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Diaryliodonium Salts Facilitate Metal-Free Mechanoredox Free 
Radical Polymerizations
Sarah M. Zeitler,a† Progyateg Chakma,a† and Matthew R. Golder*a

Mechanically-induced redox processes offer a promising alternative to more conventional thermal and photochemical 
synthetic methods. For macromolecule synthesis, current methods utilize sensitive transition metal additives and suffer 
from background reactivity. Alternative methodology will offer exquisite control over these stimuli-induced  mechanoredox 
reactions to couple force with redox-driven chemical transformations. Herein, we present the iodonium-initiated free-
radical polymerization of (meth)acrylate monomers under ultrasonic irradiation and ball-milling conditions. We explore the 
kinetic and structural consequences of these complementary mechanical inputs to access high molecular weight polymers. 
This methodology will undoubtedly find broad utility across stimuli-controlled polymerization reactions and adaptive 
material design. 

Introduction
Mechanochemistry1–5 is an interdisciplinary field spanning small 
molecule methodology, crystal engineering, and polymer science. 
Chemical processes induced by mechanical force offer advantages 
over other stimuli. For example, undesirable thermal byproducts can 
be avoided and limited stimuli penetration (e.g., photochemistry) 
into solutions can be mitigated1,5. For macromolecules, force-
responsive polymers with engineered mechanophores6,7 can change 
color8, alter bulk electronic9 or structural10–13 properties, and release 
cargo14,15 on demand via mechanochemically-driven processes; such 
systems find utility in sensing10, additive manufacturing16,17, and 
therapeutic delivery18,19 applications. One common form of 
mechanochemical input is ultrasound (US) irradiation.20 Ultrasonic 
waves generate cavitation bubbles21 that collapse and produce 
forces that fuel subsequent processes. US itself is readily accessible 
and has numerous biological applications22–24 in diagnostic imaging25 
and targeted drug release26,27. A complimentary method to generate 
force in mechanochemical systems is ball milling, a sustainable and 
economical technique due to the removal of nearly all solvent.3 This 
industrially scalable technology was originally developed for the 
breakdown of minerals and biopolymers28 but recently became a 
widespread method for solid-state synthesis3,29. The ubiquity of 
force-induced macromolecular deconstruction largely dominates the 
field of mechanochemistry. Counterintuitively, analogous systems 
also exist that construct matter30 via covalent bond formations under 
mechanical stimulation. 

One mechanism to facilitate the use of force in chemical synthesis is 
mechanoredox catalysis31 (Figure 1); the piezoelectric effect32–35 
converts mechanical energy into a usable electric potential. Many 
applications mirror bone growth36 and mechanogenetics24,37 
mechanisms found in biological systems. Other uses of piezoelectric 
materials and molecules include water splitting and treatment38–41; 
wearable devices have even been developed to use piezoelectricity 

Figure 1. Evolution of (A) mechanoredox polymerizations and (B) small molecule 
transformations (e.g., borylation, arylation) as an inspiration for (C) our metal-free 
ultrasonic irradiation and ball-milling mechanoredox polymerization methodology.

a.36 Bagley Hall, Department of Chemistry and Molecular Engineering & Science 
Institute, University of Washington, Seattle, WA 98195, USA

† Equal contribution 
Electronic Supplementary Information (ESI) available: experimental details, 
additional control experiments, photographs of experimental setups, NMR spectra. 
See DOI: 10.1039/x0xx00000x
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as a means to couple human motion with energy storage.42 Only 
recently have chemists utilized this concept in modern synthetic 
polymer chemistry (i.e., mechanoredox catalysis). Several examples 
now exist that harness US and the piezoelectric effect to drive 
mechanoredox polymerization processes (Figure 1A)31. Both the 
Esser-Kahn and Matyjaszewski groups have developed systems 
where piezoelectric nanoparticles (PNP) facilitate either free radical 
polymerization (FRP) or atom transfer radical polymerization (ATRP) 
in the presence of US.43–46 While both works demonstrate the 
feasibility of mechanoredox polymerizations, these methods require 
transition metal additives (e.g., copper or iron salts)44,45 and have 
significant non-mechanoredox background reactions43,44. The 
current state of the art leaves vast opportunities to further refine 
mechanoredox polymerization methodology. Such fundamental 
developments are imperative to the development and 
implementation of next-generation stimuli-responsive soft materials.

PNPs can also be used to drive small molecule mechanoredox 
transformations. In recent work by Kubota and Ito, ball-milling with 
PNPs (e.g., ZnO, BaTiO3) initiates C-H borylations and arylation 
reactions (Figure 1B).47 Similar solid-state techniques also effect aryl 
trifluoromethylation48 and atom-transfer radical cyclization 
reactions49. Interestingly, mechanoredox radical polymerizations 
have never been initiated under ball-milling conditions. In the initial 
small molecule mechanoredox study by Kubota and Ito, aryl 
diazonium salts were used as “initiators” to drive the subsequent 
radical C-H functionalization reactions.47 These salts, along with other 
aryl onium salts (e.g., diaryl iodoniums and triaryl sulfoniums) have 
been used in photoredox systems as tunable aryl radical50 surrogates 
with varying reduction potentials51; aryl diazoniums are extremely 
labile while diaryl iodoiniums and triaryl sulfoniums (Ered = –0.3 V to 
–1.0 V vs. SCE) are significantly less susceptible to reduction. The 
reactivity of onium salts can be further manipulated through 
substituent effects, leading to a wide array of reactivity.52 Many 
onium salts are also either commercially available or readily 
synthesized, making them accessible, bench-stable building blocks 
for synthetic manipulations. Furthermore, onium salts can be used to 
integrate soft materials with surfaces, presenting opportunities for 
tuneable polymer grafting and composites.53,54 

Using these recent works as inspiration, we now report the 
mechanoredox onium salt-initiated FRP of (meth)acrylates under 
both ultrasonic irradiation and ball-milling conditions (Figure 1C). 
This work details the first examples of metal-free mechanoredox 
polymerizations and compares the consequences of these conditions 
under complementary reaction conditions (i.e., ultrasonic irradiation 
and ball-milling). Overall, we demonstrate the broad application of 
mechanical force to access industrially relevant high molecular 
weight polymeric materials without relying on traditional thermal55–

57 or photochemical58–61 inputs.

Results & Discussion
Ultrasonic Irradiation (US) Mechanoredox Polymerizations

Inspired by the work47 of Kubota and Ito, we initially wondered 
whether aryl diazonium salts could be used as mechanoredox 
initiators for FRP of commercially available acrylates. To investigate, 
4-bromobenzenediazonium tetrafluoroborate (BBDT) and 4-
methoxybenzenediazoium tetrafluoroborate (MBDT) were used as 
initiators in the presence of a suitable PNP (e.g., ZnO or BaTiO3) and 
acrylate monomer. Degassed reaction mixtures were immersed into 
a thermostated ultrasonic bath (see Figure S1 for a typical reaction 
setup); to our surprise, while high monomer conversion was 
achieved in a variety of different organic solvents in the presence of 
both US and PNPs, similar results were obtained in the absence of US 
(Table S1). Despite numerous examples employing BBDT or MBDT as 
aryl radical precursors in photoredox processes51, we found after 
extensive studies that aryl diazoniums were too capricious to use in 
this system. The background reactions in the absence of force affirm 
that even a low concentration of radicals, presumably from aryl 
diazonium decomposition in solution, can initiate FRP. These early 
studies prompted us to investigate alternative onium salts with more 
negative reduction potentials; we rationalized that such initiators 
would exhibit superior solution-state stability.   

We hypothesized that diaryliodonium salts62, which are more 
difficult to reduce (Ered = ca. –0.5 V vs. SCE) and thus should be more 
stable in solution than aryl diazonium salts, would be more suitable 
for mechanoredox FRP. To explore this new system, we first studied 
the polymerization of tert-butyl acrylate (tBA) in DMF by using 
diphenyl iodonium hexafluorophosphate (DPIHP) as our initiator 
(Table 1) with either BaTiO3 or ZnO (Table 1, entries 1 – 5) as the PNP. 
With both PNPs, the reaction mixtures became visibly viscous within 
8 h of sonication, suggesting high monomer conversion (see Figure 
S2 representative photographs). In the presence of 7 wt% BaTiO3 and 
ZnO (relative to the combined mass of the monomer, solvent, and 
DPIHP), 1H NMR analysis of the resulting polymers showed 92% and 
68% monomer conversion after 20 h, respectively. In the absence of 
US or PNP, however, little to no conversion was seen over the same 
time period. A direct correlation of PNP loading to monomer 
conversion was observed, indicating the pivotal role of nanoparticles. 
Maximum monomer conversion was achieved with 7 wt% PNP, so 
this loading was used for all future experiments. Results remained 
consistent with high monomer conversion on larger scale (10x scale 
= 5 g tBA monomer) using BaTiO3 (Figure S5), highlighting the 
potential scalability of ultrasonic irradiation mechanoredox 
polymerizations.
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Table 1: Importance of nanoparticle identity for mechanoredox tBA FRP

Entry[a] Nanoparticle Ultrasound? Conversion (%) [b]

1 BaTiO3 (1.5 wt%) Yes 35
2 BaTiO3 (3.5 wt%) Yes 80
3 BaTiO3 (7 wt%) Yes 92
4 BaTiO3 (7 wt%) No <5
5 ZnO (7 wt%) Yes 70
6 TiO2 (7 wt%) Yes 17
7 None Yes 14

Reaction conditions: [monomer]0:[DPIHP]0 = 100:1. [a] [tBA] = 7.3 M, [DPIHP] = 
0.073 M in DMF; [b] conversion was determined by 1H NMR spectroscopy. 
Ultrasonic bath (40 kHz, 70 W, 20 °C); Reaction time: 20 h.

Intriguingly, in the absence of either US (Table 1, entry 4) or PNP 
(Table 1, entry 7), no visual change to the reaction mixture was 
observed and little to no conversion was measured by 1H NMR 
spectroscopy. Similar results (Figure S2) were obtained when a 
neutral non-PNP (TiO2) was used (Table 1, entry 6). Based on these 
results, we surmised that solvent played a key role in the background 
processes (Table 1, entries 6 & 7) observed. While the exact nature 
of all initiating species is not fully clear, these collective data 
demonstrate the importance of iodonium salt for efficient 
polymerization.

We postulated that the trivial conversion (ca. 15%) measured in the 
absence of PNPs could be attributed to solvent initiated 
polymerization (Figures S3 and S4). Organic solvent radicals are 
known to form in response to high frequency US (ca. 500 kHz); 
subsequent homolytic C-C, C-N, or C-H bond cleavage forms species 
that can initiate radical polymerization.63–67 Unfortunately, the role 
of solvent radicals in background reactions are often overlooked in 
recent mechanoredox polymerization reports. To examine whether 
low frequency (40 kHz) US-mediated solvent radical generation can 
also induce significant polymerization, control experiments were 
conducted where tBA was sonicated in different organic solvents 
without PNP and DPIHP. A maximum monomer conversion of 15% 
was observed over 20 h (Table S2), suggesting that although certain 
solvents can generate radicals in response to low frequency US (40 
kHz), the local concentration of active initiator is not sufficient to 
achieve high monomer conversion.

While the importance of PNPs is already established (Table 2, entry 
1), additional control experiments were necessary to further probe 
the polymerization mechanism. When the DPIHP initiator was 
removed from the reaction mixture, less than 15% monomer 
conversion was observed in 20 h (Table 2, entry 2). The trivial 
monomer conversion can be attributed to US-mediated solvent 
radical polymerization (vide supra) and confirms the significant role 
the diaryliodonium salt plays in the observed US-mechanoredox 

FRPs. This result was corroborated with a simple kinetics experiment; 
tBA and BaTiO3 were sonicated in DMF without DPIHP for 8 h and 
~10% conversion was observed by 1H NMR spectroscopy. Upon 
addition of DPIHP to this reaction mixture, >90% monomer 
conversion was observed after an additional 12 h (20 h total reaction 
time) (Figure S6). Additionally, when polymerizations were run 
without exclusion of air (Table 2, entry 3) or with 1 equiv of radical 
inhibitor 4-methoxyphenol (MEHQ) (Table 2, entry 4), <5% 
conversion was observed, supporting the envisaged free-radical 
polymerization mechanism. 

Table 2: US-mechanoredox tBA polymerization control experiments

Entry Conditions Conversion (%) [b]

1[a] Standard reaction 92

2 Without DPIHP 14

3 Under air <5
4 MEHQ (1:1 eq to DPIHP) <5

Reaction conditions: [monomer]0:[DPIHP]0 = 100:1. [a] [tBA] = 7.3 M, [DPIHP] = 
0.073 M in DMF, 7 wt% BaTiO3; [b] conversion was determined by 1H NMR 
spectroscopy. Ultrasonic bath (40 kHz, 70 W, 20 °C); Reaction time: 20 h.

To further optimize reaction conditions, we then evaluated solvent 
scope in the mechanoredox polymerization of tBA (Table S3). In 
general, >30% monomer conversion was observed in polar aprotic 
organic solvents (i.e., DMF, DMAc, DMSO, 1,4-dioxane) but no 
conversion was observed in non-polar solvents (i.e., toluene, 
anisole). These differences are likely in part due to poor DPIHP 
solubility in less polar solvents. In all cases, <5% conversion was 
observed in the absence of US (Table S4). Additionally, when US- 
mechanoredox FRP was carried out in anhydrous solvent, no 
significant difference in monomer conversion was observed, 
confirming minimal radical generation from water67–69. Overall, 
higher monomer conversion was achieved using BaTiO3 than with 
ZnO. Based upon these cumulative results (Table S3), BaTiO3/DMF 
and ZnO/DMAc were used for the remainder of the studies reported 
below. 

Next, to study the viability of the optimized conditions with other 
monomers, the mechanoredox polymerizations of butyl acrylate 
(BA), ethyl acrylate (EA), methyl acrylate (MA), and methyl 
methacrylate (MMA) were studied. The resulting monomer 
conversions (Table 3 and Figure 3A) reveal consistently higher 
conversions of BaTiO3 reactions over ZnO reactions (Table 3 and 
Figure 3B) and acrylates over methacrylates. The number average 
molecular weights (Mn), and dispersity (Đ = Mw/Mn) data measured 
by gel permeation chromatography coupled with a multi-angle light 
scattering detector (GPC-MALS) reveals high molecular weight (> 100 
kDa) polymer with little control over dispersity as is expected from a 
conventional mechanoredox FRP process (Figure 2). Again, no 
polymerization was observed when reactions were carried out in the 
absence of US (Table S5).

Page 3 of 8 Chemical Science

C
he
m
ic
al
S
ci
en
ce

A
cc
ep
te
d
M
an
us
cr
ip
t

O
pe

n 
A

cc
es

s A
rti

cl
e.

 P
ub

lis
he

d 
on

 1
6 

M
ar

ch
 2

02
2.

 D
ow

nl
oa

de
d 

on
 3

/1
6/

20
22

 3
:3

9:
38

 P
M

. 
 T

hi
s a

rti
cl

e 
is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

Li
ce

nc
e.

View Article Online
DOI: 10.1039/D2SC00313A

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2sc00313a


ARTICLE Journal Name

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

Table 3: Results for US-mechanoredox (meth)acrylate FRP.

Entry Monomer Nanoparticle
Conversion[d] 

(%)
Mn (kDa) 

[e] Đ[e]

1[a] tBA BaTiO3 92 284 1.7
2[a] tBA ZnO 68 347 1.6
3[a] BA BaTiO3 82 431 1.8
4[a] BA ZnO 56 358 1.7
5[b] EA BaTiO3 64 491 1.5
6[b] EA ZnO 51 533 1.5
7[c] MA BaTiO3 78 1230 1.8
8[c] MA ZnO 32 357 2.0
9[b] MMA BaTiO3 38 105 1.7

10[b] MMA ZnO 35 107 1.5

Reaction conditions: [monomer]0:[DPIHP]0 = 100:1. [a] [monomer] = 7.3 M, 
[DPIHP] = 0.073 M; [b] [monomer] = 9.3 M, [DPIHP] = 0.093 M; [c] [monomer] = 
10.9 M, [DPIHP] = 0.109 M. DMF and DMAc were used as solvents for 
mechanoredox reactions with BaTiO3 and ZnO, respectively. [d] Conversion was 
determined by 1H NMR spectroscopy. [e] Mn and Đ were determined by GPC-MALS. 
7 wt% nanoparticle loading was used for all reactions. Ultrasonic bath (40 kHz, 70 
W). Reaction time: 20 h.

Figure 2. GPC-RI traces of US-mechanoredox (meth)acrylate FRP using (A) BaTiO3 or (B) 
ZnO as the PNP (see Table 3). 

Finally, tBA mechanoredox polymerization kinetics were studied and 
the resulting data were analysed by 1H NMR spectroscopy and GPC-

MALS., Within the 20 h reaction window, a time dependent 
progression of polymer formation was observed. Polymerizations 
were faster with BaTiO3 than with ZnO at all analysed time points. In 
both cases, high molecular weight polymer was observed from GPC-
MALS traces, indicating fast propagation rates relative to initiation 
rates. To study whether any decrease in Mn over time (Figure 3) was 
due to mechanochemical polymer cleavage70, US-mediated chain 
scission experiments were carried out on DMF solutions of freshly 
synthesized poly(tBA) and poly(MMA). After sonication for 24 h, 
analysis of the resulting materials by GPC-MALS (Figure S7) indicated 
that mechanochemical chain scission is operative at extended 
reaction times. For example, 170 kDa poly(tBA) synthesized through 
US-mechanoredox FRP was reduced to 21 kDa after prolonged 
ultrasonication. Hence, we believe that the observed molecular 
weight evolutions (Figure 3) likely are complicated through 
competing propagation and chain scission pathways. 

Additionally, an “on-off” experiment was conducted to assess the 
role of US on the FRP reaction profile (Figure S8). As assessed by 1H 
NMR spectroscopy, tBA conversion reached 35% after 1 h of US and 

Figure 3. Conversion and molar mass progression during US-mechanoredox tBA 
polymerizations under optimized conditions (see Table 3): (A) with BaTiO3 (7 wt%) in 
DMF; (B) with ZnO (7 wt%) in DMAc.

remained stagnant (< 5% further conversion) during the first “off” 
period of 2 h. During the second 2 h “on” period, monomer 
conversion increased to 57%. Interestingly, after a longer “off” 
period (15 h), monomer conversion increased to 73%. These data 
collectively suggest that while FRP rates are higher in the presence 
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of US, likely due to continuous mechanoredox generation of initiating 
radicals and/or thermal cavitation effects under US irradiation, 
propagating chain ends still remain active even in the absence of US.

Ball-Milling (BM) Mechanoredox Polymerizations

As the diaryl iodonium chemistry evolved in solution using 
ultrasound, we were intrigued to find out if mechanoredox FRP could 
transition into the ball mill. The advantages of ball-milling, including 
reducing solvent usage, mitigating reagent insolubility71, and 
facilitating the use of incompatible and/or immiscible reagents72, are 
apparent from prior SS step-growth,73 ring-opening,74 and iterative75 
polymerizations. Although poly(meth)acrylates have been accessed 
under ball-milling conditions via mechanochemical radical 
generation on quartz surfaces76 and a recapitulated solid-state ATRP 
process77, the use of a tuneable mechanoredox pathway has 
remained unrealized under ball milling conditions prior to our work. 

To begin, we translated our optimized US-mechanoredox FRP 
conditions for tBA (50:1 tBA:DPIHP, 7 wt% BaTiO3) into the ball mill 
using minimal DMF (0.12 mL, 0.030% v/w = volume of DMF relative 
to total mass of all other reaction components) as is required for 
liquid assisted grinding (LAG)78. LAG is a procedure that enhances 
mechanochemical reactivity through the addition of small quantities 
of a solvent3. Upon initial investigation, >95% monomer conversion 
was observed by 1H NMR spectroscopy (Figure S9) after only 3 h in 
the ball mill (30 Hz) compared to 20 h in solution with US; the 
resulting material in the stainless steel milling jar was a visibly viscous 
material (Figure S10) with a high molecular weight (Mn = 165 kDa) as 
determined by GPC-MALS. Unlike the US-mediated reactions, ball 
milling was tolerant of oxygen and rigorous exclusion of air was not 
required. Our observations are in stark contrast to Bielawski’s recent 
work on solid-state ATRP77 where polymerization only occurred in an 
inert atmosphere. Other common acrylates also showed high 
conversions (Table 4) under our BM-mechanoredox FRP conditions, 
but importantly, monomer conversion was seen only when samples 
were subjected to ball milling. As with the US processes, both onium 
salt and PNP were required; when DPIHP and/or BaTiO3 were 
removed from the reaction mixture, no monomer conversion was 
observed (Table S6). Similarly, when the PNP was replaced with TiO2, 
no conversion was seen after ball milling for 3 h (Table S7).

We then investigated the kinetics of BM-mechanoredox FRP due to 
their expedited rates compared to our US-mediated FRP. 
Interestingly, these studies revealed that there is an incubation 
period; no conversion is observed prior to 140 minutes (Figure 4). 
Since these reactions are conducted under air in sealed vessels, we 
hypothesized that the limited oxygen would eventually be removed 
from the atmosphere, potentially through reduction under 
mechanoredox conditions. Once the atmosphere is “scrubbed” of

Table 4: Ball-milling mechanoredox acrylate polymerizations

Entry Monomer Conversion[a] (%) Mn (kDa) [b] Đ[b]

1 tBA >95 416 1.3
2 BA 90 556 1.6
3 EA >95 751 1.4
4 MA >95 937 1.2
5 MMA 86 56 1.7

Reaction conditions: Monomer = 2.0 mmol, DPIHP = 0.040 mmol, BaTiO3 = 0.60 
mmol, DMF (for LAG) = 0.12 mL (0.030% v/w). [a] Conversion was determined by 
1H NMR spectroscopy. [b] Mn and Đ were determined by GPC-MALS. Ball mill (1.5 
mL stainless steel jar, 5 mm stainless steel grinding ball, 30 Hz). Reaction time: 3 h.

oxygen, nearly quantitative monomer conversion is quickly observed 
after just an additional ca. 10 min. To test this hypothesis, we set up 
a tBA BM-mechanoredox FRP reaction under an inert N2 atmosphere 
in a glovebox and observed that FRP proceeded without a noticeable 
incubation period (Table S8). 14% conversion was observed after just 
10 minutes while nearly 70% conversion was observed after 90 
minutes. Oxygen seems to perturb the onset of monomer conversion 
but does not significantly affect the overall time to full conversion 
(ca. 150 min). We surmise that mixing is the rate limiting factor under 
inert conditions; in the presence of oxygen, sufficient mixing 
becomes competitive with atmosphere scrubbing so monomer 
consumption appears to be nearly instantaneous once all oxygen is 
removed from the system. 

The overall physical data collected from GPC-MALS analysis (Table 4 
and Figure S11) of BM-mechanoredox FRP polymers show similar 
trends to what was measured for US-mechanoredox FRP. 
Importantly, the similarities in Mn and Đ between the two methods 
suggest that ball milling leads to uniform rate enhancements (i.e. 
rates of initiation, propagation, and termination) relative to US; 
drastic disparities in Mn and/or Đ would suggest non-uniform rate 
enhancements in the ball mill. Under an inert atmosphere, >90% 
monomer consumption is achieved in under 3 h via ball-milling 
conditions, while almost a full day (20 h) reaction is needed under 
ultrasonic irradiation conditions. Hence, solvating conditions (i.e. US-
mechanoredox FRP) slow the overall rate of monomer consumption 
compared to that of BM-mechanoredox FRP, but do not significantly 
alter the makeup of the final poly(meth)acrylates. Interestingly, 
resubjection of BM-mechanoredox polymers (e.g., poly(tBA), 
poly(MMA)) to the original reaction conditions (0.030% v/w DMF, 
ball milling at 30 Hz, 3 h) led to only a small decrease in molar mass 
as assessed by GPC-MALS (Figures S12 & S13). Hence, while 
mechanochemical chain scission pathways were operative under 
ultrasonication conditions, they were less prevalent, at least on this 
shorter time scale, under ball-milling conditions. 
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Figure 4. Comparison of BM-mechanoredox kinetics (tBA conversion) in an inert 
atmosphere and under air.

Based on work from the ultrasonic irradiation reactions, we 
hypothesized that PNP identity may also influence polymerization 
efficiency. Upon testing this hypothesis, we determined that the 
difference in reactivity between the two PNPs in ball-milling is much 
more significant than with US. Under otherwise identical conditions 
(Table 4), no conversion was observed when BaTiO3 was replaced 
with ZnO (Table S7). These results parallel the trends observed in C-
H borylation and arylation reactions studied by Kubota and Ito47; the 
specific mechanistic underpinnings behind such a stark reactivity 
difference is unclear at this time. 

Conclusions
In summary, we developed mechanoredox methodology for the 
synthesis of poly(meth)acrylates under complementary reaction 
conditions. The fields of self-healing and strain-strengthening 
materials will undoubtedly benefit from fundamental processes that 
can forge chemical bonds in response to mechanical inputs. In fact, 
several examples of mechanoredox polymer crosslinking79–81 already 
exist, providing compelling arguments for accessing thermoset 
materials that may be inaccessible under thermal conditions. 
Furthermore, as photons are readily absorbed by chromophores or 
scattered by insoluble additives82,83, the ability to spatially focus 
mechanical energy will allow for the development of advanced, 
responsive macromolecular networks. The diversity of mechanical 
inputs provides the opportunity for divergent applications as the 
field evolves. Additional mechanistic studies are ongoing in our lab 
to probe experimental differences observed in these mechanoredox 
FRP studies and the exact identity of initiating species.
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