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/ Efficient transfer of halogen atoms is essential for controlling the growth of polymers in atom transfer radical polymerization

(ATRP). The nature of halogens may influence the efficiency of the halogen atom transfer during the activation and
deactivation processes. The effect of halogens can be associated with the C-X bond dissociation energy and the affinity of
the halogens/halides to the transition metal catalyst. In this paper, we study the effect of halogens (Br vs. Cl) and reaction
media in iron-catalyzed ATRP in the presence of halide anions as ligands. In Br-based initiating systems, polymerization of
methacrylate monomers was well-controlled whereas Cl-based initiating systems provided limited control over the
polymerization. The high affinity of the Cl atom to the iron catalyst renders it less efficient for fast deactivation of growing
chains, resulting in polymers with molecular weights higher than predetermined by A[M]/[RX], and with high dispersities.
Conversely, Br can be exchanged with higher efficiency and hence provided good control over polymerization. Decreasing
the polarity of the reaction medium improved the polymerization control. Polymerizations using ppm levels of the iron
catalyst in acetonitrile (a more polar solvent) yielded polymers with larger dispersity values due to the slow rate of
deactivation as opposed to the less polar solvent anisole, which afforded well-controlled polymers with dispersity <1.2.

deactivation steps is essential for promoting polymerization and
Introduction gaining control in ATRP.
Activation of halogen-capped chain ends depends on
dissociation energy of the C-X bond as well as the
halogenophilicity of the catalyst, which defines its ability to
abstract a halogen atom and the affinity of the latter to the
catalyst. For different halogens, C-X bond dissociation energy
changes in the order F > Br > Cl > |, with the C-F bond being so
strong that renders activation slow and inefficient.l? On the
other hand, for copper based systems, the catalyst-halogen
bond (L/Mt™1-X) becomes stronger moving from | to F.
Therefore, because of the low affinity of the catalyst to iodine
and high bond dissociation energy of the C-F bond, metal-
catalyzed ATRP with | and F functionalities is less successful.l!
Although polymerizations in the presence of alkyl iodides using
Cu complexes can be challenging, the | functionality can be used
in conjunction with iodide salts,'% 13 amines,'3 or some iron

The development of reversible deactivation radical
polymerization (RDRP) techniques has revolutionized the
synthesis of well-defined polymers.> 2 RDRP methods offer
precise control over molecular weight and dispersity,
composition, and architecture of the polymers. Most common
RDRP methods include atom transfer radical polymerization
(ATRP),3 reversible addition-fragmentation chain transfer,® 7
and nitroxide-mediated polymerizations.® While these
techniques differ in their underlying mechanisms, a common
feature of all RDRPs is to reduce the fraction of terminated
chains among the large pool of dormant species and provide
rapid dynamic exchange between them via reversible
deactivation processes.

In ATRP, catalysts are employed to provide control over the
growth of polymer chains. ATRP catalysis is a redox process that
involves the reversible transfer of halogen atoms through
activation of dormant polymer chains by the lower oxidation
state catalyst (activator, L/Mt") as well as deactivation of the
growing radicals by the higher oxidation state catalyst bonded
to a halogen atom (deactivator, L/Mt"*1-X).° Therefore, the
efficiency of the halogen atom transfer in both activation and

complexes'® 15 to catalyze well-controlled polymerizations
which may also proceed through a degenerative transfer
process.6

The strong bond between the catalyst and halogen atom in the
deactivator (L/Mt"™1-X) may hamper fast deactivation of
propagating chains and therefore result in polymers with higher
dispersity. For example, because of the strong bond between Cl
and the catalysts commonly employed in ATRP, Cl-based ATRP
systems typically show slower deactivation and result in
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halogenophilicity, hence provides fast and well-controlled
ATRP.

In this paper, we aim to study the influence of halogen nature
in iron-catalyzed ATRP in the presence of halide anions as
ligands. Iron-based complexes form an important class of ATRP
catalysts.1820 Research in iron catalysis has been focused on
developing new efficient ligand families that can provide
control over polymerizations. Ligands such as nitrogen?': 22 or
phosphorus-containing compounds,?32° imines,333 amine-
bis(phenolate)s34-3¢ and salts with halide anions37-#¢ are among
the widely used ligands in iron-catalyzed ATRP. Halide salts form
anionic iron species that have higher catalytic activity in ATRP
than their neutral or cationic counterparts. Polar solvents may
also promote formation of cationic iron species that do not
participate in catalysis. In addition, the high stability of anionic
iron species in polar media may lead to a slow deactivation of
the growing chains and thus requiring high concentrations of
the catalyst to provide well-controlled polymerizations.*!
Accordingly, control in low ppm (ppm: parts per million) iron-
catalyzed ATRP may be compromised in polar media.

Despite the breadth of research in developing diverse ligand
families for iron-catalyzed ATRP, the effect of halogens and
reaction media on polymerization control has not been fully
explored in these systems. Here, we study these parameters in
ATRP using low concentration of iron halides in the presence of
halide anions that serve as ligands. We show that the high
affinity of Cl to Fe resulted in lower deactivation efficiency and
therefore limited control over polymerization of methacrylate

monomers. However, Br-based initiating systems in anisole
yielded well-defined polymers with low dispersities.

Results and discussion
UV-Vis studies

We began our studies by spectroscopic analysis of the iron
catalysts using UV-Vis spectroscopy or cyclic voltammetry (CV)
in the presence of both Br and Cl anions. In the UV-Vis
experiments, solutions of FeBrs; or FeCls in anisole or acetonitrile
(MeCN) were titrated by addition of tetrabutylammonium
bromide (TBABr) or tetrabutylammonium chloride (TBACI) salts.
In the absence of additional halide salts, both FeBrs; and FeCls
formed neutral species in anisole as this apolar solvent does not
favor disproportionation/dismutation and/or formation of ionic
species (Figure 1). The observed spectra of FeBr; and FeCl; have
single maximum (300-400 nm range) in anisole, similar to that
of FeCl; reported in tetrahydrofuran or in the gas phase.*”- 48
Addition of halide salts resulted in a change in the UV-Vis
spectra of FeCl; as two absorbance maxima appeared,
indicating formation of anionic FeX;  species. FeCl; showed
absorption mainly in the UV region below 400 nm, whereas
FeBrs; absorbed in the visible region > 550 nm. Addition of TBACI
to FeCls resulted in the formation of two absorbance peaks,
whereas in the presence of TBABr added to FeCls, the spectra
showed a tailing toward higher wavelengths (Figure 1-A and B)
but still contained the same peak maxima, as observed in Figure
1-A. This absorption spectra can be associated with the

Solvent: anisole
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Figure 1. UV-Vis spectra of iron species with halide salts as ligands in anisole (top) or MeCN (bottom). (A) and (E) FeCl; + TBACI, (B) and (F) FeCl; + TBABr, (C) and (G) FeBr; + TBABr,
and (D) and (H) FeBrs; + TBACI. [FeX3] = 0.1 mM, [TBAX] =0, 0.1, 0.2, and 0.4 mM. The absorptions with one maximum (in anisole) correspond to the FeX; species whereas those with

two maxima correspond to

the anionic species, FeX,~.
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formation of FeBrCl;~. Further increase of TBABr concentration
did not change the absorption spectra indicating that CI
preferably binds to Fe over Br. Upon addition of TBABr to FeBrs,
its absorption changed with two main peaks appearing at > 400
nm, attributed to the formation of the anionic FeBr,;™ species
(Figure 1-C).

Interestingly, Figure 1-B did not show an absorption maximum
at ~470 nm, suggesting that no FeBr4~ was formed even upon
addition of 4 equiv. of TBABr to FeCl3. Thus, even with a large
excess of TBABr with respect to FeCl;, FeBrCl3~ was the
predominant species. In contrast, addition of TBACI to the
solution of FeBr; significantly changed the UV-Vis spectra with
a blue shift that further changed as the concentration of TBACI
was increased (Figure 1-D). In the presence of 4 equiv. of TBACI
with respect to FeBrs, the spectrum was similar to those
obtained with FeCls/TBACI (Figure 1-A), indicating replacement
of all Br with ClI and formation of FeCl;". No change was
observed upon further addition of TBACI. These observations
confirm the higher affinity of the Cl atom vs. Br to bind to Fe,
which may consequently affect the deactivation of growing
chains because of the formation of a strong Fe-Cl bond.

In MeCN, the UV-Vis spectra of FeCl; or FeBrz showed two
absorption peaks which can be attributed to the formation of
anionic iron species in the absence of any additional halide salt
ligands (Figure 1-E and G, respectively). Polar solvents such as
MeCN can stabilize/promote formation of the anionic and
cationic iron species via disproportionation or ligand
displacement by the solvent molecules. Addition of TBABr to
FeCls, slightly changed the spectra with a tailing toward higher
wavelengths (Figure 1-F). Furthermore, upon addition of TBACI
to a solution of FeBr; in MeCN, the UV-Vis spectra gradually
blue-shifted (¥100 nm) to finally resemble that of FeCls/TBACI
in the presence of 4 equiv. of TBACI (Figure 1-H).

Electrochemical analysis

Electrochemical analysis of the iron catalysts using cyclic
voltammetry provided further insight into the interaction of Fe
with Br and Cl anions. Because of the polarity of anisole, the CV
measurements were performed only in MeCN by titration of
both FeBr; and FeCl; with Br or Cl anions (Figure 2). The CV
spectrum of FeCl; (in the absence of additional anions) showed
that the main reduction peak was preceded by a pre-peak,
indicating the presence of at least two Fe'' species in the
solution (Figure 2-A). Similarly, the oxidation signals were broad
and showed two main oxidation peaks. This complex redox
pattern suggests the formation of multiple iron species once
FeCls is solvated, such as FeCl,*, FeCl;, and FeCl;~ (additional
solvent molecules that may be present in the coordination
sphere are omitted for simplicity).

Upon progressive addition of TBACI (1-4 equiv.), the voltametric
pattern simplified; the peak couples at more positive potentials
disappeared, while the peak couple at more negative potentials
substantially increased in intensity. In agreement with the UV-
Vis experiments, the peak couple at more negative potentials
was attributed to the reversible redox couple of Fe"'Cl,~/Fe"Cl,>~
with half-wave potential of E;;, = +0.02 V vs. saturated calomel
electrode, SCE.

This journal is © The Royal Society of Chemistry 20xx
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Figure 2. Cyclic voltammetry of iron species in the presence of different amounts of
TBABr or TBACI in MeCN at a scan rate of 100 mV/s. [FeXs] = 1 mM, TEABF, (0.1 M) as a
supporting electrolyte.

Titration of FeCl; with one and two equiv. of Br anion shifted the
main cathodic peak only slightly to more positive potentials
while the main anodic peak shifted > 30 mV to more positive
values due to substitution of MeCN with Br anion (Figure 2-B).
This observation indicates that Br anions are more competitive
with Cl anions in binding to Fe" than Fe'' species. Further
addition of TBABr only resulted in the appearance and
progressive increase of the irreversible oxidation peak
corresponding to free Br~ (~0.75 V vs SCE). Thus, additional Br-
did not significantly affect the coordination environment of Fe
species.

For FeBrs, both in the absence or presence of 1 equiv. of TBABr,
a broad reduction peak was observed (Figure 2-C). The addition
of TBABr narrowed the reduction peak that shifted ~15 mV to
more negative values (Figure 2-C). Two oxidation peaks were
present (at ~0.27 and ~0.42 V vs SCE) in the absence of TBABr,
and their relative intensities were only slightly affected by the
addition of 1 equiv. of TBABr. Overall, the behavior is similar to
FeCl; with Fe''Br,~ being the dominant Fe" species. For Fe'
species, the speciation is more complicated. Upon addition of 2
equiv. of TBABr, the relative intensity of the oxidation peak at
~0.42 V vs SCE decreased, however another oxidation peak at
~0.75 V vs SCE appeared, which is ascribed to the oxidation of
free Br anions. Therefore, additional Br anions did not
coordinate to the complex.

Titration of FeBr; with Cl anions showed a gradual change in the
CV signal of the complex to finally resemble that of FeCl;/TBACI
in the presence of 4 equiv. of TBACI. Addition of 1 equiv. of
TBACI to a solution of FeBr; in MeCN shifted both the cathodic
and anodic peak to more negative potentials. When 2 equiv. of
TBACI were added, the peak corresponding to the oxidation of
free Br anions appeared and increased in intensity with
increasing the amount of TBACI. This observation indicates that

J. Name., 2013, 00, 1-3 | 3
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Iron-Catalyzed ATRP - Effect of Halogens
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Scheme 1. Iron-catalyzed ATRP under ICAR or photoinduced ATRP conditions (LMCT:
ligand-to-metal charge transfer). Effect of halogens (X: Br vs. Cl) can be related to both
the activation and deactivation processes by the iron catalyst.

Br anions are progressively displaced by Cl anions, which bind
more strongly to Fe species.

Polymerizations

The spectroscopic analyses of the iron catalysts indicate that Cl
binds more strongly to Fe compared to Br, and therefore may
affect the deactivation process and control over polymerization.

Journal Name

To investigate the effect of halogen in iron-catalyzed ATRP,
polymerization reactions were performed under ICAR (initiators
for continuous activator regeneration) or photoinduced ATRP
conditions in the presence of different halides in both the
initiator and the catalyst (Scheme 1).

ICAR ATRP of methyl methacrylate (MMA) was performed using
azobisisobutyronitrile (AIBN) as a radical source and Br or CI-
based initiators and catalysts. The Br-based initiating system
used ethyl a-bromophenylacetate (EBPA) as the initiator and
FeBr3;/TBABr as the catalyst (4 mol% with respect to EBPA, i.e.,
400 ppm vs. MMA). In the absence of additional TBABr,
polymerization of MMA in anisole provided low monomer
conversion (Entry 1, Table 1). The importance of TBABr in
affording a highly active iron catalyst was shown in ATRP of
MMA with the FeBrs/TBABr catalyst (1/1 ratio) that yielded high
monomer conversion (95%) and a polymer with controlled
molecular weight and low dispersity of 1.16 (Entry 2, Table 1).
Using MeCN as a solvent under the same conditions, the
polymers showed a higher dispersity > 1.6 in the presence or
absence of additional TBABr (Entries 3 and 4, Table 1). Further
increasing the ratio of TBABr from 1 to 4 (with respect to Fe) did
not improve control (Entry 5, Table 1). Thus, a polar medium
may diminish deactivation rate, especially when using low
concentration of catalyst, in contrast to high catalyst
concentration systems.4°

The effect of MeCN in iron-catalyzed ATRP was further
demonstrated by performing the UV-Vis analysis of the catalyst
and polymerization of MMA with varying ratios of anisole and
MeCN as solvents. Addition of MeCN to a solution of FeBr; in
anisole resulted in a progressive change in the UV-Vis spectra of
the solution showing absorption peaks at ~390 and ~470 nm
that resembled formation of the anionic iron species upon
addition of MeCN (1-10 vol% with respect to anisole) (Figure
S6). In polymerization, ICAR ATRP of MMA in 100% anisole
afforded well-controlled polymers using the Br-based initiating
system. Increasing the volume ratio of MeCN with respect to
anisole (from 0 to 25, 50, 75, and 100 vol%), showed an increase
in the dispersity of the resulting polymers, while experimental
molecular weights agreed well with theoretical values. For

Table 1. Results of iron-catalyzed ICAR ATRP of MMA with different halides ¢

Entry R-X Catalyst Solvent Conv. (%) M M, b
1 EBPA FeBrs/Br™ (1/0) Anisole 33 3500 3600 1.34
2 EBPA FeBrs/Br™ (1/1) Anisole 95 9700 9000 1.16
3 EBPA FeBrs/Br™ (1/0) MeCN 79 8200 5600 1.67
4 EBPA FeBrs/Br™ (1/1) MeCN 90 9300 8700 1.68
5 EBPA FeBrs/Br™ (1/4) MeCN 90 9300 9700 1.60
6 EBPA FeCly/CI™ (1/1) Anisole 91 9450 8700 1.19
7 ECPA FeBrs/Br™ (1/1) Anisole 94 9750 10300 1.68
8 ECPA FeCls/CI™ (1/1) Anisole 97 10000 12800 1.70
9 ECPA FeCls/CI™ (1/1) MeCN 96 9900 16200 1.94
10 ECPA FeCly/CI™ (1/4) MeCN 92 9600 22000 1.95

a Reaction conditions: [MMA]/[EXPA]/[FeXs]/[TBAX]/[AIBN] = 100/1/0.04/0.04/0.4 (X = Br or Cl) in 50 vol% solvent at 65 °C for 18 h.
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Figure 3. (A) Kinetics and evolution of (B) molecular weight (M,) and (C) dispersity (P) in iron-catalyzed ATRP with Br or Cl-based initiating systems. Reaction conditions:
[MMA]/[EXPA]/[FeX3]/[TBAX]/[AIBN] = 100/1/0.04/0.04/0.4 (X = Br or Cl) in anisole (50 vol%) at 65 °C.

example, in 25 vol% MeCN, the dispersity of the polymers
increased from 1.18 to 1.24. Further addition of MeCN in 50 or
75 vol%, afforded polymers with dispersity values of 1.28 and
1.36, respectively. In the presence of 100% MeCN, dispersity of
the polymers was 1.69 (Table S2 and Figure S7). The increase in
the dispersity of the polymers in iron-catalyzed ATRP of MMA
with increasing amounts of MeCN may be attributed to the
formation of iron species that have low deactivation efficiencies
in ATRP. The high stability of the deactivator FeBr,;™ in a polar
solvent such as MeCN might be responsible for its low reactivity
and diminished deactivation rate of the growing chains.
Previous works have shown that well-controlled iron-catalyzed
ATRP could be achieved in MeCN under either normal*® or
photoinduced>® > ATRP conditions where equimolar ratios of
the catalyst were used with respect to the initiator. With the
high concentration of the iron catalysts, polymerizations can be
well-controlled in MeCN. In contrast, ppm levels of the iron
catalyst provide limited control over the polymerization due to
the slow rate of deactivation and therefore result in polymers
with large dispersity. Furthermore, in a recent study, we
showed that ATRP of semi-fluorinated monomers with ppm
levels of the iron catalyst could also be controlled in MeCN.*3
Because of the high hydrophobicity of the fluorinated
monomers, the overall polarity of the reaction medium
containing MeCN was lowered and the deactivation of the
growing radicals by FeBr,;~ improved in a less polar medium.

To show the effect of the polarity of reaction medium, ICAR
ATRP of a semi-fluorinated monomer, 2,2,2-trifluoroethyl
methacrylate (TFEMA), was performed in MeCN. The overall
polarity of the reaction medium in a mixture of TFEMA in MeCN
was lower as compared to MMA in MeCN. Accordingly, ATRP of
TFEMA provided well-controlled polymers with a low dispersity
of 1.15 (conversion = 88%, M,, = 12000, Figure S8). These results
indicate that the deactivation of growing chains by FeBr; in
polar media is not efficient enough to yield polymethacrylates
with low dispersity in the presence of ppm levels of the catalyst.
Next, the effect of different halides systems (Br vs Cl) was
investigated. With FeCls/TBACI (4 mol%) as the catalyst and
EBPA as the initiator in anisole, slightly higher dispersity of 1.22
was obtained compared to FeBrs/TBABr and EBPA (Entry 6 vs. 1,
Table 2). This observation suggested that introducing CI” in the
system hampered polymerization control. Indeed, using a Cl-

This journal is © The Royal Society of Chemistry 20xx

based initiator, ethyl a-chlorophenylacetate (ECPA), in the
presence of either FeBr;/TBABr or FeCl;/TBACI polymers with
high dispersities were obtained (>1.7), indicating poor control
over polymerization with Cl-based initiating systems in iron-
catalyzed ATRP (Entries 7 and 8, Table 2). The total ratio Br/Cl
was 1/0.16 in entry 6 but 0.16/1 in entry 7, Table 1.
Polymerizations conducted with the Cl-based initiating system
in MeCN showed even larger dispersity values, suggesting
worse deactivation in MeCN compared to anisole in the
presence of Cl (Entries 9 and 10, Table 1).

To further demonstrate the effect of Br vs. Cl, kinetics of
polymerization of MMA under ICAR ATRP conditions was
investigated using both Br-, and Cl-based initiating systems in
anisole. Both systems showed similar rate of polymerization
(Figure 3-A). However, molecular weight analysis of the
resulting polymers showed that poor control was obtained over
the polymerization of MMA in the Cl-based initiating system
(Figure 3-B). The molecular weights were higher than
theoretical values and decreased as polymerization progressed.
The evolution of molecular weight in the Cl-based initiating
system indicates a slow activation of ECPA and slow
deactivation of the growing chains in the presence of the FeCl,;~
catalyst (dispersity values ~1.6-1.8, Figure 3-C). The strong Fe-Cl
bond resulted in a diminished rate of deactivation and hence
provided polymers with large dispersity.>? In contrast, well-
controlled polymerization of MMA was observed in the
presence of the Br-based initiating system. Molecular weights
increased as a function of monomer conversion in line with
theoretical values. Moreover, the resulting polymers showed
low dispersity values (< 1.2) suggesting a well-controlled
polymerization was obtained in the presence of Br-based
initiating system (Figure S10). Furthermore, well-controlled
polymerization of MMA was achieved in the presence of Br-
based initiating system using 400, 200, and 100 ppm of the iron
catalyst with respect to the monomer (Figure S11).
Interestingly, when a Br-based initiator, EBPA, was used with
FeCly/TBACI as the catalyst (4 mol%) polymerization of MMA
was well-controlled, as observed in the presence of all Br-based
initiating system (both EBPA and FeBr,;”). Considering the
relative ratio of EBPA and FeCl;~ (1 to 0.04), Br is present in
sufficient amount, resulting in efficient atom transfer and
deactivation of the growing chains.

J. Name., 2013, 00, 1-3 | 5
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Table 2. Results of iron-catalyzed photoinduced ATRP of MMA with different halides @

Entry R-X Catalyst Solvent Light Conv. (%) M M, b
1 EBPA FeBr;/Br~ (1/0) Anisole Blue 59 6100 10900 2.18
2 EBPA FeBrs/Br™ (1/1) Anisole Blue 96 9900 11600 1.23
3 EBPA FeBrs/Br™ (1/1) MeCN Blue 94 9700 9400 1.56
4 EBPA FeBra/Br™ (1/4) MeCN Blue 75 7700 8100 1.61
5 ECPA FeCly/CI™ (1/1) Anisole Blue 80 8300 16800 1.75
6 EBPA FeBrs/Br™ (1/1) Anisole Violet 96 9900 10600 1.20
7 ECPA FeCls/CI™ (1/1) Anisole Violet 95 9800 7300 2.08

2 Reaction conditions: [MMA]/[EXPA]/[FeXs]/[TBAX] = 100/1/0.04/0.04 (X = Br or Cl) in 50 vol% solvent (anisole or MeCN) under blue (460 nm, 12 mW/cm?)

or violet (400 nm, 10 mW/cm?) LEDs for 18 h.

Kinetics of the ICAR ATRP of MMA in MeCN showed high
initiation efficiency and controlled molecular weights with high
dispersity throughout the polymerization (Figure S12).
Iron-catalyzed ATRP can also be photochemically controlled via
generation of the activator L/Fe" under light irradiation
(Scheme 1). The Fe- Br bond in L/Fe"-Br can be homolytically
cleaved to generate L/Fe' and Br* radicals via a ligand to metal
charge

transfer process. The iron catalyst with Br or Cl anions showed
different absorption spectra with FeBr; absorbing in the visible
light region and FeCl; absorbing at the UV region (below 400
nm). Therefore, photoinduced ATRP using iron catalysts was
attempted under both blue (460 nm) and violet (400 nm) LED
lights to ensure proper photoexcitation of both species. The
results of polymerization of MMA with iron in the presence of
different halides are summarized in Table 3. Polymerization of
MMA using FeBrs; without additional TBABr ligand showed low
monomer conversion and polymers with a large dispersity of
2.18. However, when TBABr was added as a ligand,
polymerization of MMA in anisole yielded well-controlled
polymers. These results indicate the importance of TBABr as a
ligand for obtaining the active iron catalysts. Similar to ICAR
ATRP results, Br-based systems resulted in well-controlled
polymerizations under both blue and violet lights (Entries 2 and
6, Table 3). However, in the Cl-based system control over
polymerization was poor showing polymers with high dispersity
(Entries 5 and 7, Table 3).

Block copolymerization experiments were performed to
confirm the preserved chain end functionality in the resulting
polymers under both ICAR and photoinduced ATRP conditions.
A PMMA-Br macroinitiator was first synthesized under ICAR
ATRP (M, = 8700, & = 1.13). Chain extension of the PMMA-Br
macroinitiator with benzyl methacrylate (BzMA) resulted in
formation of the second block, yielding controlled block
copolymer with molecular weights shifting to higher values and
high blocking efficiency (M, = 15900, © = 1.15, Figure 4-A).
Similarly, block co-polymerization was successfully achieved
under photoinduced ATRP conditions (Figure 4-B).

Conclusions

In summary, Cl-based initiating systems provided inferior
control in iron-catalyzed ATRP in the presence of halide anions
as ligands. The high affinity of Cl to iron led to inefficient
deactivation of the growing chains and therefore provided poor
control over polymerization. In the presence of Br-based
initiating  systems, well-controlled polymerization of
methacrylate monomers was achieved with well-defined
molecular weights and low dispersities (< 1.2), as demonstrated
in synthesis of homo and block copolymers. Furthermore, we
have shown the effect of reaction medium on polymerization
control wherein the deactivation may become poor/slow in

0 ICAR ATRP Photoinduced ATRP
o Br
n —— PMMA Al [—PMmA
Oe) —— PMMA-b-PBzMA —— PMMA-b-PBzMA
! M,, = 8700 M,, = 11600
PMMA p=1.13 p=123
o M, = 15900 M, = 24000
—~ Br p=1.15 p=136
o n m
0”0 o070
PMMA-b-PBzMA
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1000 10000 100000
Molecular Weight

1000 10000 100000
Molecular Weight
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Figure 4. Chain extension experiments of PMMA with BzMA under (A) ICAR and (B) photoinduced ATRP conditions.

polar media yielding polymers with large dispersity. The results
of this work provide further understanding of iron-catalyzed
ATRP and show that a delicate balance of all ATRP components,
including initiator, catalyst, and reaction medium is needed for
performing well-controlled polymerizations. Ultimately, the
FeBr3/TBABr system in anisole provided excellent
polymerization control. Considering the great potential of iron
catalysts in ATRP, future studies should expand upon
mechanistic understanding of these systems as well as their
utility in a wide range of monomers and reaction media.
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