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Fig. S1 'H NMR spectrum of 4-allylstyrene (400 MHz, CDCls). (* Impurity: n-hexane)
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Fig. S2 'H NMR spectrum of p-(3-butenyl)-styrene (400 MHz, CDCls). (* Impurity: n-hexane)
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Fig. S3 'H NMR spectrum of p-(5-hexenyl)-styrene (4
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00 MHz, CDCl3). (* Impurity: n-hexane)

Table S1 Cationic copolymerization of IB and AS with t-BuCl/FeCls3/iPrOH initiating system?

Yield  Mntheo Mic Fas®  BSBe SS¢  Otherss Cas' Cof T
Samples [AS]:[1B] Mw/Mn
(%) (g/mol)  (g/mol) (%) (%) (%) (%) (%) (%)
PIB-13.1kb 0:100 929 1900 13100 1.37 - - - - - - 651
IBAS-
1:100 946 2000 12400 1.48 071 64 7 29 68.1 952 -636
12.4k-0.7
IBAS-
3:100 91.7 2100 10200 1.56 215 45 10 45 684 934 -617
10.2k-2.1
IBAS-8.3k-
5:100 85.2 2200 8300 1.52 420 42 21 37 757 864 -602
42
IBAS-7.8k-
10:100 86.4 2400 7800 1.69 860 33 47 20 822 874 607
8.6
IBAS-7.8k-
15:100 846 2700 7800 182 1423 24 &2 34 90.8 821 595
14.2

a Conditions: [IB] = 1 mol/L, 20 mL n-hexane/CH,Cl, = 60/40 (v/v), -80°C, polymerization time: 20 min. °
[iPrOH]/[FeCls] = 1.4 (molar ratio), [t-BuCl]/[FeCl5]/[IB] = 1/3/35 (molar ratio). ¢ M, determined by GPC with respect
to a polystyrene standard. ¢ Incorporation of AS determined by *H NMR with Eq. (1). © Molar ratio of monomer

sequence calculated by Eq. (4), (5) and (6). f Conversion of AS and IB calculated by Eq. (7) and (8).

Table S2 Cationic copolymerization of IB and BS with t-BuCl/FeCls/iPrOH initiating system?

C

Mn,theo Mn ngd BSBe Others® Cgsf qgf
NO. [BS]:[IB]

(%) (g/mol)  (g/mol) (%) (%) (%) (%) (%)

:)BSB;S Tk 1:100  96.8 1000 5700 145 08 71 29 834 972
'23255'4'5 k- 3:100 86.1 1000 4500 1.39 245 68 32 730 872
LBSB:“'ZI" 5:100  86.3 1100 4200 1.39 468 70 30 850 86.5
'1%33'64'0"' 10:100  87.9 1200 4000 142 1056 51 49 99.8 845
'13532:,’4'0"' 15:100  85.5 1400 4000 143  15.83 43 57 99.6 79.5

a Conditions: [IB] = 1 mol/L, 20 mL n-hexane/CH,Cl, = 60/40 (v/v), -80°C, polymerization time: 20 min. ®



[iPrOH]/[FeCls] = 1.4 (molar ratio), [t-BuCl]/[FeCl5]/[IB] = 1/3/18 (molar ratio). ¢ M, determined by GPC with
respect to a polystyrene standard. ¢ Incorporation of BS determined by H NMR with Eq. (2). © Molar ratio of
monomer sequence calculated by Eq. (4). f Conversion of BS and IB calculated by Eq. (9) and (10).

Table S3 Cationic copolymerization of IB and HS with t-BuCl/FeClz/iPrOH initiating system?

Yield  Mhtheo M,¢ Fus®  BSBe  Otherse  Cus'  Cgf
NO. [HS]:[1B] M/ My

(%) (g/mol)  (g/mol) (%) (%) (%) (%) (%)

IBHS-14.1k-0.79b 1:100 99.3 2000 14100 143 0.79 65 35 80.1 99.9
IBHS-11.6k-1.86 3:100 86.2 2100 11600 1.49 1.86 53 47 56.5 89.1
IBHS-9.9k-3.42 5:100 815 2200 9900 1.46 3.42 58 42 60.3 85.0
IBHS-9.9k-6.45 10:100 86.3 2600 9900 1.48 6.45 49 51 64.5 935
IBHS-8.8k-11.39 15:100 74.3 2900 8800 1.48 11.39 36 64 66.9 78.1

a Conditions: [IB] = 1 mol/L, 20 mL n-hexane/CH,Cl, = 60/40 (v/v), -80°C, polymerization time: 20 min. b
[iPrOH]/[FeCl3] = 1.4 (molar ratio), [t-BuCl]/[FeCl3]/[IB] = 1/3/35 (molar ratio). < M, determined by GPC with
respect to a polystyrene standard. 9 Incorporation of HS determined by *H NMR with Eq. (3). ¢ Molar ratio of
monomer sequence calculated by Eq. (4). f Conversion of HS and IB calculated by Eq. (11) and (12).
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Fig. S4 (a) GPC traces of P(IB-co-BS) copolymers with various contents of BS units, (b) M, and M,,/M, of P(IB-co-BS)

copolymers.
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Fig. S5 (a) GPC traces of P(IB-co-HS) copolymers with various contents of HS units, (b) M, and M,/M, of P(IB-co-HS)

copolymers.
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Fig. S6 'H NMR spectra of P(IB-co-BS) copolymers with various contents of BS units.
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Fig. S7 'H NMR spectra of P(IB-co-HS) copolymers with various contents of HS units.
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Fig. S8 (a) The P(IB-co-AS), P(IB-co-BS) and P(IB-co-HS) copolymers yields versus various feed ratios, (b)
conversions of AS/BS/HS versus various feed ratios.
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Fig. S9 Fineman-Ross plot for the copolymerization of IB with AS.
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Fig. S10 Fineman-Ross plot for the copolymerization of IB with BS.
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Fig. S11 Fineman-Ross plot for the copolymerization of IB with HS.



Table S4 Copolymerization of IB with AS with t-BuCl/FeCls/iPrOH initiating system at different reaction time 2

Time  Yield M,¢ Fas?  Gasf Csf  BSBe  SS¢  Otherse
NO. M/ My

(s) (%)  (g/mol) (%) (%) (%) (%) (%) (%)
20230426-10s 10 4.0 - - 175 24 41 23 30 47
20230416-30s 30 12.5 - - 120 52 13 25 12 63
20230416-50s 50 24.4 - - 130 114 254 36 23 41
20230416-70s 70 500 3500 1.21 165 303 515 36 29 35
20230416-85s 85 536 3900 1.33 176 305 554 36 10 54
20230416-100s 100 66.1 3900 1.30 183 421 680 31 16 53
20230416-115s 115 69.0 4000 1.35 191 441 709 41 22 37
20230416-130s 130 720 4100 1.41 194 479 738 31 16 53
20230416-165s 165 809 4200 1.37 196 546 829 33 29 38
20230416-200s 200 83.7 4200 1.41 22 608 854 30 24 47
20230416-250s 250 843 4200 156 227 638 858 30 18 52
20230416-300s 300 885 4300 2.73 229 623 906 35 21 44
20230416-400s 400 940 4700 1.72 229 688 959 33 25 42

a Conditions: [IB] = 0.5 mol/L, [AS]/[IB] = 3/100 (molar ratio), 10 mL n-hexane/CH,Cl, = 60/40 (v/v), -80 °C. ®
[iPrOH]/[FeCl5] = 1.4 (molar ratio), [t-BuCl]/[FeCl5]/[IB] = 1/3/18 (molar ratio). < M,, determined by GPC with respect
to a polystyrene standard. ¢ Incorporation of AS determined by 'H NMR with Eq. (1). ¢ Molar ratio of monomer
sequence calculated by Eq. (4), (5) and (6). f Conversion of AS and IB were calculated according to Eq. (7) and Eq.
(8).

Table S5 Copolymerization of IB with BS with t-BuCl/FeCls/iPrOH initiating system at different reaction time 2

Time  Yield Me Fas® Casf Cgf BSBe  Otherse
NO. M/ My

(s) (%) (g/mol) (%) (%) (%) (%) (%)
20231011-5sb 5 0.9 - - 0.72 0.4 0.9 52 48
20231011-10s 10 2.3 - - 0.86 14 2.3 32 68
20231011-15s 15 10.9 - - 0.88 6.5 11.1 50 50
20231011-20s 20 281 - - 1.04 19.9 28.4 39 61
20231011-25s 25 29.8 3800 1.25 1.03 209 301 36 64
20231011-30s 30 33.8 3900 1.26 1.08 249 34.2 48 52
20231011-35s 35 57.1 4400 1.29 1.12 435 57.7 42 58
20231011-40s 40 60.4 4400 1.29 1.19 48.8 60.8 42 58
20231011-45s 45 65.6 4500 1.34 1.09 48.7 66.3 58 42
20231011-50s 50 79.5 4500 1.37 1.20 64.9 80.1 52 48
20231011-60s 60 79.7 4800 1.34 1.25 67.6 80.2 47 53
20231011-100s 100 99.2 4900 1.43 1.22 82.2 99.9 54 46

a Conditions: [IB] = 0.5 mol/L, [BS]/[IB] = 1.5/100 (molar ratio), 10 mL n-hexane/CH,Cl, = 60/40 (v/v), -80 °C. b
[iPrOH]/[FeCls] = 1.4 (molar ratio), [t-BuCl]/[FeCl5]/[IB] = 1/3/18 (molar ratio). ¢ M, determined by GPC with respect
to a polystyrene standard. ¢ Incorporation of BS determined by H NMR with Eq. (2). © Molar ratio of monomer
sequence calculated by Eq. (4). f Conversion of BS and IB were calculated according to Eg. (9) and Eqg. (10).
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Fig. S12 (a)Plots of P(IB-co-AS) yields and conversions of IB and AS versus reaction time and (b)Plots of P(IB-co-BS)

yields and conversions of IB and BS versus reaction time.
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Fig. S13 First order In ([M]o/[M])-time plots for the copolymerization of IB with AS or BS.
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Fig. S14 (a)GPC traces of P(IB-co-AS) and (b)GPC traces of P(IB-co-BS) obtained with t-BuCl/FeCls/iPrOH initiating

system at different reaction time



Table S6 AMI and IMA experiments of IB with AS by using t-BuCl/FeCls/iPrOH initiating system 2

W, Yield M,c Fas®  BSBe  SSe  Otherse Cas' Cif
j M/ M

g (%) (8/mol) (%) (%) (%) (%) (%) (%)
1 027 74.8 6000 1.43 195 51 47 2 50.8 76.7
2 061 84.9 8200 164 259 42 37 21 75.9 85.6
3 098 90.9 9900 154 241 55 40 5 75.8 92.1
4 144 99.8 12200 149 278 55 33 12 95.4 100
5 179 99.4 13300 151 247 54 29 17 84.8 100
6 217 99.9 16700 148 218 64 35 1 75.6 100
7 034 926 5600 151 212 67 30 3 68.2 94.5
8 064 88.0 6200 150 187 64 34 2 57.6 90.7
9 09 86.9 9500 157 227 47 30 23 68.4 88.4
10 134 92.9 10800 153 210 60 38 2 67.8 94.9
1 174 9.6 12600 153 215 60 38 2 721 98.5
12 219 99.9 13100 153 237 55 18 27 81.9 100

a Conditions: [IB] = 1 mol/L, -80 °C, n-hexane/CH,Cl, = 60/40 (v/v), [AS]/[IB] = 3/100 (molar ratio). b [iPrOH]/[FeCls]
= 1.4 (molar ratio), [t-BuCl]/[FeCls] = 1/5 (molar ratio). ¢ M, determined by GPC with respect to a polystyrene
standard. 9 Incorporation of AS is determined by 'H NMR with Eq. (1). ©¢ Molar ratio of monomer sequence calculated
by Eq. (4), (5) and (6). f Conversion of AS and IB were calculated according to Eq. (7) and Eq. (8).
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Fig. S15 GPC traces of P(IB-co-AS) copolymers obtained in IMA experiments.
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Fig. 516 Number of polymer chains versus W, in AMI and IMA experiments.
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Fig. S17 'H NMR spectra of P(IB-co-AS) copolymers in AMI experiments.
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Table S7 Effect of temperature on the copolymerization of 1B with AS initiated with t-BuCl/FeCls/iPrOH system 2

T Yield Mn® Fas  BSB®  SSe  Otherse Casf Cif

Samples Muw/M,
(°0) (%) (g/mol) (%) (%) (%) (%) (%) (%)
IBAS-4.7k-2.24b -80 82.6 4700 147 2.32 42 29 29 66.4 839
IBAS-4.7k-2.18 -75 78.9 4700 1.50 2.25 42 32 26 61.5 80.3
IBAS-4.5k-2.17 -70 82.7 4500 147 2.03 47 40 13 58.5 84.6
IBAS-4.3k-2.34 -65 79.9 4300 1.45 2.19 1 35 64 60.9 814
IBAS-4.0k-2.08 -60 80.5 4000 143 2.12 58 28 14 59.4 82.1
IBAS-3.6k-2.34 -55 75.3 3600 1.40 2.21 69 30 1 579 76.7
IBAS-3.2k-2.59 -50 74.7 3200 1.39 2.45 65 27 8 63.2 75.6
IBAS-2.8k-2.64 -45 62.7 2800 1.38 2.46 78 21 1 53.2 63.4
IBAS-2.54k-2.76 -40 60.8 2500 1.34 2.52 75 18 7 529 615
IBAS-2.2k-2.66 -35 49.3 2200 131 2.66 81 18 1 453 49.7
IBAS-2.0k-3.31 -30 40.4 2000 1.27 3.32 76 22 2 45.8 40.0

a Conditions: [IB] = 1 mol/L, 10 mL n-hexane/CH,Cl, = 60/40 (v/v), polymerization time: 20 min, [iPrOH]/[FeCls] =
1.4 (molar ratio). * [t-BuCl]/[FeCl5]/[IB] = 1/3/18 (molar ratio). < M, determined by GPC with respect to a polystyrene
standard. 9 Incorporation of AS is determined by 'H NMR with Eq. (1). ¢ Molar ratio of monomer sequence calculated
by Eq. (4), (5) and (6). f Conversion of AS and IB were calculated according to Eq. (7) and Eq. (8).

Table S8 Effect of temperature on the copolymerization of IB with BS initiated with t-BuCl/FeCls/iPrOH system @

T Yield Mi¢ Fesd BSBe Otherse Cas Gsf
NO. Mw/M,

) (%) (/mol) (%) (%) (%) (%) (%)

IBBS-5.7k-2.07° -80 88.3 5700 1.49 2.07 54 46 63.6 90.3
IBBS-5.9k-2.49 -75 76.4 5900 1.45 2.49 54 46 65.8 77.3
IBBS-5.0k-2.43 -70 779 5000 141 243 44 56 65.5 78.9
IBBS-4.6k-2.29 -65 79.7 4600 1.48 2.29 58 42 63.3 81.1
IBBS-4.7k-2.28 -60 78.3 4700 1.45 2.28 72 28 619 79.7
IBBS-4.3k-2.48 -55 77.2 4300 141 2.48 79 21 66.2 78.1
IBBS-3.9k-2.37 -50 75.2 3900 1.37 2.37 72 28 61.7 76.3
IBBS-3.6k-2.46 -45 70.3 3600 1.38 2.46 58 42 59.8 71.2
IBBS-2.7k-2.65 -40 68.8 2700 1.38 2.65 63 37 62.9 69.3
IBBS-2.3k-2.63 -35 62.9 2300 1.34 2.63 80 20 57.1 63.4

a Conditions: [IB] = 1 mol/L, 10 mL n-hexane/CH,Cl, = 60/40 (v/v). ® [iPrOH]/[FeCls] = 1.4 (molar ratio),
polymerization time: 20 min, [t-BuCl]/[FeCl5]/[IB] = 1/3/18 (molar ratio). ¢ M, determined by GPC with respect to
a polystyrene standard. @ Incorporation of BS is determined by *H NMR with Eq. (2). ¢ Molar ratio of monomer
sequence calculated by Eq. (4). f Conversion of BS and IB were calculated according to Eq. (9) and Eq. (10).



Table S9 Effect of temperature on the copolymerization of IB with HS initiated with t-BuCl/FeCls/iPrOH system

a

T Yield M ¢ Fugd BSBe Others® Chs Gsf
NO. Muw/Mn
(°0) (%) (g/mol) (%) (%) (%) (%) (%)
IBHS-7.3k-2.12b -80 86.7 7300 1.52 2.12 46 54 64.2 88.9
IBHS-7.1k-2.04 -75 90.7 7100 151 2.04 50 50 64.7 93.2
IBHS-6.7k-1.84 -70 96.3 6700 1.53 1.84 54 46 62.3 99.7
IBHS-6.3k-2.08 -65 95.3 6300 1.48 2.08 71 29 69.3 97.9
IBHS-5.4k-1.92 -60 789 5400 1.47 1.92 72 28 53.1 814
IBHS-5.0k-2.03 -55 69.7 5000 1.46 2.03 67 33 49.5 71.7
IBHS-4.3k-2.15 -50 74.7 4300 1.46 2.15 64 36 56.0 76.5
IBHS-3.4k-2.3 -45 70.7 3400 1.53 23 71 29 56.6 721
IBHS-3.2k-2.26 -40 68.3 3200 1.50 2.26 69 31 53.8 69.8
IBHS-2.8k-2.47 -35 63.2 2800 141 247 67 33 54.1 64.1
IBHS-2.1k-2.41 -30 55.1 2100 1.40 241 76 24 46.1 559

a Conditions: [IB] = 1 mol/L, 10 mL n-hexane/CH,Cl, = 60/40 (v/v), polymerization time: 20 min, [iPrOH]/[FeCls]
= 1.4 (molar ratio). b [t-BuCl]/[FeCls]/[IB] = 1/3/18 (molar ratio). ¢ M, determined by GPC with respect to a
polystyrene standard. 9 Incorporation of HS is determined by *H NMR with Eq. (3). © Molar ratio of monomer
sequence calculated by Eq. (4). f Conversion of HS and IB were calculated according to Eq. (11) and Eq. (12).
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Fig. S20 P(IB-co-AS), P(IB-co-BS) and P(IB-co-HS) copolymer yields at different copolymerization
temperatures.
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Fig. S21 Conversions of AS, BS and HS as a function of copolymerization temperature.
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Fig. $23 GPC curves of P(IB-co-HS) copolymers obtained at different copolymerization temperatures with t-

BuCl/FeCl3/iPrOH initiating system.
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Fig. $24 M,, and M,,/M.,, of P(IB-co-AS) copolymers obtained at different copolymerization temperatures.
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Fig. $25 M, and M,,/M,, of P(IB-co-BS) copolymers obtained at different copolymerization temperatures.
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Fig. $26 M, and M,,/M,, of P(IB-co-HS) copolymers obtained at different copolymerization temperatures.
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Fig. S27 Arrhenius plots of In M, versus 1/T for the copolymerization of IB with BS by using t-BuCl/FeCls/iPrOH

initiating system.
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Fig. $28 Arrhenius plots of In M, versus 1/T for the copolymerization of IB with HS by using t-BuCl/FeCls/iPrOH
initiating system
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Fig. $29 'H NMR spectra of P(IB-co-AS) copolymers at different copolymerization temperatures.
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Fig. $30 1H NMR spectra of (a) P(IB-co-BS) copolymers at different copolymerization temperatures and (b) molar
ratio of olefin end groups in P(IB-co-BS) copolymers at different copolymerization temperatures.
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Fig. $31 'H NMR spectra of (a) P(IB-co-HS) copolymers at different copolymerization temperatures and (b) molar
ratio of olefin end groups in P(IB-co-HS) copolymers at different copolymerization temperatures.

4 =100
= |(d) AFas in P(IB-co-AS) S (b) OBSB sequence in P(IB-co-AS)
£ © Feg in P(IB-c0-BS) 2 © BSB sequence in P(IB-co-BS)
£ W Fyg in P(1B-co-HS) A E’ 80 ¥r BSB sequence in P(IB-co-HS) a
5 2 1
% =
g = -8 g
8 a. 2o 9 p =% |8 60
c '-A-__g o e o £
52 B S g
£ - §
g g 0
(2]
g o
2
= %5 20 1
2 I
S i)
o &
0 T T T T T T O O T T T T T T
-80 -70 -60 -50 -40 -30 -80 -70 -60 -50 -40 -30

Copolymerization temperature (°C)

Fig. $32 (a) Content of AS/BS/HS units and (b) content

copolymerization temperature.

Copolymerization temperature (°C)
of BSB sequence in copolymers as a function of

CHCl, b h T™S
h
a SHsp ol
CHa—g{CHZ—-I:f::_EU-{-:r-.—:4—}_—
CH3 GH. [t
0\\\:,_/0
CH, ©
/'I)H u
O\CIIHQ \'A v+e
w }C
Ul _IBSCOC-3.99% H _}VN\ A f !
IBSCOC-2.87% W !
_k IBSCOC-1.01% " L
T T T T T T T T T T T T T T T
7 6 5 4 3 2 1 0

Chemical shift (ppm)

Fig. S33 'H NMR spectra of epoxy functionalized P(I1B-co-AS) with various contents of epoxy groups. (* Impurity:

ethanol)



