
 

Article 

Study on the degradation of nano-scale MOF under physiolog-
ical conditions by detecting ligands 
Jinchao Liu 1, Songhai Wu 1,* 

1 School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China; 
15830600407@163.com 

* Correspondence: wusonghai@tju.edu.cn; Tel.: +86-138-2088-8127 

Abstract: Metal organic frameworks (MOFs) composed of metal ions and multifunctional organic 
ligands are one of the most attractive porous materials. Their potential applications in gas storage, 
separation, catalysis, biomedicine and many other fields have attracted much attention. In this 
study, Nano-Mn-MOF-74 with nano size were successfully synthesized by adding acetic acid and 
characterized it by SEM, TEM and XRD. Furthermore, a new method to trace the degradation 
process of nanoMOFs through detection of ligand concentration under physiological conditions 
was developed. 
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1. Introduction 
Metal organic frameworks (MOFs) are crystalline porous materials with periodic 

network structure formed by self-assembly of metal ions and organic ligands [1]. When 
assembled on a nanoscale, they are called nanoMOFs [2]. The chemical variability of the 
modules makes MOFs have corresponding characteristics. They can be adjusted and 
changed for different applications, including gas storage, catalysis, sensing and optics 
[3,4]. Particularly, nanoMOFs can be applied in biomedical field. In such applications, 
nanoMOFs are mainly used as passive delivery carriers for other bioactive agents [5-7]. 
People are more and more interested in exploring metal nodes or organic connectors of 
MOFs for cancer treatment or bacterial infection treatment [8-10]. However, little is 
known about the degradation of these nanomaterials under physiological conditions. 
Therefore, the degradation process should be investigated before the practical applica-
tion of nanoMOFs. 

Mn-MOF-74 is formed by Mn ion and 2,5-dihydroxyterephthalic acid (2OH-BDO), 
which has hexagonal pore structure and is widely used in catalysis and adsorption 
[11,12]. In previous studies, manganese oxide nanoparticles have been confirmed to be 
useful for cancer immunotherapy [13-15]. In particular, recent studies have reported that 
Mn ion is an effective innate immune stimulant in vitro and in vivo [16,17]. If Mn-MOF-74 
particles accumulate in cancer sites through blood circulation, it may be used as an ideal 
metal ion pool to release Mn ions locally, thus promoting similar immunotherapy effect. 

The degradation rate of MOF under physiological conditions is an important prop-
erty to be considered in drug release performance of MOF [18, 19]. Ruyra et al. demon-
strated that several nanoMOFs (such as UiO-67, ZIF-7, HKUST-1) become amorphous or 
decompose to release cations when exposed to cell culture medium [20]. Li et al. showed 
that the particle size of MIL-100 (FE) and MIL-101 (FE) determined the stability and bio-
degradability of MOF when exposed to phosphate buffer solution (PBS) [21]. The 
mechanism of MOF degradation is attributed to the affinity of phosphate group for mul-
tivalent cations, which is supported by the formation of new insoluble metal phosphates. 
In this study, nano-Mn-MOF-74 was synthesized by adding acetic acid to adjust the 
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crystal size, and the release rate of Mn ion was deduced by tracking the change of ligand 
concentration, so as to explore the degradation process of nano-Mn-MOF-74. 

2. Materials and Methods 

2.1. Preparation of nano-Mn-MOF-74 
All reagents were purchased at Kemate Chemical Technology Co., Ltd. UV-vis 

spectra were recorded at a UV-Vis 2550 spectrophotometer (Shimadzu Corporation of 
Japan). Transmission Electron Microscopy were obtained in a FEI Talos F200X G2 mi-
croscope (FEI Czech company), and Scanning Electron Microscope were obtained in a 
JSM-7500F microscope (Hitachi, Japan). Phase analysis of xray diffraction were obtained 
in a Rigaku SmartLab analyzer (Rigaku Corporation). 

2.2. Preparation of nano-Mn-MOF-74 
2920 mg MnCl2 · 4H2O and 813.96 mg 2OH-BDO were dissolved in 352 mL DMF, 

then 23.4 ml CH3CH2OH, 23.4 mL ultra-pure water and 60 g CH3COOH were added to 
the mixture, and the resulting mixture was put into an autoclave. Heat them in an oven 
at 135 °C for 24 hours. After the reaction, the product was collected and washed with 
DMF for three times. The product was immersed in CH2Cl2 for two days and replaced 
with fresh CH2Cl2 every day. Finally, the product was dried in the vacuum drying oven. 

2.3. Degradation of nano-Mn-MOF-74 
2.3.1. Determination of standard curve of 2OH-BDO 

The standard solution of 2OH-BDO can be obtained by weighing 10 mg of 
2OH-BDO by analytical balance and dissolving in 40 ml of ultra-pure water, then con-
stant volume in 50mL volumetric flask and shaking well. 0.1 mL, 0.2mL, 0.4mL, 0.6mL, 
0.8mL and 1 mL of the above standard solutions were taken respectively. The 
above-mentioned standard solutions were diluted to 5 mL by adding ultra-pure water 
respectively. After shaking, the 2OH-BDO solutions of 4 mg/L, 8 mg/L, 16 mg/L, 24 mg/L, 
32 mg/L and 40 mg/L were obtained. After filtering one mL of the prepared solution 
through 220 nm filter membrane, the UV absorbance curve of the above solutions was 
measured under the same test conditions. The peak absorbance of 352 nm was taken, 
and the standard curve of 2OH-BDO was drawn with the concentration as the horizontal 
coordinate and absorbance as the vertical coordinate. 
2.3.2. Preparation of phosphate buffer solution (PBS) 

Dissolve 7.9 g NaCl, 1.02 g KC1, 0.24 g KH2PO4 and 1.44 g Na2HPO4 in 800 mL dis-
tilled water, adjust the pH value of the solution to 7.4 with HCl, finally add distilled 
water to 1 L, and store in 4 ℃ refrigerator. 
2.3.3. Monitoring Mn release during degradation of nano-Mn-MOF-74 in PBS 

10 mg nano-Mn-MOF-74 particles were ultrasonically dispersed in 50 mL PBS buff-
er, and the ultrasonic time should not be too long, just the sample was completely dis-
persed. After shaking at low speed, 5 mL solution was quickly taken out at specific time 
(0, 2, 4, 6, 8, 10, 12 h), centrifuged at 8000 rpm for 3 minutes, and the supernatant was 
taken out for ICP determination of Mn ion content. 
2.3.4. Monitoring Mn release via dialysis acidification method during degradation of 
nano-Mn-MOF-74 in PBS 

20 mg of nano-Mn-MOF-74 was dissolved in 5 mL ethanol by ultrasound. The mix-
ture was placed in a dialysis bag (MWCO 10000) and then continuously stirred in 100 
mL PBS buffer at 37 ℃. 4 mL of solution was sampled from the buffer outside the dialy-
sis bag at a specific time (0, 2, 4, 6, 8, 10, 12 h) and mixed with 1 mL of 1 M nitric acid. 
The mixture was centrifuged at 8000 rpm for 3 minutes, and the content of Mn in the 
supernatant was analyzed by ICP. 
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2.3.5. Monitoring the release of 2 OH-BDO during the degradation of nano-Mn-MOF-74 
in PBS 

10 mg nano-Mn-MOF-74 particles were ultrasonically dispersed in 50 mL PBS buff-
er. After shaking at low speed, 5 mL solution was quickly taken out at a specific time (0, 
2, 4, 6, 8, 10, 12 h), centrifuged at 8000 rpm for 3 minutes, and the supernatant was taken 
out to measure its absorbance with UV-vis spectrophotometer. 

3. Experimental Results and Discussion 

3.1. Preparation of nano-Mn-MOF-74 
Nano-Mn-MOF-74 was prepared by introducing acetic acid as a regulator to adjust 

the size and crystal shape of MOF particles. According to the SEM and TEM images in 
the reported literature [22], the size of Mn-MOF-74 is generally in the micron level. As 
shown in Fig. 1, it can be seen that the nano-Mn-MOF-74 nanoparticles had a typical size 
of about 300 nm and polyhedral shape although most of them exist in the agglomerated 
state. 

 

   
(a) (b) (c) 

Figure 1. (a) and (b)SEM images of nano-Mn-MOF-74 （c）TEM image of nano-Mn-MOF-74  
 
As shown in Figure 2, it can be seen that nano-Mn-MOF-74 prepared by us has high 

purity crystal structure. The Mn-MOF-74 has similar pattern with the simulated value 
[23], indicatesing that the size of the particles is mainly regulated by the modifier acetic 
acid. However, it has no effect on the crystal shape of the particles. 

 

 
Figure 2. XRD patterns of nano-Mn-MOF-74 

3.2. Degradation of nano-Mn-MOF-74 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 March 2021                   



 

 

Based on the above characterization and analysis, nano-Mn-MOF-74 was taken as 
an example to explore the degradation process of nano-MOF under physiological condi-
tions. As shown in Figure 3 of the ultraviolet visible absorption spectrum at different 
concentrations of 2OH-BDO. It can be confirmed that the ultraviolet absorption peak of 
2OH-BDO is around 352 nm. According to the relationship between the peak value and 
the concentration, the standard curve of 2 OH-BDO is obtained as shown in Figure 4. 

 

 
Figure 3. Spectra of different concentrations of 2OH-BDO 

 

 
Figure 4. Standard curve of 2OH-BDO 

When nano-Mn-MOF-74 is degraded in PBS buffer, a large number of Mn ions will 
be released, and these Mn ions will precipitate with the phosphate in PBS buffer to form 
manganese phosphate [20]. Therefore, only a small amount of Mn ions can be detected 
in buffer, which will affect the calculation of degradation rate, showing extremely slow 
degradation rate. When dialyzing method is used, Mn ions released by 
nano-Mn-MOF-74 in dialysis bags will be precipitated with phosphate in PBS buffer 
outside the dialysis bag. Taking out PBS buffer mixture for acidizing will release Mn 
ions in precipitation again, and then will not affect the detection of degradation rate. 
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Figure 5. Degradation rate curve of nano-Mn-MOF-74 

When the concentration of 2OH-BDO is detected, the problem of new precipitation 
can be avoided. After the absorbance of the solution is measured by UV-Vis spectro-
photometer, the concentration of 2OH-BDO can be calculated according to the standard 
curve. According to the formula [Mn2(C8H2O6) (H2O2)] · 6.3H2O of Mn-MOF-74 previ-
ously reported in the literature [24], the amount of Mn ions released in the degradation 
process of nano-Mn-MOF-74 can be calculated, and then the degradation rate can be 
calculated. As shown in Figure 5, the degradation rate obtained by the new method is 
basically the same as that obtained by dialysis acidification, which proves that the 
method of measuring the concentration of 2OH-BDO to calculate the degradation rate is 
feasible. 

4. Conclusions 
In conclusion, we used acetic acid as regulator to adjust the size and crystal shape of 

MOF particles, and then nano-Mn-MOF-74 was prepared. The metal ions and buffer so-
lution will precipitate when the MOF is degraded under physiological conditions that 
will affect the calculation of degradation rate. The concentration of organic ligands in 
buffer solution was measured, and the metal ions released during MOF degradation ac-
cording to the molecular formula of MOF and the degradation rate were calculated. This 
method developed here is feasible and effective, and it can be used in the study of deg-
radation rate of other MOF under physiological conditions. 
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