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Outline

Mottvation

Calculating Accurate Structural Geometries
Eu-DOBDC Electronic Structure Comparisons
Applications and Physical Properties

°Organic flexibility

°(Gas Adsorption

Conclusions
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Applications and Desire to Design new MOFs

Highly modified materials, unlimited to creativity.
Applications in catalysis, gas separation, gas storage, sensing, gas adsorption.
Similar framework material ZIFs.

Can these materials be applied to acid gas removal and maintain their crystallinity

° Discuss efrc work on zifs — stability but only for homogeneous gas
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s I Why do we want to investigate Rare Earth MOFs!?

Rare Earth MOFs
= RE-MOFs are attractive due to related coordination geometry that
can be controlled, allowing synthesis of isostructural materials to
probe metal-guest (NO,, SO, ) energetics
sStructural advantages: formation of mesoporous RE-MOFs
through ligand extensions, multiple coordination environments
in one structure
sElectronic advantages: luminesce from 4f-4f and 4f-5d
transitions or ligand to metal charge transfer (LMCT) or metal-
ligand charge transfer (MLCT)
Current Work
= Structures: RE-DOBDC, RE=FEu,Tb,Yb,Y
= Applications: degradation properties of RE-DOBDC in acid gas
streams (SO,, NO,), changing luminescence properties after acid gas

adsorption |

= Predict properties of un-synthesized RE-DOBDC MOFs
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Previous Applications of RE-DODBC MOFs
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| ) Check for updates Biocompatible MOFs with high absolute quantum
yield for bioimaging in the second near infrared

Cite this: CrystEng Cormm, 2018, 20,
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7 1 Material Structure of Currently Synthesized Rare Earth MOFs
(@) =

(b)

RE-DOBDC (RE=Y, Eu,Tb,Yb, Nd)
DOBDC = 2,5-dihyroxyterephthalic acid

Sava Gallis et al. ACS Appl. Mater. Interfaces 2017 (Left)
Sava Gallis et al. CrystEngComm 2018 (Right)
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8 Structural Optlmlzatlon Procedure

Unit CeIII RE,Z(p3-OH)|6(C80 H4)8(C80 H5)4 " I2 HZO RE Y Eu Tb Yb
Procedure?: Vienna ab initio Simulation Package
|) Optimization of atomic positions PBEsol exchange correlation functional
2) Optimize atomic positions and unit cell DFT-D3 used for vdW interactions
parameters Gamma point calculation
3) Re-optimization of atomic positions Spin-restricted with large core potential (LCPs)
'Sava Gallis et al. ACS Appl. Mater. Interfaces 2017; *Harvey et dl. J. Phys. Chem. C 2018 —
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9

Optimized Lattice Parameters

2.5

[
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"Primary Peaks of Interest are RE-O
and RE-RE

= Consistent peak shifts due to
lanthanide contraction
=Experimental peaks:

RE-O are ~2.5 A

RE-RE are ~4 A

'Sava Gallis et al. ACS Appl. Mater. Interfaces 2017
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and Pair Distribution Function
RE-DOBDC RE-O Pair Distribution (RE=Eu,Tb,Yb,Y)
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o I Optimized Lattice Parameters and Pair Distribution Function

. g Average Distance (A)
Lattice Parameters (A)
Volume (std. dev.)
Element (A3) RE-O RE-O
a b C RE-RE | DOBD

C M3-OH

3.74 2.32 2.28
Yb I5.16 | 15.20 |20.87 | 4804

(0.043) | (0.064) | (0.072)

3.83 2.36 2.33

Y 1540 | 1551 [21.10 | 5040 (0.044) | (0.061) | (0.058)

PBEsol 386 | 239 | 235
Tb 1547 | 1557 [21.17 | 5100

(0.039) | (0.063) | (0.056)

3.91 241 2.38
Eu 1553 | 15.61 [21.31 | 5167

(0.036) | (0.067) | (0.053)

. 3.98 2.40 2.38
Experiment Eu 1556 | 1556 (2133 | 5163

(0.040) | (0.019) | (0.025)

Calculated geometry of Eu-DOBDC with large core potential match with single crystal
structure.
Lattice parameters shift from tetragonal symmetry is due to flexible organic structures.
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i I Electronic Structure of Y-DOBDC vs LCP Eu —=DOBDC Baseline

Activated RE-DOBDC (RE=Y,Eu)
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2 I Spin-unrestricted DFT with Full 4f Valence Potential + U in
Eu-DOBDC

Hubbard U I 2 4 8
Total Energy (eV) -1914.78 -1967.26 -1965.76 -1965.15 . |
E. @ (cV) 2.0988 | 755 11797 04347 Experimental PL
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4+ 1 Organic Linker Flexibility

Eu-DOBDC

DOBDC Dihedral Angle
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s I Gas Adsorption: Binding Energies

» Three different gases considered: H,O,

Noz, 802 (One molecule at a tlme) 6 | RE-DOBDC‘+Gas Interact?on Energies !
@".°
50 - mNo,
= Strong preference for SO, 50,
0 ___________________________________________________________
= Slightly different selectivity for H,Ov. 3 = X . s
2 £ ° s
NO, (Tb-DOBDC binds more strongly < 00
with NO,) g -150
w
S
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o
o
w——— £ 250 & 1
— ¢ ¢
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Y-DOBDC + SO, Density of States

16‘
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7 1 Activated Y-DOBDC Absorption
Spin-restricted DFT Absorption Spectra
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s I Gas Adsorption: Electronic Response in Y-DOBDC
Spin-restricted DFT DOS and Absorption Spectra

- Y-DOBDC + Gas Density of States Comparison BilE Y-DOBDC
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s I Gas Adsorption: Electronic Response in Y-DOBDC + NO,
Activated vs NO, Y-DOBDC

m W —NO, a
/ --NO, 5

n
Q
©
/)]
kS
) ,\4» A - ’r *\‘ :
2 ALY LN —Activated o
- — ] ol :
2 P - A - - Activated 3
m ]Fﬁ" '-‘ ll B n f‘ ."\‘\
At : Y I ‘&"11: 2 .
i‘hn 1 L - if\'— Ay .
- “l 'V x4 )
1 '
\
\V/
_5 0 5
Energy, eV
U.S. DEPARTMENT OF - OAKRM THE UNIVERSITY OF ENNS-W-E .
@ENERGY - — ot __ ALAGANIA Bamﬁgfvm&gmms
' Georgia

bian Sandia ‘ 2
e s BLEHL Y (Bwisconsn R ESREE




20

Activated Y-DOBDC

- - Total

Absorption

200 400 600 800

1000
Wavelength, nm

Even electron count results in identical
spin up and down electronic signatures.
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Gas Adsorption: Electronic Response in Y-DOBDC + NO,
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21 I Gas Adsorption: Electronic Response in Y-DOBDC. NO, vs
NOx

Computed Absorption Experimental PL
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22 I
Minimal change in electronic structure with adsorption of H,O.
Activated Y-DOBDC Y-DOBDC + H20
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Gas Adsorption: Electronic Response in Y-DOBDC + H,0O
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Gas Adsorption: Electronic Response in Y-DOBDC + SO, |

Activated Y-DOBDC Y-DOBDC + 302
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Spin-unrestricted confirms prediction made in spin-restricted calculation. The adsorption
of an SO2 molecule at an undercoordinated metal site introduces a new state within the

original band gap.
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2 | Gas Adsorption: Predicted Trends in Absorption Spectra H,O
and SO,

Y-DOBDC + H20 Y-DOBDC + 502
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Conclusions on Gas Adsorption Properties

*SO, has shown the strongest interaction with all current rare earth
elements.

*For RE-DOBDC (RE=Y,Eu,Tb,Yb) gas adsorption is preferential
for SO, > H,0O > NO,, where H,O and NO, are very competitive.

*Adsorption of gas molecules, NO, and SO,, provide unique
electronic structure allowing new electronlc relaxation pathways
to exist.

I
*Adsorption of NO, in Y-DOBDC induces a reduced PL intensity. I

*Calculated DOS show new unoccupied states in the valence band
and a redistribution of state energies at the band edges.
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27 | Future Zeolite Work

Structure:

- Mordenite (MOR) framework

- Si/Alratio=35

- Energetics of Ag+ formation in main channel and side pocket

T1 With H20

T1 With Ag

Snapshots of MOR framework structures with Al in four different tetrahedral locations (T1, T2, and
T3+T4). Colors: silicon (yellow), oxygen (red), and aluminum (pink)
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8 | Gas Adsorption: Material Reorganization

Gas Only Optimization
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