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Abstract 

Herein, a facile synthesis of new photocatalysts of metal-organic frameworks (MOFs) using terephthalic acid as a linker and 

Ni and Ni/Cu as mono and bimetallic centers has been prepared. Further, the MOF photocatalysts were characterized by X-ray 

powder diffraction, scanning electron microscopy, and X-ray photoelectron spectroscopy and Molecular absorption 

spectroscopy techniques. Their photocatalytic activities toward Bis-phenol A photodegradation have been tested under natural 

solar irradiation. The bimetallic Cu/Ni-MOF photocatalyst demonstrated a superior photodegradation efficiency (77.4 %) after 

120 min compared to 44.5 % for Ni-MOF. This is due to the impact of Cu introduction to the Ni-MOF matrix which reduced 

the band gap energy value, 2.87 eV and 2.22 eV for Ni-MOF and Cu/Ni-MOF, respectively. The obtained results revealed the 

potential of such photocatalysts to efficiently degrade wastewater pollutants under natural solar irradiation.  

Keywords: Metal-organic frameworks; Bimetallic MOFs; solar irradiation; photocatalysis; nanoparticles. 
  

 

1. Introduction 

The development of effective and sustainable 

wastewater treatment technology is required due to 

the growing concern over environmental degradation 

and water scarcity [1]. Conventional techniques, 

although efficient, may produce secondary 

contaminants or need a significant amount of energy. 

Photocatalysis is a potential substitute for wastewater 

treatment that uses light to initiate chemical 

processes. Using sunlight as the energy source, solar 

photocatalysis offers an especially appealing method 

for breaking down organic contaminants in 

wastewater [2, 3]. 

Metal-organic frameworks (MOFs) have become 

an innovative class of photocatalytic materials 

because of their extremely adjustable architectures 

[4]. The building blocks of these porous crystalline 

materials are metal ions or clusters joined by organic 

linkers [5]. Because of their modular nature, MOFs 

can be modified to target contaminants. The organic 

linkers and integrated metal centers have a major 

impact on surface reactivity, charge separation, and 

light absorption—all essential elements of effective 

photocatalytic degradation [6]. 

The utilization of MOF modified visible active 

photocatalysts has been disclosed. A hydrothermal 

method was utilized to successfully prepare 

cobalt/nickel-based metal-organic frameworks 

(Co/Ni-MOFs) modified bismuth oxyiodine (BiOI) 

composite (Co/Ni-MOFs@BiOI) as a new visible 

light active photocatalyst for the disintegration of 

methylene blue dye (MB) in water solutions [7]. 

Also, using a simple solvothermal technique, CdS 

nanoparticles were hybridized with titanium metal-

organic framework (MOF) and graphitic carbon 

nitride (g-C3N4) sheets for the visible light-induced 

photocatalytic degradation of rhodamine B dye [8]. 

This research is focused on the utilization of the 

solar photocatalytic activity of MOFs. We explore the 

fundamental principles governing their photocatalytic 

behavior and investigate strategies for optimizing 

their performance. Our focus lies on preparation of 
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Ni and Ni/Cu as mono and bimetallic MOF using 

terephthalic acid as a linker. The prepared MOFs 

structures were characterized then we aim to 

elucidate the relationship between MOF structure and 

photocatalytic activity vis Bisphenol A solar 

photodegradation. This research contributes to the 

advancement of MOF-based photocatalysis, paving 

the way for their practical applications in solar energy 

conversion and environmental remediation. 

 

Experimental: 
  

Preparation of Ni-MOF. 

Ni-MOF was synthesized hydrothermally from 

Terephthalic acid and NiCl2·6H2O with a little 

modification. and the schematic diagram is shown in 

Fig. 1. Typically, with a molar ratio of 1:1 

terephthalic acid (1.66 g) was dissolved in DMF (75 

ml) under continuous stirring. Another solution was 

prepared, NiCl2·6H2O (1.3 g) was dissolved in a 

solvent mixture of Ethanol (25 ml) and DI water (5.0 

ml) with stirring. To create a homogeneous solution, 

both solutions were combined and stirred 

continuously for one hour. The resulting mixture was 

then transferred to an autoclave lined with Teflon and 

baked for three days at 105°C. After letting the 

solution drop to room temperature for the whole 

night, it was filtered and repeatedly washed with 

distilled water, DMF, and ethanol. Before being 

utilized, the resultant light green crystals were dried 

for 12 hours at 60 °C in a vacuum atmosphere. 

 

Preparation of Bimetallic Cu/Ni-MOF. 

 

A facile hydrothermal method was used for the 

synthesis of Cu/Ni-MOF with a little modification. 

The schematic diagram is shown in Fig. 2. 

NiCl2·6H2O (0.65 gm) and Cu(CH3COO)2 (0.99 gm) 

were mixed in the molar ratio of 0.5 : 0.5 and

dissolved a solvent mixture of Ethanol (40 ml) and 

DI water (10 ml) with stirring. Subsequently, 1.66 gm 

of the terephthalic acid ligand was dissolved in DMF 

(75 ml) under continuous stirring. To obtain a 

homogenous solution, Both the solutions were mixed 

under continuous stirring for 1.0 hour and then 

collected into a Teflon-lined autoclave and kept at 

105 °C for a period of 3 days. After letting the 

solution drop to room temperature for the whole 

night, it was filtered and repeatedly washed with 

distilled water, DMF, and ethanol. Before being used, 

the resultant blue-green crystals were dried for 12 

hours at 60 °C in a vacuum atmosphere. 

 

 
Fig. 1. Schematic preparation of Ni-MOF. 

 

 
Fig. 2. Schematic preparation of Cu/Ni-MOF. 

 

 

Characterization of prepared compounds 

The UV-Vis spectrophotometer was used to assess 

the absorption characteristics of the substance. The 

crystallite size and crystal structure of the 

nanoparticles were investigated using the X-ray 

powder diffractometer (XRD). The C1s peak at 284.6 

eV served as the reference point for the XPS 

spectrometer, which was used to perform X-ray 

photoelectron spectroscopy (XPS). Furthermore, a 

JSM-7100F (JEOL) was used to study field emission 

scanning electron microscopy (FE-SEM) findings. 

 

Photocatalytic activity 

The produced NPs' photocatalytic activity was 

assessed for photodegradation of Bisphenol A (20 
ppm) in natural sunlight as a pollutant model. In 

batch experiments, Bisphenol A model polluted water 

(Bisphenol A: 0.1 g/L) were stirred for 20 minutes to 

attain adsorption-desorption equilibrium before 

moving on to photodegradation experiments. On days 

when the sky was clear and there were no clouds, the 

natural sun radiation was measured between 

December 10 and January 2024. On the roof of the 

building of faculty of Science, Arish University. 

Using a digital illumination meter, the incoming 

average solar energy was determined to be around 

83.400 flux (659 W/m
2
) (INS, DX-200). Bisphenol A 

solutions in 5.0 ml aliquots were collected and 

subjected to spectrophotometric analysis every 20 

minutes. To separate the nanoparticles from the fluid, 

the suspension was centrifuged each time. The 

kinetics of Bis-Phenol A photodegradation were 

investigated by measuring absorption spectra (at 

λmax=278nm)every20minutes.  

  

Results and Discussion  

Morphological studies 

 

Using scanning electron microscopy (SEM), the 

morphology of Ni-MOF and Cu/Ni-MOF was 

examined, as illustrated in Fig. 1. It illustrates that 

while the characteristics differ, both samples are 

made of microspheres, which are made of several 

interconnected nanoribbons. Cu ions are seen to 

cause the sheet-shaped nanoribbons of Cu/Ni- MOF 

to become broader and exhibit a more regular 

arrangement.  



 SYNTHESIS OF MONO AND BIMETALLIC METAL-ORGANIC FRAMEWORKS FOR PHOTOCATALYTIC.... 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. Vol. 67, SI: M. R. Mahran (2024) 

861 

 

 
 

Fig.3. FE-SEM of Ni-MOF (A, B) and Cu/Ni-MOF (C, D). 

Structural studies  

 

For bulk structural characterization, the XRD 

patterns of the photocatalysts are shown in  Fig. 2. 

The diffraction peaks of as-prepared Ni-MOF and 

Cu/Ni-MOF. XRD pattern of Ni-MOF shows the 

primary signature diffraction peaks at 2θ values of 

(11.86◦,15.8◦,18.4◦,24.03◦,28.4◦,31.8◦and40.4◦)

correspond to (010), (10
-
1), (1

-
11), (2

-
11), (002), (20

-

2) and (4
-
11) crystal planes [9]. The powder XRD 

pattern of Cu/Ni-MOF showed diffraction peaks at 

2θ values of 19.7°, 21.7°, 22.7°, 27.8°, 30.2°, 32.9°, 

33.6°, 35.7°, 37.7°, and 44.2°. Also, from XRD 

pattern of Cu/Ni-MOF, it showed (1 1 1) and (2 0 0) 

planes at 44.2, 49.3° and 52.3 which is an indicative 

for the polycrystalline structure Ni and Cu and 

confirmed the interaction of the bimetallic centers 

[10, 11]. 

The Scherrer equation was utilized to determine 

the average crystallite sizes of each nanoparticle by 

taking the whole width at half-maximum of the most 

intense peak profile: 

D = Kλ/βcosθ  [1] 

Where D is the size of the crystallite, K is the 

Scherrer constant, which is equal to 0.9, the X-ray 

wavelength is λ = 0.1541 nm, the full width half

maximum(FWHM)isβ,andthediffractionangleis

θ.Thecrystallitesizeresults were found to be 10.61 

and 9.83 nm for Ni-MOF and Cu/Ni-MOF 

respectively. 
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Fig.4. XRD pattern of the as-synthesized Ni-MOF 

and Cu/Ni-MOF. 

For surface structural characterization, In Fig. 5. 

XPS spectra of Ni-MOF and Cu/Ni-MOF contains 

Ni, Cu, C and O elements. It Shows deconvolution of 

the Ni 2p1/2 band into two spectral bands at 873.92 

eV and 875.99 eV. Also, the Ni 2p3/ 2 band was 

deconvoluted into two spectral bands at 856.16 eV 

and 858.11 eV. The two other shake-up satellite 

peaks are situated at 863.10 eV and 881.20eV. 

respectively, suggesting that Ni ions are bivalent [12, 

13]. Additionally, spectrum contains Cu 2p ,which 

shows Two significant peaks: one at 953.6 eV, 

identified as Cu2p1/2, and another at 933.8  eV, 

identified as Cu2p3/2. Cu2p3/2 produced two further 

peaks with binding energies of 941.4 and 943.8 eV, 

respectively, and Cu2p1/2 produced additional peaks 

https://www.sciencedirect.com/science/article/pii/S0169433220319851#f0005
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at 962.6 eV. These are satellite peaks, indicating that 

Cu is present in the Cu
2+

 oxidation state [14, 15]. 

Also, XPS spectrum of O1s displayed the two 

discrete spectra C–O/C=O (533.66 eV) and M–O–

C/H (531.71 eV) [16] (M=metal) that were assigned 

to lattice and surface oxygen, respectively [13]. Also, 

XPS spectrum of the C1s peak indicates a 

deconvolution into three peaks. The reference C1s 

peak was linked to the peak at 284.6 eV, while the 

aryl carbon from the benzene ring and the 

carboxylate carbon in O-C=O were responsible for 

the other two peaks, which are located at 285.87 eV 

and 288.93 eV, respectively [17], strongly suggesting 

the existence of terephthalic acid [18].  
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Fig.5. XPS spectra of Ni 2p, Cu 2p, C 1s and O 1s scan spectrum of Ni-MOF and Cu/Ni-MOF. 

 

Optoelectronic properties 

 

Using UV-vis absorption spectroscopy, the catalyst's 

capacity to absorb light was evaluated [19]. The 

results of the UV-vis spectra of the as-prepared Ni-

MOF and Cu/Ni-MOF are pointed in Fig. 6. The UV-

Vis spectrum of Ni-MOF shows an absorption peak 

at 432 nm. The electron transfer π →π* in

terephthalic acid may have contributed to the 

absorption band at the UV region. The visible 

absorption band ought to be connected to the electron 

transport in orbital 3d [20]. The UV-vis spectrum of 

Cu/Ni-MOF shows an absorption peak at 558.5 nm. 

The band gap energy (Eg) of Ni-MOF and Cu/Ni-

MOF can be calculated using Tauc plot method:[21] 

(αhν)2 = B(hν-Eg), where B, α and ν are

proportionality constant, absorption coefficient and 

light frequency, respectively. The (αhν)
2
 versus hν

curves for Ni-MOF and Cu/Ni-MOF are shown in 

Fig. 7. The band gap energies were estimated to be 

2.87 eV and 2.22 eV for Ni-MOF and Cu/Ni-MOF 

samples, respectively. 

 

Photocatalytic measurements 

 

The photocatalytic destruction of bisphenol A by 

solar radiation was investigated using Ni-MOF and 

Cu/Ni-MOF photocatalysts. First, a control 

experiment called photolysis was carried out, in 

which Bisphenol A was exposed to the same solar 

radiation conditions without the use of 
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photocatalysts. Only 5.0% of the bisphenol A was 

degraded, according to the photodegradation data, 

which also revealed a modest drop in the 

concentration of bisphenol A. Representative UV-vis 

absorption spectra of aqueous solutions of Bisphenol 

A irradiated under natural sun light after each 20 

minutes in the presence of Ni-MOF, Cu/Ni-MOF 

photocatalysts were recorded. The photocatalytic 

activities of the Ni-MOF and Cu/Ni-MOF 

photocatalysts under natural sunlight irradiation were 

assessed for Bisphenol A photodegradation. 
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Fig.6. UV-vis spectra of Ni-MOF and Cu/Ni-MOF 

nanoparticles. 

 

 
Fig.7. The Tauc plotof(αhν)2versushνforNi-MOF 

and Cu/Ni-MOF nanoparticles. 

 

 

Bycomparingtheabsorbancevariationsatλmax=

278 nm versus different irradiation periods, the 

photocatalytic decomposition of bisphenol A was 

observed.  

The degradation rate constant for the 

photodegradation reaction was found using equation 

2, which describes the pseudo-first-order reaction 

kinetics for the photocatalytic process.: 

Ln(C0/C)=−kt                                  [ 2] 

Where k is the apparent first-order rate constant, 

C0 is the starting concentration, and C is the 

concentration at each time. The slope of a straight-

line plotting Ln C0/C against time, as determined by 

linear regression, equals the apparent first-order rate 

constant, k. For Ni-MOF and Cu/Ni-MOF 

photocatalysts, the estimated rates of bisphenol A 

photodegradation were 0.005 and 0.029 min
-1

, 

respectively (Fig. 8). The degradation efficiency 

(E%) was computed by using the following formula: 








 


0

0

C

CC
  100% E x

                   [3]                                

After 120 minutes, an enhanced photodegradation 

efficiency was noted for Cu/Ni-MOF, which is more 

than half the value of bare Ni-MOF (Fig. 9). In the 

presence of Ni-MOF and Cu/Ni-MOF photocatalysts, 

respectively, the photocatalytic degradation of 

bisphenol A was determined to be 44.5% and 77.4%.  
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Fig.8.Bisphenol A solar photodegradation efficiency 

at varied degradation times when irradiated with Ni-

MOF and Cu/Ni-MOF. 
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Fig.9.Bisphenol A solar photodegradation rate at 

varied degradation times when irradiated with Ni-

MOF and Cu/Ni-MOF. 

 

2. Conclusion 

Ni and Ni/Cu as mono and bimetallic metal-

organic frameworks (MOFs) were successfully 

synthesized via a simple and modified hydrothermal 
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method. The obtained narrow band gaps 2.87 eV and 

2.22 eV for Ni-MOF and Cu/Ni-MOF, respectively 

made them promising photocatalysts for the 

photodegradation of Bisphenol A from wastewater 

under solar irradiation. The bimetallic Cu/Ni-MOF 

photocatalyst demonstrated a superior 

photodegradation efficiency (77.4 %) after 120 min 

compared to 44.5 % for Ni-MOF. 
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