Post-synthetic functionalization of Mg-MOF-74 using tetraetheylene pentamine and its CO2/water vapor
adsorption behavior
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1. Introduction

3. CO2 Adsorption behavior at 25o C using dynamic vapor sorption (DVS vacuum)

Metal-organic frameworks are a class of microporous and mesoporous crystalline material that hold
promise as efficient CO2 adsorbents. Amongst the MOFs used for adsorbing carbon dioxide, Mg-MOF74 is a strong candidate due to its high adsorption capacity, the economic feasibility of its reagents as
well as its ease of synthesis. The cylindrical pores and unsaturated metal centers of Mg-MOF-74 can
adsorb between 21-26% CO2, and represent one of the highest solid-state adsorbers for CO2 in
existence1,2. We propose a tetraethylene pentamine functionalization to raise uptake capacity
through the increase of active sites with multi-unit amines.

•

At 1%-amine functionalization: 0.63% N and
14% Mg (wt elemental) in the sample.

•

Increase of ~8% molar in terms of active sites
(every N and Mg site can potentially bind CO2),
corresponding an increase in CO2 uptake.

•

Increase in adsorption due to increase in
amine sites and potential synergistic
interaction.

•

Preservation of original porosity (>600 m2/g)
and increase in CO2 adsorption sites.

+
•

•

Post-synthetic functionalization to preserve
crystal structure and add additional sites for
CO2 adsorption.

4. Degree of functionalization vs surface surface amine sites

Enable both bulk and surface adsorption by
not blocking pores.

TEPA-MOF
1% amine

Experimental CO2 uptake of various MOFs2 and neutron
diffraction structure of adsorption sites.3

2. Materials Synthesis and Characterization
•
•

Mg-MOF-74

Mg-MOF-74 by solvothermal synthesis3. Tetraethylene pentamine functionlized (TEPA) by liquidphase impregnation using toluene (MOF/TEPA). MOFs activated in vaccum at 200oC for 4 hrs.
XRD and neutron powder diffraction (NPD) to explore structure of TEPA-functionalized MOF.
TEPA-Mg-MOF-74-Saturated (100%-TEPA grafting)
Mg-MOF-74-Pure
Mg-MOF-74 after CO2 adsorption
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5. Effect of H2O & H2O/CO2 adsorption through DVS vacuum
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CO2/H2O co-adsorption is an important challenge to address for practical applications. Flue gases,
depending on source, contain significant humidity (coal 12%v CO2 / 6%v H2O and vice-versa in waste
incineration). CO2 uptake is still enhanced by TEPA/MOF (1% amine), even in the presence of H2O.
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•

Preservation of crystalline structure before and after
functionalization. In neutron diffraction, similar pattern
before and after functionalization: no appearance of
new peaks, amines disordered within structure.

•

Degree of functionalization controlled by ratio of
amines to Mg, ranging from surface saturation (100%
functionalization degree) to approximately half
(sample denoted by 1% amine MOF/TEPA).
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