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Self-Assembled, Fluorine-Rich Porous Organic Polymers:
A Class of Mechanically Stiff and Hydrophobic Materials
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Abstract: Fluorous organic building blocks were utilized to
develop two self-assembled, hydrophobic, fluorinated
porous organic polymers (FPOPs), namely, FPOP-100 and
FPOP-101. Comprehensive mechanical analyses of these
functionalised triazine network polymers marked the intro-
duction of mechanical stiffness among all porous organic
network materials ; the recorded stiffnesses are analogous to
those of their organic–inorganic hybrid polymer congeners,
that is, metal–organic frameworks. Furthermore, this study

introduces a new paradigm for the simultaneous installation
of mechanical stiffness and high surface hydrophobicity into
polymeric organic networks, with the potential for transfer
among all porous solids. Control experiments with non-fluo-
rinated congeners underlined the key role of fluorine, in par-
ticular, bis-trifluoromethyl functionalization in realizing the
dual features of mechanical stiffness and superhydrophobici-
ty.

Introduction

The last decade has observed a striking upsurge of exciting re-
search findings in the realm of porous organic polymers
(POPs), due to their remarkably high surface area, low density,
feasibility of appending reactive functional moieties at the
pore/channel surface, and wide miscellany of framework com-
positions.[1] The huge application potential for such functional-
ized materials has been predominantly realised in the domains
of molecular storage,[2] heterogeneous catalysis,[3] sensing of
molecules/metal ions,[4] selective gas/solvent adsorption,[5] op-
toelectronics,[6] drug delivery[7] and many others.[8] In this con-

text, gaining insights into the mechanical behaviour for this
class of solid-state materials plays a key role to rationally
design them for a multitude of technological applications.[2b]

More recently, covalent organic frameworks (COFs) have
emerged as a distinctive class of POPs, with extended porous
ordered networks bearing open channels constituted by pre-
designed organic motifs.[9] The tailored compositions of these
lightweight materials confer a unique combination of low
mass density, permanent porosity and mechanical robust-
ness.[10] Such relatively underexplored POPs closely resemble
the well-studied class of coordination polymers possessing
tuneable porosity, that is, metal–organic frameworks (MOFs),
whereby the coordination bonds are replaced with strong co-
valent bonds, with the aim of unification of chemical and
structural stability to yield permanent porosity. With parallel
but slightly underexplored progress, the field of nitrogen-rich
covalent triazine-based frameworks (CTFs) has rapidly flourish-
ed to emerge as a vital subclass of COFs,[11] thanks to their ex-
cellent thermal stability and chemical inertness.[12] Facile acid-
catalysed room-temperature synthesis protocols are an added
advantage in the present landscape of promising CTF materi-
als.[13] In the pursuit of incorporating diverse functionalities
among CTFs, implementation of suitable material design prin-
ciples with a view to their intertwined structure–property rela-
tionships is considered state-of-the-art.[14] For example, fluorine
atoms impart hydrophobicity to the coordination nanospace
and result in hydrophobic surface properties.[15] However, the
influence of densely packed fluorine atoms on the surface
characteristics of COFs and, more precisely, CTFs remains unex-
plored. Although there are a few reports of studies on the me-
chanical stiffness of nanoporous MOFs such as isoreticular
MOFs (IRMOFs) including MOF-5 (IRMOF-1), HKUST-1 and the
prototypal ZIF series,[2b, 16] mechanical behaviour has hitherto
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remained unexplored in organic network architectures such as
CTFs.

Lack of crystallinity has largely precluded obtaining ade-
quate structural information on non-crystalline covalent tria-
zine network polymers, often denoted as CTF analogues, de-
spite their diminished framework characteristics.[17] Being amor-
phous, the latter class often remains elusive in terms of direct
observation of structural traits, and experimentally determined
porosity serves as their primary fingerprint of characteriza-
tion.[17] By definition, porous framework materials such as COFs
and CTFs have crystallinity.[18] This allows classification of amor-
phous organic polymers with microporosity under the wider
family of POPs, in sync with the chronological development.[19]

Traditionally, POPs are categorized as hyper-cross-linked poly-
mers (HCPs),[20] polymers of intrinsic microporosity (PIMs),[21]

COFs, CTFs, porous aromatic frameworks (PAFs)[22] and conju-
gated microporous polymers (CMPs).[23] This nomenclature ena-
bles diversely synthesised and functionalised organic network
solids to be placed under the all-inclusive category of POPs,
subject to upholding the criterion of porosity.[24] Herein, a pair
of fluorine-rich POPs based on triazine networks introduce the
property of mechanical stiffness among organic network
solids. Despite their close resemblance to CTFs, due to their
identical building blocks, that is, polynitrile synthetic compo-
nents undergoing a cyclotrimerisation reaction, the absence of
any long-range order delineates the currently reported materi-
als as POPs. Two porous, triazine-based and fluorinated organic
polymers, namely, FPOP-100 and FPOP-101 (F denotes fluori-
nated), built from two bis-trifluoromethyl-rich isomeric dini-
triles (positional isomers), are presented in this report. The two
amorphous FPOPs, owing to surface functionalization of the
constituent triazine networks by means of a priori introduction
of CF3 groups, show improved hydrophobic properties. Al-
though such highly hydrophobic traits have been realised in
congener families of fluorinated porous crystalline networks
such as MOFs and imine-based COFs,[15, 25] pore surface engi-
neering resulting in superhydrophobic properties among POPs,
that is, organic porous network solids, have not been reported

yet. Meanwhile, mechanical properties, in particular, Young’s
modulus E and hardness H, are of crucial importance to practi-
cal uses of materials. Among POPs, dense fluorine-rich environ-
ments offer a unique pre-functionalization strategy leading to
mechanical stiffness properties comparable to those found in
other molecular porous materials, for example, a few zeolites
and MOFs.[2b, 16, 26] Thermal and chemical robustness further
widen the applicability of FPOPs under an ample range of op-
erating conditions.

Results and Discussion

Following the room-temperature synthesis protocol of CTFs es-
tablished by Cooper and co-workers,[13a] fluorous organic
porous triazine polymers FPOP-100 and FPOP-101 were pre-
pared by acid-catalysed room-temperature reactions of the re-
spective dicyano monomers L’ and L’’ in CHCl3 as solvent
(Figure 1). Both FPOPs are insoluble in a wide range of organic
solvents (DMF, dimethylacetamide, methanol, ethanol, THF,
chloroform and hexane) and water. Despite extensive washing,
their pronounced insolubility revealed the robust nature of the
FPOPs owing to extended network formation coupled with the
inherently stable triazine rings.[12c, 27] Preparation of the poly-
meric trimerised compounds was monitored by means of the
FTIR spectra of the products (Figure S24 in the Supporting In-
formation). The IR spectra of the two FPOP materials revealed
substantial differences when compared to the respective dini-
trile precursors L’ and L’’, as the C!N stretching bands of the
monomers at 2360 (L’) and 2210 cm"1 (L’’) were absent in the
resulting POPs, as shown in Figure S24 of the Supporting Infor-
mation. Furthermore, characteristic peaks for the triazine ring
at about 1520 (FPOP-100) and 1500 cm"1 (FPOP-101) ap-
peared, suggestive of cyclotrimerised functionality in each of
them. Thermogravimetric analysis (TGA) under N2 atmosphere
for the as-synthesized phases showed an initial loss of about
10 % of guest solvent species occluded during the syntheses
followed by negligible weight loss up to about 300 (FPOP-
100) and about 315 8C (FPOP-101) (Figures S18 and S19 in the

Figure 1. Schematic syntheses of the fluorinated organic polymers. a) FPOP-100 from L’ and b) FPOP-101 from L’’. Insets show the mechanically stiff mono-
lithic compounds FPOP-100 and FPOP-101, respectively.
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Supporting Information). A complementary thermoanalytical
study was done by differential scanning calorimetry (DSC, Fig-
ure S34 in the Supporting Information). Typical guest-exchange
protocols with lower-boiling solvents (chloroform and THF, 1:1
binary mixture) followed by evacuation under vacuum resulted
in complete desolvation of the compounds, since both the en-
suing guest-free POP phases were found to suffer no weight
loss up to about 300 8C. On the contrary, thermal stabilities of
the corresponding monomer building blocks L’ and L’’ were
relatively poor (Figures S18 and S19 in the Supporting Informa-
tion), as is typical for such organic dinitrile monomers.

The powder XRD patterns of both FPOPs (as-synthesized
and guest-free phases) showed amorphous nature (Figure 2 d).
However, the broad diffraction peaks observed at 2q= 18.4
and 19.58 for FPOP-100 and FPO-101, respectively, suggested
the existence of graphitic 2D layers. Such broad diffraction pat-
terns hinder precise structure elucidation due to the absence
of any long-range order in the bulk FPOPs. However, weak
crystalline nature is often observed in POPs, especially in tria-
zine network polymers prepared by room-temperature meth-
ods.[13] In fact, this suggests that our glassy polymer materials
may consist of non-coplanar, 2D organic layers ; that is, aromat-
ic networks beyond any repeatable pattern, resembling hard
carbon.[28]

Low-temperature (195 K) CO2 adsorption isotherms for
FPOP-100 and FPOP-101 afforded BET surface areas of 261
and 274 m2 g"1, respectively, corresponding to pore volumes of
about 0.1 cm3 g"1 for both. The respective saturation uptake
capacities of 92 and 94 cm3 g"1 (Figures 2 a and b) imply extrin-
sic porosity. The N2 and H2 adsorption isotherms recorded at
77 K exhibit small uptakes of 27 and 6 cm3 g"1 (N2) and 43 and
41 cm3 g"1 (H2) for FPOP-100 and FPOP-101, respectively (Fig-

ures 2 a and b). Pore size distributions derived from the CO2

isotherms, that is, Horvath–Kawazoe plots, for both polymers
showed ultramicropores (<7 ") of uniform width (#5 ", Fig-
ure 2 c). Such low-porosity signatures are in accord with their
observed amorphous nature, as a consequence of irregular
packing among the constituent polymeric triazine networks.
However, more importantly, the physisorption experiments
lead one to conclude porosity for the POPs.

Solid-state 13C CP-MAS NMR spectra showed a characteristic
peak for the triazine ring carbon atoms at about 174 ppm and
other peaks between 100 and 240 ppm, which correspond to
the different aromatic carbon atoms, as labelled in Figure S28
in the Supporting Information: six types of carbon atoms for
FPOP-100 (b–g), and seven types for FPOP-101 (b–h). The
FESEM images show that the stiff FPOP samples are dense ag-
gregates of particles forming similar homogeneous nano-
spheres (Figures S20 and S21 in the Supporting Information).
Similar homogeneous nanosphere morphology was also re-
vealed in the AFM images (3D and roughness) of the triazine-
based polymeric networks, as shown in Figures S22 and S23 of
the Supporting Information. AFM morphological analyses also
revealed that the average diameters of FPOP-100 and FPOP-
101 nanospheres lie in very close range (330 and 240 nm, re-
spectively), and thus reveal comparable physical traits for the
two FPOPs, possibly traceable to their isomeric precursors.
Comparative analysis of the Raman spectra of the dinitrile
monomers as well as the two FPOPs revealed the disappear-
ance of the C!N stretching bands at ñ(C!N)#2220–2230 cm"1

(Figure S27 in the Supporting Information) and simultaneously
disclosed similar network architectures of FPOP-100 and
FPOP-101, evidenced by the similarity between their corre-
sponding rotational-vibrational spectral signatures.

Figure 2. a), b) Low-temperature CO2, N2 and H2 adsorption isotherms for FPOP-100 and FPOP-101; closed and open symbols represent adsorption and de-
sorption, respectively. c) Horvath–Kawazoe pore size distribution profiles of FPOPs, calculated from CO2 isotherms (195 K). d) Powder XRD patterns of as-syn-
thesized and guest-free phases of FPOPs. The broad diffraction peaks at 2q = 18.4 (FPOP-100) and 19.58 (FPOP-101) indicate the existence of 2D layers in the
polymers.
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Fluorinated porous networks such as fluorinated MOFs have
been recognised in the recent literature to exhibit excellent
water repellence alongside affinity toward hydrocarbon va-
pours such as benzene.[15, 25a, 29] As evidence of the fluorine-
dense nature, water-vapour sorption isotherm experiments
with the FPOPs showed negligible uptake, even under satura-
tion vapour pressure of water (3.17 kPa at 298 K), whereas hy-
drophobic oil-constituent hydrocarbon benzene showed slow
opening-assisted high saturation uptake profiles (Figures 3 a

and b). The stepwise nature of these benzene sorption iso-
therms suggest enhanced host–guest interactions with more
and more surface accumulation of the benzene-vapour sor-
bate. In the case of densely cross-linked polymers like these,
having very narrow openings (as suggested by the gas sorp-
tion isotherms), such a hydrocarbon-vapour sorption isotherm
suggests a possible role of slow filling of the fluorous voids as-
sisted by the confinement effect.[15a, 30] Moreover, the contrast-
ing vapour-sorption isotherms (water and C6 hydrocarbon ben-
zene) correlates with the anticipated hydrophobicity of the
FPOP materials. Subsequently, the surface-wetting properties

of the bulk amorphous phases were assessed by measure-
ments of water contact angle (WCA). These experiments repro-
ducibly registered static water contact angles as high as 159
and 1378 for FPOP-100 and FPOP-101, respectively (with ses-
sile drops), which evidenced a highly hydrophobic nature for
both; FPOP-100 even reached superhydrophobicity. In fact,
the aforesaid high WCAs rank these two POPs among only a
few hydrophobic porous organic polymers hitherto repor-
ted.[25b, 31]

Using instrumented nanoindentation, we found that Young’s
modulus E and hardness H of FPOP-100 are 3.4$0.2 GPa (as-
suming that the Poisson’s ratio is 0.3) and 230$20 MPa, re-
spectively. The E and H values of FPOP-101 are 3.3$0.3 GPa
and 290$40 MPa, respectively. Thus, FPOP-100 with CF3

groups in the 3,5-positions has a comparable level of stiffness
but considerably lower hardness relative to FPOP-101, which
has CF3 groups in the 2,5-positions. A plausible explanation for
the lower stiffness of FPOP-101 is the wider angle between
CF3 groups, as this might affect the network packing. In addi-
tion, under identical loading conditions, FPOP-100 exhibits
less creep-induced deformation than FPOP-101 (Figure 4 b).
Scattering in the E (Figure 4 c) and H data (Figure 4 d) is most
likely due to microstructural inhomogeneity, that is, non-uni-
formly distributed porosity. At the shallow indentation of less
than about 250 nm in this study, E and H are overestimated
because the Berkovich indenter is not perfectly sharp, and thus
at the tip apex the actual contact area is larger than the as-
sumed ideal value. Therefore, E and H values were determined
by averaging the values after indenting to 500 nm.

Many factors could interfere with the accurate measurement
of contact area (such as subsurface cracking) and influence the
recovery of the material resulting in a distorted unloading
curve (e.g. , creep effect).[17b] Figure 4 d shows that H is unaf-
fected by increasing indentation depth, and this suggests that
no appreciable subsurface cracks are generated after indenting
to 2 mm. The descending trend of E could be attributed to mi-
crostructural inhomogeneities of FPOP-100 and FPOP-101.
Under an optical microscope, FPOP-101 sample shows more
non-uniformly distributed micropores than FPOP-100, and this
is further reflected in the higher N2 uptakes as well as the
higher creep rate (Figure 4 b) of FPOP-101.

As shown in the materials selection map (Figure 5),[2b, 26]

Young’s moduli and hardness of FPOP-100 and FPOP-101 re-
semble those of zeolitic imidazolate frameworks (ZIFs),[32]

which are an important family of MOFs and are isomorphic
with zeolites from the topological perspective. The correlation
of Young’s moduli and densities of the FPOPs was further in-
vestigated for comparison with ZIFs and ten other common
polymers. Densities 1 of FPOPs were measured by using a
Mettler Toledo instrument on the basis of the Archimedes prin-
ciple. The densities of FPOP-100 (1= 1440.03$46.29 kg m"3)
and FPOP-101 (1= 1451.61$20.67 kg m"3) are higher than
that of ZIF-8 (Figure 6), which has nearly the same E but higher
H (H{110} of ZIF-8: 531$28 MPa).[26, 33] This higher hardness of
ZIF-8 indicates its ability to withstand higher load when the
projected area of residual impression stays the same for both
ZIF-8 and FPOPs. In other words, under the same indentation

Figure 3. Contrasting water (green) and benzene (burgundy) vapour sorp-
tion isotherms for a) FPOP-100 and b) FPOP-101. Closed and open symbols
denote adsorption and desorption, respectively. Insets: Images of water
drops slowly cast on the water-repellent surfaces of FPOP-100 and FPOP-
101 pellets with superhydrophobic and highly hydrophobic WCAs of about
159 and 1378, respectively.
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load, FPOPs suffer more permanent deformation, which could
be plastic deformation of the network until eventual bond
breakage.

Using the MTS nanoindenter, we applied cyclic loads to the
FPOPs to continuously deform their surfaces. During the cyclic
impact study, compaction of the networks occurs, which is re-
flected in Figure 7, where the energy loss decreases with in-
creasing number of loading cycles (see Table 1 for energy lost
at the first impact cycle). We found that FPOP-100 is tougher

than FPOP-101, because the energy of mechanical deforma-
tion of FPOP-100 in the first approximately 15 impact cycles is
apparently higher than that of FPOP-101. Nevertheless, energy
lost per impact cycle converges to about 429 nJ after approxi-
mately 40 cycles, and this suggests gradual rupture of most of
the CF3 groups in both FPOP-100 and FPOP-101 leads to ma-
terial compaction reminiscent of that of ductile polymers. Fur-
ther information on the loading conditions is shown in the

Figure 5. Young’s modulus E versus hardness H with classified materials
property map.[2b] The E and H values of FPOP-100 and FPOP-101 are similar
to those of MOFs such as ZIFs and glassy polymers such as Matrimid. Figure 6. Plot of Young’s modulus E versus density 1 showing the correlation

between E and 1 for FPOPs, ZIFs and ten common polymers.[2b]

Figure 4. MTS nanoindentation of FPOPs. a) Load versus deformation curves. b) Creep tests by applying cyclic impact (Figure S33 in the Supporting Informa-
tion). c) Young’s modulus and d) hardness versus indentation depth.
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Supporting Information (Figure S33 in the Supporting Informa-
tion).

Control experiments were performed to understand the role
of fluorine atoms in inducing hydrophobicity and mechanical
stiffness. For verification purposes, the substituents of the dini-
trile precursors were fine-tuned: CF3 groups in L’ and L’’ were
replaced by CH3 and H atoms to afford three differently substi-
tuted dinitrile building blocks (L1: 4,4’-(3,5- dimethylphenylaza-
nediyl)dibenzonitrile ; L2 : 4,4’-(2,5-dimethylphenylazanediyl)di-
benzonitrile; L3 : 4,4’-(phenylazanediyl)dibenzonitrile) for
making an analogous series of non-fluorinated POPs MPOP-
100, MPOP-101 and POP-100, respectively (Figures S9–S17,
S29 and S30 in the Supporting Information). Photographs of
these three materials (insets to Figures S29 a–c in the Support-
ing Information) showed the physical appearances of typical
powdered materials devoid of mechanical stiffness and thus
unable to form a bulk monolith. Since dinitriles L2 and L3 re-
mained amorphous despite a number of crystallisation at-
tempts, the crystal packing of L1 was considered as representa-
tive of the three non-fluorinated precursors. A closer look at
the intermolecular packing modes, in which intermolecular H-
bonding and van der Waals interactions are evident, reveals
contrasting natures of such interactions (manifold for L’ and L’’
but merely onefold for L1, considering a single unit cell (1 # 1 #
1) for each; Figures S25 and S26 in the Supporting Informa-
tion). Such multiple interactions mediated by C"F bonds may
play a key role in augmenting the extended cross-linking in
the densely packed and fluorinated triazine polymer motifs. To

support these analyses from a more practical viewpoint, we
measured the static water contact angles with sessile drops for
all three non-fluorinated POPs (Figure S32 in the Supporting
Information) and found hydrophilic nature for all the three sur-
faces. When these low WCAs are contrasted against the high
superhydrophobic surface characteristics manifested by FPOP-
100 and FPOP-101 surfaces, the pivotal role of bis-trifluoro-
methyl functionalization becomes evident.

Conclusions

Installation of bis-trifluoromethyl functionalisation is an inter-
esting avenue to develop self-assembled, hydrophobic FPOPs.
Mechanical studies have established that their stiffness behav-
iour is analogous to those of their organic–inorganic hybrid
polymer congeners, particularly ZIFs, and glassy polymers,
whereas surface hydrophobicity measurements revealed the
role of CF3 groups in the observed superhydrophobicity. The
present study offers a new paradigm to simultaneously intro-
duce mechanical stiffness and high surface hydrophobicity into
polymeric organic networks and may serve as a roadmap to
guide the engineering of a future generation of mechanically
stiff and hydrophobic materials.

Experimental Section

Materials

4-Fluorobenzonitrile (99 %), caesium fluoride (99 %) and trifluoro-
methanesulfonic acid (reagent grade, 98 %) were purchased from
Sigma-Aldrich. Dry and HPLC-grade solvents (including DMF) were
obtained from Alfa Aesar. 3,5-Bis(trifluoromethyl)aniline (>97 %),
2,5-bis(trifluoromethyl)aniline (>98 %), 3,5-dimethylaniline (>98 %)
and 2,5-dimethylaniline (>97 %) were procured from TCI Chemi-
cals. These chemicals were used without further purification.

Physical measurements

The IR spectra were recorded with NICOLET 6700 FTIR spectropho-
tometer by using KBr pellets in the 600–3000 cm"1 range. TGA
data were recorded with PerkinElmer STA 6000 TGA analyser under
N2 atmosphere with heating rate of 10 8C min"1. Gas adsorption
measurements were performed with a BelSorp-max instrument
from Bel Japan. Contact angles on FPOP-100 and FPOP-101 were
measured with a contact-angle meter (Model ID: HO-IAD-CAM-01;
Holmarc Opto-Mechatronics Pvt. Ltd.), followed by LBADSA drop
analysis (ImageJ software), which is based on the fitting of the
Young–Laplace equation to the droplet image data (droplet shape
analysis), by using 10 mL of distilled water, with an accuracy of
$28. The morphologies of the POP samples were recorded with a
Zeiss Ultra Plus FESEM. Powder PXRD data were recorded at room
temperature with a Bruker D8 Advance diffractometer by using
CuKa radiation (l= 1.5406 "). Raman spectra (lexc = 532 nm) were
recorded with a Raman microscope (LabRAM HR, Horbia Jobin
Yvon) with a 60 # objective lens. The morphologies of the FPOP
nanospheres were characterised by AFM (Agilent Keysight 5500
AFM). The measurements were performed in non-contact mode by
using an Si tip with tip resonance frequency of 330 kHz and canti-
lever thickness of 4 mm. Solid-state 13C CP-MAS NMR spectra were
recorded with a Bruker Advance-III Ultrashield500WB spectrometer
(probe: MAS BB 4MM, spinning rate: 5KHz) with guest-free POP

Figure 7. Energy dissipated per impact cycle versus the number of cycles
showing the relative toughness of FPOP-100 and FPOP-101. Optical images
of the residual impressions on FPOP-100 and FPOP-101 are shown in the
insets.

Table 1. Energy dissipation at the first impact cycle (assuming the
volume is the Berkovich indenter volume under the sample surface at
maximum depth).

FPOP-100 FPOP-101

Energy lost per unit volume [# 108 J m"3] 4.59 3.48
Energy lost per unit mass [kJ g"1] 0.32 0.24
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samples (crushed and packed tightly in quartz capillaries), whereas
liquid-state NMR characterization of dinitrile precursors were per-
formed with a 400 MHz Jeol ECS-400 (or 100 MHz for 13C) and
270 MHz JEOL FX-270 NMR (or 67.5 MHz for 13C) spectrometers.

X-ray structural studies

Single-crystal X-ray data of precursors L’ and L’’ were collected at
150 K with a Bruker D8 Quest diffractometer (operated at 1500 W
power: 50 kV, 30 mA) by using graphite-monochromated MoKa ra-
diation (l= 0.71073 "). Crystals were mounted on nylon CryoLoops
(Hampton Research) with Paratone-N (Hampton Research). The
data integration and reduction were processed with SAINT[34] soft-
ware and the Olex2[35] package. A multiscan absorption correction
was applied to the collected reflections. The structure was solved
by direct methods with SHELXTL[36] and was refined on F2 by full-
matrix least-squares techniques with the SHELXL-97[37] program
package within the WINGX[38] programme. All non-hydrogen atoms
were anisotropically refined. All hydrogen atoms were located in
successive difference Fourier maps and they were treated as riding
atoms by using SHELXL default parameters. Both the structures
were examined using the Adsym subroutine of PLATON[39] to assure
that no additional symmetry could be applied to the models.

CCDC 1823779 (L’), 1823780 (L’’) and 1823781 (L1) contain the sup-
plementary crystallographic data for this paper. These data are pro-
vided free of charge by The Cambridge Crystallographic Data
Centre.

Low-pressure gas and solvent sorption measurements

Low pressure gas and solvent sorption measurements were per-
formed with BELSORP-max and BELSORP-aqua3 adsorption analy-
sers (BEL Japan, Inc.), respectively, both equipped with a constant-
temperature bath. All the employed gases were of 99.99 % purity,
and the solvents were of HPLC grade. THF/CHCl3 (1:1)-exchanged
phases of the FPOP-100 and FPOP-101 were heated at 80 8C
under vacuum for 2 h to get guest-free phases of the respective
polymers. Prior to each adsorption measurement, the guest-free
samples were again pre-treated at 80 8C under vacuum for 1 h, by
using a BelPrepvacII instrument, and purged with N2 on cooling.
All solvent sorption measurements were recorded at 298 K.

Nanoindentation

Nanoindentation experiments were implemented with an MTS
NanoIndenter XP, which is a microprobe instrument for measuring
mechanical properties. This system is able to measure the interface
contact stiffness continuously during each indentation. A Berkovich
indenter (three-sided pyramidal indenter, apex radius #100 nm)
was adopted to measure Young’s modulus and hardness. It can
also be used to generate cracks for measuring fracture toughness
because it is sharper than a spherical indenter,[40] which is apt to
cause stable elastic–plastic transition rather than inducing cracks.
An array of instrumented indentations of about 2 mm depth was
implemented on both FPOP-100 and FPOP-101, which were
mounted on epoxy resin and then polished with a suspension of
polycrystalline diamond (crystals diameter #0.1 mm) to achieve ef-
ficient cutting and minimal deformation.
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Self-Assembled, Fluorine-Rich Porous
Organic Polymers: A Class of
Mechanically Stiff and Hydrophobic
Materials

FPOPs hit : Fluorous organic building
blocks were used to develop self-assem-
bled, hydrophobic, fluorinated porous
organic polymers FPOP-100 and FPOP-
101. These functionalized triazine net-

work polymers show mechanical stiff-
ness similar to those of metal–organic
frameworks and high surface hydropho-
bicity (see figure).
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