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A series of zirconium-based MOFs with acclaimed stability was prepared and their ability to adsorb polyfluorinated

pollutants was compared. A novel fluorinated UiO-67 analogue, named UiO-67-F2, was synthesised alongside three

previously reported materials, namely UiO-67-NH2, UiO-68-(CF3)2 and UiO-67. The structures were established and
confirmed by powder X-ray diffraction. UiO-67-NH2, UiO-68(CF3)2 and UiO-67-F2 were examined as sorbents for the
perfluorinated gas, sulphur hexafluoride (SF¢) from the gaseous phase. The SF¢ uptake of UiO-67-NH2 and UiO-67-F2 at
100 kPa, 20 °C, was high (5.54 and 5.24 mmol/g, respectively). UiO-67-F2 exhibited a remarkable PFOA uptake of 928
mMgprroa/Emor IN @an aqueous solution, which far exceeded that of unmodified UiO-67 (872 mgproa/8wmor at 1 000 Mgproa/Lwater )-

This study has identified strengths and potential applications of the novel UiO-67-F2, as well as the impact of fluorine

functionalization. It also offers some insight into the structure-property relations of UiO-based MOFs for their use as low-

pressure SFg storage materials and PFAS sorbents intended for water purification under ambient conditions.

Introduction

Perfluorinated compounds encompass a large group of
molecules that have found widespread use in many industrial
applications and commercial products®. The high stability and
inert nature of these molecules, stemming from the strong
fluorine bonds (e.g., C-F and S-F)?3, make them particularly
challenging pollutants to remove from the environment. Per-
and polyfluoroalkyl substances (PFAS) have been used since the
1940s in various applications and can be found in a wide range
of products, from flame retardant foams to waterproofing
agents*>. In particular, fluorosurfactants (a PFAS subgroup)
possess amphiphilic characteristics which enable them to reside
in both water and soil.6 Their amphiphilic nature together with
their high thermal and chemical stability, enable these
compounds to persist in the environment indefinitely, thus
earning them the nickname forever chemicals, in addition, many
PFAS are toxic to living organisms.”:

Other fluorinated compounds are widely used in electronic
devices and the semiconductor industry as speciality gases. For
instance, the low reactivity and dipole moment of sulphur
hexafluoride (SFg) make it an ideal gaseous arc suppressant.® Its
miscibility with air and low reactivity result in SFg having a
carbon dioxide (CO,) equivalent of roughly 23 000 over a 100-
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year period, making it an extremely potent and concerning
greenhouse gas. 1°

The persistent nature of perfluorinated compounds, their
environmental impact, and their potential toxicity to living
organisms render them highly problematic pollutants. As a
result, efficient, and effective remediation strategies are
necessary to safely remove and store these compounds. The
removal of PFAS or SFg has successfully been demonstrated
using techniques such as chemical oxidation, membrane
filtration, and physical adsorption. 11714 Adsorption is commonly
split into two categories, one which entails a high energetic
exchange and chemical binding of adsorbents (chemisorption),
and one with low energetic exchange in which the formed
bonds are more transient in nature (physisorption).
Physisorption, using solid porous materials is a promising and
effective technique, as the relatively weak bonds formed during
adsorption allow for high reusability of the sorbents.

Metal-organic frameworks (MOFs), a relatively new class of
porous material composed of organic ligands and inorganic
metals or metal clusters, have garnered attention due to their
tuneable porous structure. ™17 The coordination bonds formed
between the organic and inorganic building blocks result in
durable and highly crystalline frameworks!® and facile
alterations or substitutions of the building blocks can be carried
out pre- or post-synthetically in order to tune the
adsorbate/adsorbent interaction,
designing a material for adsorption-based applications.'®20 The

which is crucial when
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Fig. 1 Starting top left, the secondary building unit (SBU) of all UiO-MOFs, a zirconium hydroxo-cluster. This combined in three different ways with, bifluorinated
biphenyl dicarboxylic acid (green, bpdc-F,), aminated biphenyl dicarboxylic acid (blue, bpdc-NH,) and bi-trifluoro methylated terphenyl dicarboxylic acid (purple,

tpdc-(CFs),)

much longer. All three MOFs as face centred cubic lattices with the same space group (Fm>m, sg. Nr. 225). The Van det Waals’s surface of all t

forming UiO-67-F2, UiO-67-NH2 and UiO-67-(CF3)2 respectively. UiO-67-F2 and WO-67-NH2 both with similar unit cell lengths, UiO-67-LCF3 2 with

ree MOFs

follows the same pattern, and, to the left, the octahedral and tetrahedral crystallographic pore volumes of UiO-67-F2, UiO-67-NH2 and UiO-67-(CF3)2

respectively.

chemical and thermal stability of a MOF is largely dependent on
the bonds between the inorganic components, also known as
the secondary building units (SBUs), and the organic linkers in
the structure. Strong coordination bonds may be formed by
combining high valence metal ions, such as Zr* and Ti**, and
carboxylate-based linkers which results in the formation of
robust MOF structures?!. Zr-based MOFs, in particular the UiO-
family (Universitetet i Oslo), have been shown to possess
excellent thermal and chemical stability. These Zr-MOFs
possess [ZrgO4(OH)4] cluster as its SBU which can form 12
coordination bonds with dicarboxylate-based organic linkers.
The size of the voids or pore diameter of the structure can
therefore be tuned by the length of the selected organic
linker.22 When comparing UiO-67 and UiO-68 derived structures
(Fig. 1) containing biphenyl-4,4’-carboxylate (bpdc) and p-
terphenyl-4,4”’-dicarboxylate (tpdc) linkers, respectively, the
effect can be seen as an expansion of the unit cell.® With
perfluoro (PFOA) complex adsorption
mechanisms?3, and large radius of gyration, the diameters of
the hierarchical octahedral and tetrahedral pores of UiO-67
isomorphs may be more suitable than UiO-66 or 68 isomorphs.
The kinetic radius of SFg (5.5 A) is also expected to suit the pore
diameters present in UiO-67 isomorphs, a characteristic well
studied and confirmed as influential in gas adsorption.?4#2> In
addition, linker fluorination as a means to improve water
stability and pollutant capture has been attempted in other
similar adsorbate/adsorbent pairs.26:27

octanoic acid’s

2| J. Name., 2012, 00, 1-3

As such, tuning of pore diameters and surface chemistry of
UiO-based frameworks can be carried out by careful selection
of the organic linker.

The size and chemical properties of the different functional
groups may influence not only the size and shape of the cavities
but also the surface chemistry. The inclusion of highly polar
functional groups such as -NH, has been shown to increase the
adsorption interaction with polar guest molecules or molecules
possessing high quadrupole moments (e.g., water and carbon
dioxide).?® The presence of electronegative atoms or groups
such as -F, and -CF3 may, on the other hand, change the charge
distribution on the pore surface and lead to the formation of an
induced electrical field gradient that can be used to increase the
interaction with less polarizable molecules (e.g. perfluorinated
adsorbates).2%3° The host-guest interactions between UiO-67-
F2 and UiO-67, UiO-67-NH2, UiO-68-(CF3)2 and perfluorinated
guest molecules are therefore expected to differ, due to the
surface chemistry and pore size of the frameworks.

In this study, we present a novel bifluorinated zirconium-
based MOF, UiO-67-F2 (Fig. 1), as a promising sorbent for the
removal of perfluorinated pollutants. In the gas phase, a
comparative study was conducted of SFg adsorbing onto UiO-
67-F2, UiO-67-NH2, and UiO-68-(CF3)2. UiO-67-NH2 features a
polar functionalization via an amine site, while UiO-68-(CF3)2
possesses two highly fluorinated sites. This study also considers
a gradual increase in pore diameter, going from crystallographic
pore sizes of 6.6—-14.8to 8.4-18.6 A (tetrahedral-octahedral
pores) in UiO-67 to UiO-68 isomorphs. From the aqueous phase,

This journal is © The Royal Society of Chemistry 20xx
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Fig. 2 (a) N|tro%en sorption isotherms recorded at-196 °C. Adsorption and desorption branches of the isotherms are depicted using filled and hollow circles,

respectively. (

DFT pore size distributions, (c) SFs adsorption isotherms recorded at 20 C°, (d) SFs adsorption isotherms for UiO-67-F2 recorded at 0 — 20 C

(e) SFe adsorptlon |sotherms for UiO-67-NH2 recorded at 0 — 20 °C, and (f) comparison of the SF¢ adsorption capacity at 100 kPa of various MOF sorbents

35,47~ 53

measured at 20 °C. comparison of the SFg adsorption capaut

at 100 kPa and enthalﬁles of SF adsorption of various published MOF sorbents
measured at 20 °C. 354753 h%ISOSterIC enthalpies of SFs adsorption, error bars from each pointin t

e linear adaptation to the isosteres.

UiO-67-F2 was also evaluated for the uptake of PFOA and its
performance compared to that of unmodified, UiO-67. The
primary difference between these two materials is their
functionalisation, while similar pore diameters are maintained.

The structure of UiO-67-F2, UiO-67, UiO-67-NH2, and
UiO-68-(CF3)2 MOFs (ESIT, S3) was confirmed by powder X-ray
diffraction and subsequent fitting by Rietveld, and Pawley
methods (ESIT Section S 3.1) which showed that the compounds
crystallized in the cubic Fm-3m space group (No. 225). 3! The
incorporation of fluorinated and aminated linkers in UiO-67-F2
and UiO-67-NH2, respectively, resulted in the formation of
framework structures with comparable lattice parameters of
a=26.981 A and 26.842 A (Rietveld and Pawley fit, ESI* Figs S1
— S3 and Table S1). The structure of UiO-68-(CF3)2, containing
the extended trifluoro methylated terphenyl dicarboxylate
(tpdc-(CF3),)-linker, exhibited a significantly larger lattice
parameter of a = 32.849 A (Pawley fit, ESIT Figs S1, S3 and Table
1). Like many other MOFs in the UiO family, all three materials
possess tetrahedral and octahedral cavities (Fig. 1) that arise
from the interconnection between the [ZrgO4(OH),4] SBU and the
linear dicarboxylate linkers. The diameter of the tetrahedral and

This journal is © The Royal Society of Chemistry 20xx

octahedral cavities was found to range from approximately 6.6—
8.4A and 14.2-18.6 A (based on the average structure),
respectively. Furthermore, the morphology of all synthesised
MOFs was confirmed by scanning electron microscopy (SEM,
ESIT Figs S12.1 and S12.2) which showed that the materials
possessed a prototypical octahedral crystal shape with a certain
degree of intergrowth. 183233 X-ray photoelectron spectroscopy
(XPS) (ESIt Fig S5-8), Fourier transform infrared spectroscopy
(FT-IR) (ESIt Fig S9), scanning transmission electron microscopy
(STEM) and energy-dispersive X-ray spectroscopy (EDX) were
performed on UiO-67-F2 (ESIt Figs S13 — S15 and Table S10),
alongside a brightfield (BF) TEM and electron diffraction (ESIt
Fig $20). The STEM-EDX (ESIt S18, 19) and BF TEM images
confirmed the morphology and elemental composition of UiO-
67-2F. High-resolution XPS spectra of the Zr 3d regions
furthermore showed that the same zirconium species were
present in UiO-67-2F as in UiO-67 and UiO-67-NH2 which is in
good agreement with the powder X-ray diffraction analysis and
confirms the isoreticular structure of UiO-67-2F. The presence
of missing linker defects in UiO-67-2F was further assessed
using thermogravimetric analysis (TGA)3* (ESIt Fig S10 and

J. Name., 2013, 00, 1-3 | 3
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Tables S3 and S4). The analysis suggests that UiO-67-F2 is
defective in its dehydroxylated state and has a MOF
composition corresponding to {ZrgOs gs(C14HeF204)4.12} Which is
similar to what was seen for UiO-67-NH2
({ZreO0s.87(C14HgNO4)4.13}) and  UiO-67 ({ZrgOs.g6(C14H504)4.14})
(Table S4). EDX maps of Zr and O was furthermore collected
(ESIT Figs S13 — S16, Tables S4 and S6 — S9) and corroborated
well with the defect analysis obtained from TGA and literature.
The Zr ratios to F and N in UiO-67-2F, UiO-68-(CF3)2, and UiO-
67-NH2 were observed to be 1 : 1.4, 1 : 4.9 (original synthesis
litterature33 EDS wt% ratio at 1:4.7), and 1 : 1.08, respectively
(compared with the theoretical Zr : F/N ratiosof 1:2,1:6, and
1:1).

Porosity of the materials was assessed using nitrogen (N;)
sorption isotherms recorded at -196 °C (Fig. 2 (a), ESIt Figs S21
—S28 and Table S11). As expected, the Brunauer-Emmett-Teller
(BET) specific surface areas (SSAs) and pore volumes were found
to be comparable for UiO-67-F2 (1 966 m?/g and 0.781 cm3/g),
Uio-67 (2126 m?/g and 0.839 cm3/g) and UiO-67-NH2
(1 883 m?/g and 0.750 cm3/g) while UiO-68-(CF3)2 had a higher
surface area (2911m?/g) and larger pore volumes
(1.170 cm3/g). The pore diameter of the structures was also
observed to range from 10.0-13.5 A in UiO-67-F2, UiO-67,
UiO-67-NH2 and from 12.7-15.7 A in UiO-68-(CF3)2, which
agrees well with the crystallographic pore size of the respective
MOFs (Fig. 1).

Sorbtive properties and selectivity of N,, CH;, CO,, and SFg
of Ui0-67-F2, UIO-67-NH2, and UiO-68-(CF3)2 (ESItS6, Figs S12
— S16) were assessed by gas adsorption experiments at 0, 10,
and 20 °C. The magnitude of N,, CO,, and CH,; uptake were
relatively low (approx. 0.2, 0.5, 1.7 mmol/g for N,, CH,, and CO,
at 100 kPa, 20 °C, ESIT Table S12 and Figs $24-526), as expected
considering the pore sizes in UiO-67-F2, UiO-67-NH2, and
UiO-68-(CF3)2 which are too large and therefore unsuitable for
the capture of small molecules (<3.8A in size). The
corresponding selectivity by Henry’s law and ideal adsorption
solution theory (IAST) was calculated from single-component
isotherms (ESIT Figs. S29 -S31 and S51 — S53) and showed that
the MOFs exhibited low SFs/N,, CO,/N,, CO,/CH,4, and N,/CH,
selectivities below 40.

The adsorption capacity of UiO-67-F2, UiO-67-NH2, and
UiO-68-(CF3)2 of the perfluorinated gas SFg was investigated.
Adsorption isotherms of SFg collected at 20 °C and 100 kPa
(Fig. 2 (c)) show that the MOFs exhibit high SFg uptakes, ranging
from 3.12 mmol/g to 5.54 mmol/g for UiO-68-(CF3)2 and UiO-
67-NH2, respectively. The SFs uptake of the UiO-MOFs was
observed to be higher compared to other MOF structures with
both lower and higher surface areas (Fig. 2 (f)), such as
Cus(BTC); (4.43 mmol/g at 100 kPa, 25 °C, SSA 692 m?/g, 5-13.5
A pore size), MIL-100(Fe) (2.73 mmol/g at 100 kPa, 25 °C, SSA
1940 m?/g, 8.7 A pore size), Ui0-66 (1.30 mmol/g at 100 kPa,
25 °C, SSA 1 143 m?/g), and UiO-67 (4.00 mmol/g at 100 kPa, 25
°C, SSA 2411 m?/g). 3537 This suggests that the
functionalisation of the UiO-67 MOFs have a tangible effect and
that pore size effects are present and significant which is
evident by the large difference in SFg uptake at 100 kPa in
UiO-67-F2 (5.24 mmol/g) and UiO-68-(CF3)2 (3.12 mmol/g).

4| J. Name., 2012, 00, 1-3

The calculated SFg occupancy at 20 °C and 100,kPg owas
found to be 49—63 and 49-64 moleculesDserlRnie Tl BHEEHE
corresponding SFs densities were 0.98-1.26 g/L and 1.08-
1.40 g/L at 100 kPa in UiO-67-F2 and UiO-67-NH2, respectively.
It is therefore a reasonable deduction that the measured SFg
isotherms of UiO-67-F2 and UiO-67-NH2 are close to saturation
at 100 kPa. As the isotherms are near saturation, we can
compare their shape (Fig. 2 (d)—(e)) to general physisorption
saturation isotherms — it may be that the high uptake in
UiO-67-F2 and UiO-67-NH2 is caused by multilayer cooperative
adsorption.383° This is characterized by the initial concave
region of the isotherm which at higher pressure becomes
convex. The initially adsorbed SFg therefore makes it easier for
subsequent SF¢ molecules to adsorb. The adsorption
mechanism in UiO-68-(CF3)2 is, however, more challenging to
discern as the isotherm is much further from saturation
compared to the UiO-67 isomorphs.

Although the SFg adsorption isotherms of UiO-67-F2 and
UiO-67-NH2 show that the materials possess superior
adsorption capacities compared to UiO-68-(CF3)2 at 100 kPa.
UiO-68-(CF3)2 on the other hand, has slightly higher uptake
than UiO-67-NH2 at low pressures (<9 kPa). The difference in
isotherm shape (Fig. 2 (c) and Fig S50) indicates that pore size
effects are important and have a large influence over the
adsorption interaction between small perfluorinated gases such
as SFg (5.5A) and the framework materials in question.
Although UiO-67-F2 and UiO-67-NH2 share many structural
similarities, the presence of the polar amine or electronegative
fluorine groups in their frameworks may likely influence the
host-guest interactions. This effect should be most apparent at
low pressures when sorbate-sorbate interactions are minimal
and are observable in Fig. 2 (c), where UiO-67-F2 has a
discernibly higher uptake than UiO-67-NH2 at
pressures (Fig S50).

SFs adsorption isotherms were recorded at 0-20 °C to
further probe the interaction between the gas molecules and
the UiO-MOF materials, Fig.2 (d), (e), (h). The enthalpy of
adsorption (-AH,4) for the guest/host pair SFs and UiO-67-F2,
UiO-67-NH2 and UiO-68-(CF3)2 was calculated according to the
Clausius Clapeyron equation or isosteric method (ESIT Section
S13). Ui0O-67-F2 has a higher -AH,4 (24-30kJ/mol) than
UiO-67-NH2 (22-29 kJ/mol) between 0.12-5.13 and 0.17-5.42
mmol/g of SFe loading, respectively (Fig. 2 (h)). Which suggests
that the SF¢ molecules binds more strongly to the UiO-67-F2
surface. Similarly, at low uptake, the more highly fluorinated
UiO-68-(CF3)2 (albeit with its larger pore size) exhibits a higher
-AH,qs (26 kJ/mol at 0.1 mmol/g SFs) compared to both
UiO-67-F2 and UiO-67-NH2. This shows that the effect of
gradually increasing fluorine-functionalization (e.g., from
UiO-67-F2 to UiO-68-(CF3)2) is comparatively more apparent at
low pressures where interactions predominately occur between
the adsorbate and adsorbent (Fig. 2 (h) between ~0.1-60 kPa).
As sorbate/sorbate interactions increase (with increasing
pressure), pore size effects appear more important compared
to only functionalization (Fig. 2 (c)). Multilayer adsorption and
pore filling are adsorption events which occur at higher
pressures, as we can see in Fig. 2 (c). These events are more

low—mid

This journal is © The Royal Society of Chemistry 20xx
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dashed grey lines correspond to bands from PFOA and dashed red

are PFOA, octagonal crystals remain UiO-67-F2.

favoured in the pores of the UiO-67 isomorphs wherein an
increase in -AH,qs of SFg is observed with pressure (Fig 2 (h))
compared to UiO-68-(CF3)2 wherein a decrease in -AH.4s can be
seen in the same pressure range (Fig 2 (h)).

As shown in Fig. 2 (g), UiO-67-F2 demonstrates a very high
SFs uptake (Fig. 2 (f)) despite having a relatively low -AH 45 (24—
30 kJ/mol between 0.12-5.13 mmol/g SFs). In adsorptive gas
storage applications, this characteristic is highly attractive as it
may increase the efficiency of the adsorptive delivery due to the
desorption of the sorbate not being enthalpically hindered by
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E excessively favourable guest/host interactions.?® Safety
precautions in SFg storage furthermore necessitates dry gas
mixtures, as by-products of moisture and SFg at high
temperatures can involve HF formation. Fluorine

functionalization generally makes MOFs more hydrophobic??,
which could increase the safety of SFg storge in fluorine-
functionalised MOFs. Therefore, an aminated sorbent like
UiO-67-NH2 would be unattractive, as amines are known
hydrophiles.

In the second part of this study, UiO-67-F2 was compared to
the isoreticular, unmodified UiO-67 as a sorbent for PFOA
capture in aqueous solutions. As UiO-67 and UiO-67-F2 have
similar pore diameters and BET SSAs the functionalization of
UiO-76-F2 should be the dominant difference between the two
materials. The water phase equilibrium uptake of PFOA was
examined using an adapted quantitative >F-NMR method (ESIT
Section S17.1), using an internal standard of trifluoroethanol
(TFE). The equilibrium uptake isotherms of PFOA are shown in

This journal is © The Royal Society of Chemistry 20xx

ines to bands from pristine UiO-67-F2, (d)Stacked normalised PXRD patterns of
67-F2 and the MOF after PFOA adsorption (1 000 mg/L) and after washing, and (e) SEM image UiO-67-2F after PFOA adsorption (3 232 mg/L). Needle like structures

Fig. 3 (a) Equilibrium PFOA uptake of UiO-67 and UiO-67-F2 at 25 °C after 2.5 h. Dots represent datapoints and line represents Langmuir fit, (b) PFOA uptake of
various MOF sorbents at an initial PFOA concentration of 1 000 m%/L, (c) FTIR spectra of pristine UiO-67-2F and the MOF after PFOA adsorption (1 000 mg/L),

ristine UiO-

Fig 3 (a), wherein the fitted isotherms of UiO-67-F2 (Langmuir
maximum adsorption capacity, g; = 3 060 mg/g) and UiO-67 (g:
= 1589 mg/g) show that UiO-67-2F had a significantly higher
PFOA adsorption capacity compared to UiO-67 (Tables S17 —
S20). Compared to other published MOFs such as PCN-999 (764
mg/g, Co =1 000 mg/L PFOA), Fe-BTC (548 mg/g, Co =1 000 mg/L
PFOA), and MIL-101(Cr)-QDMEN (754 mg/g, Co = 1 000 mg/L
PFOA) (ESIT Table S21), UiO-67-F2 has a significantly higher
uptake (928 mg/g, 1000 mg/L PFOA).4>*5 At an initial PFOA
concentration of 3232 mg/L, UiO-67-F2 has a remarkably high
uptake of 1 700 mg/g, which, to the best of our knowledge, is
the highest reported for MOFs (Fig. 3 (b), Table S17, and Table
$21).

FT-IR spectra of UiO-67-2F after PFOA adsorption (Fig. 3 (c)
and ESIT Fig S58) show no new bands forming as the PFOA
concentration increases in samples, although some bands are
red-shifted with increasing PFOA concertation. These results
indicate that PFOA adsorbs onto UiO-67-F2 without forming
chemical bonds, i.e., it is physically adsorbed. Furthermore, the
observed dampening in band intensity between adsorbed PFOA
on UiO-67 and UiO-67-F2 differs. In similar Zr-MOFs such as NU-
1000, PFOA has been observed to coordinate with free -OH sites
on the SBU. In Fig 3 (d), it can be observed that the wet-state
UiO-67-F2 loses crystallinity at high PFOA uptake. This
crystallinity is regained upon washing UiO-67-F2 after
adsorption Fig. 3 (d). As such, the loss of crystallinity is likely due
to surface/host proximity akin to that of solvent wetting, or
slightly flexible/dynamic host behaviour such as observed in
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Ui0-66.%¢ The SEM image in Fig. 4e shows a UiO-67-F2 sample
where the water was evaporated after exposing the MOF to
3232 mg/L PFOA (ESIT Figs S60-S61). From Fig 3 (d—e), we can
deduce that UiO-67-F2 does not lose its morphology upon
PFOA-uptake and that the framework retains its crystallinity.
The remaining PFOA in solution furthermore can be seen to
precipitates into a needle-like particles when dried. All UiO
isomorphs was observed to remain stable and retain their
porosities after exposure to water (Fig S7 and Table S5) and
therefore rendering them as promising sorbents for PFOA
capture in aqueous solutions.

Conclusions

In summary, we have synthesised a novel MOF, UiO-67-F2
alongside three other MOFs from published literature (UiO-67,
67-NH2, and 68-(CF3)2). These materials were chosen for study
to assess the effects that functionalization and pore-
size/diameter may have on sorbtive properties of UiO-MOFs
and SFg in gas phase or PFOA in aqueous solution. After
confirming the structure and isoreticular expansion of these
MOFs, it was discovered that UiO-67-F2 may be a promising
sorbent for SFg storage. UiO-67-F2 was found to 1) boast a high
SFe uptake (5.24 mmol/g at 100 kPa, 20 °C), 2) exhibit a high
thermal and chemical stability, similar to other UiO-materials,
and 3) have a suitable -AH,4s for ambient storage (a mean of
26.7 kJ/mol between ~0.1-5.2 mmol/g SF¢ loading). UiO-67-F2
was also found to be a promising adsorbent for the capture and
removal of PFOA in water. The fluorinated UiO-67 analogue
displayed a remarkably high equilibrium PFOA uptake of 928
mg/g and 1 700 mg/g at an initial PFOA concentration of 1 000
and 3 200 mg/L, respectively. The adsorption was found to be
physisorptive and UiO-67-F2 could be recycles after adsorption
into its original state. We believe that UiO-67-F2 may be a highly
efficient PFOA-sorbent for use in water.
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