MOF-5: There and Back Again

Outline
1) MOF-5: The start of a collaboration

2) H, and infrared: You’re crazy

3) MOF-74: The beauty of a systematic series
4) CO,: Something a bit different
5) MOEF-5 again: The story continues



MOF-5: Zn,O(B DC)S

E. Spencer, J. Howard, G. Mclntyre, J. L. C. Rowsell,

and O. M. Yaghi, Chem. Commun. 3, 278 (2006). GRS LR T ‘;t,_'
"‘ ‘.I‘ ‘.’ :
." ‘,I‘ ‘,‘ ’ ,
‘(‘ "" ‘,,
. ‘I‘ ‘.I‘ ‘,‘ , ,
. ' ,‘ .
Blue = Zn o L Es b ST N
Red=0
Black=C

Green=H,



Secondary Sites
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Yaghi, Science, 309, 1350 (2005)
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Hydrogen Cycle

Fuel Cell Batteries
2H, + O, = 2H,0 + Energy

 Electrolyze water using
renewable energy or otherwise
wasted energy

« |deally it would all be done
locally



Hydrogen Storage for Fuel Cells

High Pressure
350-700 bar

Liquid Hydrogen

LH2 - Tank System

o vesge|
super-insulation GHITET veisel
lewal probe
fillim gll LS pension
ligjuiicl Hydrog
E53C)
afany wal
gaseous Hydrogen
(+205C up o +80eC)
hut-off valve




Need a light weight “hydrogen sponge”

Highly porous materials exist

Problem is hydrogen sticks either
too weakly or too strongly

Need “post-it note” stickiness

Need technique to probe H, interactions



Infrared Spectroscopy! Are you crazy?




Infrared Spectroscopy! Are you crazy?

H H

“ The atoms are neutral



Infrared Spectroscopy! Are you crazy?

H H

“ The atoms are neutral
H H

Interactions with “sponge”
0—9 can induce charge

separation




Infrared Spectroscopy! Are you crazy?

H H

“ The atoms are neutral
H H

Interactions with “sponge”
G"G can induce charge

separation




Infrared Spectroscopy! Are you crazy?

H H

“ The atoms are neutral
H H

Interactions with “sponge”
O‘O can induce charge

separation




Infrared Spectroscopy! Are you crazy?

Interactions with “host”
can induce a dipole moment

6-€

Induced dipole moment is typically weak so
special technique is required to enhance signal




Diffuse Reflectance Spectroscopy

Ellipsoidal Mirror

 Light bounces around .
within powder sample ..
* Very long path length {

enhances absorption signal &

®

Detector Window
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Diffuse Reflectance Spectroscopy: Cryostat Assembly

helium gas
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Samples are mounted in a glove-box




Quantum Dynamics of Adsorbed H,

 Vibration S s
E, =(v+1/2) vy GWG

V0 = 4161 cm for free H,

« Rotation \
Bo =59 cmt for free H, :
 Translation ) ' '

Center-of-mass
On the order of 150 cm-?




Typical Spectra for H, in MOFs at 30 K
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MOF-74 Isostructural Series

& Same structure, different metal

1 2 13 14 15 16 17 [
IHIA IVA VA VIA VIIA| uim
SYMBOL B 5 Ne
2 ATOMIC NUMBER () = ESTIMATES 5 10
ATOMIC WEIGHT 10.81 20.18
NAME Neon
Ar
3 18
1B IVB il
K Kr
4| 19 36
39.10 83.80
Potassium Krypton
Rb Xe
5 [ 54
85.47 131.29
Rubidium Xenon




Vibrational shift and binding energy?
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Spectra as a function of concentration (Mg- MOF 74 at 35 K)
J. Am. Chem Soc 2011,133,20310 H P

S
I I L L L I L L L L I L L L L
Io.3
3.0 H,/Mg ’(;)\ -
=
C
8 2.0 H,/Mg -
C .
-g = = o o °
— < o
O N’
n >
&3 1.2 H,/Mg *i) = o
c m
BTN . a4
(1) = ° A
L Qtrans A -l.‘*l ALlA ‘4 1 I
'l I 'l 'l 'l 'l IEI: 'l 'l 'l I 'l 'l 'l 'l I 'l 'l 'l 'l O l 2 3

4100 4150 4200 4250 :
1 Concentration (H, per Mg)
Frequency (cm ")



Quantum Dynamics of Adsorbed H,

 Vibration S s
E, =(v+1/2) vy GWG

V0 = 4161 cm for free H,

« Rotation \
E J = J (J + l) B() “ T 4
Bo =59 cmt for free H, :

e Translation
Center-of-mass
On the order of 150(cm!
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Translational mode energy (quantum sieving?)
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Back of the Envelope Calculation
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Standard Separation Techniques
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D, vs H, Isotherms in Fe-MOF-74
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Selectivity vs Translational Freauency

_llll'lllllllllllllll"lllll_

L

51 ' @NIMOF-T4 —

0 50 100 150 200 250
Translational Frequency (cm™)

Dashed line shows simple back of the envelope
Solid line shows full (harmonic) thermodynamic calculation




CO, In Different Metal MOF-74

J. Phys. Chem. C 2015, 119, 5293-5300
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Phys. Rev. B 77, 224301 (2008)
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