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ABSTRACT: The fabrication of micrometer-sized monodisperse highly porous polymer particles, of both
spherical and rodlike shapes, using a simple microfluidic setup is demonstrated. Droplets were generated in a
coflow device from a water-in-oil high internal phase emulsion (HIPE), hereby creating a water-in-oil-
in-water (W/O/W) emulsion. The individual droplets ofmonomerHIPEwere polymerized downstream in the
channel through photopolymerization. The polymer particles produced via this strategy possess very large
macropores in comparison with the more conventional porous polymer beads synthesized by inducing in situ
phase separation throughout the polymerization process through the use of porogenic solvents. Epoxy-
functionalized porous particles made using the HIPEmicrofluidic method showed superior performance in a
consecutive azide and cycloaddition “click”-“click” modification procedure monitored by IR. Our micro-
fluidic approach led to the successful miniaturization of monodisperse submillimeter spherical poly(HIPE)
beads, down to diameters of 400 μm. More strikingly is the production of poly(HIPE) rods, which were
obtained by using a viscous HIPE, which in coflow emulsification formed an unstable jet that broke up into
rodlike sections. These rodlike droplets maintained their shapes throughout the microfluidic channel and did
not relax back into spherical droplets, allowing for production of poly(HIPE) rods upon photopolymeriza-
tion. The nonspherical shape in this case is not determined by confined channel geometries, which to the best
of our knowledge is unprecedented as a strategy to produce nonspherical polymer particles with micro-
fluidics.

Introduction

Porous polymer beads are used in awide range of applications,
such as stationary phases in separation science,1,2 resins for solid-
phase organic and peptide synthesis,3 ion-exchange resins,4

scavengers,5 and supports for enzyme6 and catalyst7 immobiliza-
tion. Pore sizes are commonly classified as micro, meso, and
macro, which correspond to <2, 2-50, and >50 nm, respec-
tively.8 Porous polymer beads can have an open or a closed
cellular structure, the former being characterized by pore inter-
connectivity and the latter by isolated pores. The applications
mentioned above require an open cellular structurewith a specific
average pore size and pore size distribution. For example, size
exclusion chromatography (SEC) columns packed with porous
cross-linked polystyrene beads are capable of separating a
mixture of polymer chains into fractions of similar hydrodynamic
volume. The packed column performance, which includes factors
as polymer chain separation efficiency and back-pressure,
strongly depends on the packing efficiency of the beads, which
is governed by their particle size distribution as well as the pore
size distribution in each individual bead. In solid phase peptide
synthesis (SPPS), beads that possess relatively large macropores
are useful as throughout the peptide chain-growth process by
consecutive couplings of amino acids the internal porous struc-
ture becomesmore narrowly confined, leading to longer diffusion
time scales and potential pore blockage lowering the efficiency of
the peptide production process.

Porous beads are generally prepared by suspension polymer-
ization in which monomer droplets, containing porogen(s), are
dispersed in water and subsequently polymerized.9-11 A greener
approach is using emulsified water droplets instead of a porogen,
thus creating water-in-oil-in-water (W/O/W) double emulsions.
One such example is the preparation of water-expandable poly-
styrene beads.12,13 Crevecoeur et al. emulsified water in a pre-
polymerized mixture of styrene and polystyrene. The high visco-
sity of this mixture warrants stability of the emulsified water
droplets throughout the dispersion process of this emulsion into
droplets and their subsequent polymerization, yielding water-
droplet containing polystyrene beads. However, this emulsifica-
tion step involved conventional mixing and emulsification
through shear, which has the disadvantage that it does not allow
fabrication of monodisperse beads.

The target requirement for regulating bead size distribution is
the control of the droplet generation process, that is, the emulsi-
fication of the porogen-containing monomer phase. Kawano
et al.14 reported on the fabrication of monodisperse porous poly-
styrene beads using a Shirasu porous membrane (SPG) as
emulsification device. Vincent et al. described the production of
large porous suspension beads with a narrow size distribution
using a cross-flow membrane as emulsification device in combi-
nation with a tubular polymerization reactor.15 Whereas with
these techniques monodisperse spherical porous beads can be
obtained, control of the bead shape, i.e., to produce nonspherical
particles, cannot readily be achieved.

We are interested to developmethods that allow fabrication of
submillimeter-sized cellular polymer beads that have a unimodal
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size distribution and have interconnected micrometer-sized pores
as we believe their availability would innovate applications as
mentioned above. An approach to fabricate highly porous
materials that struck our attention is based on the use of high-
internal-phase emulsions (HIPE),16-19 a special type of emulsion
where the volume fraction of the dispersed phase exceeds the 0.74
threshold value for monodisperse emulsions and can reach up to
0.99.20 The continuousphase is commonly solidified, i.e., through
polymerization, to turn HIPE into poly(HIPE). This lightweight
material possessesmuch larger pores than commonmacroporous
materials, and commonly open cellular structures are obtained in
which the majority of pores are interconnected.21 Poly(HIPE)s
are mostly prepared via a bulk process,22 thereby yielding a
monolith, the shape of which is predetermined by the reaction
vessel.Miniaturization for beadmanufacturingbyusing amold is
possible but tedious. The preferred strategy is to disperse the
HIPE in water and thus form HIPE droplets (a water-in-oil-in-
water (W/O/W) double emulsion) that are subsequently solidified
through polymerization. The W/O/W fabrication of polymer
beads using HIPEs is only sparsely reported in patents23,24 and in
the open literature,25-29 and the prepared poly(HIPE) beads are
either as small as ∼60 μm in diameter but polydisperse26,28,29 or
monodisperse but ∼2 mm in diameter.27

Recently, the development of microfluidic techniques employ-
ing lab-on-a-chip devices enabled the preparation of porous
monodisperse particles in a single setup.30,31 Microfluidic bead
production is an advanced version of suspension polymerization,
inwhichmonomer droplets are created one by one in a controlled
and reproducible manner. Droplet generation between two im-
miscible liquid phases can be achieved by various setups such as
T-junction,32 flow focusing,33 or coflow geometries.33 By a care-
ful selection of the discrete phase, various particle geometries can
be obtained including gel-type nonporous beads,34 capsules,28

armored beads through monomer droplets stabilized by solid
particles,35 and porous beads.30,31,34 Nonspherical polymer par-
ticles were also produced through microfluidics by forcing
droplets to move through a channel of confined geometry.34

In this paper, we describe a methodology to produce poly-
(HIPE) particles via a microfluidic approach, not only with
control of their diameter (submillimeter range) but also of their
shape, moving away from traditional spherical beads. Simulta-
neously, we demonstrate the possibility to modify the chemical
functionality of the internal cellular structure by a straight-
forward postmodification process, demonstrating that the poly-
(HIPE) beads can find applications in a variety of fields. To the
best of our knowledge, polymerization of a HIPE formulation as
the discrete phase in a microfluidic setup to obtain functional,
monodisperse poly(HIPE) beads, has never been exploited. The
closest report to such an approach is the generation of sessile
droplets of HIPE from a needle in air and their subsequent
detachment and polymerization.27 The droplet breakup occurs as
an interplay between interfacial tension and gravity, and
although control of droplet size is achieved, large droplets with
sizes of the order of the capillary length are formed, resulting in
poly(HIPE) beads as large as 2 mm in diameter.

Results and Discussion

We investigated the production of porous polymer beads using
a high internal phase emulsion (HIPE) as the basis to generate
pores within the beads and a simple microfluidic setup36,37 for
droplet generation composed of a tubing and needles (Figure 1),
in order to avoid any labor-intensive device preparation techni-
ques such as soft lithography.38 An aqueous continuous carrier
phase was introduced using a syringe pump from the inlet of the
transparent tubing. A needle was inserted perpendicularly into
this tubing. The monomer-based HIPE mixture was fed with a
controlled rate using the second syringe pump. The original setup

of this simple approach as reported by McQuade et al.37 did not
always provide monodisperse droplets. We therefore aligned the
exit of the needle with the direction of flow of the continuous
phase by bending the needle tip 90�, effectively transforming the
system from a T-junction into a coflow device.36 Droplet forma-
tion occurred as a result of the large difference in pumping rates
between the continuous and discrete phases. Addition of surfac-
tant to the continuous aqueous carrier phase seemed crucial for
stabilizing and carrying the HIPE droplets (now being aW/O/W
emulsion) on their journey through the tubing. Solidification of
the droplets in the downstream part of the tubing was achieved
via photopolymerization, an approach that was recently intro-
duced in conventional poly(HIPE) synthesis.20 Photoinitiation
was preferred over its thermal equivalent, as heating is known to
destabilize HIPE formulations, especially those with limited
polarity differences between the two phases.19

Initially, HIPE formulations were prepared from highly
hydrophobic acrylate monomers. Typically, the HIPE formula-
tion consisted of 90% internal water phase (0.1M aqueous NaCl
solution) and 10% continuous reactive oil phase, which contains
a solution of a photoinitiator (4 wt %) in 2-ethylhexyl acrylate
(EHA, 65 vol %), di(ethylene glycol) diacrylate (15 vol %), and
the surfactant Span 80 (20 vol %). An aqueous solution of
sodium dodecyl sulfate (SDS, 3%) was used as the continuous
carrier phase in the microfluidic device. Under these conditions,
nonspherical poly(HIPE) segments were obtained (Figure S1 in
the Supporting Information). The high viscosity of the HIPE
led to a jetting rather than dripping regime, with the cylindrical
jet of HIPE being broken up as a result of a Plateau-Rayleigh
instability. The formedHIPE segments were of too high viscosity
to adjust to a spherical lowest-surface-area droplet. Intriguing
fibril-like side filaments were observed. These preliminary results
were exciting as there is a growing interest in nonspherical
particles39,40 such as rods41-43 due to their unique packing, self-
assembly, and mechanical properties. Nonspherical particles or
droplets can easily be prepared in microfluidic devices, but the
key in all cases is the use of a confined space, determining the final
shape of the droplets or particles. The present case is different in
that the nonspherical shape is directly correlated to the viscous
behavior of the HIPE phase. We therefore took an interest in
optimizing the process in order to improve control of the shape of
the nonspherical segments.

Reducing the pumping rate of the HIPE phase resulted in a
decreased average length of the obtained irregular segments.
Attempts to improve the regularity of the obtained nonspherical
structures, including a reduction of the internal water phase
to 80% of the HIPE or changing EHA with lauryl acrylate

Figure 1. Tubing-needle-based simple microfluidic setup used in this
study for production of poly(HIPE) particles.
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did not result in any improvement. Further trials to increase the
viscosity of the continuous phase by using 80% glycerol in
water44 as the continuous phase or decreasing the viscosity of
the HIPE phase, by changing the surfactant that was used for the
HIPE preparation to ABIL EM 90, did not improve the process
either.

However, a different HIPE formulation45 dramatically im-
proved the regularity and reproducibility of the nonspherical
segments, now showing resemblance with rods. 2,2-Dimethoxy-
2-phenylacetophenone (DMPA, 33 mg) was dissolved in a
mixture of ethylene glycol dimethacrylate (EGDMA, 0.34 mL),
glycidyl methacrylate as functional monomer (GMA, 0.51 mL),
and a polymeric surfactant, i.e., poly(ethylene oxide)-b-poly-
(propylene oxide)-b-poly(ethylene oxide) (PEO-PPO-PEO,
MW 4400, 0.15 mL). Addition of 3.6 mL of aqueous CaCl2 3
2H2O solution (1.3 wt %) to this oil phase resulted in 78%
internal aqueous phase in the final HIPE, which was viscous. In
our coflow device, porous uniform poly(HIPE) rods (Figure 2)
were fabricated. To our knowledge, direct preparation of non-
spherical poly(HIPE) particles has not been reported so far.
Moreover, the preparation of nonspherical particles with a
diameter (∼0.2 mm) considerably smaller than the dimension
of the continuous channel (0.8 mm inner diameter) and dictated
by the viscosity of the dispersed phase is unprecedented.

When the molecular weight of the surfactant PEO-
PPO-PEOwas decreased to 2800 g/mol, a HIPE of low viscosity
was obtained. This enabled us to produce nearly spherical
droplets of HIPE and the corresponding poly(HIPE) beads.
While the use of SDS solution as the carrier phase yielded
polydisperse beads, monodisperse beads were obtained using
an aqueous poly(vinyl alcohol) solution (PVA, 3%) (Figure 3).

SEM images of the obtained beads show that the pores are
predominantlymicrometer-sized (aswe aimed for) reaching up to
15μm. In addition, it is important to stress that the beads showno
“skin” effect. The undesired “skin” effect, which prevents re-
agents to penetrate into the porous inner part, is often observed in
the preparation of porous beads by conventional methods invol-
ving a porogen.46 In our case, the pores resulted from the 78%
internal aqueous phase in the HIPE formulation, which can be
increased up to ∼87% if spherical bead formation is desired.
Above this limit, the HIPE phase becomes too viscous, prevent-
ing proper droplet breakup. The surface area of the obtained
beads was determined as low as 16 m2/g, which is not surprising
for poly(HIPE).8 The poly(HIPE) beads exhibited an approxi-
mate diameter of 400 μm,which is 5-fold smaller compared to the
previously reported monodisperse poly(HIPE) beads.27 We want
to emphasize the importance of the coflow geometry (bent
needle) for obtaining monodisperse poly(HIPE) beads instead
of a T-junction (straight needle) as originally reported.Monomer
conversion for the poly(HIPE) beads exceeded 75%, which is
roughly 2-fold higher when compared to beads prepared with the
conventional porogen method. This result indicates a good
stability of the HIPE formulation during the second emulsifica-
tion process in the microfluidic channel, to give a water-in-oil-
in-water double emulsion.

In addition to themonomer conversion, poly(HIPE) beads are
compared with “classical” porous beads that we prepared using
the samemicrofluidic setup. In contrast to the poly(HIPE) beads
where water droplets act as the pore forming inert ingredient,
“classical”macroporous beads are prepared by adding a porogen
or a mixture of porogens to the initial monomer mixture. During
polymerization, the solubility of the growing polymer chains
decreases and phase separation occurs between polymer and the
porogen/monomer mixture. Final macropores are obtained after
removal of the porogen by washing. Pores of the beads obtained
via this route are much smaller (Figure 4) compared to the pores
of the poly(HIPE) beads (Figure 3). It is worth mentioning that
an accompanying advantage of theHIPE pathway is the elimina-
tion of the use of organic porogens, thanks to the water-in-oil
emulsion template.

Figure 2. Poly(HIPE) rods. (a) Optical microscopy image showing uniformity and SEM images of (b) a partial rod and (c) surface of a rod.

Figure 3. Porous, size-monodisperse near-spherical poly(HIPE) beads:
(a) opticalmicroscopy image showing sizemonodispersity; SEMimages
of (b) a whole bead, (c) surface of a bead, and (d) inner part of a broken
bead.

Figure 4. SEM images of “classical” macroporous beads prepared
using porogens: (a) a whole bead; (b) surface of the same bead.
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Next, we explored chemical postfunctionalization of the poly-
(HIPE) beads by using the epoxy groups that originated from the
glycidyl methacrylate (GMA) monomer (Figure 5). The epoxy
group allows a two-step “click”-“click”47 process,1,22,48 which
involves ring-opening of the epoxy groups with NaN3 to intro-
duce azide groups, followed by a Cu catalyzed cycloaddition to
the azide by alkynes (CuAAC, Figure 5b).49 Using phenyl acety-
lene as a model compound, we compared the performance of
poly(HIPE) beads and “classical”macroporous beads. Although
the surface area of these “classical” beads was 49 m2/g (3 times
higher than that of poly(HIPE) beads), they were outperformed
by poly(HIPE) beads in terms of reaction rates in CuAAC
(Figure 6a,b), which was revealed by comparing the change in
the azide signal located at 2100 cm-1 in ATR-IR spectra as a
function of time. The same trend was observed when the reaction
was performed with CuBr catalyst at room temperature and at
50 �C (Figure 6c,d). In the latter case, more than 90%of the azide
peak disappeared in only 5 h, meaning near-quantitative triazole
formation, which is remarkable taking into account the rather
high azide loading (0.81 mmol/g obtained from elemental ana-
lysis). It is also important tomention that poly(HIPE) beads have
more azide groups than the “classical” beads, indicating that even
the first “click” reaction is more efficient for poly(HIPE) beads.
Elemental analysis confirmed the difference in azide loading: 0.81

and 0.31 mmol/g for poly(HIPE) and “classical” beads, respec-
tively. This performance is attributed to the large macroporous
open cellular structure of the poly(HIPE) beads, with excellent
accessibility of the functional groups. These results indicate
that poly(HIPE) beads can serve as a universal platform for
“clicking” compounds of interest such as biomolecules, drugs,
and catalysts.

Conclusion

We showed the fabrication of monodisperse submillimeter
poly(HIPE) beads and rods by using a simplemicrofluidic coflow
device. In obtaining the nonspherical shapes, the viscosity of the
emulsified HIPE phase played a crucial role. Creating nonsphe-
rical particles in microfluidics by means other than using the
channel dimensions is unprecedented to the best of our knowl-
edge. Our microfluidic approach allows for the fabrication of
submillimeter-sized monodisperse spherical poly(HIPE) beads
(diameter of about 400 μm), which is 5 times smaller than thus far
reported using the sessile drop approach.27 The porous polymer
particles made using HIPE have pore sizes that are much larger
than that of common macroporous beads prepared using poro-
gens.We demonstrated that postfunctionalization of poly(HIPE)
beads is easily achieved by a consecutive “click”-“click” app-
roach. Thanks to their macroporous structure, the efficiency of
the click reactions for poly(HIPE) beads was considerably higher
than for “classical” macroporous beads, despite the latter having
a 3-fold higher total surface area. We envisage that these poly-
(HIPE) beads open new possibilities in several fields such as
separation science, solid-supported peptide synthesis, catalysis,
and scavenging.

Experimental Section

Materials. Solvents used for the bead wash procedure were
technical grade and used as received. H2O used was MilliRO
grade. Dimethyl sulfoxide (DMSO), 2,2-dimethoxy-2-pheny-
lacetophenone (DMPA), poly(vinyl alcohol) (PVA, 95%hydro-
lyzed, 95000 MW), NaN3, DMF, sodium ascorbate (NaOAsc),
CuSO4, and ethylene glycol dimethacrylate (EGDMA) were
purchased from Acros Organics. PVC tubing (1.6 mm inner
diameter), glycidyl methacrylate (GMA), dichloromethane
(DCM), tripropargylamine, poly(ethylene oxide)-b-poly(propy-
lene oxide)-b-poly(ethylene oxide) (PEO-PPO-PEO) surfac-
tants, basic Al2O3, 2-ethylhexyl acrylate (EHA), benzyl bro-
mide, phenylacetylene, di(ethylene glycol) diacrylate (DEGDA,
technical grade), 2-benzyl-2-(dimethylamino)-40-morpholino-
butyrophenone (BDM), lauryl acrylate, cyclohexanol, dodeca-
nol, and CuBr were purchased from Sigma-Aldrich. Synthesis
of benzyl azide was reported elsewhere.50 ABIL EM 90 was
kindly donated by Evonik Degussa. Both EGDMA and GMA
were passed over basic Al2O3 prior to use. CuBr was washed
with glacier acetic acid overnight to remove oxidized species,
further washedwith ethanol andDEE, and dried under vacuum.
Tygon tubing (0.8 mm internal diameter, Saint Gobain
Plastics) was purchased from VWR International. 22G blunt
needles were purchased from Hamilton. 30G disposable
needles were purchased from Becton Dickinson and blunted.
PVA solution was prepared by stirring the corresponding
amount of PVA in water that was heated up to 70-80 �C. The
elevated temperature was kept until all polymer is dissolved, and
then the solution was cooled down. No precipitation was
observed.

Instrumentation. Scanning electron microscopy (SEM)
images were recorded with a Quanta 200 FEG FEI scanning
electronmicroscope operated at an acceleration voltage of 5 kV.
Sampleswere sputteredwith gold prior to SEManalysis.Optical
microscopy images were recorded with aNikon SMZ800micro-
scope. FTIR spectra were recorded by a Perkin-Elmer Spectrum
1000 equipped with an ATR probe. N2 sorption isotherms were

Figure 5. Synthesis and “click”-“click” modification of both poly-
(HIPE) and “classical” beads. (a)Monomer and cross-linker used in the
synthesis of the beads. (b) Schematic representation of the serial “click”
reactions.

Figure 6. Monitoring -N3 peaks during CuAAC reactions: (a) poly-
(HIPE) beads/CuSO4, (b) “classical” beads/CuSO4, (c) poly(HIPE)
beads/CuBr, (d) poly(HIPE) beads/CuBr at 50 �C. The IR spectra were
normalized with respect to the carbonyl peaks (full spectra are available
in the Supporting Information).
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measured on a Belsorp-Mini II apparatus at 77 K. The surface
area was calculated using the BET method. 1H NMR spectra
were recorded by a Bruker Avance 300 spectrometer. Elemental
analysis measurements were done in CNRS Paris. Overhead
stirrer was an IKA RW 20 DZM. Syringe pumps used were
KDS Scientific and New Era NE-300 model. A Metalight UV
box operating with 12 (320-400 nm) lamps was used for
solidification.

Preparation of Poly(HIPE) Beads. In a typical procedure,
DMPA (33 mg) was dissolved in a mixture of EGDMA
(0.34 mL), GMA (0.51 mL), and PEO-PPO-PEO 2800
(0.15 mL) in a 50 mL flask that was covered with a piece of
aluminum foil to avoid light penetration. While this mixture is
being stirred at 350-400 rpm by an overhead stirrer equipped
with a Teflon propeller that fits to the bottom of the flask,
aqueous CaCl2 3 2H2O solution (3.6 mL, 1.3% wt) was added
dropwise for 30-40 min. When the addition was complete, the
flask was lowered and stirring was kept on the upper part of the
emulsion for an additional 5-10 min to ensure homogeniza-
tion (other HIPEs mentioned in the text were prepared in a
similar fashion). This mixture was polymerized in the
microfluidic device with a pumping rate of 0.20 mL h-1 using
a 30G blunt needle. The continuous carrier phase was aqueous
PVA solution (3% weight) pumped with a rate of 1.20 mL
min-1. 0.5 m PVC tubing was used, which enabled the formed
HIPE droplets to be exposed to UV light for ∼15 s on-flight.
Further off-tubing UV curing was performed for at least
15 min for further polymerization. Obtained beads were
washed on a glass filter with warm H2O, DCM, MeOH,
DCM, andDEE and dried under vacuum at room temperature
overnight.

Preparation of Poly(HIPE) Rods. Rods were prepared in the
same way as the beads. Differences were the surfactant
(PEO-PPO-PEO 4400), tubing (0.5 m Tygon), needle (22G),
continuous phase pumping rate (15.0 mL h-1), and the HIPE
phase pumping rate (0.80 mL h-1).

Preparation of “Classical” Porous Beads. Briefly, BDM
(16 mg) was dissolved in a solution of EGDMA (0.16 mL),
GMA (0.24 mL), and a 4:1 volume mixture of cyclohexanol and
dodecanol (0.60 mL). This homogeneous mixture was emulsi-
fied in ourmicrofluidic setup as the discrete phase. Carrier phase
was SDS solution. Tygon tubing (2 m, 0.8 mm i.d.) and 30G
blunt needle was used. Pumping rates were 1.3 mL/min and
0.8 mL/h for continuous and discrete phases, respectively. After
washing, obtained beads were analyzed by SEM, optical micro-
scopy, and N2 sorption.

Synthesis of Tris(benzyltriazolylmethyl)amine (TBTA). On
the basis of a reported procedure,51 TBTA was synthesized as
follows: tripropargylamine (1 mL, 7.1 mmol), benzyl azide
(3.14 g, 23.6 mmol), CuSO4 3 5H2O (0.29 g, 1.2 mmol), and
NaOAsc (0.68 g, 3.4 mmol) were added into a mixture of
DCM (20 mL) and H2O (20 mL), and reaction was performed
by stirring for 24 h at room temperature. H2O phase was washed
with DCM (3 � 20 mL); DCM phases were all combined and
dried over MgSO4. Product was purified by column chromato-
graphy using silica gel and MeOH:EtOAc (1:9) mixture as the
eluent. White solid is obtained with 70% yield. H1 NMR
(CDCl3): δ (ppm)= 3.70 (s, 6H), 5.45 (s, 6H), 7.10-7.36 (15H),
7.60 (s, 3H) which fits with the original report.52

Epoxy-Azide Conversion for Beads. This conversion was
done according to the literature.48 Briefly, dried poly(HIPE)
beads (50 mg) were preswollen in DMF (7 mL) in a flask, NaN3

(0.25 g) and NH4Cl (0.21 g) were added, and the reaction took
place for 24 h at 50 �C while the flask is being rotated with a
rotary evaporator motor.1 Beads were washed on a glass filter
with warm H2O, DMF, MeOH, DCM, and DEE and dried
under vacuum at room temperature overnight. Introduction of
azide groups was confirmed by IR spectroscopy with the
characteristic azide band at 2100 cm-1. Same was applied to
the “classical” beads.

CuAAC Reactions on Azide-Containing Beads. CuSO4.
Poly(HIPE) beads (10 mg) were added into a syringe fitted with
a frit, and a solution of TBTA (4.8 mg), CuSO4 (1.12 mg),
NaOAsc (1.78mg), and phenylacetylene (25 μL) inDMSO:H2O
(0.5 mL, 4:1) was added. The syringe reactor was gently shaken
by a vortex mixer. Samples were taken with time intervals and
washed with acetone, H2O, acetone, and DEE. Same was
applied to the “classical” azido beads.

CuBr. Poly(HIPE) beads (10 mg) were added into a syringe
fitted with a frit, and a solution of TBTA (4.8 mg), CuBr
(6.5 mg), and phenylacetylene (25 μL) in DMF (0.75 mL) was
added. The syringe reactor was gently shaken by a vortex mixer.
Samples were taken with time intervals and washed with ace-
tone, H2O, acetone, and DEE.

CuBr þ 50 �C. Poly(HIPE) beads (10 mg) were added into a
5 mL flask, and a solution of TBTA (4.8 mg), CuBr (6.5 mg),
and phenylacetylene (25 μL) in DMF (0.75 mL) was added. The
flask was placed in an oil bath that is heated up to 50 �C and
rotated by a rotary evaporator motor. Samples were taken with
time intervals and washed with acetone, H2O, acetone, and
DEE.
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