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Abstract: This article mainly discusses the research progress of metal organic frameworks 

(MOFs) materials in catalyzing the decomposition of fluoroboric acid. Firstly, the 

structural characteristics, properties, and advantages of MOFs materials in the field of 

catalysis were introduced. This article elaborates on the current research status of the 

decomposition reaction of fluoroboric acid, including the limitations of traditional catalytic 

methods and the significance of introducing MOFs into this field. Next, summarize the 

relevant research on the catalytic decomposition of fluoroboric acid by MOFs, analyze the 

relationship between the structure, composition, and catalytic activity of different MOFs, 

and explore possible catalytic mechanisms. Finally, the future research directions and 

development trends in this field were discussed, and it was pointed out that MOFs have 

broad application prospects in catalyzing the decomposition of fluoroboric acid, but further 

in-depth research is still needed to achieve their practical applications. 

1. Introduction  

Metal organic frameworks (MOFs), as an emerging class of porous materials, are self-assembled 

by metal ions (or clusters) and organic ligands through coordination bonds to form periodic network 

structures. Its unique structure endows MOFs with excellent properties such as high specific surface 

area, large pore volume, controllable pore size and shape, and abundant chemical active sites, 

showing great potential for applications in gas storage and separation, sensors, drug delivery, 

catalysis, and other fields [1-3]. 

Fluoroboric acid (HBF) is an inorganic acid widely used in industry, such as electroplating, 

metal surface treatment, organic synthesis, and other fields. In some cases, the decomposition 

reaction of fluoroboric acid is crucial for specific chemical processes, such as the controllable 

decomposition of fluoroboric acid in the synthesis of some fine chemicals to obtain the target 

product. In traditional fluoroboric acid decomposition catalytic systems, there are often problems 
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such as low activity, poor selectivity, and insufficient stability, which are difficult to meet the needs 

of practical applications. Therefore, the search for new and efficient catalysts has become a focus of 

research. Due to their unique structure and properties, MOFs materials have provided new 

possibilities for catalyzing the decomposition of fluoroboric acid, and have received increasing 

attention in recent years. 

2. Structure and properties of MOFs materials and their advantages in the field of catalysis 

2.1 Structural characteristics of MOFs 

The structure of metal organic frameworks (MOFs) materials is unique, as they are ingeniously 

constructed from metal nodes and organic ligands. Among them, metal nodes play a key connecting 

role, which can be individual metal ions such as copper ions (Cu ^ {2+}), zinc ions (Zn ^ {2+}), etc. 

These metal ions interact with organic ligands through their own coordination ability; Metal nodes 

can also be metal clusters composed of multiple metal ions, such as multi-core metal clusters with 

specific geometric configurations, which endow MOFs with more complexity and diversity when 

combined with organic ligands. Metal nodes are tightly connected to organic ligands through 

coordination, forming a periodic three-dimensional network structure. This type of 

three-dimensional network structure is diverse and abundant, with the common being the cubic 

structure, which presents a regular cubic shape and an orderly arrangement of internal pores, 

providing a relatively regular space for the transport and reaction of matter; The hexagonal structure 

has a unique hexagonal symmetry, and the pore distribution presents a periodic arrangement of 

hexagons, endowing the material with specific physical and chemical properties; MOFs with 

diamond shaped structures exhibit diamond shaped lattice characteristics and unique directionality 

in spatial expansion. More importantly, the structure of MOFs has a high degree of controllability. 

Researchers can adjust the electronic properties and coordination environment of MOFs by 

changing the type of metal ions, from transition metal ions to rare earth metal ions; Meanwhile, 

there are various types of organic ligands, ranging from simple linear ligands to complex multi 

dentate ligands. By changing the chemical structure and length of organic ligands, the pore size and 

shape of MOFs can be precisely regulated. For example, selecting longer chain organic ligands can 

increase the pore size; By introducing organic ligands with specific functional groups, the pore 

shape can be finely adjusted. This precise control capability enables MOFs to meet the needs of 

different application scenarios, laying a solid structural foundation for their extensive applications 

in catalysis, gas adsorption and separation, sensing, and many other fields [4,5]. 

2.2 Properties of MOFs 

The porous structure of MOFs is like a carefully designed molecular level maze, self-assembled 

by metal nodes and organic ligands through coordination, constructing rich and connected pores. 

This special structure endows MOFs with extremely high specific surface area, typically reaching 

1000-6000 m ²/g. Such a high specific surface area means that MOFs materials have an extremely 

large surface space, providing a broad stage for molecular adsorption and interaction. For example, 

in the field of gas adsorption, high specific surface area enables MOFs to efficiently capture various 

gas molecules. For example, in the process of carbon dioxide capture, a large number of carbon 

dioxide molecules can adhere to the surface of MOFs, thereby achieving efficient gas separation 

and storage. Meanwhile, the large pore volume of MOFs also creates favorable conditions for the 

storage and diffusion of molecules. Large pore volume means that the material has a large internal 

space to accommodate molecules, and these pores are interconnected, forming a channel network 

that facilitates molecular diffusion. Taking catalytic reactions as an example, reactant molecules can 
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smoothly diffuse into the interior of MOFs through these pores, come into contact with active sites, 

and undergo reactions. The reaction products can also smoothly diffuse out of the pores, greatly 

improving the efficiency and selectivity of the reaction. 

In terms of the designability of structure and function, by selecting different metal ions and 

organic ligands, researchers can precisely design and synthesize MOFs materials with different 

structures and functions like building molecular blocks to meet specific catalytic needs. There are 

many types of metal ions, and different metal ions have unique electronic structures and 

coordination abilities, which directly affect the structure and properties of MOFs. Transition metal 

ions (such as iron, cobalt, nickel, etc.) can form diverse coordination structures with organic ligands 

due to their variable oxidation states and rich coordination modes, thereby endowing MOFs with 

different catalytic activities and selectivity. Organic ligands also have rich diversity, and their 

structures and functional groups can be finely regulated. From simple linear ligands to complex 

multidentate ligands, and then to organic ligands with specific functional groups such as carboxyl, 

amino, and pyridine groups, each choice will have a profound impact on the final structure and 

function of MOFs. Organic ligands containing carboxyl functional groups can form stable 

coordination bonds with metal ions, and carboxyl groups can also participate in catalytic reactions 

as active sites; Organic ligands with long-chain alkyl groups can alter the pore size and 

hydrophobicity of MOFs, making them suitable for different types of reactants and reaction 

environments. The functional groups on metal nodes and organic ligands can serve as active sites, 

providing a foundation for catalytic activity. In MOF structures, metal nodes are often the key 

centers of catalytic activity. Due to the unique electronic cloud distribution and redox properties of 

metal ions, they can coordinate with reactant molecules, thereby activating the reactants and 

reducing the activation energy of the reaction. For example, in some redox reactions, metal ions can 

transfer electrons by changing their oxidation state, promoting the progress of the reaction. The 

functional groups on organic ligands cannot be ignored, as they can synergistically interact with 

metal ions or directly participate in catalytic reactions. For example, the amino functional groups on 

organic ligands can enhance catalytic activity by forming hydrogen bonds or undergoing 

nucleophilic reactions with reactant molecules. The presence of these active sites enables MOFs to 

demonstrate enormous potential in the field of catalysis, enabling various types of catalytic 

reactions and providing new avenues for developing efficient and green catalytic systems. As stated 

in reference [6], these properties make MOFs have broad application prospects in the field of 

catalysis. 

2.3 Advantages of MOFs in the field of catalysis 

The high specific surface area of metal organic frameworks (MOFs) is undoubtedly a significant 

advantage as catalysts. Compared with traditional catalysts, MOFs exhibit significantly higher 

specific surface area values, which enables them to provide more abundant catalytic active centers. 

As a key site for catalytic reactions to occur, the increase in the number of catalytic active centers is 

directly related to the improvement of catalytic reaction rate, thereby significantly improving 

catalytic efficiency. MOFs have rich and diverse active sites. These active sites can be naturally 

provided by metal ions or organic ligands, or introduced through careful functionalization 

modifications. These active sites not only have an advantage in quantity, but are also diverse in 

types, which enables MOFs to adapt to different types of catalytic reactions and demonstrate 

excellent adaptability. This diversity has opened up extremely broad application prospects for 

MOFs in the field of catalysis. The pore structure of MOFs has excellent controllability. By cleverly 

changing the types and ratios of metal ions and organic ligands, researchers can accurately control 

the pore size and shape of MOFs. This precise controllability enables MOFs to act as precise sieves, 
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efficiently screening reactants and products, thereby achieving high selectivity catalysis for specific 

reactions. In the catalytic synthesis process, this high selectivity is particularly crucial because it can 

effectively reduce the generation of by-products and significantly improve the purity and yield of 

the product. Some MOFs materials also exhibit excellent chemical and thermal stability. This 

means that they can maintain their structural integrity and catalytic activity over a wide temperature 

range and diverse chemical environments. This stability enables MOFs to adapt to various catalytic 

reaction conditions, especially in harsh reaction environments such as high temperature, high 

pressure, or strong acids and bases. MOFs can still exert their catalytic efficiency, further expanding 

their application scope in the field of catalysis [7,8]. 

3. Research status of fluoroboric acid decomposition reaction 

3.1. Traditional catalytic methods 

In the field of traditional catalytic methods, the decomposition reaction of fluoroboric acid has 

always been an important research direction. To facilitate this reaction, researchers typically use 

inorganic catalysts such as metal oxides and metal salts. In practical applications, these traditional 

catalysts often exhibit some obvious limitations. The relatively low activity of these catalysts means 

that they require higher temperatures or longer reaction times to effectively catalyze the 

decomposition of fluoroboric acid. This not only increases energy consumption, but may also 

trigger a series of problems that are not conducive to production, such as equipment corrosion, 

safety risks, etc. In traditional catalytic processes, they can also easily trigger some side reactions 

that compete with the target reaction, thereby reducing the purity and yield of the target product. 

This not only increases the difficulty of subsequent separation and purification, but may also lead to 

waste of resources and increased costs. Given these limitations, researchers have been striving to 

find and develop new catalytic methods and catalysts to improve the efficiency and selectivity of 

the fluoroboric acid decomposition reaction. 

3.2. The significance of introducing MOFs 

In the research process of fluoroboric acid decomposition reaction, the limitations exposed by 

traditional catalytic methods have prompted researchers to actively explore more effective solutions. 

The introduction of metal organic frameworks (MOFs) into the fluoroboric acid decomposition 

reaction undoubtedly brings new hope to this field, and is expected to overcome the inherent 

shortcomings of traditional catalytic methods from multiple key aspects. The unique high specific 

surface area and abundant active sites of MOFs provide strong potential for enhancing the catalytic 

activity of fluoroboric acid decomposition reactions. The intricate porous structure of MOFs 

endows them with an extremely high specific surface area, typically reaching 1000-6000 m ²/g. 

Such a large specific surface area is like building a broad stage for catalytic reactions, allowing 

more active sites to be fully exposed. These active sites are derived not only from the unique 

electronic structure and coordination ability of metal ions, but also from the rich and diverse 

functional groups on organic ligands. In the decomposition reaction of fluoroboric acid, a large 

number of active sites act as dense "catalytic engines" that can fully contact and interact with 

fluoroboric acid molecules, effectively reducing the activation energy of the reaction. This means 

that the reaction does not need to be carried out under harsh conditions such as high temperature, 

and can occur efficiently, greatly improving the rate of catalytic reaction and thus enhancing the 

overall catalytic activity. 

The controllable pore structure of MOFs exhibits excellent selective control ability in the 

fluoroboric acid decomposition reaction. Researchers can achieve precise control of the pore size 
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and shape of MOFs by cleverly selecting different types of metal ions and organic ligands, and 

precisely adjusting their ratios. This precise regulatory ability makes MOFs act like a specially 

designed "molecular sieve" in the fluoroboric acid decomposition reaction. It can selectively screen 

molecules involved in the reaction based on the size, shape, and chemical properties of reactants 

and product molecules, effectively reducing the occurrence of side reactions. For example, in 

complex reaction systems where the decomposition of fluoroboric acid may produce multiple 

by-products, MOFs can rely on their unique pore structure to only allow fluoroboric acid molecules 

to enter the pores in a specific orientation and react with active sites, while excluding impurities or 

other interfering molecules that may cause side reactions, ensuring efficient reaction towards the 

direction of generating the target product, significantly improving the purity and yield of the target 

product. 

The stability possessed by MOFs is another important advantage for their application in the 

decomposition reaction of fluoroboric acid. In the process of fluoroboric acid decomposition 

reaction, whether under extreme conditions such as high temperature and high pressure, or facing 

complex chemical environments, the stability of MOFs can ensure the integrity of their structure 

and the sustainability of their catalytic activity. MOFs are three-dimensional network structures 

formed by self-assembly of metal ions and organic ligands through coordination bonds, which 

endow them with excellent chemical and thermal stability. This stability enables MOFs as catalysts 

to maintain stable performance over long reaction periods without the need for frequent catalyst 

replacement, reducing production costs and operational complexity. At the same time, it also 

provides the possibility of achieving continuous and large-scale production processes of fluoroboric 

acid decomposition, laying a solid foundation for industrial applications. As pointed out in 

reference [9], the potential advantages of MOFs in the decomposition reaction of fluoroboric acid 

make them highly promising catalytic materials, with the potential to lead technological innovations 

in this field. 

4. Research progress on MOFs catalyzing the decomposition of fluoroboric acid 

4.1. The influence of different MOF structures on catalytic activity 

In the study of the catalytic activity of MOFs on the decomposition reaction of fluoroboric acid, 

different MOF structures exhibited key influences. Among them, MOFs materials with open metal 

sites play an important role in catalytic processes. Some MOFs may expose open metal sites during 

the synthesis stage or after undergoing post-treatment processes, which can be regarded as powerful 

active centers that can strongly interact with fluoroboric acid molecules. Taking MOF-74 series 

materials containing unsaturated metal sites as an example, their open metal sites, with their unique 

electronic structure and coordination ability, act as powerful "molecular catchers" that can 

efficiently adsorb and activate fluoroboric acid molecules, providing key impetus for the initiation 

and promotion of fluoroboric acid decomposition reactions and effectively promoting the smooth 

progress of decomposition reactions. At the same time, the influence of the porous structure of 

MOFs on catalytic activity cannot be ignored. Specifically, the pore size and shape of MOFs play 

an important role in the catalytic process. Smaller pores are like carefully designed 'molecular 

channels', which can significantly increase the contact opportunities between reactant molecules 

and active sites. Just like in narrow channels, reactant molecules are more likely to collide and react 

with surrounding active sites, effectively improving catalytic efficiency. The appropriate pore shape 

is like a "molecular director", which can cleverly guide the orientation of reaction molecules, 

allowing them to interact with the active site in a more favorable posture for the reaction to occur, 

creating favorable conditions for the reaction to proceed. Research has found that ZIF series MOFs 

with nanoscale pores exhibit certain activity in catalyzing the decomposition reaction of fluoroboric 
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acid. Moreover, its unique pore structure also has a certain regulatory ability on the selectivity of 

the reaction, which can guide the reaction towards a specific direction to a certain extent, generate 

target products, reduce the occurrence of side reactions, and further highlight the importance of 

porous structures in MOFs catalyzed fluoroboric acid decomposition reactions. As revealed in 

references [10] and [11], these different structural characteristics have a profound impact on the 

activity and selectivity of MOFs in catalyzing the decomposition of fluoroboric acid, providing 

important basis for further understanding and optimizing the catalytic performance of MOFs in this 

reaction. 

4.2 Relationship between MOFs Composition and Catalytic Activity 

When exploring the relationship between the composition and catalytic activity of MOFs, metal 

ions and organic ligands play a crucial role. Different metal ions, due to their unique electronic 

structures and coordination abilities, have a significant impact on the catalytic activity of MOFs. 

Taking transition metal ions as an example, such as Cu ² ⁺ , Zn ² ⁺ , Fe ³ ⁺ , etc., their unique 

electronic properties exhibit different activity performances in the catalytic process of fluoroboric 

acid decomposition reaction. Research data shows that under specific conditions, HKUST-1 MOF 

containing Cu ² ⁺  exhibits excellent catalytic activity for the decomposition of fluoroboric acid, 

while ZIF-8 containing Zn ² ⁺  has relatively lower catalytic activity under the same conditions. 

This difference fully demonstrates that the selection of metal ion types plays a crucial role in the 

catalytic activity of MOFs in the fluoroboric acid decomposition reaction. Meanwhile, the role of 

organic ligands in it should not be underestimated. Organic ligands not only participate in the 

structural construction of MOFs, but more importantly, they can profoundly affect the catalytic 

activity of MOFs through synergistic effects with metal ions. The rich and diverse functional groups 

on ligands are key factors in achieving this effect, as they can finely regulate the electron cloud 

density around metal ions, thereby affecting the ability of metal ions to adsorb and activate 

fluoroboric acid molecules. For example, ligands containing functional groups such as carboxyl and 

pyridine can enhance the interaction between MOFs and fluoroboric acid molecules based on their 

functional group characteristics, making it easier for fluoroboric acid molecules to be adsorbed and 

activated, thereby effectively improving the catalytic activity of MOFs in fluoroboric acid 

decomposition reactions. As described in references [12] and [13], metal ions and organic ligands 

jointly shape the catalytic activity of MOFs in the fluoroboric acid decomposition reaction through 

their unique ways. In depth research on their relationship is of great guiding significance for 

optimizing the catalytic performance of MOFs. 

4.3. Exploration of Catalytic Mechanism 

At present, although some research results have been achieved in the field of metal organic 

frameworks (MOFs) catalyzing the decomposition of fluoroboric acid, the scientific community has 

not yet reached a completely clear consensus on its exact catalytic mechanism. Based on existing 

research progress, scientists have put forward some widely recognized viewpoints. It is generally 

believed that the interaction between fluoroboric acid molecules and MOFs is the starting point of 

the reaction throughout the entire catalytic reaction process. This interaction is mainly achieved 

through physical or chemical adsorption, which tightly binds fluoroboric acid molecules to the 

active sites of MOFs. Physical adsorption is based on van der Waals forces between molecules, 

which allow fluoroboric acid molecules to temporarily adhere to the surface of MOFs; Chemical 

adsorption involves the formation of chemical bonds, which is more robust and can create more 

favorable conditions for subsequent reactions. When the fluoroboric acid molecule binds to the 

active site, under the strong action of the active site, the chemical bonds inside the molecule begin 
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to break and recombine, thereby achieving the decomposition reaction of fluoroboric acid. In this 

process, metal ions play a crucial role. Due to the unique electronic structure and coordination 

ability of metal ions, they may form coordination bonds with fluorine or boron atoms in fluoroboric 

acid, affecting the electron cloud distribution of fluoroboric acid molecules and thereby reducing 

the activation energy required for the reaction. For example, the empty orbitals of certain transition 

metal ions can form coordination with lone pair electrons of fluorine or boron atoms, which acts as 

a "booster" for the reaction, making the chemical bond breaking process that originally required 

higher energy relatively easy, thereby accelerating the reaction. Meanwhile, organic ligands are not 

bystanders, they play an indispensable synergistic role in the catalytic process. Organic ligands not 

only participate in the construction of the overall structure of MOFs, but also can further promote 

the smooth progress of reactions by influencing the electronic properties and spatial structure of 

metal ions. Specifically, functional groups on ligands can alter the electron cloud density around 

metal ions through electronic effects such as induction and conjugation, thereby affecting the 

strength of the interaction between metal ions and fluoroboric acid molecules. In addition, the 

spatial structure of organic ligands can also affect the coordination environment of metal ions, 

thereby affecting the selectivity and rate of reactions. For example, some organic ligands with 

specific spatial configurations can provide specific reaction spaces for fluoroboronic acid molecules, 

guiding the reaction in a specific direction. In addition, the unique pore structure of MOFs also 

plays an important role in the catalytic process, which has an undeniable impact on the selectivity 

and rate of the reaction. The pores of MOFs are like carefully designed 'molecular reactors', which 

restrict the diffusion of reactants and products, making the reaction more inclined to occur at 

specific active sites. A smaller pore size can increase the collision probability between reactant 

molecules and active sites, thereby improving the reaction rate; The shape and surface properties of 

the pores can screen the reactants and products, allowing only molecules of specific sizes and 

shapes to pass through, thereby achieving selective control of the reaction. For example, certain 

MOFs with special pore structures can preferentially adsorb fluoroboric acid molecules, while 

having a repulsive effect on impurity molecules that may cause side reactions, allowing the reaction 

to proceed more efficiently towards the direction of generating the target product. As mentioned in 

references [14] and [15], these aspects collectively constitute the complex mechanism of MOFs 

catalyzing the decomposition of fluoroboric acid. Although it is not yet fully understood, these 

studies provide important foundations and directions for further exploration in this field. 

5. Conclusion and Prospect 

Metal organic frameworks (MOFs) materials have shown considerable application prospects in 

the field of catalyzing the decomposition of fluoroboric acid. Its unique structure and characteristics 

have opened up a new path for overcoming the challenges faced by traditional catalytic methods. 

Through in-depth exploration of the structure and composition of different MOFs, researchers have 

found that these factors have a significant impact on the catalytic activity and selectivity of the 

fluoroboric acid decomposition reaction, and have conducted preliminary discussions on possible 

catalytic mechanisms. At present, research in this field is still in its early stages, and there are still 

many urgent problems that need to be solved. The high synthesis cost of MOFs materials greatly 

restricts their large-scale application; The stability of some MOFs in the fluoroboric acid system 

needs further improvement; However, the research depth on the catalytic mechanism is still shallow, 

and more experiments and theoretical calculations are needed to verify and improve it. 

Looking ahead to the future, relevant research can be further promoted from the following 

dimensions: firstly, efforts should be made to develop more economical and efficient methods for 

synthesizing MOFs, which can reduce costs while improving yields, thereby enhancing the 
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cost-effectiveness and market competitiveness of MOF materials. The second is to carefully design 

and synthesize new MOFs materials with higher stability and activity. By scientifically and 

reasonably selecting metal ions and organic ligands, the structure of MOFs is optimized to 

comprehensively improve their performance. The third is to delve into the mechanism of MOFs 

catalyzing the decomposition of fluoroboric acid. By utilizing advanced characterization techniques 

and theoretical calculation methods, we can deeply analyze and reveal the microscopic processes of 

reactions, providing solid theoretical support for optimizing catalytic performance. The fourth is to 

actively expand the application scope of MOFs in fluoroboric acid related reactions, deeply explore 

their feasibility in actual industrial production, and promote the transformation of scientific research 

achievements into actual productivity. I believe that with the continuous deepening of research, 

MOFs will show broader application prospects in catalyzing the decomposition of fluoroboric acid 

and related fields, injecting new vitality and momentum into the development of this field. 
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