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Full characterization for PS1 and PS2 obtained via RAFT polymerization

Table S1 - Overview of the reactions and rate coefficients for PS1 and PS2 (monomer: styrene) with
I,,I', M,Ry, R;, P;, RoX, R;X: conventional radical initiator, initiator fragment, monomer, RAFT leaving group,
macroradical (chain length i21), dead polymer species, initial RAFT agent, dormant macrospecies; 70°C; for
termination apparent rate coefficients with given value the one of | o

tapp
Reaction Equation k (L molY)s?t) ref
- (@ Fkais -, . 1
Dissociation L, —=2I 44107°
Chain Initiation I+ MY R; 52103 ?
kpRrg 2
Ry +M 3 R; 5.2 103
. k
Propagation R;+M3R;,, 4.8 102 :
Termination by Kee00 2 1087 a5
recombination Ro + Ro Fo
. . ktco 8.7 45
Ry +R; —5 P, 210
R . 8.7 45
R +R; e p 210
3.310°
kadd,l kfrag,z 35 104
RAFT exchange R; + RyX R;XR, R:X + R} o)
Kfraga Kaddz 5.3 10°
5.7 10*
kadd kfrag 7.7 104
— i
Ri +R;X ___RXR; __ RX+ER; 6(b)
kfrag Kadd 96 104

(a) (apparent) efficiency f, (b) values for CPDT instead of Dopat
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(2006).
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(2008).
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Section Sla - Apparent termination rate coefficient

In order to accurately describe the diffusion-controlled mechanism of bimolecular termination in radical

polymerization, the composite k: model* (aka RAFT-CLD-T model) was used. This model allows to calculate

an apparent homotermination rate coefficient (k; app’

recombination) dependent on the chain length i and the monomer conversion Xp:

FOF i < ige/
1,1 .— ..
Kieapp = ke 175 for i <ig
ki.i _ k1,1 -(aL_as) —xg f P>
tc,app — "t lSL l ort=lgp
Fori2 igel
ii _ .11 .(agel_as) — 0y A )
kicapp = ki ig, i for i < igy
1,1 .(ap—ay) . —a;) — , ,
kieapp = ki lELL s) j(@ger—ar) —ager for i > ig,

i=chain length; only considering termination by

with ktl'1 the (apparent) termination rate coefficient for radicals with chain length 1, a, the exponent for

termination for termination of short chains in dilute solution, a; the exponent for long chains in dilute

solution, age; the exponent for chains in the gel regime, ig; the crossover chain length between short-

and long-chain behavior, iz, the chain length at the onset of the gel-effect. An overview of these

parameters can be found in Table S2.

From the apparent homotermination rate coefficients, the apparent cross-termination rate coefficient

B T , . .
k¢e app is calculated for simplicity using the geometric mean:
ij _ i \j
ktc,app - ktc,app k]tc,app

An averaged (zero order) apparent termination rate coefficient can be calculated at any moment:

?11 Z;il k;’i,app [Ri] [Rj]

Weca) =7 IR D)
Table S2 - Parameters used for the composite k: model*
Monomer T(K) Kk og igy, o Ogel igel
Sty 363 2 x 1087 0.53 30 015 1.22X,-0.11 3.30X,,7 %3
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Section S1b - Apparent conventional initiator efficiency

An apparent conventional initiator efficiency fq5, dependent on monomer conversion X, can be
calculated as described by Buback et.al.:”

D,

= — S1
fapp DI + Dterm ( )

with D, the diffusion coefficient of the cyanoisopropyl radical and Dierm, = 5.3 1071%m?s™1 a correction
factor related to the rate of termination between two cyanoisopropyl radicals.
According to the free volume theory, D; can be calculated via:

_ E; —W1Vi§i2 /812 + WoV3 62
DI = DO,I eXp —ﬁ eXp VFH/}{

Ven  Kia k1o
e TW1(K21 —T —Tyy) + = WK +T = Tp1)
Table S3 gives an overview of the description and value of the parameters used.

Table S3 - Parameters used to calculate the apparent initiator efficiency as described by Buback et al. for AIBN as
conventional radical initiator and styrene as monomer

Parameter Description Value

Dy, (m*s™h) Pre-exponential factor for diffusion 1.95107*

E, (k] mol_l) Activation energy for diffusion 31

R (J mol K1) Universal gas constant 8.314

T (K) Temperature 333 —363

wy (&) Mass fraction of monomer 0-1

wy (=) Mass fraction of polymer 0-1

Vi (m3mol™h) Specific critical hole free volume of monomer @ 9.46 1077

|78 (m3mol_1) Specific critical hole free volume of polystyrene 8,50 1077

% (m* kg™ K™ Parameter for specific hole free volume monomer @ 1.49107°

% (m3 kg_l K_l) Parameter for specific hole free volume polymer 5.82 10710

Ky =Ty (K) Parameter for specific hole free volume monomer @ -84

Ky — Ty (K) Parameter for specific hole free volume polymer —327
Critical jumping unit volume ratio for cyanoispropyl radical to

$p (5) polymer 0.36

$, () Critical jumping unit volume ratio for monomer to polymer 0.59

7. Buback, M., Huckestein, B., Kuchta, F. & Russell, G. T. Initiator efficiencies in 2,2’-azoisobutyronitrile-initiated freeradical polymerizations of styrene. Macromol.
Chem. Phys. 2140, 2117-2140 (1994).
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Figure S1 — Top: Schematic representation of the polymerization simulated PS1 (left) or PS2 (right).Middle
and Bottom: kMC simulations for RAFT polymerization kinetic for PS1 (left) and PS2 (right).
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Figure S2 — Full characterization via NMR of PS1 before (black) and after (blue) aminolysis. a. tH-NMR (CDCls, 400
MHz) Highlighted in the box the disappearance of the —-CH2- marked in the structure. 6 = 7.50 — 6.20 (m, ArH), 3.0 —
0.50 (m, aliphatic H), 2.50 — 0.84 ppm (m, aliphatic H). b. 13C-NMR (CDCls, 100 MHz) spectrum of PS1 before and
after aminolysis (PS1 and PS1-SH). Highlighted in the box the disappearance of the resonances corresponding to the
aliphatic carbon chain of the RAFT agent. § = 145.43(C, quaternary carbon in the styrene aromatic ring), 128.33 and
125.52 (-HC=CH-, unsaturated carbons, styrene ring), and 40.30 (aliphatic C, aliphatic polymer backbone).
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Figure S3 - SEC traces for a. PS1 (black) and PS1-SH (blue) and b. PS1b (gray) and PS1b-SH(9300) (red).
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Figure S4 - ESI-MS spectra recorded in negative mode for PS1 (black) and PS1-SH (blue). a. full spectra recorded in
the range m/z = 1500-4000, b. representative zoom in order to identify the species. The assignments are listed in
the associated table and in agreement with the proposed structure before (square) and after (circle) aminolysis,
within the same spectra Am = 104 corresponding to the styrene unit, between the two spectra Am = 244
corresponding to the loss of the aliphatic chain and the trithiocarbonate removed from the parent PS1.
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Figure S5 - Full characterization via NMR of PS1 before (black) and after (blue) aminolysis. a. *H-NMR (CDCls, 400
MHz) Highlighted in the box the disappearance of the —CH2- marked in the structure. § = 7.50 — 6.20 (m, ArH), 2.5 —
0.50 (m, aliphatic H), 2.50 — 0.84 ppm (m, aliphatic H). b. *3C-NMR (CDCls, 100 MHz) spectrum of PS1 before and
after aminolysis (PS1 and PS1-SH). Highlighted in the box the disappearance of the resonances corresponding to the
aliphatic carbon chain of the RAFT agent. § = 145.43(C, quaternary carbon in the styrene aromatic ring), 6 = 128.33
and § = 125,52 (-HC=CH-, unsaturated carbons, styrene ring), and 6 = 40.30 (aliphatic C, aliphatic polymer backbone).
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Figure S7 - ESI-MS spectra recorded in negative mode for PS2 (black) and PS2-SH (green). a. full spectra recorded in
the range m/z = 1500-4000, b. representative zoom in order to identify the species. The assignments are listed in
the associated table and in agreement with the proposed structure before (square) and after (circle) aminolysis.
Within the same spectra Am = 104 corresponding to the styrene unit, between the two spectra Am = 244
corresponding to the loss of the aliphatic chain and the trithiocarbonate removed from PS1.
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Characterization of 2,3,4,5,6-pentafluorobenzyl benzoate (1PFB)
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Figure S8 - 'H-NMR spectrum (400 MHz, CDCl3) of 1PFB. & = 5.45 (s, 2H, CH3), 7.44 (dt, 2H, CH), 7.58 (tt, 1H, CH), 8.00

(td, 1H, CH).
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Figure S9 — 3C-NMR spectrum (100 MHz, CDCl3) of 1PFB. § = 55.83 (1C, aliphatic CH>), § = 109.59 (1C, C aromatic
ring), 0 = 128-134 (6C, C aromatic ring), 137-147 (6C, aromatic fluorinated ring), 165.86 (1C, ester).
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Figure S10 - °F-NMR spectrum (CDCls, 376 MHz) of 1PFB. 8=-142.2 (ortho), 8= -153.4 (para), 6= -162.4 (meta).
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NMR spectroscopy and determination of the PFB conversion via

1F-NMR

measurements
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Figure S11 - Representative ®F-NMR spectrum (376MHz, CDCl3) of a selected sample from the kinetic study.

Calculation of the conversion via °F-NMR.

conversion =1 —

T69)

=0.89%100=89%
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Table S4 - Summary of all the reaction conditions discussed for the investigation of disulfide bond formation (side

reaction)

Disulphide (no PFB linker)

without
TCEP

SH:DBU
1:1

150mMm
THF

150mMm
THF

PS1-SH
(3800)

PS2-SH
(2800)

Fig. 3

Fig. 513

Fig. 2a

With
TCEP

SH:DBU
1:15

75mM
THF/DMF

37mM
DMF, O,

75mM
THF/DMF

37mM
DMF, Argon

Fig. 23

37mM
DMF, O,
SH:TCEP =1:6

37mM
DMF, Argon
SH:TCEP = 1:6

37mM
DMF, Argon
SH:TCEP = 1:4

Fig. 7b

37mM
DMF, Argon
SH:TCEP =1:2

37mM
DMF, Argon
SH:TCEP =1:1

37mM
DMF, Argon
SH:TCEP =1:0.5
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Table S5 - Summary of all the reaction conditions discussed for the investigation of PFTR reaction (main reaction)

PFTR (with PFB linker)*
SH:PFB group = 1:1, always

a

5

PS1-SH
(3800)

PS1b-SH
(9300)

PS2-SH
(2800)

without
TCEP

SH:DBU
1:1

75mM
THF

75mM
THF

75mM
THF

75mM
THF

75mMm
THF/DMF

75mM
THF/DMF

75mM
THF/DMF

Fig. S1

75mM

THF/DMF
(1PFB)

Fig. 3¢c,d

Fig. 5

with
TCEP

SH:DBU
1:15

75mM
DMF

75mM
DMF

37mM
DMF

37mM
DMF
SH:TCEP =1:1

37mM
DMF
SH:TCEP = 1:6

Fig. 7

*PFB linker is meant as 3PFB, unless differently specified in the table
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Kinetic modelling

Section S5a - SEC broadening

1) SEC broadening small molecule system

Othiol

‘ Odisulph

wlog(M)

log(M) log(M)

SEC broadening is accounted for by introducing a normal distribution on log scale with standard
deviation Othiol = Udisulphide =0.03 in both THF and DMF.

2) SEC broadening polymer system

For a polymer system, there are two contribution to take into account for SEC broadening:
2 _ 2 2
Otot = Oreac T OSEC
- Oreaction: @lready incorporated in the simulation

- Osgc: incorporated via the following equation:

1 log(M) — log(1))” _ _
Wsgc(logM) = (27T)Tcr2_[ exp(— (log( )Zcr;g( )) yw(log M) dlog(M)
0

In which g, = 0.06 is determined for the polystyrene standards used in the GPC (see Figure below).
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PFTR and disulfide reaction for small thiol derivatives

Thiol 1 ([thiol]o=0.075 mol L}, initial thiol:base 1:1)

Disulfide | PFTR
14 : 14 . T
t=4 min; exp — t=5 min; exp —
=4 min: sim — t=5 min; sim —
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Figure S13 - Main results for kinetic studies of small molar mass thiol derivatives other than thiol 3 in THF. The

adopted working conditions are specified in the figure.
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Figure S14 — a. experimental (left) and simulated (right) SEC traces at any reaction time for thiol 3 during PFTR

(including the missing traces in Fig.2 of the main text). b. Simulated product spectrum (absolute concentrations)
related to thiol 3 during PFTR.
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Figure S15 - Comparison of the PFTR kinetic for small molar mass thiol derivatives; thiol 1 (black), 2 (orange), 3 (blue),
4 (green) and 5 (red). All the kinetic were performed in THF, [thiol]o = 0.075 molL? and a ratio of [SH]:[PFB]:[DBU] =
1:1:1
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Investigation on PFTR and disulfide bond formation for polymer system
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Figure S16 - Equilibrium reaction for disulfide formation in DMF.
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Figure S17 -Full kinetic, express as amount of PFB group reacted over time for PS1-SH (square, red) and PS2-SH
(triangle, black). The kinetics are performed at ambient temperature [thiol]o = 75mM using both THF (filled symbols)
and DMF (empty symbols) as a solvent. The full line represent the relative fitting obtained via kMC simulation.
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=0.075 molL! and SH:base = 1:1; (left) experimental data and (right) simulated data.
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Figure S19 - PFB conversion (-) vs. time (h) for PS1-SH in case fshielding=1/S.D. (full line) and in case fshielding=1 (dashed
line) (thiol:DBU = 1:1, [thiol]o = 0.075 mol LY).
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Figure S20 - Concentrations of the different reaction components (mol L) vs. time (h) ([thiol]o = 0.075 mol L) (left)
in absence of 3PFB linker and (right) in presence of 3 PFB linker.
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Figure S22 - SEC traces showing the evolution of PFTR employing 3PFB and PS2 in THF (red, top) and DMF (blue,
bottom); [thiollo = 0.075 molL?, SH:base = 1:1; (left) experimental data and (right) simulated data.
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Optimized condition for PFTR with a designed amount of TCEP
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Figure S23 - SEC traces for the kinetic investigation on the disulfide bond formation reaction a. DMF
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Figure S24 - SEC traces showing the evolution of PFTR employing 3PFB and PS1-SH, where PFB:SH groups have an
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