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existing chromatographic materials likely 
due to fast diffusion through large interpar-
ticle voids in packed beds of the solid and 
similar confi gurations. Great improvements 
in separation effi ciency could be achieved 
by modifying the synthesis of these mate-
rials to eliminate inter-particle voids and to 
decrease the average distance between the 
pores and the external surface of the PCP. 
These aims could be achieved in a hybrid 
material based on macroporous polymer 
monoliths, [ 14,15 ]  which are presently a 
leading commercial material for chromatog-
raphy. [ 16,17 ]  Previous attempts to unify these 
material systems have resulted in PCP or 
MOF crystals embedded in the polymer 
matrix. [ 18,19 ]  These approaches still suffer 

from relatively slow diffusion into the pore structure relative to 
diffusion through the polymer monolith due to the low external 
surface area to volume ratio of the PCP or MOF crystals and the 
great distance between the crystal surface and the majority of the 
pore volume. Clearly a different synthetic approach is needed that 
leads to fi lms or similarly dispersed PCPs or MOFs where the 
majority of the pores are close to the surface. 

 Here we report a simple procedure for the synthesis of PCP 
fi lms on the internal surface of a macroporous polymer monolith 
with excellent potential for chromatographic separations. Using 
room temperature solution-based [ 20,21 ]  methods we grow highly 
porous iron(III) benzenetricarboxylate (FeBTC) coordination 
polymer fi lms within poly(styrene-divinylbenzene-methacrylic acid) 
monoliths. The resulting metal-organic polymer hybrid (MOPH) 
contains highly porous, well dispersed PCP fi lms. These methods 
are effective for the preparation of bulk powders as well as capillary 
columns and are likely applicable to a great number of PCP and 
MOF structures. We demonstrate the utility of MOPHs by using 
them to enrich phosphopeptides from digested protein mixtures.  

  2.     Experimental Section 

  2.1.     Materials 

 Polyimide-coated 100 µm i.d. fused silica capillaries were pur-
chased from Polymicro Technologies (Phoenix, AZ, USA). 
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  1.     Introduction 

 Porous coordination polymers (PCPs), a class of materials that 
includes metal-organic frameworks (MOFs), [ 1–4 ]  are composed 
of inorganic clusters linked together by organic ligands into 1D, 
2D or 3D-networks. These materials have attracted enormous 
attention in recent years due to their superlative porosity, wide 
chemical tunability, and their stability. They are being explored 
for a range of applications including gas storage, gas separation, 
and catalysis. [ 5–8 ]  A number of reports on chromatographic sepa-
rations in PCPs exist, [ 9–13 ]  but they do not yet perform on par with 
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3-(trimethoxysilyl)propyl methacrylate (98%, Sigma-Aldrich, 
St. Louis, MO) was used for capillary pre-treatment. Styrene 
(99%, Sigma-Aldrich), divinylbenzene (80%, technical grade, 
Sigma-Aldrich), methacrylic acid (98%, Mallinckrodt Chemi-
cals, St. Louis, MO), toluene (EMD Chemicals, Gibbstown, NJ) 
and isooctane (Sigma-Aldrich), were used as the monomers and 
porogens for column preparation. 2,2′-azobisisobutyronitrile 
(98%, Sigma-Aldrich) was used as the polymerization initiator. 
All monomers were purifi ed by passage through a bed of basic 
alumina to remove the polymerization inhibitors. Iron (III) chlo-
ride hexahydrate, benzene-1,3,5-tricarboxylic acid (H 3 BTC), ace-
tonitrile (ACN), adenosine-5′-triphosphate (ATP), ammonium 
bicarbonate, trifl uoroacetic acid (TFA, analytical reagent grade) 
ethanol, iodoacetamide (IAA), dithiothreitol (DTT), mono- and 
dibasic sodium phosphate, phosphoric acid, 2,5-dihydroxyben-
zoic acid (DHB) were purchased from Sigma-Aldrich and used 
as received. Trypsin (bovine pancreas), bovine serum albumin 
(BSA) and casein (bovine milk) were obtained from Sigma-
Aldrich. Nonfat milk was purchased at a local grocery store.  

  2.2.     Porous Polymer Monolith Preparation 

 A 1 mL glass vial was loaded with 50 mg styrene, 100 mg 
divinylbenzene, 50 mg methacrylic acid, 300 mg toluene and 
300 mg isooctane. 4 mg 2,2´-azobisisobutyronitrile (1% with 
respect to monomers) was added to initiate polymerization. 
The mixture was homogenized by sonication for 10 min and 
degassed by purging with nitrogen for 10 min. The vial cap was 
sealed with plastic paraffi n fi lm. The polymerization was car-
ried out in a water bath at 60 °C for 6 h. After cooling at room 
temperature the glass vial was broken carefully and the polymer 
monolith was transferred into a cellulose extraction thimble. 
Porogens and unreacted compounds were removed by Soxhlet 
extraction in methanol for 16 h. The products were character-
ized using nitrogen adsorption, thermogravimetry, FT-IR, and 
Mössbauer spectroscopy. 

 Preparation of the polymer monolith was adapted to capillary 
columns using a modifi ed procedure reported by Svobodova 
et al. [ 22 ]  Using a syringe pump the capillary was rinsed with ace-
tone followed by water. 0.2 M aqueous sodium hydroxide was 
then pumped through the capillary at 0.25 µL/min for 30 min 
followed by rinsing with water until the effl uent was at neutral 
pH. The capillary was then fl ushed at 0.25 µL/min with a 0.2 M 
HCl for 30 min, followed by rinsing with water and ethanol. 
Finally, a 20% (w/w) ethanol solution of 3-(trimethoxysilyl)
propyl methacrylate with an apparent pH adjusted to 5 using 
acetic acid was pumped through the capillary at a fl ow rate of 
0.25 µL/min for 1 h, to vinyl-functionalize the inner surface of 
the capillary enabling anchoring of the polymer monolith. The 
capillary was then washed with acetone, dried in a stream of 
nitrogen, and left at room temperature overnight before use. 
The vinyl-functionalized silica capillary was fi lled with the same 
polymerization mixture used for the bulk monolith. Both ends 
of the capillary were carefully sealed with a rubber septum and 
the thermally initiated polymerization was carried out under 
the same conditions as for the bulk monolith. The unreacted 
compounds (mostly porogens) were removed by fl ushing the 
column with acetonitrile at 6 µL/min for 30 min.  

  2.3.     Growth of the FeBTC MOPH 

 For the preparation of bulk MOPH powders the monolith was 
ground lightly with a mortar and pestle. The resulting powder 
(100 mg) was immersed in 5 mL of 2 mM FeCl 3 .6H 2 O in eth-
anol for 15 min, vacuum fi ltered using a Nylon fi lter (0.22 µm), 
and washed with ethanol. The powder is then immersed in 
5 mL of 2 mM 1,3,5-benzenetricarboxylic acid (H 3 BTC) in eth-
anol for 15 min and fi ltered in the same way. This procedure 
is repeated as desired; samples in this study were generated by 
using 10, 20, and 30 cycles, respectively. 

 For preparation of MOPH within a capillary column the 
monolithic capillary column was fl ushed with 2 mM FeCl 3  
in ethanol for 15 min at 2 µL/min using a syringe pump. It 
was then fl ushed with 2 mM H 3 BTC in ethanol for 15 min at 
2 µL/min. The column was rinsed with ethanol between each 
step 15 min at 2 µL/min. This procedure is repeated as desired; 
samples in this study were generated by 5, 10, and 30 cycles, 
respectively.  

  2.4.     Characterization 

 Nitrogen adsorption/desorption isotherms at 77 K were meas-
ured using an ASAP 2020 surface area and porosimetry ana-
lyzer (Micromeritics, Norcross, GA). BET surface area values 
were calculated using established procedures [ 23 ]  and pore size 
distribution was calculated using a non-local density functional 
theory (NLDFT) method provided by Micromeritics assuming 
cylindrical pore geometry. Scanning electron micrographs and 
energy dispersive X-ray spectra of monoliths were obtained 
using a Zeiss Gemini Ultra Field-Emission Scanning Electron 
Microscope (Peabody, MA, USA) integrated with an energy 
dispersive X-ray spectrometer (Thermo Electron, USA). FT-IR 
spectra of the bulk polymer monoliths were acquired using a 
Spectrum One IR instrument (Perkin Elmer, Waltham, MA, 
USA). Mass spectra were obtained by using Bruker Autofl ex II 
MALDI-TOF/TOF. Breakthrough curves and column backpres-
sure measurements were performed with a nanoAcquity UPLC 
system (Waters, Milford, MA, USA) consisting of a binary sol-
vent pump, sample manager, autosampler, and TUV detector 
equipped with a 10 nL capillary fl ow cell. Thermogravimetric 
analysis was carried out in an air atmosphere using a TA 
Instruments Q5000IR TGA. Iron-57 Mössbauer spectra were 
obtained at 77 K with a constant acceleration spectrometer and 
a cobalt-57 rhodium source. Prior to measurements the spec-
trometer was calibrated at 290 K with an α-iron foil. All spectra 
were fi t with symmetric Lorentzian quadrupole doublets using 
the WMOSS Mössbauer Spectral Analysis Software. [ 24 ]   

  2.5.     Protein Digestion and Phosphopeptide Enrichment 

 Proteins were digested using a reported tryptic digestion pro-
tocol. [ 25 ]  Protein (2 mg) was dissolved in 1 mL water and then 
divided into 200 µL fractions. To each fraction were added 
160 µL 1 M ammonium bicarbonate and 50 µL dithiothreitol. 
The fractions were incubated at 50 °C in a thermomixer for 
15 min. Aqueous solution of iodoacetamide (100 mM, 50 µL) 
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was added gradually while the solution cooled to room tem-
perature. The solution was incubated in the dark for 15 min at 
room temperature. Deionized water (1 mL) was then added, fol-
lowed by the addition of 2 µg of trypsin. The protein was then 
digested in a thermomixer at 37 °C for 14 h. The digestion was 
terminated by acidifying the solution with 1% TFA (10 µL) and 
placing it in the thermomixer at room temperature for 5 min. 
The digested proteins were stored at –20 °C. For the non-fat 
milk, a sample volume of 0.5 mL was digested using the same 
procedure as for the other proteins. 

 Phosphopeptide enrichment experiments were carried out 
using capillary columns containing native polymer monolith 
and its MOPH-modifi ed counterpart, respectively. The column 
was fl ushed with 100 µL of a 4:1 mixture of acetonitrile and 
0.1% TFA for 10 min at a fl ow rate of 1 µL/min using a syringe 
pump. Protein digest was then pumped through the column 
at 2 µL/min for 30 min. To wash out the non-phosphorylated 
peptides the column was fl ushed again with a 4:1 mixture of 
acetonitrile and 0.1% TFA and then with water, both for 10 min 
at 1 µL/min. Phosphopeptides were eluted using a 250 mM pH 
7 phosphate buffer solution pumped at 1 µL/min for 15 min. 
The eluent was collected in vials and desalted in a commercially 
available C18 Millipore ZIP-TIP using the standard protocol. [ 26 ]  
A methanolic solution of MALDI matrix (DHB, 2 mg/mL, 
2 µL) was then drawn into the tip and the mixture was spotted 
directly onto the MALDI plate. The spots were analyzed by 
Bruker Autofl ex II MALDI-TOF/TOF. Phosphopeptide peaks 
were assigned using literature references. [ 27–31 ]  Column regen-
eration tests were performed after fl ushing the column thor-
oughly with water and then methanol. 

 Adenosine-5′-triphosphate (ATP) breakthrough experiments 
were performed by pumping a 1% aqueous acetic acid solution 
containing 0.25 mg/mL ATP through a 120 mm long MOPH 
column after 30 cycles of FeBTC growth. ATP concentration in 

the eluent was determined by UV absorption at 254 nm. Break-
through capacity is calculated from the elution volume at which 
concentration  C  of the eluted ATP represents 50% of the con-
centration of the original solution  C  0  ( C / C  0  = 0.50).   

  3.     Results and Discussion 

  3.1.     Bulk Monolith Powders 

 Treatment of a porous poly(styrene-divinylbenzene-meth-
acrylic acid) monolith with successive washes of Fe(III)Cl 3  and 
1,3,5-benzenetricarboxlyic acid solutions at room temperature 
results in a metal-organic polymer hybrid wherein a highly 
porous coordination polymerof iron(III) benzenetricarboxylate 
is well distributed throughout the pores of the polymer mon-
olith.  Figure    1   provides a schematic illustration of the results 
of this layer-by-layer growth. After 30 cycles of PCP growth the 
specifi c surface area of the FeBTC MOPH is 389 m 2 /g, which is 
nearly four times as large as that of the original polymer mono-
lith, which is 106 m 2 /g. N 2  uptake isotherms at 77 K and cal-
culated pore size distribution are presented in  Figure    2  A. The 
loading of FeBTC and the surface area can be tuned by varying 
the number of growth cycles (Figure S1 in the Supporting Infor-
mation). For example, a surface area of 156 m 2 /g was obtained 
after 10 FeBTC MOPH cycles. The pores resulting from growth 
of the FeBTC coordination polymer are largely below 3 nm in 
size, as indicated by the pore size distribution calculated from 
the N 2  isotherm (Figure  2 A). This result is consistent with the 
large increase in N 2  uptake below 0.1 p/p 0 .   

 We examined the distribution of FeBTC within the MOPH 
using scanning electron microscopy (SEM). As illustrated 
in Figure  2 B the polymer monolith consists of a network of 
microglobules forming a continuous porous structure. Because 
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 Figure 1.    Schematic illustration of incorporation of additional metallic sites for immobilized metal affi nity chromatography (IMAC) by step-by-step 
synthesis of the FeBTC porous coordination polymer into the pore surface of a polymer monolith.
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of its higher reactivity the divinylbenzene polymerizes faster, [ 32 ]  
forming the nuclei of the globules, while the monovinyl mono-
mers, styrene and methacrylic acid, polymerize at a slower 
rate. The result is a porous structure in which the globules are 
covered with carboxylic acid groups that can act as nucleation 
sites for the FeBTC coordination polymer. SEM images of the 
resulting MOPH (Figure  2 C) show that the FeBTC coordina-
tion polymer conforms to the surface of the original monolith, 
leaving the larger meso- and macropores pores intact and avail-
able for convective mass transport in fl ow-through applications. 

 The FeBTC coordination polymer does not exhibit X-ray 
diffraction peaks, indicating that it lacks crystalline order. To 
interrogate its structure we collected FT-IR absorption spectra 
for the organic polymer monolith and the FeBTC MOPH after 
10, 20 and 30 growth cycles (Figure S2 in the Supporting Infor-
mation). Incorporation of methacrylic acid into the polymer 
monolith was confi rmed by the appearance of an intense 
band at 1707 cm −1  (highlighted in blue), corresponding to the 
C=O stretch, which is absent in poly(styrene-divinylbenzene) 
monoliths not containing methacrylic acid (Figure S3 in the 

Supporting Information). Upon growth of the FeBTC coordina-
tion polymer we observe the emergence of absorption bands at 
1382, 1449, 1627 and 3400 cm −1 . All of these bands increase in 
intensity with additional cycles of FeBTC growth. These FT-IR 
bands are consistent with absorption spectra for the metal-
organic framework, MIL-100, which is also composed of Fe(III) 
and trimesate ions. [ 33 ]  

 Given the potential of local structural similarity between 
the FeBTC material in this report and the MIL-100 frame-
work, we performed Mössbauer spectroscopy on the MOPH 
prepared with 30 growth cycles to probe the environment of 
the Fe atoms. As illustrated in the Supporting Information 
(Figure S4), the Mössbauer spectrum features a set of broad, 
unresolved quadrupole doublets arising from a mixture of Fe 
atom environments. While the spectrum is consistent with that 
of MIL-100, [ 34 ]  the lack of resolution makes it diffi cult to elimi-
nate other possible binding geometries. 

 We also measured the loading of Fe(III) in the polymer 
monolith using thermogravimetric analysis (TGA) in air on the 
polymer after one wash with FeCl 3  and after 10, 20, and 30 full 
growth cycles (Figure S5 in Supporting Information). Combus-
tion of the polymer and trimesate ions occurs between 275 and 
450 °C, leaving a red inorganic residue. The residue was con-
fi rmed to be α-Fe 2 O 3  by powder X-ray diffraction. Based on the 
mass of the Fe 2 O 3  residue we calculate the mass percent of Fe 
in the samples to be 1.1% after one FeCl 3  wash, and 1.5, 4.2, 
and 10.5% after 10, 20, and 30 FeBTC growth cycles, respec-
tively. The small weight loss below 100 °C is attributed to the 
removal of solvent from the pores of the MOPH; therefore the 
starting weight in our calculations was taken at 200 °C.  

  3.2.     Capillary Columns 

 The MOPH synthesis was adapted to capillary columns using 
standard techniques for preparation of the polymer monolith 
and alternating pumping of Fe(III)Cl 3  and 1,3,5-benzenetricar-
boxlyic acid solutions at room temperature with intervening 
washing steps. We confi rmed the immobilization of the FeBTC 
coordination polymer by energy dispersive X-ray spectroscopy 
(EDXS) shown in the Supporting Information (Figure S6). 
The mass percent of Fe in the capillary MOPH after 10 growth 
cycles is 19%, an order of magnitude higher than the loading 
observed in the bulk powder after 10 cycles. This difference is 
due to the forced convection of the precursor solutions through 
the capillary column, which ensures that the solution fully dis-
places the existing solvent and completely infi ltrates the pore 
structure. EDXS spectra collected at different points on the 
capillary column indicate uniform immobilization of FeBTC 
throughout the column. Spectra collected on different columns 
prepared with the same number of cycles result in a compa-
rable degree of Fe immobilization. 

 We determined the total column porosity using high perfor-
mance liquid chromatography (HPLC) as the ratio of the elution 
volume of acetone, which is not retained by the column, to the 
internal volume of the empty cylindrical capillary. The polymer 
monolith before modifi cation exhibits a total porosity of a 77%, 
which is consistent with the volume percent of porogens used 
to prepare the monolith (78.5%). The total porosity decreases 
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 Figure 2.    A) Pore size distribution and nitrogen adsorption isotherms 
of the original polymer monolith and the hybrid polymer monolith after 
30 cycles of FeBTC. B) SEM image of the porous structure of the prepared 
polymer monoliths. C) SEM image of the porous structure of the polymer 
monolith after 30 cycles of FeBTC.
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to 72% after 10 growth cycles of FeBTC due 
to the inclusion of the FeBTC coordina-
tion polymer. The reduction in total porosity 
results in a modest increase in back pressure 
(Figure S7 in the Supporting Information). 
Despite this increase, the capillary-based 
MOPH still enables high fl ow rates to be used 
with low-pressure instrumentation, making it 
an excellent candidate for sample purifi cation.  

  3.3.     Phosphopeptide Enrichment 

 Solid phase media for immobilized metal-ion 
affi nity chromatography (IMAC) are typically 
based on silica or polymer beads functional-
ized with iminodiacetic acid or nitrilotriacetic 
acid groups, which bind metal ions that 
confer desired binding selectivity. [ 35–37 ]  The 
high abundance of Fe(III) sites in the MOPH 
materials we report make them excellent can-
didates for this application. To demonstrate 
the utility of MOPHs as fl ow-through media 
for phosphopeptide enrichment by IMAC we 
pumped samples of digested proteins through 
the columns. Phosphopeptides that were 
retained by the MOPH were eluted using a 
phosphate buffer and analyzed by MALDI-
TOF-MS.  Figure    3  A illustrates the results 
of enrichment experiments with digested 
β-casein. The bare polymer (Figure  3 B) 
and the polymer after a single FeCl 3  wash 
(Figure  3 C) result in little peptide retention 
with poor selectivity for phosphopeptides. 
However, MOPHs with 5 or 10 FeBTC growth 
cycles (Figure  3 D,E, respectively) result in 
excellent retention and selectivity for phos-
phopeptides (see Table S1 in the Supporting 
Information for MALDI peak assignments). 
We observe the presence of multiple phos-
phopeptides corresponding to each phospho-
rylation site in the protein. The recyclability 
of the MOPH columns was tested by fl ushing 
the used column thoroughly with water and 
then methanol to remove any remaining 
phosphate buffer.  Figure    4   compares mass 
spectra of phosphopeptides enriched on the 
same column in the fi rst and third cycle, indi-
cating no signifi cant change in performance. 
These results demonstrate the potential of 
MOPH columns for repeated use.   

 The potential of the FeBTC MOPH for 
phosphopeptide IMAC was further tested 
by increasing the complexity of the sample 
mixture.  Figure    5   illustrates phosphopep-
tide enrichment from a digested 1:1:50 mix-
ture of α-casein, β-casein, and bovine serum 
albumin (BSA) using a MOPH column after 
10 FeBTC growth cycles.  Figure    6   shows 
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 Figure 3.    MALDI-TOF-MS spectra of digested β-casein A) before purifi cation and B) after puri-
fi cation using the bare polymer monolith column, C) the polymer monolith after one FeCl 3  
wash, D) the MOPH after 5 growth cycles of FeBTC, and E) the MOPH after 10 growth cycles of 
FeBTC. MS peaks resulting from phosphopeptides are indicated with asterisks, while dephos-
phorylated fragments are indicated with hashes.

 Figure 4.    MALDI-TOF-MS spectra of the A) fi rst and B) third digested β-casein samples puri-
fi ed on the same MOPH column prepared with 10 growth cycles of FeBTC, indicating reusability 
of the MOPH. MS peaks resulting from phosphopeptides are indicated with asterisks, while 
dephosphorylated fragments are indicated with hashes.
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 Figure 5.    MALDI-TOF-MS spectra of a mixture of digested α-casein, β-casein and BSA (1:1:50) before and after enrichment using a MOPH column 
prepared with 10 growth cycles of FeBTC. MS peaks resulting from phosphopeptides are indicated with asterisks, while dephosphorylated fragments 
are indicated with hashes.

 Figure 6.    MALDI-TOF-MS spectra of digested nonfat milk before and after enrichment using a MOPH column prepared with 10 growth cycles of FeBTC. 
MS peaks resulting from phosphopeptides are indicated with asterisks.
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phosphopeptide enrichment using a similarly prepared column 
from digested commercial non-fat milk. In each case the 
MOPH exhibits remarkable selectivity for phosphopeptides.   

 We attribute the enhancement in the phosphopeptide 
enrichment effi ciency to the presence of accessible Fe(III) 
sites on the FeBTC coordination polymer, which are known 
to bind phosphopeptides selectively. While the local struc-
ture around the Fe(III) ions is diffi cult to determine, a likely 
structure is the Fe 3 O(CO 2 ) 6 (OH) cluster observed in MIL-
100 and numerous iron(III) carboxylate coordination poly-
mers. [ 38,39 ]  The Fe(III) ions in this cluster are coordinated 
by a labile solvent molecule, constituting a binding site for 
phosphate. 

 The high density of Fe(III) sites in the MOPH also sug-
gests that these materials could be employed in preparative 
scale HPLC purifi cation of phosphopeptides. To achieve a 
rough estimate of the capacity of the FeBTC MOPH for phos-
phopeptides we performed breakthrough experiments using 
adenosine-5’-triphosphate (ATP) as a proxy for phosphopep-
tides. Breakthrough curves for the bare polymer, the polymer 
after washing with FeCl 3 , and the MOPH after 30 growth 
cycles are shown in  Figure    7  . ATP was not retained in the as-
prepared polymer, yielding similar elution time as observed for 
other non-retained compounds, such as acetone. The observed 
time at 50% breakthrough in this material is subtracted from 
the breakthrough time in the iron-containing columns to 
determine their ATP capacity. The column volume is taken to 
be the total pore volume in the MOPH. The polymer mono-
lith after one wash of FeCl 3  has a capacity of 0.82 µmol ATP/
mL. The FeBTC MOPH after 30 growth cycles has a capacity 
of 3.25 µmol ATP/mL. These results suggest that the MOPH 
modifi ed monolithic columns are superior to commercial mate-
rials used for phosphopeptide enrichment, such as iron affi nity 
gels based on nitriloacetic acid, which typically have a capacity 
of 2–3 µmol ATP/mL. [ 40 ]     

  4.     Conclusions 

 We present a simple procedure for the growth of well distrib-
uted, highly porous coordination polymers (PCPs) in a porous 
monolithic polymer. The resulting metal-organic polymer 
hybrids (MOPHs) overcome the problems with diffusional 
mass transport associated with fl ow through inter-particle voids 
and penetration into the small pores present in packed beds of 
porous solids or pre-grown solids dispersed in porous polymers. 
We have demonstrated the utility of these materials for enrich-
ment of phosphopeptides by immobilized metal-ion affi nity 
chromatography (IMAC). The synthetic methods we report are 
readily implemented and likely effective for numerous PCPs 
and similar materials. The automation of the PCP thin layer 
growth in capillary-based systems is an exciting possibility that 
could lead to better control over PCP growth and distribution 
as well as wide application of these materials for liquid phase 
separations.  
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 Supporting Information is available from the Wiley Online Library or 
from the author.  
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