
Subscriber access provided by ISTANBUL TEKNIK UNIV

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Communication

Liquid Phase Adsorption by Microporous Coordination
Polymers: Removal of Organosulfur Compounds

Katie A. Cychosz, Antek G. Wong-Foy, and Adam J. Matzger
J. Am. Chem. Soc., 2008, 130 (22), 6938-6939 • DOI: 10.1021/ja802121u • Publication Date (Web): 09 May 2008

Downloaded from http://pubs.acs.org on February 8, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/ja802121u


Liquid Phase Adsorption by Microporous Coordination Polymers: Removal of
Organosulfur Compounds

Katie A. Cychosz, Antek G. Wong-Foy, and Adam J. Matzger*

Department of Chemistry and the Macromolecular Science and Engineering Program, UniVersity of Michigan,
930 North UniVersity AVenue, Ann Arbor, Michigan 48109-1055

Received March 21, 2008; E-mail: matzger@umich.edu

New U.S. Department of Transportation rules mandating that
diesel and gasoline have sulfur levels less than 15 and 30 ppm by
weight (ppmw), respectively,1 and the need for virtually sulfur-
free hydrogen streams for fuel cells has reignited interest in novel
desulfurization technology. Hydrodesulfurization, the industry
standard process, effectively eliminates nonaromatic sulfur com-
pounds and thiophenes, but is challenged by more sterically
hindered benzothiophene (BT), dibenzothiophene (DBT), and 4,6-
dimethyldibenzothiophene (DMDBT) fuel contaminants.2 Adsorp-
tion presents an attractive alternative for removal of these com-
pounds; well-studied classes of porous materials such as activated
carbons and zeolites have been shown to adsorb organosulfur
compounds from hydrocarbon streams.3

Microporous coordination polymers (MCPs) excel at gas adsorp-
tion and capacities greatly exceeding those of activated carbons
and zeolites have been reported.4 Quantitative determination of
adsorption of large molecules by MCPs has seen little scrutiny
despite the fact that they display adequate pore size and guest
exchange kinetics.5,6 To address this paucity of data in the context
of an important remediation challenge, the adsorption capacities
of five chemically diverse MCPs were determined for BT, DBT,
and DMDBT over a wide concentration range from solutions of
the organosulfur compound in isooctane. MOF-5 and HKUST-1,
two of the earliest examples of highly porous MCPs, were chosen
as prototypical zinc and copper materials.7,8 MOF-177 has superior
surface area and large pore size.6 UMCM-150 represents a new
class of MCPs with reduced symmetry linkers,9 and MOF-505 is
a copper material constructed from a tetracarboxylic acid.10 These
MCPs possess different pore sizes, shapes, and metal clusters thus
offering a test of the key factors dictating adsorption behavior.

Adsorption isotherms (Figure 1) were measured out to 2000
ppmw S in isooctane for BT and DBT and to 700 ppmw S in
isooctane for DMDBT (due to low solubility). These MCPs exhibit
excellent capacities for the organosulfur compounds investigated
at high concentrations with, for example, BT capacities (g S/kg
MCP, 1500 ppmw S) of 25, 40, and 51 for HKUST-1, UMCM-
150, and MOF-505; DBT capacities (g S/kg MCP, 1500 ppmw S)
of 45, 83, and 39 for HKUST-1, UMCM-150, and MOF-505; and
DMDBT capacities (g S/kg MCP, 600 ppmw S) of 16, 41, and 27
for HKUST-1, UMCM-150, and MOF-505. This represents uptakes
of 48 wt % and 27 wt % for DBT and DMDBT in UMCM-150
(for regenerability see Supporting Information). Significantly,
saturation has not been reached for all isotherms, indicating that
these materials have the potential for even higher adsorption

amounts. For comparison, capacities (g S/kg zeolite) were measured
for a benchmark zeolite material, Na(Y), at 1500 ppmw S for BT
and DBT and at 600 ppmw S for DMDBT and are 8, 5, and 3,
respectively. Capacity at low concentrations is an equally important
performance metric, and several MCPs studied operate extremely
efficiently at low concentration indicating high affinity between the

Figure 1. Adsorption isotherms for benzothiophene (top), dibenzothiophene
(middle), and 4,6-dimethyldibenzothiophene (bottom) for UMCM-150,
MOF-505, HKUST-1, MOF-5, and MOF-177 from isooctane solutions. The
curves represent a fit to the Langmuir equation and are intended as guides
to the eye.
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organosulfur compounds studied and the framework. MOF-505 has
capacities (g S/kg MCP, 25 ppmw S) of 25 and 17 for DBT and
DMDBT. In comparison, Na(Y) zeolite has a DBT capacity of 1.5 g
S/kg zeolite and a DMDBT capacity of 2 g S/kg zeolite both at 25
ppmw S.

Typically, correlations are observed between the surface area or
pore volume of an MCP and the amount of gas adsorbed. In the
concentration regime studied for large organosulfur compound
adsorption, neither of these correlations holds. For example, MOF-
177 has the highest surface area and pore volume of these five
materials (for these data see Supporting Information), but it adsorbs
the least for all three organosulfur compounds. Figure 2 illustrates
models of one molecule of dibenzothiophene in the pore of each
MCP studied. DBT is in closest contact with the framework of
UMCM-150 and MOF-505: two MCPs with the highest DBT
affinity as evidenced by uptake at low concentrations. However, it
is also important to note that upon activation UMCM-150, MOF-
505, and HKUST-1 are MCPs with coordinatively unsaturated metal
centers. Although π-complexation between the organosulfur com-
pound and the metal center is unlikely on steric grounds, other
interactions with these sites may be functional.

The greatest challenge for desulfurization, and an issue common
to both hydrodesulfurization and adsorption processes, has been
the removal of DMDBT due to its size and the sterically hindered
sulfur. MCPs excel here; for three of the five materials studied,
the DMDBT capacity is larger than for BT and DBT at 300 ppmw
S. For example, UMCM-150 has capacities (g S/kg MCP, 300
ppmw S) of 14, 34, and 37 for BT, DBT, and DMDBT. Larger
guests lead to increased contact with the framework. This enhances
interaction leading to higher adsorption for DMDBT. However, pore
size is also a factor governing the adsorption capacity for a given

organosulfur compound. For example, MOF-505, the MCP with
the smallest pores studied, has its largest capacity at 300 ppmw S
for DBT (38 g S/kg), but the amount adsorbed drops to 27 g S/kg
for DMDBT, showing that DMDBT does not fit as well into the
pores. These examples illustrate that MCPs are capable of readily
removing the compound most challenging to eliminate by hy-
drodesulfurization thus making this an excellent complementary
technique for the achievement of extremely low sulfur fuels.

In conclusion, MCPs can adsorb large quantities of organosulfur
compounds from the liquid phase and the exceptional levels of
uptake suggest that liquid phase adsorption will be an important
application for this class of materials.11 Adsorption capacity in a
given MCP is determined by pore size and shape, where the
interaction between the organosulfur compound and the framework
plays a key role. This suggests considerable potential for the rational
design of new MCPs for desulfurization. Flow-through experiments
and determination of the selectivity of MCPs for BT, DBT, and
DMDBT in the presence of other aromatic compounds found in
fuels are underway to assess the practicality of desulfurization by
adsorption to MCPs.
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Figure 2. Crystal structures of (a) MOF-177 (b) MOF-5 (c) UMCM-150
(d) HKUST-1 (e) MOF-505 with one molecule of dibenzothiophene added
in the pore of each MCP to represent scale.
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