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Early days of MOFs
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Gas Adsorption Sites T
in a Large-Pore
Metal-Organic Framework

Jesse L. C. Rowsell," Elinor C. Spencer,2 Juergen Eckert,>*
Judith A. K. Howard,”> Omar M. Yaghi'*

The primary adsorption sites for Ar and N, within metal-organic framework-5, a

cubic structure composed of Zn,0(CO,), units and phenylene links defining

large pores 12 and 15 angstroms in diameter, have been identified by single- .

crystal x-ray diffraction. Refinement of data collected between 293 and 30 ]-L-C- Rowsell et al-, SClence, 2005-
kelvin revealed a total of eight symmetry-independent adsorption sites. Five of

these are sites on the zinc oxide unit and the organic link; the remaining three

sites form a second layer in the pores. The structural integrity and high sym-

metry of the framework are retained throughout, with negligible changes re-

sulting from gas adsorption.



Binding sites in MOF-5

REPORTS

Fig. 3. At 30 K, eight
symmetry-independent
sites are crystallo-
graphically identified
as partially occupied
by Ar atoms (shown
as yellow spheres) in
the pores of MOF-5.
These include (A to C)
three sites primarily
associated with the
secondary building unit
and those above the
(D) face and (E) edges
of the linker. Sites are
labeled according to
the description in the
text. (F) Sites ¢ (or-
ange spheres) and 7
(brown spheres) form
a second layer in the
large pore above site
3(Cg) (yellow S()heres);
(G) site 6 (brown
sphere) is located at
the center of the small
pore surrounded by
site €(CH), (yellow
spheres).
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H,--H, Interactions in MOF-5
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Infrared Spectrum of H, in Mg-MOF-74
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Band intensities plateau as sites fill
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Metal-specific band redshifts
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1,3,5-Tris(4-carboxyphenyl)benzene tcpb

ChemComm -

COMMUNICATION View Article Online

CrossMark High surface area and Z’ in a thermally stable
8-fold polycatenated hydrogen-bonded framework::

Cite this: DOI: 10.1039/c5cc04219d
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Received 21st May 2015, Matthias Zeller,” Charles F. Campana,© Orhan Talu,” Stephen A. FitzGerald® and
Accepted 15th June 2015 Jesse L. C. Rowsell®

it

ERE

HO O

i

|} /% v
. » -

b ] - /§ ﬁ - O
G ~ v ‘VI'J‘ y

| / T - y - - ¥ -

- p ~ - b i

v
: -
b v
} "

A



Predict the crystal packing of this molecule...

A
Ox O



Predict the crystal packing of this molecule...



Predict the crystal packing of this molecule...




Predict the crystal packing of this molecule...
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Predict the crystal packing of this molecule...
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A starting model?
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You might have guessed hexagonal




Single crystals after evaporation of ethanol




Large unit cells, twinning, poor resolution




Crystal data

Space Group
Cell Parameters

Cell Volume
Z,7

Radiation
Temperature
Structure Solution
Reflections
Completeness
Parameters, Restraints

R1(obs,all) / wR2(obs,all)

| 2

a=31.419(6) A a = 90°

b =30.116(6) A B =90.412(2)°
c=45.320(9) A y =90°

42 880(14) A3

56, 14 [462 independent non-H atoms]

Mo Ka., Incoatec IuS microfocus source

100 K

SHELXD

246 105 total, 49 674 unique, 27 787 (I > 2c[l])
98.7% to 6 = 27.53°

4201, 1

0.0875,0.158 / 0.268, 0.330

Matthias Zeller, Youngstown State University
Charles Campana, Bruker Madison, WI

































































































































Stacking of hexagonal sheets

o= 094
T g A

i,
\\\ S§<O14

b §=3.9
LN o o=14
=< s=36
§§ < o=:11



parallel layers
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Remaining void volume is substantial

38% void volume, could be occupied by 167 ethanol molecules,
SQUEEZE identifies 1540 e~ (45 ethanol)




Crystal structure retained after desolvation
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Reversible (de)solvation
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Bulk crystallization from THF/H,O

50/50 Mixture of water and tetrahydrofuran




Gas adsorption confirms microporosity
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Binding energy trend for H,
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tcpb derivatives
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Derivative synthesis

Br HO. _O
R2 R3
Br Br G
R 1. 2% Pd(PPh3)s KsPOy
MeOH, THF R2 R3
+ o
Q 2. NaOH G
P H.O, CH-N
/@AD e HO G R G OH
3. HCI
HO 5 8 1
OH
Code R R- R’ Overall Yield
2 H H CH; 93 %
3 H H OCH; 62 %
4 H CH; OCH; 75 %
5° H H NH: 94 %
6° H CH; NH: 98 %
7° H NH; NH; 78 %

The first step was performed under nitrogen atmosphere for all of the compounds.
 The second step. hydrolysis of the methyl esters. was performed under nitrogen atmosphere.
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The first step was performed under nitrogen atmosphere for all of the compounds.
 The second step. hydrolysis of the methyl esters. was performed under nitrogen atmosphere.



Comparison of local structure

tcpb
8-fold catenation



Comparison of local structure

tcpb-CH,
7-fold catenation,
methyls concealed
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tcpb-NO, synthesis
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Comparison of local structure
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7-fold catenation,
some NO, exposed
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Core functionalization: pyrylium intermediate




Core functionalization: Suzuki coupling
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Smaller IR band redshifts for adsorbed H2
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