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Experimental

Materials

Ethylene glycol dimethacrylate (EGDMA, 98%) was purchased from Alfa Aesar. 1,6-hexanediol 

dimethacrylate (HDMA, 100 ppm MeHQ, >98%) and 1,12-dodecanediol dimethacrylate 

(LDMA, 100 ppm MeHQ, >95%) were purchased from TCI Chemicals. Methyl methacrylate 

(MMA, <30 ppm MeHQ, 99%), Hexyl methacrylate (HMA, 100 ppm MeHQ, 98%), 1-

dodecanethiol (DDT, >98%), 2,2’-Azobis(2-methylpropionitrile) (AIBN, 98%), deuterated 

chloroform (CDCl3, 99.8 atom% D) and aluminium oxide (activated, basic, Brockmann I) were 

purchased from Sigma Aldrich. Lauryl methacrylate (LMA, 500 ppm MeHQ, 96%), was 

purchased from Sigma Aldrich and was generally used as received (for kinetic experiments, 

the MeHQ was removed using a basic alumina column). Ethyl Acetate (EtOAc, analytical 

grade), Tetrahydrofuran (THF, HPLC-grade) and Methanol (MeOH, analytical grade 99.9%) 

were purchased from Fischer. All materials were used as received unless otherwise stated.

Methods
1H NMR spectra were recorded on a Bruker Advance DPX-400 MHz spectrometer. Samples 

were analysed in deuterated chloroform (CDCl3) at ambient temperature. Chemical shifts (δ) 

are reported in parts per million (ppm) relative to the known solvent signal (δ = 7.26 ppm). 

All TD-SEC analysis of branched polymers was performed using a Malvern Viscotek 

instrument, equipped with a GPCmax VE2001 auto-sampler, two Viscotek T6000M columns 

(and a guard column) and a triple detector array TDA305 containing a refractive index (RI) 

detector VE3580 and a 270 Dual Detector (light scattering and viscometer). A mobile phase 

of THF containing 2 v/v % of triethylamine at 35 °C was used at a flow-rate of 1 mL/min. All 

samples were dissolved at 10 mg/mL in the eluent and filtered through a 0.2 μm PTFE syringe 

filter prior to injection (100 μL). Narrow and broad polystyrene standards (Viscotek, Mw = 105 

kg/mol, Ð = 1.022 and Mw = 245 kg/mol, Ð = 2.272 respectively) were used as calibrants. All 

TD-SEC analysis of linear telomers was performed using a Malvern Viscotek instrument, 

equipped with a GPCmax VE2001 auto-sampler, a mixed column setup of one T2000 column 

and one T1000 column in series (and a guard column) and a triple detector array TDA302 

containing a refractive index (RI) detector VE3580 and a 270 Dual Detector (light scattering 

and viscometer). A mobile phase of THF at 35 °C was used at a flow-rate of 1 mL/min. All 

samples were dissolved at 10 mg/mL in the eluent and filtered through a 0.2 μm PTFE syringe 
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filter prior to injection (100 μL). Narrow and broad poly(methyl methacrylate) standards 

(Viscotek, Mw = 1010 g/mol, Ð = 1.14 and Mw = 1760 g/mol, Ð = 1.15 respectively) were used 

as calibrants. All TD-SEC associated data were estimated using Omnisec 4.7 software. Matrix-

assisted laser desorption ionisation – time of flight (MALDI-TOF) mass spectra of linear 

telomers were analysed using a Bruker Autoflex Mass Spectrometer (Materials Innovation 

Factory, Liverpool, UK). Spectra for samples containing MMA, HMA and LMA were each the 

sum of 500 shots acquired in positive-reflectron mode. Cesium triiodide (CsI3) and α-cyano-4-

hyrdroxycinnamic acid (HCCA) were used as the mass scale calibrant and matrix, respectively. 

Both the matrix and samples were prepared at 10 mg/mL in THF. The solutions were 

combined at a 5:1 v/v ratio of matrix to sample. 2 μL of the prepared solutions were deposited 

onto stainless-steel sample plates and air dried prior to analysis. 3D branched polymer 

structures were modelled using Spartan 18 software.

Example TBRT of MVT with varying equivalents of DDT

In a typical TBRT experiment using EGDMA at a targeted [MVT]0/[DDT]0 ratio of 0.85, EGDMA 

(1.98 g, 10.00 mmol, 0.85 equiv.), DDT (2.38 g, 11.76 mmol, 1 equiv.), AIBN (49.3 mg, 

0.30 mmol) and EtOAc (4.50 g, 51.07 mmol) were loaded into a 25 mL round-bottomed flask 

equipped with a magnetic stirrer bar. The solution was homogenised by agitation and a 

sample was extracted for 1H NMR spectroscopic analysis prior to initiation. The solution was 

deoxygenated whilst stirring for 20 minutes using a nitrogen purge. The solution was then 

heated to 70 °C with stirring and allowed to proceed for 24 hours. The reaction was ceased 

by exposure to air and cooling to ambient temperature. A sample of the crude reaction 

mixture was extracted for 1H NMR spectroscopic analysis. The remaining sample was diluted 

with THF (< 10 mL) to reduce the viscosity, and precipitated into cold methanol, affording 

typically a white precipitate and cloudy dispersion. The precipitate was washed further with 

fresh methanol (3 x 50 mL) and subsequently dried in vacuo overnight at 40 °C. Finally, a 

sample of the purified polymer was taken for 1H NMR and TD-SEC analysis.

Using HDMA, a TBRT experiment targeting a [MVT]0/[DDT]0 ratio of 0.70 would require HDMA 

(2.54 g, 10.00 mmol, 0.70 equiv.), DDT (2.89 g, 14.29 mmol, 1 equiv.), AIBN (49.3 mg, 

0.30 mmol) and EtOAc (4.50 g, 51.07 mmol). Using LDMA, a TBRT experiment targeting a 

[MVT]0/[DDT]0 ratio of 0.55 would require LDMA (3.38 g, 10.00 mmol, 0.55 equiv.), DDT 

(3.68 g, 18.18 mmol, 1 equiv.), AIBN (49.3 mg, 0.30 mmol) and EtOAc (4.50 g, 51.07 mmol).
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Preliminary TBRT experiments for EGDMA and LDMA utilised MVT (1.00 g, X < 1 equiv.), DDT 

(1 equiv.) AIBN (1.5 mol% versus vinyl bonds) and EtOAc (50 wt% versus MVT + DDT) under 

the same experimental conditions and using the same procedure as stated above.

General procedure for TBRT kinetic experiments

In a typical TBRT kinetic experiment using EGDMA at a targeted [MVT]0/[DDT]0 ratio of 0.85, 

EGDMA (15.86 g, 80.00 mmol, 0.85 equiv.), DDT (19.05 g, 94.12 mmol, 1 equiv.), AIBN (0.39 g, 

2.40 mmol) and EtOAc (35.00 g, 0.40 mol) were loaded into a dual-necked 250 mL round-

bottomed flask equipped with a magnetic stirrer bar. The solution was homogenised by 

agitation and a sample was extracted for 1H NMR spectroscopic analysis prior to initiation. 

The solution was deoxygenated whilst stirring for 45 minutes using a nitrogen purge. The flask 

was then heated to 70 °C with stirring and allowed to proceed under a nitrogen atmosphere. 

Samples were extracted at regular time intervals and vinyl conversions were estimated by 1H 

NMR spectroscopy. Crude samples were either concentrated in vacuo or diluted with THF (< 

5 mL), depending on their viscosity, to obtain suitable viscosity for precipitation. All crude 

samples were then precipitated into cold methanol. Purified samples were dried in vacuo 

under an air vortex and finally air dried for 24 hours. Samples incapable of precipitation were 

concentrated in vacuo using a spiral evaporator and analysed without further purification. All 

samples were then analysed using TD-SEC.

A TBRT kinetic experiment using HDMA, targeting a [MVT]0/[DDT]0 ratio of 0.70, required 

HDMA (20.35 g, 80.00 mmol, 0.70 equiv.), DDT (23.13 g, 114.29 mmol, 1 equiv.), AIBN (0.39 g, 

2.40 mmol) and EtOAc (35.00 g, 0.40 mol). A TBRT kinetic experiment using LDMA, targeting 

a [MVT]0/[DDT]0 ratio of 0.55, required LDMA (27.08 g, 80.00 mmol, 0.55 equiv.), DDT 

(29.44 g, 145.45 mmol, 1 equiv.), AIBN (0.39 g, 2.40 mmol) and EtOAc (35.00 g, 0.40 mol).

General procedure for FRP kinetic experiments

In a typical FRP kinetic experiment using MMA, MMA (5.00 g, 49.94 mmol, 1 equiv.), AIBN 

(0.12 g, 0.75 mmol, 1.5 mol% equiv.) and EtOAc (5.00 g, 56.75 mmol, 50 wt% versus monomer) 

were loaded into a 25 mL round-bottomed flask equipped with a magnetic stirrer bar. The 

solution was homogenised by agitation and a sample was extracted for 1H NMR spectroscopic 

analysis of the reaction mixture prior to initiation. The solution was deoxygenated whilst 

stirring for 30 minutes using a nitrogen purge. The solution was then heated to 70 °C under 

magnetic stirring and allowed to proceed under a nitrogen atmosphere. Samples were 
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extracted and exposed to air at regular time intervals and vinyl conversions were estimated 

by 1H NMR spectroscopy. Crude samples were concentrated in vacuo using a spiral evaporator 

and finally air dried for 24 hours. All samples were then analysed using TD-SEC.

An FRP kinetic experiment using HMA required HMA (5.00 g, 29.37 mmol, 1 equiv.), AIBN 

(0.07 g, 0.44 mmol, 1.5 mol% equiv.) and EtOAc (5.00 g, 56.75 mmol, 50 wt% versus 

monomer). An FRP kinetic experiment using LMA required LMA (5.00 g, 19.65 mmol, 1 equiv.), 

AIBN (0.05 g, 0.29 mmol, 1.5 mol% equiv.) and EtOAc (5.00 g, 56.75 mmol, 50 wt% versus 

monomer).

Determination of CT via construction of Mayo plots

In a typical Mayo experiment using MMA at a targeted [M]0:[DDT]0 ratio of 100:1, MMA 

(2.00 g, 20.00 mmol, 100 equiv.), DDT (40.5 mg, 0.20 mmol, 1 equiv.), AIBN (49.3 mg, 

0.30 mmol, 1.5 mol% equiv.) and EtOAc (2.04 g, 23.19 mmol, 50 wt% versus monomer + DDT) 

were loaded into a 10 mL round-bottomed flask equipped with a magnetic stirrer bar. For 

each monomer, a series of 6 reactions were conducted using [M]0:[DDT]0 feedstock ratios of 

approximately 1:0, 100:1, 150:1, 200:1, 250:1 and 300:1. The solution was homogenised by 

agitation and a sample was extracted for 1H NMR spectroscopic analysis prior to initiation. 

The solution was deoxygenated whilst stirring for 20 minutes using a nitrogen purge. The flask 

was then heated to 70 °C under magnetic stirring. The polymerisation was stopped 

prematurely (< 10% vinyl conversion) via exposure to air and rapid cooling in an ice bath. 

Reactions containing MMA, HMA and LMA were terminated at 15 minutes, 6 minutes and 

between 5 and 10 minutes respectively, in accordance with time points pertaining to 

approximately 5% vinyl conversion as determined during control FRP kinetic experiments. A 

sample was then taken from the reaction for estimation of monomer conversion by 1H NMR 

spectroscopy. The crude samples were concentrated via evaporation and precipitated into 

cold methanol. The samples were dried in vacuo using a spiral evaporator and finally air dried 

for 24 hours. The purified samples were then analysed using TD-SEC.

Using HMA, a Mayo experiment targeting a [M]0:[DDT]0 ratio of 100:1 would require HMA 

(3.41 g, 20.00 mmol, 100 equiv.), DDT (40.5 mg, 0.20 mmol, 1 equiv.), AIBN (49.3 mg, 

0.30 mmol, 1.5 mol% equiv.) and EtOAc (3.45 g, 39.10 mmol, 50 wt% versus monomer + DDT). 

Using LMA, a Mayo experiment targeting a [M]0:[DDT]0 ratio of 100:1 would require LMA 
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(5.09 g, 20.00 mmol, 100 equiv.), DDT (40.5 mg, 0.20 mmol, 1 equiv.), AIBN (49.3 mg, 

0.30 mmol, 1.5 mol% equiv.) and EtOAc (5.13 g, 58.21 mmol, 50 wt% versus monomer + DDT).

General procedure for linear telomerisations

In a typical linear telomerisation using MMA, MMA (4.00 g, 40.00 mmol, 2 equiv.), DDT 

(4.05 g, 20.00 mmol, 1 equiv.), AIBN (98.5 mg, 0.60 mmol, 1.5 mol% equiv.) and EtOAc (8.00 

g, 90.80 mmol) were loaded into a 25 mL round-bottomed flask equipped with a magnetic 

stirrer bar. The solution was homogenised by agitation and a sample was extracted for 1H 

NMR spectroscopic analysis of the reaction mixture prior to initiation. The solution was 

deoxygenated whilst stirring for 30 minutes using a nitrogen purge. The solution was then 

heated to 70 °C with stirring and allowed to proceed for 24 hours. The reaction was ceased 

by exposure to air and cooling to ambient temperature. A sample of the crude reaction 

mixture was extracted for 1H NMR spectroscopic analysis. The crude samples were 

concentrated in vacuo initially using a spiral evaporator and finally a vacuum oven at 40 °C for 

24 hours. All samples were then analysed using TD-SEC.

A linear telomerisation using HMA required HMA (6.81 g, 40.00 mmol, 2 equiv.), DDT (4.05 g, 

20.00 mmol, 1 equiv.), AIBN (98.5 mg, 0.60 mmol, 1.5 mol% equiv.) and EtOAc (8.00 g, 

90.80 mmol). A linear telomerisation using LMA required LMA (10.18 g, 40.00 mmol, 2 equiv.), 

DDT (4.05 g, 20.00 mmol, 1 equiv.), AIBN (98.5 mg, 0.60 mmol, 1.5 mol% equiv.) and EtOAc 

(8.00 g, 90.80 mmol).

General procedure for solvent fractionation experiments

In a typical solvent fractionation, a sample of polymer (p(DDT1.00-EGDMA0.85), p(DDT1.00-

HDMA0.70) or p(DDT1.00-LDMA0.54)) was dissolved in the minimum volume of tetrahydrofuran 

in a beaker equipped with a magnetic stirrer bar. An ice bath was placed under the beaker 

and methanol was added slowly to the stirring solution until the solution became slightly 

turbid. The liquid was allowed to settle, typically revealing a biphasic separation consisting of 

a turbid upper layer and clear, viscous lower layer. The upper layer was removed by pipetting 

and the polymer isolated in vacuo by rotary evaporation and finally in a vacuum oven at 40 °C 

for 24 hours. The lower layer was air dried and finally dried in a vacuum oven at 40 °C for 24 

hours. All samples were then analysed using TD-SEC and 1H NMR spectroscopy.
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Scheme S1. Synthesis of branched polymers via the TBRT of EGDMA and LDMA with DDT at 50 wt% solids 
content. 
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Table T1. 1H NMR spectroscopic and TD-SEC analysis of branched polymers generated via the TBRT of EGDMA 
and LDMA with DDT at 50 wt% solids content.

a Determined for sample analysed at t = 0. See example equation in Figure S1. b Determined for crude sample analysed at t = 24 hr, 
referenced against sample analysed at t = 0. See example in Figure S2. c Determined for sample analysed after purification and drying 
in vacuo. See example equation in Figure S3. d Determined by TD-SEC using a 2% v/v TEA/THF eluent system. e Sample gave strong 
resistance to filtration through a 0.2 μm PTFE syringe filter despite appearing homogenous during TBRT.
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Figure S1. Table T1 entry 3, 1H NMR spectroscopic analysis at t = 0 for calculation of [MVT]0/[DDT]0.

O

O
O

O

HS

a
b

c

c

b
a

CHCl
3

[𝑀𝑉𝑇]0
[𝐷𝐷𝑇]0

=

(
1
2
(∫𝑎+∫𝑏 )) 

2

∫𝑐

3

Figure S2. Table T1 entry 3, 1H NMR spectroscopic analysis of crude sample at t = 24 hours, showing 
disappearance of vinyl bonds. In all tables, this outcome has been assigned a vinyl conversion >99%.
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Figure S3. Table S1 entry 3, 1H NMR spectroscopic analysis of purified and dried polymer for calculation of 
[MVT]f/[DDT]f.

Figure S4. Table 1 entry 13, 1H NMR spectroscopic analysis at t = 0 for calculation of [MVT]0/[DDT]0. 
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Figure S5. Table 1 entry 13, 1H NMR spectroscopic analysis of crude sample at t = 24 hours, showing 
disappearance of vinyl bonds. In all tables, this outcome has been assigned a vinyl conversion >99%.
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Figure S6. Table 1 entry 13, 1H NMR spectroscopic analysis of purified and dried polymer for calculation of 
[MVT]f/[DDT]f.
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Table T2. 1H NMR spectroscopic and TD-SEC analyses of kinetics experiments using monofunctional 
monomers MMA, HMA and LMA by conventional free radical polymerisation.

a Determined for samples taken at specified intervals referenced against sample analysed at t = 0. See Figure S7. b Determined by TD-
SEC using a 2% v/v TEA/THF eluent system. C Average dn/dc values were obtained over six injections for each of purified linear p(HMA)

 
and p(LMA) samples of M

n
 = 14 283 g mol-1 and M

n
 = 18 001 g mol-1, respectively.

TD-SEC data not obtained for 
MMA kinetic experiment
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Figure S7. Table T2 LMA series, selection of 1H NMR spectra shown for the monitoring of vinyl conversion 
during the kinetic study of LMA by FRP. All vinyl conversions are referenced against analysis taken at t = 0.
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Figure S8. Comparison of vinyl conversion evolution for linear p(MMA), p(HMA) and p(LMA) during FRP kinetic 
experiments.
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Table T3. 1H NMR spectroscopic and TD-SEC analyses of kinetics experiments of p(DDT1.00-EGDMA0.85), 
p(DDT1.00-HDMA0.70) and p(DDT1.00-LDMA0.54) by TBRT. 

a Determined for samples taken at specified intervals referenced against sample analysed at t = 0. b Determined by TD-SEC using a 2% v/v 
TEA/THF eluent system. c TD-SEC samples analysed as crudes (could not be precipitated) at 25 mg/mL to boost light scattering. is = 
“insufficient scattering” for determination of molecular weight data.
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Figure S9. Overlaid RI traces for branched polymers of a) p(DDT1.00-EGDMA0.85), b) p(DDT1.00-HDMA0.70) and c) 
p(DDT1.00-LDMA0.54) developing during TBRT kinetic experiments.

c)

b)

a)



15

Table T4. 1H NMR spectroscopic and TD-SEC analyses for model Mayo experiments of MMA, HMA and LMA 
with DDT. 

a Calculated based on feedstock reagent masses added to reaction vessels. b Determined for samples taken at specified intervals 
referenced against sample analysed at t = 0. c Determined by TD-SEC using a 2% v/v TEA/THF eluent system. d DP

n
 = (M

n
 – m

DDT
)/ m

mon
.

Equation E1. Mayo Equation for calculation of chain transfer coefficient, CT. DP = degree of polymerisation. 
DP0 = degree of polymerisation in absence of CTA. [CTA] = concentration of CTA. [M] = concentration of 
monomer.

1
𝐷𝑃

=
1
𝐷𝑃0

+ 𝐶𝑇
[𝐶𝑇𝐴]
[𝑀]
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Figure S14. Theoretical calculation of thiol consumption with vinyl conversion during TBRT, based on DPn 
values of 5.86, 3.89 and 2.30 obtained for linear telomers of MMA, HMA and LMA respectively, as determined 
by MALDI-TOF analysis.
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Figure S15. Monitoring the development of the hydrodynamic radius (RH) during TBRT kinetic experiments 
for polymers p(DDT1.00-EGDMA0.85), p(DDT1.00-HDMA0.70) and p(DDT1.00-LDMA0.54).

Table T5. 1H NMR spectroscopic and TD-SEC analyses of fractionated samples of p(DDT1.00-EGDMA0.85), 
p(DDT1.00-HDMA0.70) and p(DDT1.00-LDMA0.54). 

a Determined by TD-SEC using a 2% v/v TEA/THF eluent system.
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Figure S20. Illustration of MVT and telogen content within ideal TBRT polymer structures. A) demonstration of 
MVT and telogens in low molecular weight ideal structures; B) Variation of MVT/telogen ratio with increasing 
MVT per macromolecule in TBRT polymers (open red circles). Molecular weights here refer to p(DDT-LDMA) 
repeat units (open blue squares).
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Figure S21. Illustration of variation of telogen content within ideal TBRT polymer structures in relation to cycle 
formation. A) schematic demonstration of MVT, telogen and cycle formation ideal structures; B) Variation of 
MVT/telogen ratio with increasing cycles per macromolecule in TBRT polymers (open green diamonds). 
Molecular weights here refer to a theoretical p(DDT-LDMA) polymer containing 50 MVT structures and shows 

the impact of losing one DDT per cycle (open black triangles).

Figure S22. Cumulative weight and mole fraction analyses of the molecular weight distributions of 
p(DDT1.00-LDMA0.54) and p(DDT1.00-EGDMA0.85). Horizontal dotted black lines denote 50 wt% of sample (top) 
and the crossover weight fraction for structures of approximately 10,000 g mol-1 (bottom). The analysis 
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shows p(DDT1.00-LDMA0.54) sample has considerably lower molecular weight species (relative to 
p(DDT1.00-EGDMA0.85) with approximately 50% of the mass comprised of structures <10,000 g mol-1.


