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Metal-Organic Frameworks III

Lecture 38

Metal-organic 
frameworks: surfaces 
and host-guest 
chemistry

Lecture 39

Metal-organic 
frameworks: 
magnetic, electronic 
ion transport and spin 
switching properties



Current and future applications of MOFs

1) Separations

2) Catalyses

3) Storage

4) Sensing

5) Data Storage 

6) Magnets

7) Molecular Switches/Computers

8) Mechanical Properties

9) Stereoregular Polymerisation

10) Molecular Hosts

11) Controlled Release

12) Optical Properties

13) Conductors/Wires

14) Light-Harvesting

Combinations of some of these 

in the one material
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Long-range Magnetic Order

Magnetic atoms arranged in periodic lattices (crystals) have the potential for long-
range magnetic order.

Most applications of solid-state magnetic materials exploit long-range-ordered, 
rather than paramagnetic or diamagnetic, states.

                              ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑     Ferromagnetic (FM)

                               ↑ ↓ ↑ ↓ ↑ ↓ ↑ ↓ ↑     Antiferromagnetic (AFM)

There are a huge variety of possible types of magnetic order in 3D materials. E.g., 
even for the simplest case of a cubic unit cell with parallel spins of equal magnitude 
we can have:
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Recall from Lecture 11



Nanoporous magnetic MOFs

Nature Mater., 2, 190 (2005). 

E.g., Cu3(PTMTC)2(py)6(EtOH)2(H2O) 

PTMTC = polychlorinated triphenylmethane tricarboxylate
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• The ligand is a stable radical with S = ½.

• The metal is Cu(II) (d9) with 1 unpaired electron, S = ½. 

• Antiferromagnetic coupling between the metal and the ligand, but stoichiometry of the antiparallel 

moments do not cancel out, making this a ferrimagnetic material with a net magnetisation.



Nanoporous magnetic MOFs
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Magnetism

Solvent filled

Empty

• The structure consists of hexagonal grids that stack on 

top of one another.

• The structure is highly porous and contains 30 Å pores 

that lie perpendicular to the hexagonal layers.

• The magnetic properties change slightly when 

the guests are removed from the framework. 

E.g., Cu3(PTMTC)2(py)6(EtOH)2(H2O) 

Nature Mater., 2, 190 (2005). 

Potential applications:

• Molecular sensors

• Separation of magnetic and 

non-magnetic materials



Trends in Electronic Conductivity

Transition Metal Oxides: Rhenium vs. Tungsten

ReO3 and WO3 have the same crystal structure but 

different electronic structure.

ReO3 is metallic

• Re6+ has one 5d-electron that can delocalise 

throughout the band formed by the π-type 

overlap of t2g orbitals on the transition metal 

cation and p orbitals on the O anion. 

WO3 is an insulator

• W6+ has no 5d-electrons, so this band is empty.

Figures from Weller “Inorganic Materials Chemistry”School of Chemistry, University of Sydney 7

Band structure of ReO3

Crystal structure of ReO3 and WO3 

Recall from Lecture 9



School of Chemistry, University of Sydney

1-D Conductors

TTF-TCNQ: “The first organic metal” (1973)

Two insulating molecules can be combined to form a crystal structure (1-D chains 
running into the screen) that exhibits conductivity in 1-D.

Orbital overlap and charge transfer, from electron donator to electron acceptor, 
creates a partially-filled band and a band structure characteristic of a metal.

8
(TTF)+(TCNQ)-

Recall from Lecture 8



Electron conducting MOFs

E.g., Ni3(2,3,6,7,10,11-hexaiminotriphenylene)2 (Ni3(HITP)2)

Nature Materials 16, 220–224 (2017)School of Chemistry, University of Sydney 9

• Electronic delocalisation over large aromatic ligands. 

• Overlap between orbitals of metal (Ni) and the ligand creates framework 

electron delocalisation.



Electron conducting MOFs
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Potential applications:

• Molecular sensors 

(guest would change 

conductivity)

• Electrocatalysis (redox 

reactions inside pores 

of MOF)

E.g., Zn2(TTFTB)

• Pores of the MOF are filled with electron donor TTF arranged in layers. 

• Charge delocalisation through overlapping bands of neighbouring TTF 

gives 1D conduction through the structure

J. Am. Chem. Soc., 134, 12932 (2012). 
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Proton conducting MOFs

11Nature Energy 2, 877–883 (2017)

• Surface sulfonate groups lead to high proton conductivity: 

 1.27 × 10−1 S cm−1 at 100% RH and 80 °C
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Spin switching MOFs
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A material is a spin switch if a stimuli like light, 

temperature, or pressure can be used to manipulate 

the intrinsic spin of electrons.
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Spin switching MOFs
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E.g., [Fe(azpy)2(NCS)2]·½(EtOH)

[Fe(azpy)2(NCS)2]·½(EtOH)[Fe(azpy)2(NCS)2]

• The structure of the MOF changes depending on whether there is gas 

molecules (e.g., ethanol) in the pores.

Science, 298, 1762 (2002). 



Science, 298, 1762 (2002). School of Chemistry, University of Sydney

Spin switching MOFs
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E.g., [Fe(azpy)2(NCS)2]·½(EtOH)

• The structure influences 

the magnetic properties.

• The desorbed material 

does not undergo spin 

switching.

• Absorbed materials 

undergo spin switching 

with the magnetic 

behaviour dependent on 

the guest, i.e., a 

chemical sensor.



Learning outcomes

After this lecture you should be able to

• Understand how the following properties can be incorporated into MOFs, and 

appreciate the broad reasons for why this is scientifically and technologically 

important:

➢ Magnetic ordering

➢ Electron delocalisation

➢ Proton conduction

➢ Spin switching
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Practice exam questions
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(Lecture 6 + worksheet)
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Practice exam questions
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(Lecture 7 + tutorial week 4)
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Practice exam questions
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(Lectures 8 & 9)
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Practice exam questions
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(Lectures 10 & 11)
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Practice exam questions
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(Lectures 37 & 38)
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