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UiO-66(Zr)MIL-47(V)

Metal-Organic Frameworks

COK-69(Ti)
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Flexible MIL-47(V)
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The role of spin-configurations
Large Pore Narrow Pore

E0 [meV] B0
[GPa]

E0 [meV] B0
[GPa]

FM 0 5.95 0 (+13 vs LP) 2.84
AF1 -16 6.14 -10 2.83
SFM -144 7.17 -77 2.64
AF2 -279 8.13 -168 2.37
AF3 -278 8.12 -167 2.46

Beilstein J. Nanotechnol. 5, 1738-1748 (2014)
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MIL-47(V) under pressure

Yot et al., Chem. Sci. 3, 1100-1104 (2012)
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Beilstein J. Nanotechnol. 5, 1738-1748 (2014)

Spin configurations vs. the world
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Spin configurations vs. the world
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Pt
[MPa]

Vt
[A³]

FM 83 1495.3
AF1 82 1498.5
SFM 102 1495.5
AF2 124 1490.7
AF3 124 1490.7

Beilstein J. Nanotechnol. 5, 1738-1748 (2014)

~85MPa

Yot et al., Chem. Sci. 3, 1100-1104 (2012)

 Spin visible in experiments

Spin configurations vs. the world
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UiO-66(Zr): BG-tuning for luminescence

Primitive unit cell: 1 cluster + 6 linkers
(~120 atoms = ¼ conventional cell)

Functionalization: –OH , –SH, –OH x2, –SH x2

Inorg. Chem. 54(22), 10701-10710 (2015)
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… Eppur si muove

Inorg. Chem. 54(22), 10701-10710 (2015)
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… Eppur si muove

UiO-66(Zr)-OH 

Inorg. Chem. 54(22), 10701-10710 (2015)
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… Eppur si muove

UiO-66(Zr)-OH 
UiO-66(Zr)-OH x2

Inorg. Chem. 54(22), 10701-10710 (2015)
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Valence & Conduction bands

Inorg. Chem. 54(22), 10701-10710 (2015)
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Valence & Conduction bands

Inorg. Chem. 54(22), 10701-10710 (2015)



http://dannyvanpoucke.be BPS annual meeting 2016, Ghent Hasselt University

BG tuning…and experiment

PBE HSE06 Exp.
Band gap 

(eV)
Gap State 

width
Band 

gap (eV)
Gap State 

width
Band gap 

(eV)

UiO-66 2.920 0.040 4.030 0.100 3.97

UiO-66-OH 2.150 0.070 3.010 0.200 3.21

UiO-66-
OHx2

1.350 0.100 2.150 0.220 2.54

UiO-66-SH 1.850 0.220 2.661 0.350 2.63

UiO-66-
SHx2

1.331
0.230 & 
0.220

2.101
0.360 & 
0.350

-

Inorg. Chem. 54(22), 10701-10710 (2015)
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COK-69: Ti3+ luminescence

Angew. Chem. Int. Ed 54, 13912-13917 (2015)

Ti

TiTi
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Where’s Hydrogen: COK-69

+IV
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Where’s Hydrogen: COK-69

Ti-O cluster

Formal Charge: -II
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Where’s Hydrogen: COK-69

Ti-O cluster

Formal Charge: -II

+IV

+IV

+IV

-I

-I

-I

-I

-I

-II  ?

-II  ?

-II  ?

-II  ?

Add 2x H

 2x OH or 1x H2O

-----------OR-----------

Remove 1x O
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Where’s Hydrogen: COK-69
Ef

(PBE)
BG 

(PBE)
Ef

(PBE+U)
BG 

(PBE+U)
COK-69(Ti) 0.000 0.00 0.000 0.01

- O (side) -2.739 2.31
- O    (µ3) -3.110 3.01

+ H2O (side) -6.054 2.43 -5.975 2.79
+ H2O    (µ3) -4.792 2.69
+ 2x OH . -5.821 2.22 -6.307 2.60
+ 3x OH . -6.430 0.60 -7.499 1.78
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Atoms in MOF’s: Ti3+ luminescence

Calculated Hirshfeld-I charges 
show only differentiation of Ti3+

and Ti4+ at high (DFT+)U value.
Angew. Chem. Int. Ed 54, 13912-13917 (2015)

J. Comput. Chem. 34(5), 405-417 (2013)

Ti4+

Ti3+
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More …

⇐ Colloquium on Porous Frameworks 
@ CMD26, September 4th – 9th

Groningen, The Netherlands.
(Early bird registration June 20th)

Indeterminism in Newtonian physics: 
a quest for probabilities

Sylvia Wenmackers @16h30

(Statistical & Mathematical Physics)
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