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Metal-OrganicFrameworks (MOFs)
Metal (oxide) nodes

Organiclinkers

Science, 2013, 341, 1230444
MicroporousMesoporousMater., 2004, 73,3

THOUSANDS of m² per gramme of the material

Gas storage Catalysis Gas separation FunctionaldecivesEncapsulation
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A PrototypicalMOF: MOF-5

Yaghi, Kalmutzki, Diercks: Introductionto ReticularChemistry, Wiley VCH (2019)

Metal (oxide) nodes

Organiclinkers

αLargestIncludedSphereά
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Nodes + Linkers

Yaghi, Kalmutzki, Diercks: Introductionto ReticularChemistry, Wiley VCH (2019)
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SomeFamousMOFs

ZIF-8 MOF-74 HKUST-1

MOF-5
(=IRMOF-1)

MIL-53DUT-90
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Properties

Properties in Metal-OrganicFrameworks
Metal (Oxide) Nodes Adsorbates OrganicLinkers
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Relevant Properties of MOFs

ũ-Phonons

ωCharacterisation: 
Raman/IR 
Spectroscopy

ωPhase 
Identification

Band Structures

ωVibrationalFree 
Energy / Entropy

ωElasticConstants

ωBand Dispersion 
(Group Velocities)

Anharmonicities

ωThermal 
Expansion

ωPhonon Lifetimes

ωThermal 
Conductivity

Phononsdeterminemanyof the relevant propertiesof a MOF!
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Phys. Rev. Mater. 
2019, 3, 116003

J. Phys. Chem. C 
2021, in press

In preparation

Phonons in 
(Isoreticular) 
MOFs

Elastic 
Properties and 
Their Atomistic 
Origins in 
Variants of 
MOF-74

Thermal 
Expansion 
and 
Anharmonic 
Properties in 
MOF-74
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Phonons in (Isoreticular) MOFs
Kamencek, Bedoya-Martínez, and Zojer; Phys. Rev. Mater. 2019, 3, 116003
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Goals of the Study

ÅSystematicanalysisof the phononband structuresasa function of
ÅThe metal ions(Mg2+, Ca2+)

ÅThe linker (Ą IRMOF-1, IRMOF-130, IRMOF-14)

ÅIn which frequencyregimescanone find certainphononmodes?
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Kresse and Hafner, Phys. Rev. B, 1993, 47 (1), 558

Kresse and Hafner, Phys. Rev. B, 1994, 49 (20), 14251 

Kresse and Furthmüller, Comput. Mat. Sci., 1996, 6 (1), 15

Kresse and Furthmüller, Phys. Rev. B, 1996, 54 (16), 11169 

Kresse and Joubert, Phys. Rev. B, 1999, 59 (3), 1758

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

PHONOPY
Togo and Tanaka, Scr. Mater., 

2015, 108, 1

Aradi et al. J. Phys. Chem. A,

2007, 111 (26), 5678

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

Kamencek, Wieser, Zojer et al., J. Chem. Theory Comput. 2020, 16, 4, 2716ς2735

CrystallineNaphthalene MOF-74
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WhichPhonon Bands to Expect?
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ProjectedDensity of States: ExchangingMetals

MgĄCa: Modes shifted to
lower frequencies

Low frequencyregion
Ådominatedby Oand Mg/ Ca
Higher frequencies
ÅCcontributions
ÅSharp peaks

IRMOF-130(Mg)

IRMOF-130(Ca)

IRMOF-130

colouring: CO 
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WhichPhonon Bands to Expect?
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Åmore Ccontribution

Å low energymotion
(torsion, bending, 
rotation of linkers):
rigid unit modes

ProjectedDensity of States: ExchangingLinkers

colouring: CO 
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IncreasingComplexityof the Linker: 
More Low-Energy Linker Modes

GX

colouring: CO 
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IncreasingComplexityof the Linker: 
Quantitative Trends

f1 = 0.81 THz

@ ũ

f2 = 0.34 THz
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colouring: CO 
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IncreasingComplexityof the Linker: 
Quantitative Trends

colouring: CO 
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Elastic Properties and Their 
Atomistic Origins in Variants of 
MOF-74
Kamencek and Zojer; J. Phys. Chem. C. 2021, in press


