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Metal-OrganicHameworks (MOFs)

Metal (oxide) nodes

Organiclin?ei

Science2013 341, 1230444
MicroporousMesoporousvater., 2004 73,3

THOUSANDS of m? per gramme of the material
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Properties inMetal-OrganicFrameworks
,

A
\&,r, ¥
L

DocDay9-2021




ﬂ'lc:u Institute of Solid State Physics and Institute of Physical and Theoretical Chemistry

Relevant Properties of MOFs

Phononsdetermine many of the relevant propertiesof a MOF!

BandStructures

wCharacterisation wVibrational Free wThermal
Raman/IR Energy /Entropy Expansion
Spectroscopy wElasticConstants wPhonon Lifetimes

wPhase wBand Dispersion wThermal
Identification (GroupVelocitieg Conductivity
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Phonons in I(sorétlc,’ular) MOFs
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Goals ofthe Study

O
(b) (c) 0
OH HO
HO OH
e
o IRMOF-1 IRMOF-130

IRMOF-14
ASystematicanalysisof the phononband structuresasa function of

AThemetal ions (Mg?*, C&*)
AThe linker & IRMOF1, IRMOFL30, IRMOH.4)

Aln which frequencyregimescanone find certain phonon modes?
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Methods

b-initio

=) PHONOPY

https://atztogo.github.io/phonopy/

Kresse and Hafner, Phys. Rev. B, 1993, 47 (1), 558 Aradi et al. J. Phys. Chem. A, Togo and Tanaka, Scr. Mater.,
Kresse and Hafner, Phys. Rev. B, 1994, 49 (20), 14251 2007, 111 (26), 5678 2015, 108, 1

D3-BJ correction:
Grimme et al., J. Chem. Phys., 2010, 132 (15), 154104; Grimme et al., J. Comput. Chem., 2011, 32 (7), 1456

CrystallineNaphthalene MOFR74
6

200 Raman shift / cm -1
— . 0 500 1000 1500 2000 2500 3000 3500
1150 £ (a) .
%) ~ R
o .
@
3l 2
£ Z
c g
) C
o =
2
-
CG M
&= . . : : .
éE 0 20 40 60 80 100

Raman shift / THz

Kamencek, Wieser, Zojer et dl.,Chem. Theo§omput 2020 16, 4, 27162735 11

DocDay9-2021




TU Institute of Solid State Physics and Institute of Physical and Theoretical Chemistry

Grazm

WhichPhonon Band$o Expecf
a

1.4

~1.0 -0.5

0.0 0.5 1.0
qga/m

colouring Mg COH

DocDay9-2021



ﬂ'EU Institute of Solid State Physics and Institute of Physical and Theoretical Chemistry

ProjectedDensity of StateseExchangindvetals

Projection on elements
BE Mg EE O mmC Ca
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Higherfrequencies
A Ccontributions
A Sharppeaks

1 l k MgA C= Modesshifted to
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ProjectedDensity of StatesExchangind.inkers

Projection on elements
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0 667

A more Ccontribution

A low energymotion
(torsion, bending,
rotation of linkers):
rigid unit modes
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IncreasingComplexityof the Linker:
More LowEnergy Linker Modes
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IncreasingComplexityof the Linker:
Quantitative Trends

frequency / THz
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IncreasingComplexityof the Linker:
Quantitative Trends
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