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Tuning oxo formation energies using spectator ligands in the MIL-100 metal organic framework @ CLEMSON

Victoria E. Lee, Stephen P. Vicchio, and Rachel B. Getman
Department of Chemical and Biomolecular Engineering, Clemson University

Metal Organic Frameworks (MOFs)

‘Metal organic frameworks (MOFs) are porous,

crystalline materials composed of individual nodes
containing organic and inorganic atoms that are
connected by organic linkers [1].
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MOFs as Catalysts for the Direct Oxidation of CH,

-

direct oxidation

v:onversion and selectivity in MTM reactions.

Developing an efficient and
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Modeling of MIL-100 Node Variants Tested

ﬂlL-lOO Variant (M): Number of Ligands m
Considered Al and Cr Considered 3 different amounts

doping within MIL-100 of coordinated ligands

Reaction Overview for Formation of Oxo Species

Ligands (L)
Considered 3 different
ligands from gas environment

FeFeFe AlFeFe 0
, @ H,O
AlAlFe CrFeFe
)

CrCrFe

FeM,M, - nL

F\emle- nL+ N,O + y

| more efficient (target) ' :
economical way to convert methane
to methanol (MTM) requires
- catalysts capable of selectively
| less efficient (current method) T breaking H-CH, bonds [2].
steam reforming>° C syngas oxidation 100F AAFe
(requires high =+ _ -AlFeFe
temperature) o0=0 _50f :Efgf,f:
© 3 e CrFeFe
The MIL-100 Fe MOF has proven to be a 2 of
selective catalyst for the MTM conversion. [3] & 5]
N s
. . . 5-100
Different reaction pathway energies forthe g |
catalyzed oxidation reaction were observed %‘150 :
when varying the metal composition of MIL-100 <-200 o1 =
. . s Fe(IV)=0 C-H bond radical
[4], suggesting an opportunity to tune both o504 formation ___scission __rebound _desorption

reagents AO TS1 B C TS2 D
Reaction step
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Research Question

Qche MOF, but indirectly participate in the

reaction pathway energies to
different spectator ligands and
MIL-100 node metal

compositions?

Spectating Ligands

These are molecules that are coordinated

reaction of interest

How sensitive are the MTM }Q

. ! MIL-100 Fe
/
Cfo%° o node

Active Site
This is the Fe atom that the
reaction of interest takes
place on
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Computational Methodology

/ INPUTS

Initial Geometry

Informed guess of the structure

Computational

Parameters

Level of theory (UMO6L/def2-TZVP)
[5, 6] in Gaussian16

Calculation Type

geometry and transition state
optimization, frequency calculations

Initial Guess of =
Geometry 1€

Palmetto Supercomputer

Density
Functional
Theory (DFT)

OUTPUTS \

Optimized Geometry

The lowest energy structure for the species

Electronic Energies

The ground state energies of the
optimized structures

Various Energy
Contributions

Contributions to the calculated energy
from vibrations, enthalpy, free energy, etc.

Results
0 x Ligand . )((onl-siegci?ag F'S;LT 2 x Ligand
FeFeFe AlFeFe AlAlFe CrFeFe CrCrFe
150- 150- 150- 150- 150- Binding Enthalpies (kJ/mol)

] | —| ] ] ] ]

0 — m A B
fn 100'; 'é’ ‘\‘\\ ~ 100'; A e 100'; e 100'; ‘\‘ fn 100'; =
[ ] J 4 |6 ] 3 IB ] ,’:‘ IB ] \ IB | i\ FeFeFe -75.5]-71.7 -69.7 ] -62.1
O 1 1 ] 1 \ 1 3
e 0 fN e 0 \ e 0 A c 0 \ c 90 Fa AlFeFe -94.1|-63.3 -79.3 | -61.5

HO X 0{—- _f L N \ X 0f— 7/ “e‘\ X 0f—-. \ < 0f—< ‘\\.s AlAIFe -84.4|-81.6 -77.7|-73.4
T S = = X =| = | == \ T ) — T T _ _ _ :
< _50_2 <] _50_2 — < _50_2 \‘\‘\— < _50_2 <] _50_2 \“_ CrFeFe -91.0( -63.3 94.6 | -59.4

= ~ | CrCrFe -79.4]-85.1 -89.8]|-85.6
~100+— . - - ~100+— . - - ~1001— . - - ~1001— . - - ~100+— . - -
Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Key: AHgy1 | AH 59
Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate
150- 150+ 150- 150- 150+ Binding Enthalpies (kJ/mol)
~ 100  —) o 100 ;"_'\“\ —~ 100 ~ 100" \ — 100-
| z [} | z FoN 0 | — | g \ | g — FeFeFe -79.3|-76.8 -76.1|-67.1
S 50 . S 50 - S 5 — S 5o \ S 50 \
e 0 ) c 20 y e 50 AR e 50 \ e 50 ) AlFeFe -99.0 | -65.6 -84.4 | -62.6
—_— ] —_— ] \ —_— i W\ — —_ )

CH;OH =< 0j—-__ ! L - 0=, ‘%‘.:\ < 0f—_ /4 (N ) 01—, \\ = 0, v AlAlFe  -89.9|-76.9 -824] -0.7
T = == = —| = | = \ T = I ( CrFeFe -89.0 | -70.7 -98.8 | -63.5
< —20; < —30 < —50; ‘\‘ < —501 < —501 \=

— ; | CrCrFe -86.9|-85.1 -27.0]|-154
—100+— , ; - —100+— ' - - —-100+— . ; - —100+— . - - —100+— . - - .
Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Key:AHp31 | AH1 )
Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate
150 150 150 150- 150- Binding Enthalpies (kJ/mol)
100- T\ 100- — 100- 100- ' 100- A B
7 HEA 7 { 7 _ 7 ! 7 o) FeFeFe -24.9|-24.7 -21.5|-20.4
e ] e ] e ] — e | ; B | /
e 50 A e 50 / e 50 / \\ e 50 : e 50 /7 AlFeFe -29.7 | -22.7 -19.8 | -19.3
— ] ] — ] I — ] — ] — ]
NO = Of— “%_ 2R RS = 0]/ / \\‘ < 0 s < 0. / ‘x“ AlAlIFe -22.6 |-20.3 -19.6 | -17.1
=T — T3 g, — S o - \ 3 s 3 o \ | CrfeFe -36.4|-13.8 -35.2|-18.3
] ] 5 Y 5 ] I
| | | — | | CrCrFe -29.5|-28.1 -31.6|-30.0
~1001— . - - ~1001— . - - ~1001— . - - ~1001— . - - ~1001— . - - _
Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Ref AO TS B Key:AHp>1 | AHp )
Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate Reaction Coordinate
o o . Potential Descriptors For Spectator Ligand Influence
N.ZO activation is .mfluenced by H,0 aanI CH;OH spectator ligands; h(?wever, the trends are Species Exp Dipoles O Charge (CM5)
different depending on the spectator ligand and MIL-100 metal doping. H,0 1857 20.643
CH;0OH 1.672 -0.458
N,O is not influenced by the presence of additional N,O spectator ligands. N,O 0.161 -0.070

Conclusions and Future Works

.. - Optimized
A Geometry

On the Palmetto Supercomputer, Density Functional Theory (DFT) implemented in

reaction intermediates in order to calculate the reaction thermodynamic and kinetics.

\.

the Gaussian16 software [7] computed the electronic energies for the N,O activatiy
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On certain MIL-100 nodes, the MTM reaction pathway energies are highly sensitive\
to spectator ligands coordinated at secondary metal sites within the node.
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Present finding suggests that the presence of these spectator ligands (combined

with different metal-doping) could be used to tune the MTM reaction mechanisms.
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