations/groups 

with organic linkers, have potential applications in catalysis, gas storage, sensors, nonlinear optics, and 

separation. Due to the high surface area of MOFs, high metallic deposits are observed, and the limited 

micropore circulation leads to monodisperse nanometric metallic groups [1][16]. Contrasted with different sorts 

of metal–organic structure materials, ZIFs frequently exhibited better thermal and chemical stabilities [2-4]. 

Today’s main issue is worldwide ecological increasing temperature, which is due to burning of fossil fuels causes 

rising CO2 level in the atmosphere. Photocatalytic transformation of CO2 under ambient conditions offers an 

attractive solution to reduce greenhouse gasses. Numerous metal oxide semiconductors, for example, ZnO, CdS 

[5], TiO2 [6] and Zn2GeO4 [7] etc. have been explored for photoreduction of CO2 into fuels. However, the 

economics of the CO2 conversion process is low. This is mainly due to the recombination of photogenerated 

electron–hole, low usage proficiency of sun-powered vitality and low adsorption of CO2 [8, 9]. Specifically, 

expanding the surface area of photocatalysts is a powerful approach to provide more receptive sites and 

superior adsorption properties and therefore enhance the photocatalytic reaction. Metal–organic 

frameworks(MOFs) have drawn great attention for their potential use as adsorbents and catalysts because of 

the high surface area, huge pore size, tunable nanometer-scale holes, and chemically modify ability [10][15]. 

 

Copper(II) imidazolate has been developed by hydrothermal method [11]. In this study, the same method was 

used to synthesize copper(II) imidazolate  and copper(II) – zirconium(IV) imidazolate (CuZrIm 2:1 and CuZrIm 

1:2) to study the influence of zirconia on the physiochemical properties of copper(II) imidazolate (CuIm). The 

physiochemical properties were studied by using a field emission scanning electron microscope (FESEM), 

thermogravimetry (TG), ultraviolet-visible spectroscopy (UV-Vis) and N2 adsorption–desorption. 

 

EXPERIMENTAL 
 
Synthesis of copper(II) imidazolate (CuIm) 
 
0.25 g imidazole (3.67 mmol) in 15 mL H2O was added to 0.5 g CuSO4.5H2O (2 mmol) in 3 mL of H2O, and then 

4M NH3 (aq) was added to produce a 25 mL of solution. The mixture was poured into Teflon-lined stainless steel 

autoclave and hydrothermally treated at 110˚C for 48 h. The solid product collected by filtration and washed 

with deionized water for 3–4 times. The sample was finally dried at 80˚C overnight in an oven. 

 
Synthesis of copper(II)-zirconium(IV) imidazolate (CuZrIm 2:1 and 1:2) 
 
In synthesizing, CuZrIm 2:1, imidazole (0.25 g, 3.67 mmol) in 15 mL water was added to stirred suspension of 

CuSO4.5H2O (0.5 g, 2 mmol) and Zr(SO4)2.H2O (0.25 g, 0.83 mmol) in 3 mL of H2O. As for CuZrIm 1:2, 15 ml of 

imidazole solution (0.25 g, 3.67 mmol) was mixed to mixture of CuSO4.5H2O (0.25 g, 1 mmol) and Zr(SO4)2.H2O 

(0.50 g, 1.65 mmol ) and bringing the volume up to 25 mL with 4 M NH3 of both solutions. The mixture was 

hydrothermally treated into the Teflon autoclave, which keeps it in an oven at 110˚C for 48 h. The product 

filtered, washed with deionized water for 3-4 times, and then dried overnight in an oven at 80˚C. 
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CHARACTERIZATION 
 
The morphology, and elemental compositions of the catalyst were studied using field emission scanning 

electron microscope-energy dispersive X-ray (JEOL6340). The surface area, and pore volume were analyzed 

using gas adsorption device ASAP 2020 (Micrometrics Instrument). The materials were degassed at 200˚C for    

2h under 50mTorr vacuum. The surface area calculation was explained by Brunauer-Emmett-Teller (BET) 

isotherm method, while for micro and mesopores evaluation utilized Horwarth-Kavazoe, and BJH methods, 

respectively [12]. The UV-Vis spectroscopy in the 200-800 nm was measured with an Agilent Cary 100 UV-Vis 

Spectrophotometer and diffuse reflectance spectroscopy is used to determine the optical absorption in the 

visible light region. A thermogravimetric analyzer (TGA) was used to measure weight changes of the sample, 

when heated under nitrogen flow with a heating rate of 20˚C/min from room temperature to 500˚C. The 

examining TGA was done on a Perkin Elmer Pyris 1, which exhibits the thermal stability of the materials. 

 

RESULTS AND DISCUSSION 
 
The thermal stability of the synthesized materials are shown in [Fig. 1]. The comparing results appeared in    

[Fig. 1]. The weight loss started at 280˚C and continued up to 600˚C in CuIm.  
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Fig. 1: Thermo gravimetric analysis of metal imidazolate frameworks. 

…………………………………………………………………………………………………………… 
 

Addition of zirconia into CuIm, shows higher thermal stability. CuZrIm 2:1 shows weight loss at 80˚C, which 

means sample contains water molecule, continued to 600˚C, and then 49% remain same as CuIm. Beside this, 

an increment of zirconia (CuZrIm 1:2) exhibits weight loss from 80˚C to 100˚C water loss from sample and then 

weight loss up to 300˚C and then 65% remains. All the above results show that CuZrIm 1:2 indicates higher 

thermal stability.  

 

The diffuse reflectance UV−vis spectra were used to determine optical properties of the three metal imidazolate 

frameworks. [Fig. 2] illustrates the optical absorbance of the three metal imidazolate. Band gap energies were 

determined by the DR-UV-vis. For materials, the band gap energy in this investigation could be assessed from a 

plot of (αhν)2 versus photon energy hν/eV. As presented in [Fig. 3], the immediate band gap for CuIm, CuZrIm 

2:1 and CuZrIm 1:2 are found to be 1.65, 2.70, and 3.28 eV, respectively.  
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Fig. 2: Diffuse reflectance UV-vis spectra of CuIm, CuZrIm 2:1 and CuZrIm 1:2. 

……………………………………………………………………………………………………….. 
 

The band gap of zirconia is larger (5-7 eV). Therefore, an incorporation of a larger band gap of zirconia into CuIm 

results in shifting of the band gap to lower energies. As can be seen, both CuZrIm show their optical absorbance 

edges between 400 and 550 nm, which indicates absorbance in the visible light region. The results suggest that 

CuZrIm 2:1 and CuZrIm 1:2 can be photoexcited to create more electron−hole pairs than CuIm under visible 

light absorbance which could leads to higher photocatalytic efficiency. 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

2

4

6

8

10

12

14

eV

(a
h

v
)2

1.65 eV

2.70 eV

3.28 eV

CuIm

CuZrIm(2:1)

CuZrIm(1:2)

 

Fig. 3: Diffuse reflectance spectra for band gap measurement of CuIm, CuZrIm 2:1 and CuZrIm 1:2. 

………………………………………………………………………………………………………………………………… 
 

The impact of zirconia on the morphology of the CuIm was studied using FESEM. The FESEM micrograph of the 

samples are shown in [Fig. 4]. It can be seen from [Fig. 4], that the surface characteristics of CuIm were 

significantly changed with the addition of Zr. The surface morphological exhibits different particle shapes was as 

illustrated in [Fig. 4]. CuZrIm 2:1 and 1:2 exhibit smaller and uniform particle size. However, more particles 

agglomerated to form crystal-like structure with the addition of more Zr.  
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Fig. 4: FESEM images of (a) CuIm (b) CuZrIm 2:1 and (c) CuZrIm 1:2. 

………………………………………………………………………………………………. 
The average diameters increased from ca. 120 to 170 nm by increasing the Zr4+ doping percentage in the 

nanocrystals. This confirms that fewer nuclei were formed upon addition of imidazole. Cu and Zr-doped 

imidazolate crystals initially formed grew further with increase addition of single monomeric imidazole, 

solvanating Zr4+, and Cu2+ species until the framework is formed. Regardless of the doping percentage, FESEM 

images showed rather small and monodispersed nanoparticles with a well-defined truncated rhombic 

dodecahedron structure, which is the typical imidazolate framework morphology. 

 

[Fig. 5] outlines the FESEM mapping, and EDX of the CuIm and CuZrIm 1:2 sample demonstrating the metal 

distribution on the surface of support. Every component present in the sample structure is finely distributed by 

dots with a specific color. It can be seen from the [Fig. 5], that Cu species are homogeneously distributed. The 

EDX examination of CuZrIm 1:2 showed that Cu, Zr, C, and O were the main 4 components observed on the 

surface of sample. 

 

 
  

Fig. 5: Representative elemental apping of CuIm and CuZrIm 1:2. 

…………………………………………………………………………………………………………. 
As shown in [Fig. 6], CuIm presents a combination of type III and IV isotherm [13] at relative pressures below 

0.9. This is due to the low surface area, where isotherm relates to samples with a low affinity for the adsorbate 

(N2) which exhibits a mixture of macroporous and mesoporous characteristics. This exhibit type IV at high 

relative pressure. 

 

Both CuZrIm 2:1 and CuZrIm 1:2 give the characteristic of mesoporous solids because it shows hysteresis loop 

type H-1 adsorption isotherms with type IV [Fig. 6]. Each isotherm shows a distinct hysteresis loop, which is 

associated with capillary condensation taking place in the mesoporous. It shows that the photocatalyst is mainly 

mesopores.  Sharp inflections in-between P/Pº of 0.9–1.0 and typical H-1 type hysteresis loop are observed for 

both CuZrIm [12].  
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Fig. 6: Hysteresis loops of different catalyst. 

…………………………………………………………………………………….
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Fig. 7: Pore-size distributions with average pore sizes. 

………………………………………………………………………………….. 
The surface area of the materials was executed by nitrogen adsorption. [Table 1] shows nitrogen adsorption 

properties of the three metal organic frameworks. As indicated by the Brunauer–Emmett–Teller (BET), the BET 

surface ranges of CuIm, CuZrIm 2:1 and CuZrIm 1:2 were computed to be 4.11, 120.33 and 234.15 m2/g, 

respectively. It gives proof that increment of zirconia loading shows the highest surface area and pore volume of 

the sample but the average diameter of pores is smaller. It is evident from [Fig. 7] that CuIm and both CuZrIm 

(2:1 and 1:2) has a narrow pore size distribution. CuIm has average pore size distribution at 2.0 nm and both 

CuZrIm has average pore-size distribution at 5.0 nm. Most of the pores are in mesoporous region (2 nm - 10 

nm). It is suggested that the high surface:volume ratio of the CuZrIm results in higher surface-energy 

stabilisation as opposed to the CuIm phase [14].  

Table 1: Specific area and pore volume 

 
Catalyst Surface Area 

(m
2
/g) 

Pore Volume 
(cm

3
/g) 

Average Diameter of 
Pore (nm) 

CuIm 4.1197 0.007848 7.61987 

2:1CuZrIm 120.3357 0.201338 6.50423 

1:2CuZrIm 234.1586 0.365294 6.06503 

 
CONCLUSION 
 
Copper(II) imidazolate and copper(II)-zirconia(IV) bimetallic imidazolate (2:1 and 1:2 mass ratios) were 

synthesized by hydrothermal method using metal sulphates in mild aqueous conditions with high yields. The 

physicochemical properties of the photocatalysts were examined by different characterization techniques. The 

thermal stability, surface area and pore volume of both CuZrIm is higher than CuIm. It is found that the band gap 

of CuZrIm 2:1 and CuZrIm 1:2 increased to 2.70 eV and 3.28 eV, respectively with more absorbance in the 

visible region compared to copper(II) imidazolate framework. 
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