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Abstract— The MOF-74 materials belong to a category of 

high-entropy metal-organic frameworks (MOFs) that are 

porous, hollow and composed of divalent metal ions including 

Mn, Fe, Mg, Co, Ni, Cu and Zn.As a new nanomaterial, 

MOF-74 has been extensively investigated in the fields of 

environment, biomedicine and so on. Phosphorus is an 

indispensable element for the growth and development of 

plants, yet many agricultural soils in the world exhibit low 

phosphorus utilization and may suffer from deficiency in this 

nutrient. In this paper, MOF-74(Mg) adsorbed inorganic 

phosphorous were synthesized at room temperature and 

characterized by X-ray diffractometer (XRD) and Fourier 

infrared spectroscopy (FTIR). Field emission scanning electron 

microscopy (SEM) and energy dispersive spectroscopy (EDS) 

were conducted on pea plant leaves sprayed with MOF-74(Mg) 

adsorbed inorganic phosphorus, the results showed that 

MOF-74(Mg) adsorbed inorganic phosphorous could be used as 

phosphorus sustained-release fertilizer for leaves. 

Index Terms— MOF-74(Mg); inorganic phosphorous; XRD; 

FTIR; EDS.  

 

I. INTRODUCTION 

  Metal-organic framework materials (MOFs) are new type of 

porous material composed of metal ion clusters and organic 

ligands. Due to the high porosity, large specific surface area, 

abundant active sites, acceptability to functional modification 

and adjustable stability, MOFs have a wide range of 

application prospects in catalysis, gas sensing, probe, sewage 

treatment, biomedicine and other fields[1]-[6]. 

Among them, MOF-74(Mg) material has an open active site 

in the structure and thus has better adsorption performance. 

For example, MOF-74(Mg) has the highest CO2 absorption 

capacity among all reported MOFs, and can capture over 25% 

of its own weight of CO2 from flue gas generated by power 

plants[7],[8].To date, there have been investigations into the 

modification of MOF-74 materials:  (1) Post-synthetic 

modification method: that is, to construct determined 

three-dimensional MOF-74 first, and then introduce 

functional groups into the framework in an appropriate way, 

providing a roundabout scheme for the functional 

construction of MOF-74 [9]. (2) Impregnation method:  

Lawson et al. impregnated MOF with 30%, 50% and 80% 
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ibuprofen solutions to investigate the effect of different 

ibuprofen solution concentrations on the drug loading of 

MOF-74[10]. 

In this paper, MOF-74(Mg) adsorbed inorganic phosphorus 

was prepared by impregnation method, and 

thephysicochemical properties were characterized. The 

surface morphology of MOF-74(Mg) was observed by 

scanning electron microscope (SEM), the composition was 

analyzed by energy dispersive spectrometer (EDS), the 

diffraction pattern was obtained by X-ray diffraction (XRD) 

and the surface functional groups were analyzed by Fourier 

transform infrared spectroscopy (FTIR). 

 

Ⅱ. EXPERIMENTAL 

 

Material 

MOF-74(Mg) was synthesized according to the literature. 

Mg(NO3)2·6H2O (4.6592g) and DHTA (2.3114g) were added 

into 50mL deionized water, the pH was adjusted to 9.18, and 

the mixture was stirred at room temperature for 6 hours and 

centrifuged. The centrifuged precipitates were washed with 

methanol and dried, which wasMOF-74(Mg)[11]. 

MOF-74(Mg) was then impregnated in 0.1% potassium 

dihydrogen phosphate solution, and MOF-74(Mg) adsorbed 

inorganic phosphorus was obtained after drying. 

 

Ⅲ. RESULTS AND DISCUSSION 

 

 
Figure 1. XRD patterns of MOF-74(Mg) (a) and 

MOF-74(Mg) adsorbed inorganic phosphorus (b). 

In the XRD pattern, MOF-74 characteristic peaks with 

different intensities appeared at 2θ = 6.8° and 2θ = 11.8° 

(Figure1a), which was consistent with the results in the 

literature[12]. The characteristic peaks of MOF-74(Mg) 

adsorbed inorganic phosphorus appeared at 2θ of 6.8° and 

11.8° belong to MOF-74(Mg), and the characteristic peaks at 

2θ of 17.4°, 23.8°, 35.3° and 38.6°belong to potassium 
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dihydrogen phosphate (Figure1 b). 

Figure 2. FTIR spectra of MOF-74(Mg) (a) and 

MOF-74(Mg) adsorbed inorganic phosphorus (b). 

Bands near 3391 cm−1(Figure 2a) represent O-H tensile 

vibrations of the hydroxyl group, which can be attributed to 

the large amount of water absorbed in the porous material. 

The absorption peak at 1588 cm−1 was attributed to the C=O 

of the benzene ring in the organic ligand DHTA. The bands at 

1419 and 1372 cm−1 can be attributed to C=C vibrations of 

the benzene ring skeleton and also indicate the presence of 

organic ligands in the resulting structure. The weak 

absorption peak at 1238 cm−1 is due to the stretching 

vibration of the phenol-based C-O band. The band at 1210 

cm−1 corresponds to the -C-H stretch. The vibration and 

absorption peaks at 887 cm−1 and 822 cm−1can be attributed 

to the C-H bending vibration of the benzene ring. In addition, 

two absorption peaks corresponding to Mg-O vibrations 

appear at 588 cm−1 and 485 cm−1(Figure2a). The stretching 

peak at 1238 cm-1 and the bending peak at 819 cm-1 and 887 

cm-1 were the characteristic peaks of phosphate after 

immersion of potassium dihydrogen phosphate. The vibration 

peak at 1113cm-1 is the vibration peak of P-O bond, which 

proves the existence of potassium dihydrogen phosphate 

(Figure2b). 

To evaluate the potential as an inorganic phosphorus 

sustained-release fertilizer, SEM and EDS analyses were 

conducted on pea plant leaves sprayed with MOF-74(Mg) 

adsorbed inorganic phosphorus. 

 
Figure 3. SEM image (a) and EDS image (b) of 

MOF-74(Mg) adsorbed inorganic phosphorus; (c) 

Mapping nuclear spectrum; (d) Mapping nuclear 

spectroscopy table. 

Fig. 3a shows SEM image of pea plant leaves sprayed with 

MOF-74(Mg)adsorbed inorganic phosphorus. According to 

Fig. 3a, the pore size of the leaves reaches the micron level, 

and MOF-74(Mg) can enter the leaves through the physical 

pore channels. The nuclear spectrum drawing and the nuclear 

spectrum table are belonging to the map in Fig. 3b, the 

proportion of C, O, Mg, P and K is 82.77%, 8.17%, 0.75%, 

1.10% and 5.33%, respectively (Figure 3c and d).The results 

show that inorganic phosphorus is sprayed on the leaves with 

MOF-74(Mg), which also confirmed the potential of 

MOF-74(Mg) adsorbed inorganic phosphorus as a 

phosphorus slow-release fertilizer. 

 

Ⅳ. CONCLUSION 

 

MOF-74(Mg) adsorbed inorganic phosphorus was 

successfully preparedby impregnation method. The size of 

the prepared MOF-74(Mg) particles wassignificantly smaller 

than the pore diameter of pea leaves. XRD and FTIR were 

used to obtain the diffraction patterns and the groups and 

structures of MOF-74(Mg) adsorbed inorganic phosphorus. 

The composition and proportion of elements were determined 

by SEM and EDS. The above results proved that inorganic 

phosphorus was successfully adsorbed on MOF-74(Mg) 

material, which proved that MOF-74(Mg) adsorbed inorganic 

phosphorus had the potential as a phosphorus 

sustained-release fertilizer. 
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