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Nanoporous Materials (What are?, and types)

• Consist of regular organic or inorganic structure, supporting a periodic porous system
• Nanoporous materials are classified by their pore size: microporous (<2 nm), mesoporous (2–50 nm), and 

macroporous (>50 nm)
• Nanofibers, nanosheets, nanospheres, etc

Metal Organic Frameworks



•Nanoporous Materials (What are?, and types)

Nanoporous materials are divided into categories: 
Microporous materials like zeolites have very small pores useful for selective catalysis and gas separation
Mesoporous materials offer a balance with larger pores for better accessibility while retaining high surface area, 
making them useful for drug delivery and catalysis with larger molecules
Macroporous materials, with the largest pores, have the easiest access but lower selectivity
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Publications in zeolites and MOFs



•Zeolites are microporous crystalline solids with well-defined structures. Generally, they contain silicon, aluminium and 
oxygen in their framework and cations, water and/or other molecules within their pores.

•Zeolites form with many different crystalline structures, which have large open pores (sometimes referred to as cavities) in 
a very regular arrangement and roughly the same size as small molecules.

•The most interesting thing about zeolites is their open, cage-like framework structure and the way it can trap other 
molecules inside it.

ZEOLITES: (INORGANIC NANOPOROUS COMPOUNDS)



Synthetic Approaches 

Hydrothermal

Green Synthesis Methods

The microwave-assisted method is characterized by having mild reaction conditions and high crystallization rate. This 
method has been developed to promote the nucleation rate of zeolites through increasing of the crystallization rate.

Cr-supported and TiO2-doped photocatalytic natural zeolites through displacing of TiO2 lattice with Ti4+ sites due to the 
close ionic radius of Ti4+ and Cr3+. They bring enhancement to the binding force of Cr/O/Ti through the increment of 
calcination temperature. This improves the photocatalytic activity of the synthesized zeolites 

ZEOLITES: (INORGANIC NANOPOROUS COMPOUNDS)

The ionothermal synthesis method is characterized using 
ionic solvent and template to avoid high pressure, which is 
caused by water vapor. In 2004, Wang et al. reported the first 
synthesis of aluminophosphate and silico-
aluminophosphate zeolites through the ionothermal method. 
This resulted in high efficient and high surface area zeolite. 



Publications in Zeolites

ZEOLITES: (INORGANIC NANOPOROUS COMPOUNDS)



POFs: (ORGANIC NANOPOROUS COMPOUNDS)

•POFs are composed of different organic moieties linked by covalent bonds, resulting in ordered and rigid structure

•Exceptional thermal stabilities and low frameworks densities

•Exhibit permanent porosity and specific surface areas

•Application: Gas storage, separation, catalysis, and etc



POFs: (ORGANIC NANOPOROUS COMPOUNDS)



POFs: (ORGANIC NANOPOROUS COMPOUNDS)
Synthetic Approaches
1. Bottom-up Polymerization
•Principle: Controlled covalent bonding between organic monomers with defined geometry.
•Common reactions:

• Condensation reactions: e.g., boronic acid trimerization, imine formation, triazine formation.
• Coupling reactions: Suzuki, Sonogashira, Yamamoto couplings for PAFs and CMPs.
• Click chemistry: azide–alkyne cycloaddition for mild, modular synthesis.

•Solvothermal synthesis is typical for crystalline COFs (temperature 80–200 °C, in mixed solvents such as 
dioxane/mesitylene or DMF).



Synthetic Approaches
2. Template-assisted or Sol–Gel Methods
•Used for amorphous POFs to create meso-/macroporous structures.
•Soft or hard templates (e.g., micelles, silica nanoparticles) guide porosity.
•Template removed by calcination or chemical etching.

3. Mechanochemical Synthesis
•Solvent-free ball milling of monomers under controlled conditions.
•Environmentally friendly, scalable, and increasingly popular for COFs and CMPs.

4. Post-synthetic Functionalization
•Surface modification (e.g., sulfonation, amination) to tune hydrophilicity or catalytic activity.
•Can introduce specific binding sites for gases, pollutants, or ions.

POFs: (ORGANIC NANOPOROUS COMPOUNDS)



Metal Organic Frameworks

• Metal-Organic Framework, abbreviated to MOF, is a Coordination Polymer (or alternatively Coordination 
Network) with an open framework containing potential voids.

• MOFs are self-assembled metal clusters with organic ligands, are well known for their structure, permanent 
porosity, and tunable properties and have shown great prospect for various applications.



Metal Organic Frameworks
Basic structure

MOFs structures made up of inorganic nodes, which can either 
be single ions or clusters of ions, and organic linkers.
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Metal Organic Frameworks

Why so many different 
applications?



Metal Organic Frameworks

Structural features

They contain potential voids which can be used for various 
application.

•Very low density
•Crystalline
•Large voids
•Significant van der Waals interaction



Metal Organic Frameworks

Synthetic Approaches

Ultrasonic assisted 
reverse micelle method 



Metal Organic Frameworks

Synthetic Approaches

Ultrasonic assisted 
reverse micelle method 

Different methods of synthesis of MOFs have been described:

Traditional synthesis:

I) Hydrothermal/solvothermal (special closed chemical reactors, boiling temperature of the solvent 
or above this boiling point, elevated pressure caused by solvent vapour or produced by a pump)

II) non-solvothermal (open flasks, below the solvent boiling point, at atmospheric pressure)

Notice: method II does not require complex equipment
Method I (Solvothermal synthesis) affords higher yields and better crystallinity of the product, but 
requires special equipment (autoclaves or sealed containers that can withstand increased pressure); 
in addition, the duration of the process should be taken into account (the synthesis can continue for 
several weeks and even months)



Metal Organic Frameworks

Synthetic Approaches

Microwave approach
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Synthetic Approaches

Electrochemical approach
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Synthetic Approaches

Mechanochemical approach



Metal Organic Frameworks

Synthetic Approaches

Sonochemical approach
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Synthetic Approaches

Conventional solvothermal approach
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Conventional solvothermal approach
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Synthetic Approaches

Conventional solvothermal approach
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Metal Organic Frameworks

Synthetic Approaches

But most of the time, MOFs are synthesized by combining organic ligands and metal salts in 
solvothermal reactions at low temperatures (below 300°C), that:

➤ Polar solvent: Water, dialkyl formamides, dimethyl sulfoxide or acetonitrile.

➤ The most important parameters of solvothermal:

Temperature, 
the source and concentration of metal salt and ligand (which can be varied across a large range),

the solubility of the reactants in the solvent, 

the pH of the solution, 

reaction time and etc.



Metal Organic Frameworks

Importance of pore size

• Many potential applications of MOFs depends on the size and nature of the available free volume or pores 
within the frameworks structure

• Tuning of the pores is typically achieved by variation of the metal ions or organic ligands

• Lengthening the organic chains can lead to increased pore size but is often limited by a decrease in stability 
of the framework

• With no gas present, the thermal conductivity decreases with increasing pore size. In the presence of adsorbed 
gas, MOFs with smaller pores experience reduced thermal conductivity due to phonon scattering introduced by gas 
crystal interactions

• For larger pores (>1.7 nm), the adsorbed gas does not significantly affect thermal conductivity

• This difference is due to the decreased probability if gas-crystal collisions in larger pore structures 



Metal Organic Frameworks
Topology 



Metal Organic Frameworks
Topology

The coordination complex formed by the metal ions ad the donor atoms of the linker, termed 
the secondary building unit (SBU), dictates the final topology of the MOF framework 



Metal Organic Frameworks
Common ligands used for MOFs



Metal Organic Frameworks
Properties of MOFs

•The backbone of the compound is constructed from metal ions which act as connectors and 
organic bridging ligands as linkers.

•Readily accessible porosity.

•The coexistence of inorganic (hydrophilic) and organic (hydrophobic) moieties in structure may 
influence on adsorption properties.

•Although most of MOFs are electrical insulators, several materials in this class have recently 
demonstrated excellent electrical conductivity and high charge mobility.

•The thermal stability of MOFs is determined by the coordination number and local coordination 
environment instead of framework topology.

•In general MOFs are poor thermal conductors with thermal conductivity that is similar to concrete.



For better application

•Surface Area: MOFs with higher surface area are more desirable.

•Pore Size: MOFs must have the proper pore size to allow uptake and release of 
analytes.

•Stability: MOFs must exhibit reasonable stability upon exposure to oxygen, moisture, 
the analytes of interest or changes in temperature.

•Solubility: MOFs should be insoluble in aqueous media.

•Analyte interaction: MOFs may exhibit special structural characteristics that may 
facilitate selective uptake and release of analytes.

Metal Organic Frameworks



Chemistry of MOFs

•The organic linkers used in MOFs are capable of connecting two metal oxide clusters (ditopic linkers)

•Linkers with higher dimensionality can also be used

•Organic ligands with rigid backbones are often preferred, because the rigidity makes it easier to 
predict the network geometry, and in addition the rigidity also helps to sustain the open pore structure 
after the removal of the included solvent

•Transition metal ions are often used as the inorganic components of MOFs. Different metal ions are 
well known to prefer different coordination numbers and geometries, such as linear, T- or Y-shaped, 
tetrahedral, square-planar, square-pyramidal, trigonal-bipyramidal, octahedral, trigonal-prismatic, and 
pentagonal-bipyramidal

•The bonds formed between the metal ions and donor atoms of the linker are strong and as a result, the 
extended network structure in the MOF is quite robust

Metal Organic Frameworks



Metal Organic Frameworks
Applications of MOFs
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Publications of MOFs



SYNTHESIS OF ZEOLITES:
•Around 200 framework types of zeolites have been 
synthesized and reported

•Primarily, zeolites have been synthesized using 
hydrothermal methods

•The lower number of framework structures of zeolites is 
due to the low number of building unites and mystery in 
the self-assembly processes of zeolites. In general, the 
synthesis of new framework structures is difficult to achieve

Metal Organic Frameworks vs Zeolites

SYNTHESIS OF MOFs:
•The synthesis of new MOFs is widely studied because of 
the variety in combinations of metal ions and bridging 
ligands

•These structures are important with regard to the 
surface area. Likewise, the incorporation of functional 
building unites basically allows their molecular 
functionality to be adopted by porous materials

•Most of these are synthesized using hydrothermal 
methods, along with microwave or ionothermal
synthetic methods

•Interest in them is also due to their topological 
structures, which are not found in inorganic salt or 
molecular crystals



PROPERTIES OF ZEOLITES:
•One of the most important properties of zeolites is their 
acidity. Zeolites have Brostened acidic proton sites as 
counterparts to anionic frameworks, which can be 
introduced by the isomorphous substitution of Si(IV) by 
Al(III) atoms in the TO4 tetrahedral (T= Si, Al)

Metal Organic Frameworks vs Zeolites

PROPERTIES OF MOFs:
•Adsorptive properties are tunable in terms of pore 
functionalization. MOF-74 can be synthesized with a 
variety of metal centers such as Zn2+, Fe2+, Co2+, etc

•The H2 adsorption heat is also tunable. These 
tunabilities in relation to the adsorption energy are 
particularly important for gas separation based on 
interactions

•The flexibility of the framework is specific for MOFs 
and has been shown as unique porous properties. This is 
because such porous materials change their structures 
in response to guest adsorption, making these 
materials useful for some applications



APPLICATIONS OF ZEOLITES:
•Catalytic applications are more ideal for zeolites because 
of the use of robust frameworks and their acidic sites 
compared with MOFs. Acidic sites provide various organic 
reactivity such as cracking and isomerization. Tons of 
zeolites have been used for the fluid catalytic cracking of 
heavy oils.

•Redox active sites are introduced using metal site 
substitutes such as Ti and Sn. The redox activity can be used 
for epoxidation, and so on.

•Extra-framework cations such as Cu2+ and encapsulated 
clusters such as Pt clusters can also be catalytic reaction 
sites.

Metal Organic Frameworks vs Zeolites

APPLICATIONS OF MOFs:
Gas adsorption applications as portable storage are 
more suitable for MOFS because of the light composition 
of formula weights. 

Hydrogen and methane gases are the general targets for 
gas storage as a demonstration of energy transport. 

Gas separation applications have also been studied. 
Syn-gas can be contaminated with CO2. Therefore, 
CO2/CH4 or C2H6/CH4 separation has been studied.

…….
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Metal Organic Frameworks
H2 storage

Chem. Soc. Rev. 2009, 38, 11284

Στόχος

40 (STP) gΗ2/Lμέσου (-40 έως -60°C, <100bar)
Ζεόλιθοι

<10 gΗ2/Lμέσου 



Metal Organic Frameworks
CH4 storage and transport

Chem. Soc. Rev. 2009, 38, 11284

Στόχος

263 gCH4/Lμέσου(25 °C, 35 bar)  

Ζεόλιθοι

<100 gCH4/Lμέσου

Πορώδη Υλικά από Άνθρακα

50-160 gCH4/Lμέσου



Chem. Soc. Rev. 2009, 38, 11284

PCN-17

(MOF YbIII) 77 K

O2,~210 cm3/g

H2,~105 cm3/g

N2 και O2,~20 cm3/g

Metal Organic Frameworks
Selectivity in gas adsorption



Adsorption Simulations on 
Metal-Organic Frameworks 

for Air Separation
Sean McIntyre

Dr. Bin Mu and Bohan Shan

26th Annual Arizona/NASA Undergraduate Research Symposium

Sheraton Phoenix Airport Hotel Tempe

April 22, 2017



Methods

• Grand Canonical Monte Carlo (GCMC) adsorption simulations 
were executed using RASPA molecular software
• Structural data of the material were defined using crystallographic 

information files

• Universal force field and DREIDING force field parameters were 
utilized for atomistic interactions
• Non-bonding van der Waals and electrostatic parameters

• This is the conventional approach for adsorption simulations in MOFs



Results
UMCM-1 (Zn metal + btb ligand) MOF-177 (Zn metal + btb ligand)

Li, Y., et al.; Gas Adsorption and Storage in Metal-Organic 

Framework MOF-177; Langmuir 2007, 23, 12937-12944

• Particularly accurate prediction of isotherms for these MOFs

Mu, B., et al.; Gas Adsorption Study on Mesoporous Metal-

Organic Framework UMCM-1; J. Phys. Chem. C 2010, 114, 

6464–6471.



Results

Bloch, E.D., et al; Selective Binding of O2 over N2 in a Redox-

Active Metal-Organic Framework with Open Iron(II) Coordination 

Sites; J. Am. Chem. Soc. 2011, 133, 14814–14822.

MOF-74 (Fe metal + dobdc ligand) UiO-66 (Zr metal + bdc ligand)

• Reported heat of adsorption of MOF-74: -41 kJ/mol

• Simulation heat of adsorption: -12 kJ/mol
• Nitrogen selectivity not predicted

Piscopo C.G., et al.; Positive effect of the fluorine moiety on the 

oxygen storage capacity of UiO-66 metal–organic frameworks; 

New J. Chem., 2016, 40, 8220–224.



Conclusion

• Generic force fields adequately predicted physical adsorption of 
various MOFs

• The force fields must be modified in order to screen for 
nitrogen-selectivity or oxygen chemisorption

• Future work will involve the development and comparison of 
more advanced force field
• Goal to propose a computationally-efficient means of screening for 

nitrogen-selectivity and chemisorption in MOFs



+ high permeability 

- low selectivity

• high aspect ratio

• cover more area

• reduce defects

• promote selective transport
GOAL

Uniform dispersion, strong polymer–filler interaction, 

controlled thickness and orientation

tunable pores, high 

surface area, 

functionalizable

Metal Organic Frameworks
Selectivity in gas separation



2D MOFS SELECTED FOR SEPERATION CO2

Kinetic diameters of industrially important gas molecules and examples of MOF prepared in the form 

of nanosheets or plates with high aspect ratio

Metal Organic Frameworks
Selectivity in gas separation



Metal Organic Frameworks
Selectivity in gas separation

2D MOFS SELECTED FOR SEPERATION CO2

ns - CuBDC

Linker

(a)Schematic illustration of the three-layer synthesis strategy. 

(i), the middle buffer layer (ii), and the Cu2+ ion layer (iii). 

(b) Crystalline structure of the 2D CuBDC MOF. 
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Metal Organic Frameworks
Selectivity in gas separation

Fabrication of mixed matrix membranes

MMMs exhibited separation 

performances with high CO2 permeability 

and decent CO2/CH4 selectivity



2D MOFS SELECTED FOR SEPERATION CO2

➢ 2D ZIF-8 nanosheets
2-Methylimidazole

Metal Organic Frameworks
Selectivity in gas separation



2D MOFS SELECTED FOR SEPERATION CO2

➢ 2D ZIF-8 nanosheets

0.36 g of Zn(NO3)2⋅6H2O and 0.8 g of 2-mIm were

dissolved in an aqueous SDS solution (0.4 g of SDS

in 45 mL of deionized water) and 5 mL of deionized

water, respectively. Then, the later was injected into

the former under stirring for 1 min and the mixture

were transferred into an autoclave, which was kept at

120 oC for 4 h.

2-Methylimidazole

Metal Organic Frameworks
Selectivity in gas separation
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Metal Organic Frameworks
Selectivity in gas separation

The Pebax-2D ZIF-8(10) shows relatively higher rate of 
increases in both diffusivity and solubility of CO2 than those 
of N2, leading to higher SD (∼5.2), SS (∼18.1) 

The enhanced diffusion-based CO2/N2 separation was 
possibly enabled by the combined effect of the 
aforementioned increased tortuosity and molecular sieving 
capability of the nanoporous 2D ZIF-8 fillers



Hybrid Synergy with MOFs and 
Metal Phosphate Materials

Photocatalytic Oxidation of Water

H2Storage and CO2 capture

Gas release mechanisms 

Synergy

MOF-500 - [(Fe3O)4 (SO4)12(BPDC)6 (BPE)6] [Co(II)-(PO3F)]4F[PO2F2]2.H2O

Mn

Mn Pt

Pt Pt

H2O O2 H+

e-

H2+

e-

Tuneable pore sizes

Molecular anode Molecular cathode

Conjugated linker connecting metals

Functionalized organic ligands 

with terminal COOH groups

Mn

Mn Pt

Pt Pt

H2O O2 H+

e-

H2+

e-

Tuneable pore sizes

Molecular anode Molecular cathode

Conjugated linker connecting metals

Functionalized organic ligands 

with terminal COOH groups

H2 storage and CO2 capture



Metal Organic Frameworks
CO2 reduction and H2 production/water splitting

• Atmospheric CO2 and H2O can be 
converted into renewable fuel and 
chemicals such as methane (CH4), formic 
acid (HCOOH) and methanol (CH3OH) 
using photocatalytic strategies under low 
temperature and atmospheric pressure 
without further polluting the environment

• However, one of the major challenges in 
photocatalysis is the inefficient utilization of 
the solar spectrum, which is associated with 
their wide bandgap and lower photocatalytic 
efficiency due to the fast recombination of 
photogenerated electrons and holes



Metal Organic Frameworks
CO2 reduction and H2 production/water splitting

• MOFs are good candidates for application in heterogeneous photocatalytic due to their superior 
porosity and a well-ordered donor-acceptor interface suitable for effective electron-hole separation



Metal Organic Frameworks
H2 production

Examples that highlight the promise of MOFs as water 
oxidation photocatalysts include:

➢A Zr-terephthalate based MOF has been shown to have a 
quantum efficiency of 3.5% (compared with rutile TiO2 of 8%)
➢A framework incorporated organometallic iridium species 
has shown promise for water oxidation, with heterogeneity 

allowing for recycling of the catalyst

Current Status on Photolysis of Water 
using Porous Framework Materials

• With a vast diversity of MOF structures, there is a 
vast untapped potential for hydrogen generation 
using MOF photocatalysts



Metal Organic Frameworks
Supercapacitors

• Supercapacitors are high-capacity 
energy storage devices that bridge the 
gap between conventional capacitors 
and rechargeable batteries by storing 
energy electrostatically

• Metal–organic frameworks (MOFs) have 
attracted intensive attention for high-
performance supercapacitors owing to 
their large specific surface area and 
tunable pore structure



Metal Organic Frameworks
Supercapacitors

ACS Applied Energy Materials (2019), 2 (3), 2063-2071

• Ultrathin NiCo-MOF nanosheets fabricated by a facile 
ultrasonication at room temperature employed as a 
supercapacitor electrode material

• The unique nanosheet-like structure of NiCo-MOF 
provides more electroactive sites and a shorter pathway 
for electron transfer and electrolyte diffusion, resulting 
in excellent electrochemical performance 

• The results demonstrate a new method to fabricate 
ultrathin MOF nanosheets for high-performance 
supercapacitor electrode materials



Metal Organic Frameworks
Wastewater Treatment

• Wastewater treatment is critically important 
for the existence of life on earth; however, this 
approach involves the removal of toxic metal 
contaminants and organic pollutants, 
requiring efficient adsorbent materials

• Within this agenda, metal-organic frameworks 
(MOFs) appear to be potential materials due to 
their unique properties as efficient adsorbents, 
effective photocatalysts, and reliable semi-
permeable membranes



Metal Organic Frameworks
Wastewater Treatment

Chemosphere, 349, 140729, 2024 



Metal Organic Frameworks
Wastewater Treatment

Chemosphere, 349, 140729, 2024 

Publications in MOFs wastewater 
treatment 



Metal Organic Frameworks
Wastewater Treatment

Chemosphere, 349, 140729, 2024 

Physisorption 

Chemisorption 



Metal Organic Frameworks
Wastewater Treatment

Mechanism 

Ismail et al., Scientific Reports volume 15, Article number: 9439 (2025)
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Wastewater Treatment



Metal Organic Frameworks
Wastewater Treatment

• Six kinds of MOFs and PVDF powders, such as 
UiO-66, MIL-101 (Cr), MIL-101 (Fe), Cu-BTC, 
MIL-53 (Fe), ZIF-8, were blended into DMF 
according to the mass ratio of 2:1, and six 
large-scale doped MOFs/PVDF MMMs were 
prepared, extremely crystalline, porous, and 
adaptable MOFs in these MMMs can still 
undergo additional chemical alterations using 
postsynthetic modification (PSM) and 
postsynthetic exchange (PSE) procedures. 

• It was discovered that UiO-66/PVDF can 
successfully remove 10 μM Coomassie 
brilliant blue R-250 from a mixed aqueous 
solution with methyl orange and entirely 
separate organic dye molecules in aqueous 
solution.



Metal Organic Frameworks
Wastewater Treatment

Photocatalysis 

Wang et al., Inorg. Chem. Front., 2020, 7, 300–339



Metal Organic Frameworks
Wastewater Treatment

Photocatalysis 



Metal Organic Frameworks
Wastewater Treatment

Photocatalysis/MOF membranes 

Feng et al., Separation and Puriϧcation Technology 355 (2025) 129540



Metal Organic Frameworks
Wastewater Treatment

Photocatalysis/MOF membranes 

Feng et al., Separation and Puriϧcation Technology 355 (2025) 129540



Metal Organic Frameworks
Controlled release of fertilizers and nutritions

The Challenge 

Over 90% of conventional 
fertilizers are lost due to 
volatilization or leaching.

Microplastic pollution from 
synthetic polymer coatings is 
degrading soil ecosystems.

Urgent need for biodegradable, 
efficient delivery systems to 
reduce waste and pollution.



Metal Organic Frameworks
Controlled release of fertilizers and nutritions

Several new technologies like plasmas, flow 
chemistry, Fe-based metal−organic 
framework (MOF), nanotechnologies, and 
microfluidic sensing have been developed

•Low Nutrient Use Efficiency (NUE) 
•Environmental Pollution – Excess fertilizer 
application 
•Variable Soil and Climatic Conditions –
Differences in soil composition
•Increased Agricultural Demand and 
Sustainability Concerns 

Challenges



Metal Organic Frameworks
Controlled release of fertilizers and nutritions

• Oxalate-phosphate amine-MOF with nitrogen, 
phosphorus, and iron nutrients, substantially 
improving wheat yield and nitrogen utilization 
efficiency in pot culture experiments

• 9.6 % enhancement after 96 h of treatment, in 
addition to chlorophyll content, protein and enzymes 
activities

Polymeric carriers

MOFs



Metal Organic Frameworks
Controlled release of fertilizers and nutritions

Polymeric nanocapsules



Metal Organic Frameworks
Controlled release of pesticides



Metal Organic Frameworks
Controlled release of fertilizers and nutritions

Stimuli-responsive
controlled release 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55: Adsorption Simulations on Metal-Organic Frameworks for Air Separation
	Slide 56: Methods
	Slide 57: Results
	Slide 58: Results
	Slide 59: Conclusion
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69: Hybrid Synergy with MOFs and Metal Phosphate Materials
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91

