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ABSTRACT: This work explores the mechanism whereby a Key Bridging Intermediate o
cationic diimine Pd(ll) complex combines coordination inserti¥ifirs #°r o Acrylics
and radical polymertiean to form polyolen polar block o '
copolymers. The initial requirement involves the insertion of a ~ ¢9ordination Photolnitiated

single acrylate monomer into the Pd(ilyolen intermediates, Polymerization Polymerization
which generate a stable polymeric chelate through a chain-walking
mechanism. This thermodynamically stable chelate was als

to be photochemically inactive, and a unique mechanism veagiefins

N
Polyacrylics

discovered which allows for icadl polymerization. Rate- W
determining opening of the chelate by an ancillary ligand followed S
by additional chain walking allows the metal to migrate te the Polyolefin-Polar Block Copolymers

carbon of the acrylate moiety. Ultimately, the molecular

parameters necessary for blue-light-triggered iehd homolysis from thiscarbon to form a carbon-centered macroradical
species were established. This intermediate is understood to initiate free radical polymerization of acrylic monomers, there
facilitating block copolymer synthesis from a single Pd(ll) complex. Key intermediates were isolated and comprehensive
characterized through exhaustive analytical methods which detail the mechanisntmihieticerstructural integrity of the

polyolen polar blocks. Chain walking combined with blue-light irradiation functions as the mechanistic switch from coordination
insertion to radical polymerization. On the basis of these discoveries, robust di- and triblock copolymer syntheses have be
demonstrated with oles (ethylene and 1-hexene) which produce amorphous or crystalline blocks and acrylics (methyl acrylate,
ethyl acrylater-butyl acrylate, and methyl methacrylate) in broad molecular weight ranges and compositions, yielding AB diblock
and BAB triblocks.

INTRODUCTION an established platfoffi. However, an alternative way of

Polyolen polar block copolymers are of interest due to theitth'lnk'ng. al;and;msh |_mpr0vmé; .th? tgleranﬁe tOf éi S||ngle
unique physical properties which arise from the covalefP'YMerization technique and instead seeks 1o develop a
linkage of two or more distinct monomers in a block—typénethc’dmogy which merges multiple polymerlza_tlon platforms
architecture. The combination of polar and nonpolar properu—Slng a single metal complex, accommodating polar and

il : “onpolar monomers.
ties in a block copolymer can greatly tune important propertlé‘é) ; . .
such as toughness, adhesion, surface properties, sol\feﬁtn attractive approach that would be of broad interest is the

resistance. etcSpecically. the phase separation of block Inking of coordination insertion and radical polymerization
' P Y, P P ?echniques, which have been used separately to polymerize

cqpolymers allows for prop(_artles_ that arise from the'nonpolar and polar monomers with great control, respectively.
microstructure, whose application will boost the performan%n ideal candidate to achieve this duality is Broskhart

Zf al:g?i?r/\%kwm e\E) eI?st;ﬁz ?{,ﬁfﬁvegtﬁ, Srrrs(s) Z?/Zﬁgltﬂgeio palladium(ll) diimine complex, which has been well studied in
pp : ' P ten];ns of coordination insertion polymeriz&tinmijle also

generate these highly valued materials has led to a scarcity 0
polyolen polar block copolymers and serve as the bottlenecs

for future plastic developmemt part, this can be attributed Received: October 5, 2020 =LA LS
to the fundamental dirence in reactivity between polar and Published: December 8, 2020 L
nonpolar monomers and has led to divergent synthetic T
techniques optimized for each monomer class. These M;,&
approaches can now accommodate a fewcspetar and -

nonpolar monomers by tuning the tolerance and reactivity of
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having been reported to initiate radical polymeriZationsynthesis is explored with various monomers such as 1-hexene,
However, attempts to bring these two polymerizatiorethylene, methyl (meth)acrylate, ethyl acrylaten-anty!
techniques together have mostly been unsuccessful axtylate, using either a benzhydryl-derived ligand or a binuclear
highlight the mechanistic obstacles associated with thslladium complex, which led to the generation of diblock
approach? © In an attempt to copolymerize ole and copolymers including a crystalline PE segment and amorphous
acrylics with Brookhart catalysts, Espinet et al. sought to acc&BsA triblock copolymers.
a dual-polymerization platform in which congruent coordina- In part 1, the livingness of the coordination insertion
tion insertion and radical polymerization would generatpolymerization was investigated at room temperature to
copolymer§’ In a similar approach, Ye et al. observed that determine the time frame in which the livingness of the
mixture of homopolymers is obtained as a result of thpolymerization is maintained. In part 2, radical and spin
decoupled coordination insertion and radical mech&nismsrapping experiments were performed to identify the palladium
Monteil et al. have shown that a salicylaldiminato Ni(ll)complexes susceptible to Bdbond homolysis via EPR,
catalyst performs both coordination insertion and radicéMR, and MS analyses. In part 3, photolysis of @ Band
polymerization, yet the radical polymerization is only possible generate a polyote macroradical was investigated as well
following the irreversible reductive elimination of the Ni(ll) with radical and spin trapping experiments via EPR, NMR, and
species to Ni(0). As such, radical polymerization is only MS analyses. Finally, a key intermediate is @temthich
attainable from the deactivated catalysts which no longplays a critical role in linking coordination insertion to radical
contain the polyole, preventing block copolymer formation. polymerization. This mechanistic transition was successfully
Recently, a method to successfully combine coordinatiepplied to facilitate di- and triblock copolymer syntheses
insertion with radical polymerization, metaanic insertion  including ethylene and-ole ns as well as acrylic and
light-initiated radical (MILRad) polymerization, has beermeth(acrylic) monomers.
developed in our group, producing for thst time Part 1: Insertion Polymerization. Insertion polymer-
polyolen polar block copolymers with a single Pd(ll) ization was used to polymerizele ns and ethylene and
complex”’ However, this approach was limited to low-operates through a chain-walking mech&fisonsisting of
molecular-weight ole block segments, and the integrity of three main processes beyond initiation: (1) chain propagation,
the blocks remained a contentious facet of the work, as 1iR) metal migration along the polymer chain, and (3) chain
mechanistic understanding could explain the success of thinsfef*® For our approach, we hypothesized that the
method. palladium catalyst must be attached to the polymer chain for
We believe an understanding of the mechanism by which thaccessful block copolymer synthesis; thus, particular attention
Brookhart-type complex can generate radicals will provide thés paid to the integrity of the catalyst during insertion
necessary insight needed for the generation of macroradigglymerization. The livingness of Brookhart catalysis has been
initiators which are capable of block copolymer synthesigported at low temperatuéS.However, radical polymer-
Herein, we report a comprehensive mechanism for blogkation under these conditions is not ideal. As such, this work
copolymer formation based upon the isolation and charactesxplores conditions at room temperature which favor living
ization of key intermediates, combined with a detailed analysisordination insertion polymerization while being suitable for
of the resultant polymers. Following our mechamsliitgs,  radical polymerization. We envision the livingness of
we were able to produce new materials such as triblogordination insertion polymerization depends on preventing
copolymers as well as higher molecular weight diblogain transfer, which leads to the decomposition of the
copolymers whose amorphous and crystalline nature can &galyst. To study the extent of chain transfer present in

tuned. coordination insertion polymerization at ambient temperature,
the evolution of molecular weight and conversion over time
RESULTS AND DISCUSSION was monitored. While monitoring the reaction \itNMR

The mechanism for block copolymer synthesis has be&gchniques, we observed that the polymerization continued to
divided into three sectionBSiure ). Part 1 focuses on the occur in aliquots, and therefore calculated conversions would
insertion polymerization of 1-hexene and ethylene with lae inaccurate. The conventional way to stop the polymer-
“classit palladium diimine at ambient temperatu@g ( ization is to quench the reaction withSEH. However, a
Figure }. Part 2 explores the photoinitiated radical polymersigni cant overlap of the ethyl groups ofSEt and the
ization of methyl (meth)acrylates. Part 3 investigates thmethyl groups of the polymers was observed 1 tN¥R
photoinitiated‘switch which allows for the synthesis block and led to inaccurate results. It is known that the addition of
copolymers. Subsequently, the scope of block copolymaethyl acrylate to Brookhart catalysts simtly retards the
rate of olen insertiorf™® Excess methyl acrylate was then
adopted as an alternative additive to sigmily slow the rate
[Part 3: Photoinititated “Switch”] of propagation, thereby avoiding experimental errors. As a
v complementary technique to monitor conversion, we explored
the use oih situFTIR as a more direct methaak€tion 4.14n
the Supporting Informatioh).In situFTIR was applied to
monitor real-time conversion with minimum invasion and
results are in agreement WHhNMR of MA-doped aliquots
[ Part 1: C<_)ord_ination Inseltion] [Part 2: Radif:al Polymerization ] (Figures S9 and SlIO our knowledge, this is thest use of
Polymerization — Dark cycle — Light cycle . K . . . .
this technique to monitor conversion for coordination
insertion polymerization.

Figure 1.0utline of the mechanistic study for polyolg@olar block Dichloromethane (DCM) and chlorobenzene (PhCI) have
copolymer synthesis in three separate parts. been ubiquitously used in typical coordination insertion
21470 https://dx.doi.org/10.1021/jacs.0c10588
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Figure 2.Coordination insertion polymerization of 1-hexene using @aadskecular weight (blue) and polydispersity (orange) vs conversion
graphs for polymerization reaction kinetics. (A) 1-Hexene polymerization in DCM. (B) 1-Hexene polymerization in PhCI. (C) SEC traces showing
successive chain extensions from poly(1-hexene).

polymerizations for polar and nonpolar monomers and hencePart 2: Radical Polymerization.Con icting reports exist

were chosen for these studies. For 1-hexene polymerizatiorointhe ability and inability of compRto initiate radical

DCM, a linear increase in molecular weight vs conversion waslymerization. Espinet et al. reportedZhdbes not initiate

seen for therst 50 min of the polymerizatioRigure 2, radical polymerization. However, Ye et al. reporte@ahat
Table S2andFigures S9S13. After 50 min, deviation from only initiates radical polymerization upon the addition of a
living behavior was observed, which is attributed to chasmall amount of norbornene. Additional studies have shown
transfer and catalyst decomposition. In addition to chaithat light-promoted metal to ligand charge transfer is necessary
transfer, isomerization was also detected over the course offitreradical formation in palladium(ll) species which produce
polymerizationKigures S9 and 91#vhich had a negligible alkyl radical$™* We sought to shed more light on the reactive

e ect on the chain growth of the polymer within the livingintermediates that play a role in the various steps of the radical
time framé. The behavior of the insertion polymerization in polymerization. Although Brookhart-type Pd(ll) complexes are
PhCI shows trends dissimilar to those seen with B@Mré reported to undergo radical polymerization, none of these
2B, Table S3andFigures S14517. For polymerization in ~ works have focused on the mechanism through which this
PhCI, a linear agreement between molecular weight aodcurs:** A better understanding of the mechanism by which
conversion was observed over a longer time frame these complexes facilitate photoinitiated radical polymerization
comparison to DCM. We attribute this observation to thds paramount in our investigation probing the transformation
ability of PhCl to compete for the fourth coordination site ofrom coordination insertion polymerization to radical polymer-
palladium that is necessary faydrogen elimination to occur ization. A combination of radical trapping experiments with
and, in turn, reduce the rate of chain trafisfEurther TEMPO, spin trapping with EPR, and MS were used to
investigation of the livingness of the coordination insertiooharacterize intermediates responsible for radical generation.
polymerization at room temperature was established by chdihese approaches together create a fundamental under-
extension studies. 1-Hexene polymerization was started atanding of the photoinitiated radical polymerization involving
then stopped by the removal of the monomer under higthe Brookhart-type complexes.

vacuum. Fresh monomer was subsequently added to reinitiatédentity of Radical Species and Mechanism of Radical

the chain growth. The process was repeated twice and tracikgeheration. In an eort to ascertain the identity of the

via in sitUFTIR (Figure SIBand GPC analysisigure € generated radical specaayas photolyzed in the presence of
andFigure S1Q The livingness was evidenced by the increasEEMPO acting as a suitable radical tfagufe 3). The

in molecular weight of the pre-existing polymers while narrorgsultant products from the reactiorRatind TEMPO has
polydispersity was maintained< 1.1). Seeking to expand been fully characterized by NM®y(ire S317 As the reaction

the scope to more industrially relevant monomers such asogressed, NMR analysis showed the gradual disappearance
ethylene, we studied the livingness of ethylene polymerizatiohthe methyl peak attached to Pd(ll) at 0.51 ppm and the
at room temperature. Employing a approach similar to that fdevelopment of a singlet at 3.59 ppm which corresponds to
the 1-hexene study, the living time frame was determined to BEMPOM¢g2). Additionally, dowreld shifts of isopropyl

30 min in PhCI at room temperatufi@lfle S1@ndFigure methine resonances from 2.8®0 to 3.113.20 ppm

S34. Taken together, these results establish conditions whiskiggested the formation of a new Rilimine species in

are suitable for coordination insertion polymerization at rootwhich asymmetry is introduced. MS data pointed toward a
temperature. three-membered-ring Pd O species, which was later

21471 https://dx.doi.org/10.1021/jacs.0c10588
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A) of 8:1 (igure S40 These adducts were isolated by column
N 1m0 £ Mo m chromatography and fully characterized by NWRres S42
M _(10eq) N \E and S4B Surprisingly, addu@ was not observed in this
N" We DCM,rt. .\ . >QJ< \ v radical trapping experiment. On the basis of this outcome, one
Y o P : e
Me i —9 conceivable pathway for the formatior8 & through the
2a . 5 C; photoinduced PdMe bond homolysis, and the resultsiiet
94.96% radical starts to propagate along one MA unit before being
B) TEMPO O _OMe quenched by TEMPO. However, previous mechanistic studies

Y 00ea) N revealed that migratory insertion of electrocietg MA into

Mo 163 eq) N e o the Pd C bond occurs rapidly in a 2,1-fashion to form a four-
’ > jfo * coordinate intermediate which subsequently undergoes chain
0 o

+
N" We DCM,r.t. N
% e o—
Me/ 1

Me Me walking and rearrangemeto a stable six-membered
2a ) , . chelat€®®'®> Additionally, compound rules out methyl
94.96% Major product  Minor product radicals having been the initiating radicals, as the dimeric

acrylate complex arises from insertion of two acrylate
Figure 3.(A) Radical trapping of cation palladium diimine and monomers into the palladium complex, as observed by
methyl radicals with TEMPO. (B) Radical trapping of cationgygokhart et &f This proposes a more plausible scenario
palladium diimine and methyl acrylate radicals with TEMPO. by which coordination insertion of MA into the complex
precedes PdC bond homolysfS. The MA-inserted species
could cleave in the light to react with TEMPO immediately,
yielding3, which is the dominant product evidencedHoy
NMR analysis. The minor proddate ects the dimerization
that occurs when a second MA inserts into the palladium
complex, which can then cleave in the light subsequently
followed by trapping with TEMP®G¢heme 31'H NMR
spectrum of the reaction prior to irradiation @ min) of the
reaction mixture with MA monomer showed quantitative
conversion oato the 2aMA-chelate complex, denoted by
the disappearance of the Pti; peak at 0.51 ppm and
formation of the PACH, CH, peak as a pentet at 0.66 ppm
(Figure S40 This is in agreement with the mechanistic
studies reporting the fast insertion of MA into the cationic
palladium compléX. This observation coupled with the
absence of adduztspeaks againSH; radical generation in
the presence of MA and instead indicates that insertion of MA
precedes radical generation in the mechanism.

To con rm that insertion precedes radical generation, the
2aMA-chelate complex was synthesized and then subjected to
Figure 4.ORTEP diagram of Pd(ll)-TEMPO adddctHydrogen ~ Photolysis in the presence of TEMF@j(re }. Surprisingly,
atoms and the BArF counterion are omitted for clarity. Selected
interatomic distances (A) and angles (deg): €d11.978(1); Pd1
N1 2.072(2); N101 1.366 (2); Pd1N2 2.043(1); Pd1N3
2.081(2); N2 Pd1 O1 39.33(6); N1Pdl N2 154.03(6); N1
Pd1l N3 128.75(6).

con rmed by X-ray single-crystalraction analysig=igure
4). The TEMPOMe adduct2 was isolated by column

chromatography and characterized'HhyNMR and °C
NMR (Figure S36 From these results, it was concluded that
Pd C bond homolysis generates an intermediary diimine
Pd(l) radical which is then trapped by TEMPO, yielding
adductl. Simultaneously, the methyl radical is trapped by
TEMPO to form addua@.

Similar radical trapping experiments were carried out with
23 MA, and TEMPO to determine the identity of the radicalrigure 5.(A) Radical trapping of 2a-MA-chelate with TEMPO. (B)
initiator of polymerizatiorrigure B). The photolysis @ain Radical trapping @&MA-chelate with TEMPO and MA.
the presence of MA and TEMPO produced adHucta
similar yield. It is noteworthy that the rate of ®dond
fragmentation in the presence of MA is faster in a morminimal conversion (<1%) was observed in the light over 3 h,
coordinating solvent such as PhCI in comparison to DCMn both the presence and absence ofi\WtAi(e S44 which is
whereas the rate for the complex alone showed neasigni in conict with the result obtained wh2a was used. This
di erences Kigures S38 and $4ESI-MS andH NMR suggests that the chelate complex alone isctive at
analyses of the crude reaction mixture also suggested tenerating radicals to initiate a radical polymerization. As such,
generation of a Me-MA-TEMPO addu8)t &nd dimethyl we hypothesized that the chelate must be opened for the
heptanedioate-TEMPO (DMH-TEMPO) addubtif a ratio e ective homolysis of the Rd bond to take place. To assess
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this, the radical trapping experiment with2#a®IA-chelate

was performed with 1 equiv of acetonitrile (ACN) as an

additive. The rate of Pd(Il)-TEMPO formation in this reaction

was comparable to the rate of photolysis a2att@mplex

(Tables S12 and 913To gain insight into anticipated

pathways for the radical generation, radical trapping experi-

ments were conducted with efient amounts of ACN with

respect to the chelate complex. Kinetic studies showed that the

conversion rate dfaMA-chelate increased proportionately

with the amount of ACN added, indicating that the ancillary

ligand plays a crucial role in the photoinitiation Stepires

S47 and S38In terms of radical generationceéency, the

guantum yield for the photolysis of comp#er the presence

of MA was determined to be much lower(0.25) than that

of 2ain the absence of MA (= 0.86) Gection 5.8n the

Supporting Information). Furthermore, the rate of photolysis

in the presence of MA € 0.0039) is lower in comparison to

the photolysis without MA (= 0.0104) Figures S38 and

S4). These observations taken together suggest that the lower

photolysis eciency observed can be attributed to thefigure 6.Radical trapping of palladium and methyl radicals with
enhanced stability of the chelate complex compared to thREMPO in the presence of MMA.

of just2a’® Special attention is drawn to these results, as they

conrm that a methyl radical is not the initiating speciega and not th€aMMA-chelate, breaks to form Pd(l) radical
responsible for radical polymerization under the typicalpecies together with a methyl radical which initiates the
conditions; rather, an alkyl radical is generated throughomopolymerization of MMA through free radical polymer-

photolysis of the open form of the chelate. ization. The importance of chain walking is setidas the
To further understand the role that ligand binding strengthack of -hydrogens for the MMA chelate prevents access to
has on PdC bond homolysis, the photolysis of 2B&1A- the carbon to the carbonyl. The proposed mechanism

chelate complex under blue light was examined in the presege@ rms the requisite ofhydrogen in the chelate complex,

of TEMPO and dierent coordinating ligands in the same timewhich facilitates chain walking to the labile intermediate
frame of 18 hKigure S4R Adding excess methyl propionate, (Figure Y.

a nonpolymerizing analogue of MA, resulted in 4946 Electron paramagnetic resonance (EPR) spectroscopy in
conversion of the chelate complex to Pd(Il)-TEMPO adductombination with ESI-MS was used to directly observe and
1. The lower conversion in comparison to MA (898bire  con rm the presence and structure of the initiating free radicals
S44 under the same conditions can be understood by thgenerated during photolysiafvith and without monomer

di erence of available coordinating sites in each analogqsr@sent. The advantage of this technique is the ability to detect
compound. Additionally, when a stronger and sterically legsdicals at very low concentratidnSpin-trapping experi-
bulky donor such as acetonitrile was used, full conversion wasnts were performed widla and excess-phenyN-tert-
obtained within the same reaction conditions. These studigstylnitrone (PBN) in PhCIFigure S49 When the mixture
highlight that the eciency of homolysis is proportional to the was irradiated with blue light, a distinct EPR resonance
rate of chelate opening. Building on our hypothesis that chelagerresponding to the nitroxyl radical was detected. Modeling
opening is required for P@ bond homolysis to occur, of the experimental spectrum suggests the reaction mixture
structures of adduBtand 4 from TEMPO trapping studies comprises a Me-PBN spin adduct with coupling constants of
would suggest that chain walking is also required so that radiggak 3.43 G andy = 14.92 G. FTMS was also performed for
generation takes place at the posititnthe carbonyl group. the reaction, and the Me-PBN adduct was observed at [M +
To investigate this, the photolysis of compkein the H] = 192.1374 Figure S52 Additionally, when this
presence of TEMPO and MMA was investig&igdre §. It experiment was conducted in the presence of MA, a similar
is known that the reaction of MMA w2tliproceeds slowly via  nitroxyl radical was the main EPR resonance observed and is
1,2-insertion to yield are-membered-ring cheldt®ue to consistent with an alkyl-PBN spin addrticf.(e 3. Me-PBN

this 1,2-insertion of MMA, the chelate formed upon reactingras not found though FTMS spectra, and this supports our
with 2ahas no -hydrogens and leads to a resting state whiclinderstanding thawle radicals are not generated in the

is incapable of further chain walking. This unique chelatigpresence of MA. Spin trapping experiments were also
process was utilized to evaluate the role of chain walking performed with th@aMA-chelate in the presence of PBN
radical generation. The photolysis expersnenide 'H and ACN. FTMS for this experiment showed the presence of
NMR spectra showed the complete conversida afto MeMA-PBN at [M + H] = 278.1748gure S54 The EPR
adductl and the MMA-inserted chelate comfilei a ratio and ESI-MS data again aon that the opening of the chelate

of 1.95:1 by the end of the reaction. The TENM&@dduc? in blue light leads to the photolysis of the ®dond, as

was also found and isolated from the reaction mixture. Witnessed by the presence of MeMA-PBN species.
addition, the isolated MMA-inserted chelate corfifplesas Throughout the EPR experiments, no spectral features
prepared and was subjected to TEMPO trapping experimeratributed to Pd(l) species were observed, which is similar to
in the presence and absence of MMA monomers. Interestingbyeviously reported EPR analyses of reactions that proceed
no conversion was observed in either Eaper¢ S65 From through PdC bond homolysi$. This phenomenon may be
these studies, it is understood that the(Poond of complex  due to the poor nucleophilicity of the putative Pd center
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Figure 8.CW X-band (9.5 MHz, rt) EPR spectra of the trapped
radical from the irradiated reaction mixturzadn the presence of
MA and PBN. A nonirradiated reaction mixture is shown in the
control experiment.

radical polymerization was also investigated using NMR, MS,
and MALDI-Tof gection 5.1ih the Supporting Information).
Conventional free radical polymerization is usually conducted
at an elevated temperature that yields high-molecular-weight
polyacrylates. However, the chain growth can beaiglyi
hampered by increasing the amount of photoinitiator (which is
complex2a herein) while lowering monomer concentration
and maintaining the low temperature°@5"° As such, this
method produced a short PMA polyme2q00 g/mol).*H

NMR and ESI-MS spectra of the reaction showed a mixture of
unreacted?aMA-chelate and PMAFigures S61 and )62
MALDI-ToF of the polymers reveals a series of peaks that
were separated by one MA umit £ 86.04). Each peak
isotopic distribution was found to be identical with the
simulated distribution of a 1:1 mixture of PMA with saturated
and unsaturated chain engigy(ire S63 These data, coupled
with the olenic resonances observedHNnNMR, suggests

that the termination pathway proceeds through a disproportio-
nation mechanism. This is in good agreement with previous
reports of Coote and Yamago for the radical polymerization of

20 \pf; : o
Figure 7.Proposed mechanism for the major pathway of radicg!/A-~ With an understanding of both the coordination

polymerization of MA using palladium diimine complexes. insertion polymerization along with our new insights into the
mechanism responsible for the radical polymerization, the

“switchi between theses platforms was then investigated.

radical in comparison to alkyl radicals and the relatively shortPart 3: Photoinitiated “Switch”: Radical Generation
lifetime of the Pd(l) species. from the Polyole n. Following insights gained from the

These results together with the structures of isolatechechanistic studies of both polymerization pathways, the
compound$ strongly suggest the major mechanistic pathwamechanism by which an active radical can be generated at the
for light-initiated radical polymerization of MA, as shown impolyolen chain end was investigated. It has been well
Figure 7 Displacement of ACN in compRxfollowed by  established that adding MA to the 1-hexene polymerization
rapid 2,1-insertion in an excess amount of MA \Belds results in the rapid formation of the six-membered-ring chelate
Subsequent chain walking generates the stable chelate comptemplex, which impedes further propagitioh.On the
5, which is not susceptible to fragmentation under blue lighbasis of previous studies discussed above, we hypothesized that
In the presence of ancillary liga®dsxhibits in equilibrium  the opening of the chelate followed by photolysis of th& Pd
with 5 via the classical-hydride elimination/reinsertion bond produces a polyate macroradical, allowing for an
pathway. The intermedigdeundergoes photodriven Rl irreversible switch from insertion to radical polymerization. In
bond homolytic cleavage to generate the reactive t&dical this section, we present experiments geared toward a better
which is able to facilitate the free radical polymerization of MAnderstanding of radical generation from the patyole
(section 5.9n the Supporting Information). The cationic  Synthesis and Characterization of Polyole n Macro-
Pd(l) radical species is not stable and further decomposesdbelate, the Key Intermediate. In situ formation of the
form Pd black. The termination pathway of light-initiatednacrochelate presents challenges for directly characterizing the
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radical generation, and as such, developing novel synthetiggested that a carbon-centered radical generation was
methods for these reaction intermediates was necessary. Tiggered by blue-light irradiation. The results from the EPR
synthesis of the Pd-poly(1-hexene)-MA chelate is performeaperiments comrm the generation of alkyl radicals from the

by reacting catalyga with 1-hexene and MA, followed by macrochelates and strongly suggest that the alkyl radical is
careful removal of all volatiles to obtain a stable macrochelfsmed in the light-inducetiswitcli process. Having
(section 6.1n the Supporting Information). Characterization con rmed the generation of the alkyl radical, we next studied
of the macrochelate was performed using NWiRré S68 the location of the bond homolysis in the macrochelate using
S79 and ESI-MS analyseSigure S67 'H DOSY NMR  radical trapping methods.

con rmed the connectivity of the Pd species to the poly(1- Radical Trapping Characterization of the*Switch”. As
hexene) chains, indicating no unbound palladium catalydtdas already been shown that TEMPOestive in capturing
(Figure 3. the alkyl radical generated in the light c¥tri(e ¥, similar
photolysis experiments were performed using the Pd-poly(1-
hexene)-MA and Pd-PE-MA macrochelatagi¢ns 6.4 and

6.5in the Supporting Information). ESI-MS shows a loss of the
palladium moiety (§H4oN-Pd, 510.22 Da), and the addition

of TEMPO (GH;gNO, 156.14 Da) accounts for an overall
loss in mass of 354.08 Daigiures S69 and 393 his
observation suggests that the palladium chelate is formed and
attached to the polymer chain, and photolysis of th€ Pd
bond results in the formation of the poly®{€EMPO adduct
(Figure 1R From these results, the location of radical

Figure 9.H DOSY NMR (600 MHz, TCH,, 298 K) spectra of the
Pd-poly(1-hexene)-MA chelate. The resonances corresponding to the
palladium complex and the polyolshow similar dusion behavior.

The diusion behavior of the BArF is indicative of a weakly
coordinating counterion.

ESI-MS shows a narrow poly(1-hexene) distribution bearing
one MA unit and the palladium moiety, where each peak
exhibits a palladium isotopic pattern. Interestingly, 1-D and 2-
D NMR suggests a variety of conformations that exist for the
synthesized macrochelates, similar to the structure2ef the
MA-chelate. Pd-polyethylene(PE)-MA chelate samples were
prepared and characterized similarly to the Pd-poly(1-hexene)-
MA macrochelatesédction 6.4n the Supporting Informa-
tion). Pd-PE-MA chelate samples show a similar narrow
distribution bearing one MA unit and the palladium moiety
(Figure S81 Once we idented the structure of the
macrochelates, they were then used to probe the swit€igure 10.Radical trapping experiments with a Pd-(1-hexene)-MA
mechanism that allows for the formation of block copolymershelate in the presence of TEMPO. Relative percentages of poly(1-

Spin Trapping Analysis of the “Switch”. First, we hexene)-TEMPO adducts were determined by quanti@tN#mR.
investigated the identity of radical species generated from the
macrochelates using EPR studies established in the rad@giheration along the polysiehains was probed via a series
section. As aforementioned, beforésivitchi, a Pd-poly(1-  of NMR experimentsH, *C, *H 3C HSQC and HMBC,
hexene)-MA chelate was formed and fully characterized. Next, N HMBC) (Figures S94599. *H NMR analysis shows
a macrochelate with a molecular weight of 2.8 kDa waesonances in the region from 4.15 to 4.30 ppm, which
subjected to EPR experiments in the absence and presencearsfesponds to the methine prototo the carbonyl where
MA monomers and ACN-{gure S90 A triplet of doublets  the TEMPO is attached. The quantitatizeNMR spectra of
was observed in the recorded spectra, which is consistent wititk sample exhib@ H resonances from 84.5 to 86.5 ppm,
a well-known PBN trapped alkyl radical with couplingvhich correspond to methine carbons attached to which are
constants o, = 2.79 G andy = 14.65 G? In support of to the carbonyl (60%). Anoth@r H resonance is located at
the EPR results, the high mass region of the FTMS spec®8a.0 ppm, which corresponds to methine carbons attached to
shows a distribution of poly(1-hexene)-PBN adduetsndi the oxygen of TEMPO which igo the carbonyl (14%L
by one 1-hexene mass uRig(re S9L In addition to these  H, resonances from 76.5 to 81.5 correspond to methylene
observations, no signal was observed in the dark, which higtdybons where the TEMPO is attached at the end of the butyl
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or methyl branch (26%H >N HMBC is also applicable to

The TEMPO-trapped polymers are a result of the chain-

these unique structures and was used to identify a three-bomdlking nature of the palladium, which allows the palladium to

correlation between the polymeric hydrogenthe nitrogen
through the oxygen of the TEMPO moiety, maing their
connectivity figure 1). Additional 2-D NMR experiments
were employed to further com the identity of the TEMPO
adducts.

Figure 11.(top) 'H 1°C phase edited HSQC (600 MHz, TGE-
298 K) of poly(1-hexene)-TEMPO adducts (methine shown in re
methylene shown in blue). (bottofty N gHMBC (600 MHz,

TCEd,, 298 K) of poly(1-hexene)-TEMPO. Both spectra highlight

the connectivity between the polymer and the TEMPO moiety.

chain walk to the carbonyl when the chelate is opened. All
structures also contain only one TEMPO trapped unit per
chain, corrming that, for every polymer chain bearing the
catalyst, only one alkyl radical is produced. This explains why
diblock copolymers are stibely formed through this
pathway. The key mechanistic features of the polymerization
which allow for polyola macroradical generation are as
follows Eigure 1) First, the addition of methyl acrylate to a
growing polyolen chain rapidly inserts and forms a Pd-
polyolen-MA chelate. The opening of the chelate promotes
chain walking to the carbonyf, where PdC bond
homolytic cleavage occurs under blue light, generating a
carbonyl-stabilized macroradical. To a lesser extent, chain
walking to the end of the nearest branch followed bg Pd
bond homolysis generates other alkyl macroradicals. The
distribution of trapped alkyl radicals observed can be explained
by the resting state of the Pd(Il)-alkyl complex during chain
walking, in which Patalkyl is more thermodynamically
favorable than Asealky’® The enhanced stability of the
chelate allows for the continuous generation of free radicals at
a low concentration, which is an essential requirement in free
radical polymerization technigtfehe ability to initiate
radicals from a single site along a polyalbain was then
applied to the synthesis of block copolymers.

Scope of MILRad Polymerization: Polyolen Polar
Block Copolymer Synthesis and Characterization.The
main takeaway from the meuBtc investigations is
summarized as follows with regard to block copolymer
synthesis. Macroradical formation requires homolysis between
the Pd C bond where the palladium is attached to the
polyolen. Therefore, living conditions were used for the
insertion coordination polymerization, ensuring that each
polymer chain was bound to palladium. Conditions that
avoid decomposition of the Pd complex are necessary to
maintain access to the macroradicals. Furthermore, conditions

dWhich prevent formation of Pd-hydride via chain transfer are

vital, as MA insertion and subsequent photolysis from the
hydride species can generate homopolymers. The implemen-
tation of these key mechanisticlings results in a robust
methodology that facilitates access to a variety of polyole

Figure 12.Proposed mechanism for polyolgolar block copolymer formation.
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polar block copolymers. This section culminates in a broddgh conversion, and then the reaction mixture was quenched
range of polyol@ polar di- and triblock copolymers with with EtSiH. The mass spectra revealed a main distribution
di erent compositions now available in light of the mechanistaorresponding to PBHPMA block copolymerEi@ure S11)3
studies [figure 1R As polyolendb-polyacrylate polymers For example, the peak mtz 2080 is assigned to block
copolymers with a total DP = Zidure 14left). Within this

Figure 14.Expansion of the MALDI-ToF spectra of (left)HAA
(Table 1 entry 1) and (right) PH-PEA (Table 1 entry 2), showing
the comonomer distribution for DB$and34.

cluster, PH-b-MA,; and PHb-MA, block copolymers with
a masses of 2082.5 and 2080.6 Da were found, respectively.
This small mass dirence between block copolymer
compositions ( = 2 Da) within similar DPs results in a
signi cant signal overlap in the mass speearg S113for
complete assignmefit)in order to obtain more resolved
spectra, methyl acrylate was replaced with ethyl acrylate to
create a higher dirence in mass (= 16 Da)-° In this
spectrum, a comonomer distribution of poly(1-hexene) and
largely remain a rare and underexplored material platformpaly(ethyl acrylate) is seen within the range for a given total
complete characterization of the new materials was accobP = 34 Figure 14right, andrigure S114" The larger
plished by employing a combination of characterizatiomalue in this spectrum allows for better resolution thaitreon
techniques such as MALDI-ToF, DOSY, SEC/GPC, smalthe block structure of the polymers formed. Additionally,
angle X-ray scattering (SAXS), dynamic light scattering (DLS)nsaturated and saturated chain ends were found in each peak
transmission electron microscopy (TEM), and thermatluster Figures S113 and S)LIFhis is consistent with results
analysis. from MA homopolymerization in which termination under-
Diblock Copolymers Containing Amorphous Poly(1- goes disproportionation. $himethod for characterizing
hexene) (PH) Segments.Matrix-Assisted Laser Desorp- polyolen polar block copolymers is a powerful technique
tion/lonization-Time of Flight (MALDI-ToRjitially, short that has not been previously explored for these polymers.
polyolen polar block copolymers were synthesized so that Size-Exclusion Chromatography (SEC) and €ation of
they could be characterized by MALDI-ToF, whose distribithe Block Copolymers-ollowing short block copolymer
tion would be indicative of block copolymer formation andyntheses, larger block copolymers were synthesized in a one-
also provide evidence as to the possibility of chain transfeot, sequential monomer addition manner with variations in
The Pd-poly(1-hexene)-MA chelate was employed for thime size of the polyole block. On the basis of our results
synthesis of low-molecular-weightbFHAA block copoly-  from the insertion coordination polymerizationgrdnt
mers. Photoinitiated radical polymerization of MA proceedddngth poly(1-hexene) blocks were synthesized within the
for 3 h and was then quenched wigsiEt. This time frame  living window for both PhCl and DCM by varying the time
was chosen so that the composition of the reaction mixtumehile keeping the concentratiorRafconstant. All polymer-
would allow for characterization by MALDI-ToF. The spectrézations exhibited the same phenomenon throughout the
of the resultant polymer show two distributions in which theeaction, as the photolysis of the ®dond of the opened-
lower molecular weight distribution is the dominant specigerm macrochelate generates macroradicals that initiate free
and was identtd as a saturated poly(1-hexene) bearing aadical polymerization of MA generating block copolymers. As
single MA unit Figure S1)2 The origin of this low- evidenced from the GPC analysis of the crude reaction
molecular-weight polymer is understood to be the quenchexixture, we observed a mixture of block copolymers and
product of the macrochelate. Unsaturated potgolas a  unreacted macrochelatesedtion 7in the Supporting
result of the chain transfer pathway, were not observed. Thigormation). The generation of macroradicals during the
indicates that these conditions do not lead to the formation @éaction produces palladium species that decompose to Pd
small molecule palladium chelates, and thus the generatiorbt#ck. The buildup of Pd black, witnessed by the darkening of
PMA homopolymers is not possible under these conditions. the reaction mixture, preventsaive PdC bond photolysis
a second example, MA was allowed to react for 24 h, reachfog other macrochelates, as light penetration is drastically

Figure 13.Types of di- and triblock copolymers via MILRad
polymerization described in this wdrkl{e ).
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Table 1. Selected Polyole-Polar Block Copolymefs

3Complex used for the synthe@esPComplex used for the synthetesictivatedn situwith 1.2 equiv of NaBArfComplex used for the

syntheses: bEaDHFC. “Molecular weight and polydispersity inddxwere determined by GPC analysis with samples run in THEGat 40
calibrated to poly(methyl methacrylate) standMdgecular weight and dpolydispersity indéx\ere determined by GPC analysis with samples

run in CDC} at 40°C calibrated to poly(methyl methacrylate) stand&tdicular weight and polydispersity indgxwere determined by

GPC analysis with samples run in TCB at°T5@alibrated to polystyrene standaf8anlight was used instead of blue IiBamples

correspond to polyole polar block copolymers synthesized as described in the text with a variety of block compositions. Abbreviations: PH =
poly(1-hexene), PE = poly(ethylene), PMA = poly(methyl acrylate), PEA = poly(ethyl acrylate), PMMA = poly(methyl metinBzykate), P(
poly(n-butyl acrylate).

reduced throughout the reaction. To further roonthe molecular weights (1B2 kDa) were prepared, and
nature of the unreacted polyale block copolymer subsequent radical polymsation of MA vyielded block

puri cation techniques were employed. Soxhlet extraction égepolymers with a molecular weight range of(0 kDa

a common technique for separating polymers on the basis(Gfable 1 entries 3 and 4, anthble S18 As mentioned

the variance in solubility exhibited betweearelt polymers.  above, the insertion of MMA into the Rtkyl bond gives a

It has been reported that this method was successful aomplex inert toward light-induced radical polymerization.
separating a homopolymer mixture of polyethylene andonsequently, light-inducddock copolymerization with
poly(methyl methacrylafé¥’® Soxhlet extraction was in- sequential addition of 1-hexene and MMA was not successful.
e ective at separating the block copolymer from the unreactétbwever, by using a Pd-poly(1-hexene)-MA chelate as an
polyolen, which is attributed to the aggregation properties oihntermediate, poly(1-hexerepoly(methyl methacrylate)

the block copolymer in a selective solvEigufe S102 (PH-b-PMMA) block copolymers were accessibdél¢ 1
Dynamic light scattering (DLS) analysis reveals thagntry 5; detailed imsection 7.1.3n the Supporting
micellization of the block copolymer produces sub-micrometerformation).

aggregates in both polar and nonpolar solvents which canSmall-Angle X-ray Scattering (SAX®)e puried block
travel through the pores of the extraction thimblerm(B copolymers were submitted for SAXS analysis, and all
(section 7.1.ih the Supporting Information). If a mixture of polymers exhibited principal scattering peaksygog the

pure homopolymers were generated, this method would hageistence of block copolymer structusestipn 7.1.6 the

been successful. In light of this observation, alternati®ipporting Information). The interplanar spacing (calculated
methods were developed to separate the polymer mixture.add spacing = 2 g*) changes are most likely attributed to
centrifugation method waseetive at removing unreacted di erent molecular weights of each segment within the diblock
polyolens (detailed and validated dmection 7.1.1n the copolymers.

Supporting Information). This method takes advantage of the Thermal PropertiesThe puried block copolymers and
partial solubility of the block copolymer in comparison to thésolated polyol&is were subjected to drential scanning
complete solubility of the polyailein nonpolar solvents at calorimetry (DSC) measurements. The DSC traces of the
room temperature. The block copolymers can be recoveredbddck copolymers exhibit two glass transition temperatures
high yield ( 80%) as pellets, whereas the supernatant contai($,), which are in the range of poly(1-hexeneg0(°C,

the totality of unreacted polyoie and a minority of block broad) and poly(methyl acrylate) (), respectively={gure
copolymersTable S1@&ndFigure S103'H NMR analysis of ~ S119aleft). This is indicative of block copolymers containing
the separated polymers revealed that both spectra were absemg block segments which are in heterogeneous’phiases.

of ole nic resonances (5.6.0 ppm), highlighting that chain isolated polyol@ exhibits a singl&, value at 60 °C
transfer is absent under these synthetic conditiamse (broad), indicative of a homogeneous phasgire S119a
S11§. The absence of chain transfer rules out the generatigight).

of Pd-hydride, which subsequently excludes a pathway for théiblock Copolymers Containing Amorphous-PE or
formation of homopolymers. As a result, PHs widredit Crystalline-PE Segment.To further conrm the scope of
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block copolymer polymerization with other monomers, blocks

consisting of polyethyleb@olyacrylate (PBEPMA and PE-

b-PnBA) were synthesized.lPEMA was synthesized bgt

conducting coordination insertion polymerization of an ole

and then generating the chelate by addition of MA. Following

the synthesis of the macrochelate, MA monomers and 1.2

equiv of ACN were added in the presence of light to facilitate

Pd C bond photolysis, which produced thwal block

copolymers. The eiency of light-induced generation of the

polyolen macroradical was also demonstrated by utilizing

sunlight as opposed to blue LEDsh(e 1 entry 7). After 12

h irradiation by sunlight, a BEEMA block copolymer with

M, = 85000 g/mol was successfully obtained from its Pd-PE-

MA precursor. It should be noted that the conversion of MA

monomer was found to be slower than that when blue light

was usedT{able S2g It is known that the classical Brookhart

catalysPa generates amorphous polydeas a result of the

chain-walking mechanism. Thus, in order to explore the

versatility of the Pd(ll) diimine platform, catesivas used

to achieve semicrystalline PE blocks. Block copolymerization

of ethylene and-butyl acrylate (nBA) were performed in a

one-pot, sequential addition fashion to generate semicrystalline

polyolen polar block copolymerssection 7.2.2n the

Supporting Information). By variation of the amount of nBA

monomer, dierent P(nBA) lengths were achievedb(e 1

entries 9 and 10). A comprehensive analysis bserti

techniques such as SAXS, DSC, NMR, and GPC agaifyure 15.'H DOSY NMR (600 MHz, TCH;, 298 K): (top)
con rms the existence of block copolymer architectures faixture of unreacted PE precursor ant-PEA; (bottom) puried
these materialsséction 7.2.47.2.6 in the Supporting  PEb-PMA. The resonances corresponding to the PE block and the

Information). PMA block show similar dision behavior.
H Di usion-Ordered NMR Spectroscopy (DOR¢)this . ] T
study, PBB-PMA (Table 1 entry 8) was selected ahd Aggregation BehaviorAmphiphilic block copolymers are

DOSY experiments were performed on both the crude Samﬂﬂgowr_l for their _ability to self-assemble into micelles in a
and puried sample in which unreacted PE was removed. TIR¢€Ctive solvertigure 15 PEb-P(nBA) (Table 1 entry 9)

2D spectra of the crude polymer mixture shows two distinct
resonances corresponding to the-PE#tA diblock copolymer

and unreacted Pd-PE-MA elte] which exhibited two

di usion coecients Figure 15top). Following purcation

of the sample, a single resonance was obtained where the
signals of PE (1.26.9 ppm) and PMA (3.65 ppm) were
aligned at the same dsion coecients, corrming a block
copolymer architectur€igure 15bottom).

Thermal AnalysisSimilar to the PH+-PMA materials,
amorphous PBPMA diblocks synthesized ustagexhibit
two glass transition temperaturég, (corresponding to its
homo polyethylene and homo polyMA segment&6aand
12 °C respectivelyr{gure S1321In contrast, due to its slow
chain-walking properti@®,can generate PE with dramatically

lower degree of branching (20 B/1000 C) as opﬁ)osed 10 I%yas found to create a clear solution at a concentration of 1
classic VerSI(ﬁ"a(QO B/1000 C) F|gures 8129313() .Asa ) mg/ml_ in THF, and this Sample was ana|yzed by both
result, the PE-P(nBA) block copolymers synthesized usinggynamic light scattering (DLS) and transmission electron
2b exhibit melting points of more than IW (Table 1 microscopy (TEM) Figure 1k Correlogram and size
entries 9 and 10). In comparison to the homo polyethylengistribution histograms can be foundéntion 7.2.ih the
obtained from the same catalyst, a small reducti®A) in Supporting Information.

melting temperatures of these materials was observedTriblock Copolymer PMAb-PEb-PMA. In comparison
However, the addition of the P(nBA) segment led to &o diblock copolymers, triblock copolymers exhibit a superior
signicant drop in crystallization temperature in the coolingproperty as compatibilizers for polymer blends and many other
cycles Figure S133This phenomenon is usually observed inapplication&* However, the preparation of triblock copoly-
crystallineamorphous (C-A) diblock copolymers, which is mers combining PE and polar blocks remains a great challenge.
caused by the perturbation of amorphous blocks in th€he common strategy to access these types of materials is
nucleation, chain folding, and orientation of the crystallizabthrough telechelic polyoles bearing suitable functional
segment’ groups for the subsequent polymerizatiddechanistic

Figure 16.Micellization of PB-P(nBA) (Table 1 entry 9) block
copolymer in THF commed by DLS analysis and TEM imaging.
The average diameter was estimated tetbam.
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insights into this study revealed that the@Plaond of th&a
MA-chelate complex can be homolyzed under blue light when
this is assisted by opening of the chelate by an ancillary ligand.
This chelate is also capable of polymerizing ethylene in a living
fashion under suitable condition§Vith this in mind, we
developed a binuclear Pd(ll) compleisZaDHFC) bearing
a 1,6-bis(acryloyloxy)-2,2,3,3,4,4,5,5umtzhexane linkage
(detailed synthesis and characterization can be found in
section 3.5in the Supporting Information). This strong
electron-withdrawing linker was carefully selected to ensure
fast initiation and, as a result, a uniform chain growth from
both metal centef§ This complex is stable for weeks3a
°C under inert conditions even though its mono analogue, Pd-
uorinated octyl acrylate (FOA) chelate complex, was found to
be unstable and decomposed with time and haftidlihg.
structure of the complex was \egtiby single-crystal X-ray
di raction analysisF{gure 1Y. The livingness of ethylene

Figure 18.(A) Synthesis of PMB-PEb-PMA triblock copolymers
(Table 1 entry 11) and hydrolysis experiment, GPC traces of (B) the
triblocks after the light reaction and their PE precursor and (C)
before and after hydrolysis.

Figure 17ORTEP diagram of the #is-DHFC complex. Hydrogen remove unreacted PE and exhibited a mono distribution over
atoms and BArF counterions are omitted for clarity. triple-detection SEC/GPC analysisal{le 1 entry 11, and
Figure S139The identity of the PMA-PEb-PMA triblocks
polymerization catalyzed by 2aHFC was investigated was also evidenced through a cleavage experiment with DBU,
through kinetic studiessdction 8.1lin the Supporting Yyielding a single trace for the resultanb-PEMA diblock
Information). During the course of the reaction, the polymereopolymers. It is noticeable that the molar ratio of ethylene
ization exhibited a linear increase in molecular weight ovend MA repeating units remained unchanged before and after
time while maintaining narrow polydispersity=(1.03 the hydrolysis, which also points toward the uniform activity of
1.11), which indicates a high level of controlled polymerizatidyoth palladium centerSiGure S140Further GPC and NMR

with negligible chain transféiable S3@ndFigure S1379,b data can be found gmction 8.t the Supporting Information.

To the best of our knowledge, this is one of the rare examplBSC, SAXS, and DLS data againroothe block structure of

of binuclear palladium catalysts that can achieve this narrtive materialsigure S141

molecular weight distribution & 1.46 for other catalysts).

IH NMR analysis of the obtained PE in chlorofbsmewed CONCLUSION

the distinctive peak of COBIECF, at 4.76 ppm, suggesting The development of next-generation materials will arise from
the attachment of theiorinated ester linkage. As evidence oforthogonal platforms that can seamlessly generate polyole
simultaneous chain growth, the obtained PE was subjected tpaar block copolymers, which stem from approaches that seek
hydrolysis experiment. The hydrolyzed products exhibit ta combine multiple polymerization techniques into a single
single peak whose molecular weight is half that of the pargriatform. Herein, we report a mechanism in which
species, anda NMR spectrum of the species showed thecoordination insertion and radical polymerization techniques
disappearance of the CO@LF, peak {Table S30and are bridged through the use of cationic diimine Pd(ll)
Figure S136 Having successfully ideeti the living complexes. The experimental results illustrate the interplay
condition for ethylene polymerization with the®BHFC among chain walking, chelation, and radical initiation for block
complex, we subsequently exploredtriblock formation. Usiegpolymer synthesis. Because chelates derived from methyl
the bis2aDHFC complex, ethylene polymerization wasacrylate insertion serve as a thermodynamic sink in
performed for 2 h, and MA monomer was added to theopolymerization with oles, stable macroinitiators can be
reaction mixture while the temperature was kepstmiidn prepared with tunable molecular weights in a facile manner.
8.2in the Supporting Information). The reaction was used folhe photochemically inactivahelate requires reversible
block copolymerization and analysis of the generated macopening while also avoiding chain transfer, and it is this subtle
chelateH NMR analysis of the macrochelate shows a 1:Mterplay that has been overlooked and has prevented
ratio of the ester linkage to the diimine ligand, which indicatesomparable systems from achieving block copolymers in a
the insertion of MA into Pd-PE chains on both sidesiie similar manner. The mechanism of radical generation is now
S13§. Free radical polymerization of MA under blue light withunderstood to follow a series of steps in which opening of the
the addition of an ancillary ligand was performecdiiag chelate is facilitated by a coordinating ligaistf and
triblock copolymers={gure 1B The product obtained after subsequent chain walking allows access to the carbon

the light reaction was puwd by the centrifugation method to the carbonyl moiety. This bond is suitable for homolysis in
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blue light and generates a polyolemacroradical capable of  Enkhjargal Tsogtgerel Department of Chemistry, Center of
free radical polymerization of methyl acrylate, ethyl acrylate, Excellence in Polymer Chemistry (CEPC), University of
and methyl methacrylate. Radical trapping studies combined Houston, Houston, Texas 77004, United States
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