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1. Absorption spectrum of the RAFT agent DDMAT
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Fig. S 1: UV-Vis absorption spectrum of the RAFT agent DDMAT in ethanol. The signal with the maximum at 308 nm shows

the spin-allowed nt - nt* electronic transition, the second absorption region with the local maximum at 442 nm is assigned
to the spin forbidden n = nt* electronic transition.

2. Photoreactor set-up
21 Experimental set-up
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Fig. S 2: (a) Schematic set-up of the photoreactor. (b) Schematic experimental set-up for blue light initiated RAFT
polymerizations. The polymerization vessels were placed into a water bath centered on the heating plate (not to scale).



2.2 Light intensity of the photoreactor
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Fig. S 3: Height position dependent light intensity of the blue LED at the maximum emission wavelength of Amax = 451 nm at
the centre of the blue LED.



3. Synthesis of PDMAEA, P4VP and P2VP macroCTAs via blue light-induced iniferter RAFT solution
polymerization

Synthesis of PDMAEA macroCTA via blue light-induced iniferter RAFT solution
polymerization. A typical photo-iniferter RAFT polymerization of DMAEA with a molar ratio of
[DMAEA]o/[DDMAT]o = 500/1 was conducted as follows: DDMAT (10.0 mg, 27.4 umol, 1.0 eq.)
and DMAEA (2.22 mL, 13.7 mmol, 500 eq.) were dissolved in ethanol (5.34 mL). While stirring
the solution, water (4.22 mL) was added dropwise and N,N-dimethylformamide (20 uL) added
as an internal reference for *H-NMR analysis and an initial sample was taken. The solution was
degassed by purging the ice-cooled polymerization vial with argon for 10 min. The
polymerization vessel was placed in the centre of the photoreactor and the polymerization was
carried out under blue light irradiation (Amax = 451 nm) at a water bath temperature of 40 °C
under constant stirring (400 rpm). After the desired time of exposure to the blue light, the
polymerization was stopped by turning off the irradiation source, quenching in an ice-cooling
bath and exposing to air. The solvent was removed by vacuum and the crude polymer was
obtained by drying in vacuum at 40 °C for 24 h. Subsequently, the polymer was dissolved in
ethanol, precipitated in cold cyclohexane, filtered and dried under vacuum at 40 °C for 48 h.
Synthesis of P4VP macroCTA via blue light-induced iniferter RAFT solution polymerization. A
typical RAFT photopolymerization of 4-vinylpyridine with a molar ratio of [4VP]o/[DDMAT]o =
470/1 was conducted as follows: DDMAT (30.0 mg, 82.3 umol, 1.0 eq.) and 4VP (4.19 mL,
38.9 mmL, 471 eq.) were dissolved in ethanol (10.41 mL) and stirred for homogenization.
Water (8.23 mL) was added dropwise. The reaction solution was degassed by purging the ice-
cooled polymerization vial with argon for 10 min. The polymerization vial was placed in the
water bath with a temperature of 40 °C or 50 °C and illuminated with blue light (Amax =451 nm).
After the desired time of exposure to the blue light, the polymerization was stopped by turning-
off the irradiation source, quenching in an ice-cooling bath and exposing to air. The solvent was
removed by vacuum and the crude polymer was obtained by drying in vacuum at 40 °C for 24 h.
Subsequently, the polymer was dissolved in ethanol, precipitated in cold cyclohexane, filtered
and dried under vacuum at 40 °C for 48 h.

Synthesis of P2VP macroCTA via blue light-induced iniferter RAFT solution polymerization.
In a typical photo-iniferter RAFT polymerization of 2VP with a molar ratio of [2VP]o/[DDMAT], =
470/1, DDMAT (35.0 mg, 96.0 pmol, 1.0 eq.) and 2VP (4.89 mL, 45.3 mmol, 470 eq.) were
dissolved in ethanol (7.09 mL). Under stirring conditions, water (5.60 mL) was added. The
cooled solution was degassed by purging with argon for 10 min. The polymerization vessel was
placed in the centre of the photoreactor and the polymerization was conducted under constant
stirring (400 rpm) and started by placing the vial in the water bath (40 °C— 70 °C) and exposing
the solution to blue light (Amax = 451 nm). After the desired time of exposure to the blue light,
the polymerization was stopped by turning-off the irradiation source, quenching in an ice-
cooling bath and exposing to air. The solvent was removed by vacuum and the crude polymer
was obtained by drying in vacuum at 40 °C for 24 h. Subsequently, the polymer was dissolved
in ethanol, precipitated in cold cyclohexane, filtered and dried under vacuum at 40 °C for 48 h.



4. NMR analysis
4.1 Determination of the DMA conversion
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Fig. S 4: Full 1TH-NMR spectrum (in D,0) of the reaction solution of the blue light-induced iniferter RAFT polymerization of
DMA in the water-ethanol mixtures (50:50 w/w) (20% w/w).
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Fig. S 5: TH-NMR spectrum (in D,0) of the reaction solution of the photo-iniferter RAFT polymerization of DMA at the start
of the polymerization (top) and at the end of the polymerization (bottom). The protons for the determination of the
conversion are assigned to the respective signals.

The monomer conversion p of DMA after normalization to the DMF signal integral is calculated as
follows:

Ip* 1.+ g,

(1)

Poma =1 —
DMA I+ 1oy * e,

The theoretical molecular weight of the PDMA macroCTAs was calculated in the following way:

_ [DMA],
nth = W “Poma - Mboma + Mppmar (2)
0



4.2 Determination of the DMAEA conversion
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Fig. S 6: Full 1TH-NMR spectrum (in MeOH-d,) of the reaction solution of the blue light-induced iniferter RAFT polymerization
of DMAEA in the water-ethanol mixtures (50:50 w/w) (20% w/w).
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Fig. S 7: TH-NMR spectrum (in MeOH-d,) of the reaction solution of the photo-iniferter RAFT polymerization of DMAEA at
the start of the polymerization (top) and at the end of the polymerization (bottom). The protons for the determination of
the conversion are assigned to the respective signals.

The monomer conversion p of DMAEA after normalization to the DMF signal integral is calculated as
follows:

_ 1 IAt+ IBt+ IA't
Pomaea = T | (3)
Ao BT ‘Al

The theoretical molecular weight of the PDMAEA macroCTAs was calculated in the following way:

[DMAEA], M M 4
= . . +
n,th [DDMAT], Pomaea DMAEA DDMAT (4)



4.3 Determination of the 4VP conversion
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Fig. S 8: Full TH-NMR spectrum (in MeOH-d,) of the reaction solution of the blue light-induced iniferter RAFT polymerization
of 4VP in the water-ethanol mixtures (50:50 w/w) (20% w/w).
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Fig. S 9: IH-NMR spectrum (MeOH-d,) of the reaction solution of the photo-iniferter RAFT polymerization of 4VP at the end
of the polymerization. The protons for the determination of the conversion are assigned to the respective signals.

The monomer conversion p of 4VP is calculated as follows:
Ip+8, — lor,

Py = ———ot (5)
Ve lp, + lp,+8,

The theoretical molecular weight of the P4VP macroCTAs was calculated in the following way:

_ [4VP],
My = m “Payp - Mave + Mppmat (6)



4.4 Determination of the 2VP conversion
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Fig. S 10: Full IH-NMR spectrum (in MeOH-d,) of the reaction solution of the blue light-induced iniferter RAFT
polymerization of 2VP in the water-ethanol mixtures (50:50 w/w) (30% w/w).
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Fig. S 11: 'H-NMR spectrum (in MeOH-d,) of the reaction solution of the photo-iniferter RAFT polymerization of 2VP at the
end of the polymerization. The protons for the determination of the conversion are assigned to the respective signals.

The monomer conversion p of 2VP is calculated as follows:

A
Poyp = ﬁ (7)

The theoretical molecular weight of the P2VP macroCTAs was calculated in the following way:

[2VvP],

nth = T=—— " Poyp - Mavp + Mppuiat (8)
[DDMAT]
0



5. PDMA homopolymers
5.1 In 20 mL vessels

Table S 1: Synthesized PDMA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [DMA]o/[DDMAT], = 500 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, app De
[min] [%] ) [kDa] @ [kDa] 9
PDMAL> 31 2.4 1.5 2.4 1.41
40 16 PDMAS>4 61 10.2 5.4 4.7 1.36
PDMA1L6 120 22.8 11.6 11.2 1.24
PDMAZ248 240 49.9 24.8 23.1 1.12
PDMAS53 15 10.1 53 4.8 1.39
PDMA1LE 32 233 11.8 10.8 1.20
40 30 PDMA?216 62 43.2 21.6 19.7 1.15
PDMA308 90 62.5 30.8 28.0 1.12
PDMA328 120 66.2 32.8 28.5 1.14
PDMA#21 240 85.2 42.1 33.2 1.20
PDMASS 16 17.5 8.9 9.9 1.22
PDMA171 32 34.1 17.1 17.0 1.15
PDMAZ7:2 63 54.8 27.2 25.1 1.14
40 49 PDMAZ28:5 75 57.4 28.5 22.2 1.21
PDMAZ87 75 58.0 28.7 25.0 1.16
PDMA2:8 80 59.5 29.8 27.0 1.09
PDMA377 123 76.3 37.7 32.3 1.16
PDMA?%4-8 241 90.7 44.8 36.5 1.19

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. P
determined via 'H-NMR spectroscopy. ¢ theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. ¢ dispersity
determined by SEC with PS calibration.

Table S 2: Synthesized PDMA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [DMA]o/[DDMAT]o = 800 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code 2 time conversion M th M., 200 De
[min] [%] b) [kDa] @ [kDa]
\ PDMA3LS 60 39.9 31.5 26.2 1.16
20 \ 49 PDMA38 60 42.1 33.8 35.9 1.12
\ PDMA37:2 75 46.3 37.2 32.2 1.13
\ PDMA?%3.0 90 52.7 43.0 36.8 1.15

a) superscripts denote the theoretical number-average molecular weight determined by H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.

5.2 In 250 mL vessels

Table S 3: Synthesized PDMA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [DMA]o/[DDMAT], = 500 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, a0p De
[min] [%] 0 [kDa] @ [kDa]

PDMAZ7 15 4.7 2.7 4.8 1.25
PDMA?8 30 18.8 9.8 9.6 1.20
PDMA171 30 24.2 12.5 7.9 1.20
PDMAZ20.0 60 39.2 20.0 18.6 1.15

40 52 PDMAZ255 64 50.1 25.5 17.2 1.12
PDMAZ:5 70 46.1 23.5 17.8 1.16
PDMAZ7 70 46.5 23.7 19.1 1.17
PDMA311 120 61.3 31.1 29.4 1.08
PDMA322 120 64.9 329 28.5 1.12
PDMA?#30 240 84.9 43.0 37.3 1.10




T[°C) light [MW-cm2]  Sample code 2 time conversion M th Mh app De
[min] [%] ) [kDa] @ [kDa]
\ | PDMA%0S 241 80.2 40.6 36.0 1.08
a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. © theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. ¢ dispersity
determined by SEC with PS calibration.

5.3 In 500 mL vessels

Table S 4: Synthesized PDMA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [DMA]o/[DDMAT], = 500 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C lignt [MW-cm=2]  Sample code @ time conversion M M 200 e
[min] [%] ©) [kDa] © [kDa]
PDMA%4 22 8.1 4.4 5.7 1.30
40 55 PDMA132 60 27.1 13.9 14.8 1.19
‘ PDMA24 120 58.1 29.4 25.2 1.14
‘ PDMA%3.0 240 78.6 39.6 34.4 1.12

a) superscripts denote the theoretical number-average molecular weight determined by H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy.  theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. © dispersity
determined by SEC with PS calibration.



6. PDMAEA homopolymers
6.1 In 20 mL vessels

Table S 5: Synthesized PDMAEA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar
ratio of [DMAEA]o/[DDMAT]o = 320 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, app De
[min] [%] ) [kDa] @ [kDa] 9
‘ PDMAEA*%7 16 8.9 4.7 3.2 1.25
‘ PDMAEA34 31 16.5 8.4 53 1.23
40 ‘ 49 PDMAEA13-6 61 27.0 13.6 8.2 1.20
‘ PDMAEA?214 120 43.0 21.4 13.6 1.15
‘ PDMAEA30:8 240 62.2 30.8 17.7 1.23

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. P
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. © dispersity
determined by SEC with PS calibration.

Table S 6: Synthesized PDMAEA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar
ratio of [DMAEA]o/[DDMAT]o = 500 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code 2 time conversion M, th M. 200 De
[min] [%] ) [kDa] @ [kDa]

PDMAEA>6 15 8.9 7.1 6.8 1.27
PDMAEA81 17 10.8 8.1 5.0 1.23
PDMAEA122 30 16.5 12.2 6.1 1.37
PDMAEA47 30 19.1 14.7 11.7 1.21

40 49 PDMAEA?215 60 29.4 215 9.4 1.43
PDMAEA241 60 31.6 24.1 15.0 1.35
PDMAEA334 120 46.1 334 15.9 1.40
PDMAEA37-6 120 49.9 37.6 19.8 1.42
PDMAEA%3-2 240 59.8 43.2 21.7 1.41
PDMAEA%6-7 243 61.7 46.7 23.0 1.44

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. ?)
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.

6.2 In 250 mL vessels

Table S 7: Synthesized PDMAEA homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar
ratio of [DMAEA]o/[DDMAT]o = 500 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, a0p De
[min] [%] b [kDa] @ [kDa] @
‘ PDMAEA>6 15 6.8 5.6 4.8 1.29
‘ PDMAEA?0 30 11.3 9.0 7.6 1.21
40 ‘ 52 PDMAEA?11 60 27.0 21.1 11.0 1.26
‘ PDMAEA30-8 120 39.6 30.8 16.3 1.25
‘ PDMAEA37-6 242 48.6 37.6 17.5 1.42

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. © theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. ¢ dispersity
determined by SEC with PS calibration.



7. P4VP homopolymers
7.1 In 40 mL vessels

Table S 8: Synthesized P4VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, app De
[min] [%] ) [kDa] @ [kDa] 9

P4VPO6 30 0.6 0.6 2.2 1.25
P4VPO7 30 0.6 0.7 3.1 1.17
P4VPS2 58 9.8 5.2 6.5 1.21
P4VP39 62 7.2 3.9 5.7 1.19
P4VP3S 68 6.4 35 8.3 1.23

40 49 P4vp8s 120 16.5 8.5 13.9 1.19
P4vp3-7 120 19.3 9.7 121 1.18
p4ypiL4 125 224 11.4 14.2 1.16
P4vpiss 240 37.6 18.9 23.9 1.22
P4yvp200 240 40.6 20.0 22.9 1.25
P4vp27-5 360 56.2 27.5 33.9 1.22
P4Vp24 30 4.2 2.4 6.2 1.23

" 29 P4VP3S 59 6.3 35 12.1 1.19
P4vpis2 119 30.1 15.2 21.8 1.23
P4vp25-6 240 51.3 25.6 34.5 1.34

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy.  theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. © dispersity
determined by SEC with PS calibration.

Table S 9: Synthesized PAVP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (30% w/w).

T[°C) light [MW-cm2]  Sample code ? time conversion M th Mh app pe
[min] [%] ©) [kDa] @ [kDa] @
‘ P4vpi3 30 1.9 1.3 3.0 1.26
‘ P4vps> 60 10.0 5.5 7.6 1.23
40 ‘ 49 P4vpi26 120 23.8 12.6 15.8 1.18
\ P4VP251 240 48.2 25.1 29.6 135
‘ P4yp33.8 360 65.3 33.8 37.8 1.36

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.

Table S 10: Synthesized P4VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 750 in water-ethanol mixtures (50:50 w/w) (20% w/w).

TI°C] light [M\W-cm?]  Sample code @ time conversion My, M, app D)
[min] [%] b) [kDa] @ [kDa]

PAVPS7 60 6.8 5.7 8.8 1.29
PAVPAS 65 5.4 45 9.7 1.26
AV 120 10.7 8.6 16.9 1.22

40 49 PAVPI33 121 16.5 13.3 17.3 1.23
P4Vp203 240 26.0 203 32.6 1.17
PAVp2LL 240 26.5 21.1 296 1.26
PAVP3LE 361 39.9 316 36.2 1.44

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. © theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.



7.2 In 250 mL vessels

Table S 11: Synthesized P4VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (20% w/w).

T[°C) light [MW-cm2]  Sample code ? time conversion M th Mh app De
[min] [%] 2 [kDa] © [kDa]
P4vpi2 60 1.7 1.2 3.0 1.23
40 52 P4vp42 120 9.2 4.9 7.6 1.27
\ P4VP120 241 23.5 12.0 15.9 1.19
‘ P4vpiel 360 35.8 18.1 22.8 1.21

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy.  theoretical number-average molecular weight determined by 'H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. © dispersity
determined by SEC with PS calibration.

Table S 12: Synthesized P4VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (30% w/w).

T[°C] light [MW-cm2] Sample code @ time conversion My th M app De
[min] [%] ) [kDa] @ [kDa] @
P4VPLL 60 1.4 1.1 2.9 1.27
20 5 P4VPS0 120 9.3 5.0 7.1 1.21
P4VP139 243 27.2 13.9 17.6 1.20
P4VP1SS 360 39.1 19.5 22.8 1.13
P4vp2Ls 360 42.5 215 25.7 1.24
P4VP21 60 3.4 2.1 5.1 1.22
20 56 P4VP7:3 120 13.8 7.3 12.1 1.14
P4vpie.7 240 32.6 16.7 23.8 1.25
P4vp25-0 360 49.1 25.0 359 1.23
P4Vp21 61 3.5 2.1 4.6 1.29
5 526 P4VP7:3 120 13.6 7.1 11.2 1.17
pavpie7 241 31.6 16.1 249 1.12
P4VP25.0 360 46.9 23.7 37.1 1.11

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. ¢ theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.

Table S 13: Synthesized P4VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [4VP]o/[DDMAT]o = 760 in water-ethanol mixtures (50:50 w/w) (30% w/w).

P4Vpe22 480 52.7 422 73.1 1.22

T[°C] light [MW-cm2]  Sample code 2 time conversion M th M, a0p De
[min] [%] ®) [kDa]9  [kDa] 9

\ P4VP27 60 3.0 2.7 60 1.31

\ P4VPS6 120 6.6 5.6 6.8 1.18

40 | 86 P4VP225 240 27.9 225 37.5 1.08

} P4VP331 360 41.2 33.1 55.4 1.07



8. P2VP homopolymers
8.1 In 40 mL vessels

Table S 14: Synthesized P2VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [2VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (30% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, app De
[min] [%] ) [kDa] @ [kDa] 9
pP2vp2> 60 4.2 2.5 2.7 1.33
40 49 p2vp47 120 8.7 4.7 6.7 1.27
p2vpi1o 240 21.3 11.0 16.6 1.19
p2vp17:8 360 34.9 17.8 26.6 1.17
p2vpii 31 1.6 1.1
p2vp3-4 62 6.1 3.4 5.1 1.24
50 49 P2VPp7:2 120 13.8 7.2 11.7 1.28
p2vp170 240 33.6 17.0 27.3 1.21
p2vp23:2 360 46.1 23.2 42.1 1.14
p2vp1o 29 1.4 1.0
P2vpz>5 60 4.3 2.5 4.3 1.36
60 49 p2vpa.6 120 16.5 8.6 13.7 1.21
p2vpis7 240 37.1 18.7 33.6 1.23
p2vp2s7 360 51.1 25.7 54.3 1.09
p2vp21 32 3.6 2.1
p2vp4:2 60 7.7 4.2 7.1 1.17
70 49 p2vpits 119 23.2 11.9 17.7 1.21
p2vp220 241 43.6 22.0 45.6 1.12
p2vp22.0 360 57.9 29.0 73.7 1.10

a) superscripts denote the theoretical number-average molecular weight determined by *H-NMR spectroscopy. P
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. ¢ dispersity
determined by SEC with PS calibration.

8.2 In 250 mL vessels

Table S 15: Synthesized P2VP homopolymers via blue light-induced iniferter RAFT solution polymerization with a molar ratio
of [2VP]o/[DDMAT]o = 470 in water-ethanol mixtures (50:50 w/w) (30% w/w).

T[°C] light [MW-cm2]  Sample code time conversion M th M, a0p De
[min] [%] ©) [kDa] @ [kDa] @

p2vpié 60 2.5 1.6 2.2 1.26

60 52 pP2vp42 120 9.1 4.9 6.7 1.25
p2vp13-6 240 26.9 13.6 19.6 1.19
p2vp20-6 360 41.1 20.6 33.0 1.17
p2vp3t 63 5.6 3.1 4.3 1.35

70 52 p2vps4 119 16.3 8.4 115 1.25
p2vpiel 242 36.1 18.1 30.4 1.17
p2vp24 360 50.7 25.4 50.0 1.14

a) superscripts denote the theoretical number-average molecular weight determined by H-NMR spectroscopy. b
determined via 'H-NMR spectroscopy. 9 theoretical number-average molecular weight determined by *H-NMR
spectroscopy. 9 apparent number-averaged molecular weight determined by SEC with PS calibration. € dispersity
determined by SEC with PS calibration.



9. Determination of required energy for the polymer synthesis

In order to estimate the required energy to perform light-induced iniferter RAFT polymerization at
different temperatures some assumptions are made. These assumptions were implemented to
determine and compare the energy consumption between the experiments at 40 °C and 70 °C. Due to
the fact that the polymerization vessel is immersed in a stirred heat bath, there is a temperature
equilibrium between the polymerization solution and the surrounding heat bath. Since the polymer
and monomer concentration change with time and not all the required parameters for water/ethanol
mixtures are available, therefore, only water (as reaction medium) and the water bath are considered
as a model system. In this study, all polymerizations were carried out in a 300 mL water bath and half
of the amount of solvent used for the polymerization was water as well. Therefore, it is assumed that
a polymerization system including 500 mL water in a 600 mL beaker is on top of a hot plate as a heating
source. Heater is required for heating of the water to raise the temperature as well as carrying out the
polymerization at a constant temperature in a given period of time.

Due to the heat transfer to the surrounding environment, the energy is consumed to keep the
temperature constant (non-isothermal system). The heat is transferred out of the beaker on the one
hand through the glass wall and on the other hand through direct contact with air. To keep the
temperature constant, the heat loss must be compensated by heating of the plate. Due to this, the net
heat transferred into or out of the system consists of two contributions: 1) the heating of the water to
the desired temperature (AQpeating-up), @nd 2) the heating of the water to hold it at a constant
temperature in a given time period. The latest term can be estimated using the heat loss through the
glass wall (AQg,ss), and the heat loss through the direct contact of the water surface with the air (AQ,;)
(see Fig. S 11). Other influencing factors for the determination of the energy such as the heat of
reaction generated over time and the heat generated by the blue LED were neglected (the aluminum
cylinder dissipates most of the heat from the LED lamp). As well, the evaporation of solvent is not
considered. All formulas for the calculation as well as material-specific characteristic data were taken

from the VDI Heat Atlas.!
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Fig. S 12: Schematic representation of the heat transfer from the model system.

The required energy AQpqating-yp fOr the heating-up of the water depends on the mass m, the heat
capacity ¢, and the difference in temperature AT and is calculated via

AQheating-up =m - Cy- AT (9)



Part of the heat transferred by time from water to surrounding air through the glass wall was
determined based on the calculation described in the chapter “Fundamentals of calculation methods
for heat conduction, convective heat transfer and thermal radiation” using the example of heat
transfer through a plane wall.! The heat flow is determined by the heat transmission coefficient k, the
lateral surface of the beaker A and the difference in temperature AT.

Qgass =k - A- AT (10)

The heat transmission coefficient k is calculated using the heat transfer coefficient of the water bath
a3, the thickness of the wall Aw, the heat conductivity coefficient of glass A,, and the heat transfer
coefficient of the surrounding air ..

k=1mT (11)

To determine the heat transfer coefficient a; according to equations from the chapter “heat transfer
and power consumption in stirred vessels”,! the Nusselt number Nu for a beam stirrer was calculated
via the following equation with the constant C, the Reynolds number Re, the Prandtl number Pr and
the dynamic viscosity n in which the viscosity term is negligible.

0.14

2 1 n

Nu=C-Re3-Pr3- <—> (12)
Ny

In order to calculate the constant C, the following equation for a vessel with a blade stirrer and without
current breaker is used. In this equation, d stands for diameter and h for height.

R . 0.15
C=06- (dstirrer) 02> . (hliquid )0 s . < hstirrer > (13)
. dvessel dvessel hfill height

The Reynolds number Re from equation 12 was calculated by

2
_ N-dgtirrer P

Re (14)
n
Subsequently the heat transfer coefficient a; was determined by
Nu - A
o= ) (15)

where, A is the conductivity coefficient and d, denotes the vessel diameter.

For the determination of a,, a heat coefficient of 10 W/(m?K) is supposed to use for the determination
of AQ,, and AQ,;, (typical value for a low speed flow of air over a surface).

The heat exchange between the free surface of the water and the ambient air circulating over the
surface occurs mainly via convection. According to the chapter “Heat Transfer in Free Convection:

Fundamentals”, the heat flow Q... was calculated via

air



Qi =az-A-AT (16)

In order to determine the thermal energy change AQg,,; and AQ,;,, the heat flow Oglass as well as Q;,
are multiplied by the duration time of the reaction. For the same 2VP conversion of 50 %, based on the
kinetic data, the reaction time of 12 h and 6 h were respectively determined for the reaction
temperature of 40 °C and 70 °C.

The required power P of the blue LED lamp for the polymerization was determined by experimental
data of the voltage V and current / followed by equation 17.

P=Vv-I (17)
The energy AE ¢p is determined by multiplication of the power P with the reaction time.
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