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Modeling of Adsorption in UiO-66 and MOF-based Gas Sensor Arrays
Xin Wei, MS

University of Pittsburgh, 2021

Metal-Organic Frameworks (MOFs) have attracted significant interest for adsorption due
to their high degree of tailorability and large specific surface areas. The combination of tailorability
and well-defined crystalline pores makes MOFs very promising candidates for highly selective
adsorption.

In this study, we explored the properties and applications of MOFs in three areas. Firstly,
we studied how adsorption correlates with the number and types of defects. Molecular-level
modeling of adsorption and diffusion in MOFs almost always relies on models of MOFs that are
defect-free (pristine). However, all real MOFs have defects, which affect adsorption by changing
the environment of pores within the MOFs. A fundamental understanding of how defects impact
adsorption is important for identifying the limits of the performance of real materials, developing
improved design rules for new improved materials, and predicting and maximizing utilization of
the material. We initially consider UiO-66 with different levels of missing linker defects. The
structures of the generated defective MOFs were optimized using periodic density functional
theory with the CP2K simulation package. Adsorption isotherms were generated by carrying out
grand canonical Monte Carlo (GCMC) simulations in RASPA. We also investigated the effect of
different adsorbate-adsorbent charge schemes by comparing isotherms with no framework charges
and atomic charges calculated using DDEC6 and EQEQ methods.

Secondly, we generated new forcefields using the QuickFF formalism for both pristine

UiO-66 and 17% defective UiO-66 to facilitate simulation of flexible structures. Bulk modulus



calculations, relaxation, and NVT simulations were used to test the validity of the newly developed
potentials.

Thirdly, we studied one use of MOFs for developing an electronic nose, a device intended
to identify the composition of complex gas mixtures. We modified and improved the previously
developed algorithm by applying Henry’s law coefficients and moving CO, from the trace gas
category to background gas. Applying Henry’s law coefficient enables the prediction without
performing GCMC simulations of every specific composition combination. Treating CO; as a
background gas enlarged the library of MOFs we can use in the electronic nose by freeing it from

the restrictions of Henry’s coefficient of COx.
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1.0 Modeling of Adsorption in UiO-66

1.1 Introduction

Metal-organic frameworks (MOFs) have drawn growing interest in the adsorption and
degradation of chemical warfare agents (CWAs) and other hazardous industrial compounds
because they have a high-level degree of tailorability and the highest surface areas compared to
other typical porous materials. UiO-66 is among the most thoroughly investigated MOFs for this
purpose. The adsorption of isopropyl alcohol (IPA) and nitrogen in UiO-66 with differing defect
amounts is the subject of this research. We selected IPA and nitrogen as adsorbates since they are
small particles that can be analyzed experimentally and have similarities to different CWA:s.

MOFs have two main building blocks: organic linkers and inorganic secondary building
units (SBUs, also known as nodes). Figure 1 shows the arrangement of UiO-66. It is a periodic
structure composed of twelve 1,4-benzodicarboxylic acid linkers per node and [Zr604(OH)4]
nodes. The periodic structure of UiO-66 is seen in Figure 1b. The dark blue sphere represents the
octahedral pore, while the light blue sphere represents the tetrahedral pore; both may be used for

gas storage.



Tetrahedral Pore Octahedral Pore

Figure 1a One Unit Cell of UiO-66 Figure 1b Periodic Structure of UiO-66

Present molecular-level simulation of adsorption and diffusion in MOFs nearly always
depends on defect-free MOF models (pristine). Under standard synthesis conditions, defects are
naturally present in UiO-66 frameworks and affect adsorption by modifying the atmosphere of
pores within the MOFs. 2 A thorough understanding of just how defects impair adsorption is
crucial for evaluating the limits of real-world material efficiency, designing better design
guidelines for new materials, and improving material use. Besides, missing linkers are needed for
chemical warfare agents to react.

In UiO-66, both missing linker and missing cluster defects may occur and tend to result in
stable frameworks.* # Figure 2 shows the distinction between pristine UiO-66, defective UiO-66
with missing linkers, and defective UiO-66 with missing clusters. Also, the most common defect

is missing linkers. It can be tuned by changing the modulators during synthesis.>
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Pristine UiO-66 Missing Linkers Missing Clusters

Figure 2 Different Types of Defects in UiO-66

1.2 Method

1.2.1 Generate Models of Defective MOFs

Defective structures are formed by removing varying numbers of 1,4-benzene dicarboxylate
(BDC) linkers from pristine UiO-66. By removing one organic linker, four open metal sites are
created. For each missing linker, two capping groups must be applied to open metal sites to
maintain charge neutrality. Hydroxyl and formate are two capping groups investigated in this
research. Virginia Tech experiments show that formate is by far the most possible capping group.’
DFT calculations in CP2K were used to optimize the geometries of the developed structures.

With each deleting linker, there is only one way to add formate and two ways to add

hydroxyl group. Figure 3 shows various methods of capping the open metal sites. Figure 3a shows

3
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an entire organic linker bound to four Zr atoms. Figure 3b represents a missing linker structure
capped by formate groups. Figures 3c and 3d show two alternatives to incorporating hydroxyl
groups to neutralize the one missing linker structure. The two methods of adding hydroxyl groups
are known as trans and cis substitution and are shown separately in figures 3c and 3d. Trans
replacement has the lowest energy arrangement, which can be explained by electrostatic and steric
effects.® In this analysis, we modeled defective structures with 4%, 8%, 17%, and 33% defect
levels. One missing linker was removed per primitive cell to create UiO-66 with 8% defects. The
primitive cell for UiO-66 with 17 % and 33 % defects was extended to 2 by 1 by 1 and 2 by 2 by
1 before removing one linker. Two missing linkers were removed per primitive cell to create the

structure with 4% defects.

Figure 3 Different Ways of Adding Hydroxyl Groups
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Figure 4 illustrates two symmetrical inequivalent ways for removing two linkers from an
UiO-66 primitive cell. In the periodic structure, two half linkers defined by lines of the same color
will join to form a whole link, which should also be removed together when generating the
structures. The deletion of linkers is shown by red lines. The energies for various structures of
UiO-66 with 4% defects were determined using energy minimization calculations in CP2K and
are shown in table 1. Numbers 1 and 2 reflect how the linkers referring to structures 1 and 2 in
figure 4 are removed. The letters y, g, and b represent the locations of the hydroxide groups, which
correspond to the colored Zr in figure 4. Since Structure 1 has the lowest energy, it was used in
the adsorption simulations.

Final structures were obtained by running geometry optimization simulations using CP2K.

Structure 1 Structure 2

Figure 4 Different Ways to Remove Two Linkers per Primitive Cell for UiO-66



Table 1 Energies for Different Structures of UiO-66 with 4% Defects

1.yb 1yy 1_bg 1_by 2 by 2 bb
a.u. -929.5 -929.42 -929.45 -929.5 -929.46 -929.43

kJ/mol -2440389.0 -2440196.00 -2440262.00 -2440394.0 -2440295.00 -2440219.00

1.2.2 Charge Calculations

In this analysis, atom-centered charges measured in Chargemol using the density-derived
electrostatic and chemical (DDECG6) approach were used.®? CP2K was used to generate the

density file required for the calculation.® EQEQ method has also been tested.?

1.2.3 LJ Parameters and Forcefield Selection

Priyanka Shukla in Dr. Karl Johnson's group explored the effect of different potentials for
both framework and adsorbates, like UFF, DREIDING, SKS, and OPLS; findings indicate that the
saturation loading and general shapes using all the potentials agree. We choose the modified UFF
potential with the LJ parameters from the TraPPE potential, o1 = &1 = 0, 6o = 0.302 nm, and €0 =
93 K, instead of the UFF potential for pu3-OH and added OH to capture hydron bonding.

Initially, we used Lennard-Jones potentials from the UFF force field for the system.
However, the Lennard-Jones potentials from UFF were unable to capture the hydrogen bonding
because the LJ radius, as seen in figure 5a, is too large in contrast to the standard length of a

6
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hydrogen bond, which is usually less than 2 A. Both AIMD and diffusion simulations

demonstrated that hydrogen bonds formed between the IPAs and the framework.

28 A 1.51 A

Figure 5a Standard UFF Potential Figure 5b Modified UFF Potential

1.2.4 Adsorption Isotherms Computed using RASPA

The GCMC simulation in RASPA was used to model adsorption isotherms for IPA at 291K
and N2 at 77K, which have been the temperatures used by the experimental collaborator, in pristine
UiO-66 and UiO-66 with 4%, 8%, 17%, and 33% defect levels. For pristine UiO-66 and defective
structures with 17 % and 33% defects, a 3x3x3 unit cell has been used as a simulation cell. A

2x2x3 supercell has been used for defect levels of 4% and 8%. The Helium void fractions were



calculated using RASPA as well, and they are 0.47508, 0.509683, 0.513973, 0.533021, and
0.58203 for pristine and defective UiO-66s with 4%, 8%, 17%, and 33% defect levels,
respectively. For swap, reinsertion, rotation, and translation odds, the relative probabilities were

2:1:1:1.

1.2.5 Method for Counting Hydrogen Bonds

To track the number of adsorbates bonded to u3-OH and added OH separately, a python
code was written. The script ran over all of the IPAs and counted how many IPA molecules are

hydrogen-bonded to the added OH groups, u3-OH groups, and both of them.

1.3 Result and Discussion

1.3.1 Pristine MOF

To validate the accuracy of our GCMC simulations, isotherms for N2 at 77 K and IPA at
291 K were compared to experimental results. Figures 6 and 7 show our isotherms and the
comparison with experiments. We greatly underestimate the loading of IPA for relative pressures
above 0.02 and normally overestimate the volume adsorbed at lower pressures for all potentials
measured. In comparison, our simulations overestimate N> loading for all pressures. The
inaccuracy of the potential models used, level of defects or capping groups are our hypotheses for
the inconsistency within the simulation and experiments for adsorption of IPA. Our experimental

collaborators proposed that defects could be introduced to the experimental sample during



transference and reactivation (samples were shipped from Virginia Tech, whereas the N2 isotherms
were measured to the University of North Carolina, where the NMR measurements were made).’
The residual solvent in MOF is our best explanation for the difference between simulation and

experimental results for Na.
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Figure 6 Isotherms for IPA at 291 K
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Figure 7 Isotherms for N2 at 77 K

1.3.2 Defective MOF

1.3.2.1 OH Capped Defective Structures

GCMC calculations using standard UFF and DREIDING LJ parameters effectively prevent
hydrogen bonding with IPA. However, the Langmuir adsorption study and NMR findings from
our collaborator's experiments indicate that hydrogen bonds existed.” To further illustrate the

presence of hydrogen bonding, we ran AIMD simulations to explore the possible binding sites of

10
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the adsorbates. AIMD simulations for IPA in both pristine and defective UiO-66 indicate hydrogen
bonding between IPAs and framework. Figure 8 shows a snapshot from the DFT calculations in

which IPA is hydrogen-bonded to both u3-OH and added OH.

IPA

added OH

Figure 8 One Snapshot from the DFT Calculation



Figures 9 and 10 provide a comparison of IPA isotherms using the normal UFF potential
and the adjusted UFF potential, which replaces the O and H Lennard-Jones parameters for the u3-
OH and added OH with TraPPE potential. Figure 9 reveals that hydrogen bonding has little effect
on IPA adsorption in pristine UiO-66. By counting hydrogen bonds formed between added OH
and u3-OH, we found that most of IPAs are hydrogen-bonded to added OH. And that explained
why modified potential has little effect on pristine UiO-66. Figure 10 reveals that hydrogen
bonding has an effect on IPA adsorption in defective UiO-66 at low pressures but not at saturation

pressure. At saturation pressure, the adsorption is determined by void volumes.

| —#— [PA _PristineUiO66_UFF
—&— [PA_PristineUiO66_TraPPE

N w
w o
T

N
o
T

Average absolute loading(mol/kg)
—
(%]

1.0t -
0.5F -
00 = *x—k -

oo TTo7 Tor 10 1ot 10r 1o

Pressure(Pa)

Figure 9 Comparison between Isotherms of IPA using Standard UFF Potential and the Modified UFF

Potential for Pristine UiO-66

12



5 T 1 T 1 1 Ll
—#— UFF for OH(no IPA-framework hydrogen bonding

—&— TraPPE for OH(with hydrogen bonding)

N w =
T T T

Average absolute loading(mol/kg)
—

-

o
T

1 1 1 1 1 1 1
1073 1072 1071 10° 10! 102 10° 104

Pressure(Pa)

Figure 10 Comparison between Isotherms of IPA using Standard UFF Potential and the Modified UFF

Potential for Defective UiO-66

Figure 11 shows IPA isotherms for UiO-66 with differing amounts of defects. Adsorption
increases at lower pressures as the defect level increases because the additional OH groups provide
new binding sites for IPA. Adsorption increases at higher pressures as the defect level increases

due to the increased void space.
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Figure 11 Isotherms of IPA in Defective UiO-66

Figure 12 shows the contrast of IPA isotherms between structure 1 and structure 2 shown
in figure 4. At lower pressures, there is indeed a significant difference. We guess that the low
energy structure's configuration of OH groups prevents hydrogen bonding between IPA and the

framework. In the future, low energy structures with different OH configurations will be tested.
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Figure 12 Isotherms of IPA in UiO-66 with 33% Levels of Defect

Figure 13 shows a contrast of isotherms of pristine UiO-66 and 17% defective UiO-66
which is capped by OH groups. We discovered that the defective structure has a greater potential
at both low and high pressures by contrasting the isotherms. One potential explanation is that the
added OH groups provide new binding sites for IPA at lower pressures and missing linkers increase

the void fraction.
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Figure 13 Comparison between Isotherms of Pristine UiO-66 and 17% Defective UiO-66 Capped by OH

Groups

1.3.2.2 Formate Capped Defective Structures

Experiment findings reveal that the defective samples have a lower capacity at relatively
low pressures and a higher capacity at relatively higher pressures, which contradicts our simulated
results. And this variation may be due to the capping groups. According to the literature, the

16



capping group may be OH, formate, acetate, or other capping groups.** Experiments at Virginia
Tech have also shown that formate is by far the most likely capping group. Based on that, we
generated structures capped with formate and ran Grand canonical Monte Carlo (GCMC)
simulations to further demonstrate this hypothesis.

Isotherms are plotted alongside the experimental results in Figure 14. At lower pressures, there
is a substantial disparity between those two capping groups for structures with a 33% defective
level and structures with a 17% defective level. There isn't much of a distinction with other
structures. This phenomenon could be explained by that capping groups will make more impact
on structures with higher defect levels at lower pressures. For higher pressures, adsorptions are
determined by void spaces. And for structures with lower defect levels, the ratio of capping groups

to other binding sites is not high enough to make an observable impact by only changing the

capping group.

T T T T A TraPPE_OH_17% defect
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Figure 14 IPA Adsorption in All Level of Defects Capped with Formate Groups and Added OH Groups
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As a function of pressure, we calculated the fractions of IPA molecules that are hydrogen-
bonded to either 3-OH or added OH groups. Figure 15 shows the results. As expected, as pressure
increases, the fraction of IPA molecules that are hydrogen-bonded to the framework decreases

since void fraction, instead of binding sites, dominates the loadings at higher pressures.

HydrogenBonding in Defective UiO66: 2A

1.0F —*— low energy-33% defects
highenergy-33% defects
I —— 4% defects
0.8F N —&— 17% defects ]
—8— 8% defects
—&— 4% defects
g 06r ’
©
0.4F T
0.2F y
T B M
Pressure

Figure 15 Fraction of IPA Molecules that are Hydrogen-Bonded
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2.0 Forcefield Development using QuickFF

2.1 Introduction

QuickFF is a Python package developed at the Centre for Molecular Modeling (CMM) that
uses ab initio calculations to produce precise force fields.*®

The previous research demonstrated the importance of system flexibility for obtaining
physically realistic values of diffusivities for acetone and similar-sized polar molecules in UiO-
66.1% The problem with the previously used Boyd et al. potential is that during geometry
relaxation, the u3-O atoms of the SBU moved from their DFT-optimized positions to unphysical
positions. Figure 16 shows the before and after images of SBUs that have undergone geometry
optimization. Some p3-O atoms collapse into the SBU and merged with other u3-O atoms. This
highlights the importance of developing an accurate forcefield for UiO-66 that could be used in

dynamic simulations.

Figure 16 Before and after Pictures of the SBU that go through Geometry Relaxation using QuickFF

Potential

19
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The ultimate goal of this part is to produce flexible framework potentials for UiO-66 and
related materials with various levels of missing linker defects. In the future, we want to use these
potentials to simulate the diffusion of molecules through the defective UiO-66 as a function of the
number of missed linker defects. The developed force field consists of three parts: an electrostatic
contribution, a van der Waals contribution, and a covalent contribution. The final goal of QuickFF
is to generate covalent contribution parameters that are as precise as possible in reproducing the

ab initio geometry and matrix measured in the frequency calculation.’

2.2 Method

In QuickFF, there are two ways to generate a force field: cluster-based models and periodic
models. The original QuickFF protocol relied on ab initio data generated from small cluster
models, which were cut from the periodic structure. Since such a procedure is far from trivial, we
chose to use periodic models in this study.'® The periodic structures for pristine and defective
MOFs were prepared in Avogadro and optimized using CP2K.

QuickFF implements a three-step procedure for generating a force field. The
methodology's first two steps are intended to reduce associations between force field parameters.
The parameters were refined in the final step by regenerating the ab initio Hessian matrix created
by frequency calculations using the force field parameters.t’

To produce the potential, three input files were used: a geometry and hessian matrix file, a
charge file, and a van der Waals file. The Geometry and hessian matrix file is an XML file

generated by the Vienna Ab initio Simulation Package (VASP) during frequency calculations.
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Charges were calculated in Chargemol using the DDEC6 method. The charges obtained from the
DDECS6 system are point charges.®*? We used the DDEC6 approach to maintain consistency with
previous Lammps simulations. To maintain continuity, we used the same Lennard Jones potential,
TraPPE for u30H, and added OH; UFF for all other framework atoms as we did in the previous
adsorption simulations. We also excluded all nonbonded interactions, Lennard-Jones, and
Coulombic interactions, between atoms that are three bonds or less apart since the interactions
between those atoms were already defined by covalent bond potentials. The created covalent
contribution is made up of bonds, bends, out-of-plane distances, dihedral, and cross terms. Cross

terms are used to account for certain interactions that affect others.

2.3 Results and Discussion

Bulk modulus is a measure of resistance to compression. It is defined as the ratio of
pressure stress to volumetric strain. Bulk modulus is one of the properties that can be used to
validate the developed potential.

Figure 17 shows the curve fitting of the Birch-Murnaghan equation for pristine UiO-66
using energies calculated using VASP. 0.96, 0.97, 0.98, 1.0, 1.02,1.03, and 1.04 are the lattice
scaling values used. Figure 18 shows the fitting of the Birch-Murnaghan equation for pristine UiO-
66 using energies determined using the developed QuickFF potential. The minima of those two
parabolas are the bulk modulus and equilibrium volumes. The bulk modulus calculated by DFT is
32.477 GPa, while the bulk modulus calculated by QuickFF potential is 34.487 GPa. These two

figures are almost identical.
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Figure 17 Curve Fitting of the Birch-Murnaghan Equation for Pristine UiO-66 using Energies Calculated by

VASP
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Figure 18 Curve Fitting of the Birch-Murnaghan Equation for Pristine UiO-66 using Energies Calculated

using Developed QuickFF Potential
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To validate the built potential, energy minimization and NVT were simulated too. During
the relaxation, the SBU for both the pristine and defective structure extended marginally by u30OH
shifting away from the SBU. The organic linkers have a small rotation for pristine structure. There

is no observable movement on organic linkers in defective structures.

2.4 Future Work

We can validate the built forcefield by employing additional techniques such as measuring
diffusion coefficients and conducting molecular dynamic simulations. Besides, we can build

QuickFF potential for systems with varying degrees of defects.
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3.0 MOF-based Gas Sensor Arrays

3.1 Introduction

Gas sensor arrays, often known as electronic noses, are portable devices designed to detect
odors or flavors by mimicking biological noses. Because of their large surface area and chemical
and structural tunability, metal-organic structures (MOFs) have emerged as attractive materials for
electronic noses.*

Brian Day, a graduate student from Dr. Chris Wilmer’s group, developed a computational
methodology for screening large amounts of metal-organic frameworks (MOFs) to design an
electronic nose for disease detection. | focused on running raspa simulations to obtain composition
results, as well as calculating Henry's coefficient and analyzing the data.

Figure 19 illustrates the function of the mechanical nose. Once the breath hits the surface
acoustic wave (SAW), a sensor that can measure changes in mass, the mass of adsorbed mass will
be detected. MOFs are assumed to be deposited on the SAW as thin films. As the SAW detects a
mass change, it sends out signals that reflect the mass change for data analysis. During the data
analysis process, the developed computational methodology converts mass value to composition
value.?° Since the concentration of such gases is a significant indicator for many diseases, like
ammonia for kidney disease and acetone for liver disease, the electronic nose has a promising

future in disease diagnosis.
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Figure 19 Schematic Diagram of Electronic Nose

The end product of data processing is a library of data on adsorbed masses as a function of
composition. The idea is to compare the detected mass from the actual sensor device with the mass
library and assign a probability to each composition in the data space.

The previous approach has a significant bottleneck in that we must run simulations for each
composition that we'd like to predict. When we start looking at complicated gas mixtures, the
numerical overhead becomes explosive, and screening all of those arrays becomes impossible. As
a result, we used something similar to Henry's law constant, which essentially qualifies a linear
relationship between the amounts of gas adsorbed and its concentration in the bulk. Previously, N2
and Oz were treated as background gases, but CO, was considered as a trace gas. However, treating
CO2 as a trace gas reduced the number of MOFs eligible for use in the design of the electrical nose.
Since CO> has comparatively higher concentrations, certain MOFs must be discarded because they

do not have the appropriate Henry's regime for all gases. We now consider CO- to be a background
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gas. It enables us to create more adaptable sensor arrays. And Henry's law constant would be a
function of the CO2 compositions.

Figure 20 illustrates the modified prediction algorithm which is developed by Brian Day:
1. Create a grid of points of known compositions which likely contain the composition of detected
breath. 2. Convert compositions to mass using the Henry’s Law constant. 3. Compare data from
mass space to experimental mass. 4. Assign a probability to all compositions based on the
comparison in step 3. 5. Filter out low probability compositions. 6. Subdivide high probability

regions of space into new compositions. 7. Repeat the whole process until converged.

Subdivide high probability regions of space into new compositions

Mass Space

Composition Space

[ AR N R NN XN N )
(XXX NN RN NN ]
(XXX NN RN NN ]
[ XN NN NN XN N J
[ XN NN NN XN N J
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1. Create a grid of points in 2. Convert to mass space

composition space by Henry’s Law constant 4, Filter out low probability

compositions

3. Assign a probability to
all compositions

Figure 20 Prediction Algorithm of Electronic Nose

26



3.2 RASPA Simulations and Data Analysis

We investigated a series of gas mixtures containing CO2, Oz, N2, and acetone to model
acetone in air. The CO2 and trace gas compositions ranged from 0% to 5%, each in 1% increments,
with the remainder being N2and O in a 4:1 ratio.

The RASPA simulations were performed at a temperature of 298 K and a pressure of 1 bar,
which matched the ambient conditions. 5000 equilibration cycles and 20000 production cycles
were used for all simulations. To get a diverse representation of surface areas and void fractions,
9 MOFs were chosen from the CoRE MOF database. The EQEQ approach was used to assign
charges to framework atoms to model electrostatic interactions, which are crucial for correctly
predicting CO, and N2 adsorption.* TraPPE potential was used for both framework and adsorbate.

Python code developed by Brian Day was used to calculate Henry’s law constant.

3.3 Result and Discussion

Nine MOFs were tested in this study: HKUST-1, IRMOF-1, MgMOF-74, MOF-177,
MOF-801, NU-100, NU-125, UlO-66, and ZIF-8. When measuring Henry's law constant, the
minimum R squared number was set to 0.9. Four of the nine MOFs have the acceptable Henry's
regime within a certain trace gas composition which makes them potential applicants for the
electronic nose that may be used to diagnose disease. So, within their appropriate regimes, we can
use Henry's law constant measured to predict breath compositions. Figures 21-24 depict the
relationship between overall adsorbed mass and mole fraction of acetone for the four MOFs that

have appropriate Henry’s regime. The plots demonstrate that the composition of CO2 does not
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affect Henry's coefficient of trace gases. It makes sense considering that air makes up the majority
of the overall mass. If the convergency of our raspa simulations is not high enough, it will be hard

to observe those subtle changes.
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Figure 21 The Relationship between Total Adsorbed Mass and Mole Fraction of Acetone for NU-100
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Figure 22 The Relationship between Total Adsorbed Mass and Mole Fraction of Acetone for IRMOF-1
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Figure 23 The Relationship between Total Adsorbed Mass and Mole Fraction of Acetone for NU-125
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Figure 24 The Relationship between Total Adsorbed Mass and Mole Fraction of Acetone for MOF-177
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4.0 Conclusion

We investigated the properties and applications of MOFs in three areas in this research.

First, we looked at how adsorption correlates with the number and types of defects. For
relative pressures greater than 0.02, we greatly underestimate IPA loadings. The most likely
explanation is that during the transference and reactivation, defects were introduced into the
experimental samples. In comparison, our calculations overestimate N loading for all pressures,
and the most likely explanation is residual solvent in MOF. The standard UFF potential has been
modified to capture hydrogen bonds, and formate is the most likely capping group.

Second, we used the QuickFF to generate new forcefields for both pristine UiO-66 and
17% defective UiO-66. The potential was validated using bulk modulus calculations, relaxation,
and NVT simulations.

Third, we investigated one use of MOFs for the development of an electronic nose, a device
designed to identify the composition of complex gas mixtures. Four of the nine screened MOFs
have the acceptable Henry's regime within a certain gas composition. NU-100, IRMOF-1, NU-
125, and MOF-177 are the four MOFs. They are potential applicants for the electronic nose that

may be used to diagnose disease.
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Appendix A QuickFF Potentials

Appendix A.1 Potential Developed using QuickFF for Pristine UiO-66
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# TORSION

TORSION:UNIT A kjmol

TORSION:UNIT PHI@ deg

TORSION:PARS C3_c3 C3_c2 C3_c2 C3_c3 2 3.2864426706e+01 ©0.0000000000e+00
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Appendix A.2 Potential Developed using QuickFF for UiO-66 with 17% Defects
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