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Figure S 1 1H NMR and 13C NMR spectra of BnSPPS. a) 1H NMR (500 MHz, CDCl3) δ 2.91-
2.80 (m, −S−CH2−CH(CH3)−S−), 2.65-2.58 (m, −S−CH2−CH(CH3)−S−), 1.39 (m, 
−S−CH2−CH(CH3)−S−). b) 13C NMR (126 MHz, CDCl3) δ 41.14 (−S−CH2−CH(CH3)−S), 38.18 
(−S−CH2−CH(CH3)−S), 20.63 (−S−CH2−CH(CH3)−S−). 

Figure S 2 DSC analysis of targeted 30k PPS with BnSAlMe2. The data from the second heating 
curve were collected which reveals one Tg at -41 °C.
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Figure S 3 ESI-MS characterization of the targeted 5kg/mol PPS.
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Figure S 4 1H NMR spectrum of propylene sulfide monomer. Three species are present consisting 
of propylene sulfide (majority), butane thiol (ca. 1.6 mol%), propene thiol (ca. 0.28 mol%).
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Figure S 5. COSY spectrum of PS monomer. At this intensity, clear correlations consistent with 
propylene sulfide and butane thiol are present.
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Figure S 6. COSY spectrum of PS monomer showing correlation peaks between protons adjacent 
to a sulfur and protons associated with allyl group, consistent with propene thiol.

Figure S 7 DSC analysis of (a) poly(ECH-stat-PS) and (b) poly(PO-stat-PS). The data from the 
second heating curve were collected which reveals one Tg at -40 °C for poly(ECH-stat-PS) and 
one Tg at -46 °C for poly(PO-stat-PS).



10

Figure S 8 1H NMR and 13C NMR spectra of poly(ECH-stat-PS). a) 1H NMR (500 MHz, CDCl3) 
δ 3.80-3.29 (bm, −O−CH2−CH(CH2Cl)−O−), 3.16-2.51 (bm, −S−CH2−CH(CH3)−S−),  1.63-1.54 
(m, −O−CH2−CH(CH2Cl)−O− and −S−CH2−CH(CH3)−S−), 1.40-1.33 (m, 
−S−CH2−CH(CH3)−S−),   1.37-1.17 O−CH2−CH(CH2Cl)−O− and −S−CH2−CH(CH3)−S−). b) 
13C NMR (126 MHz, CDCl3) 79.37(−O−CH2−CH(CH2Cl)−O−), 75.58 
(−O−CH2−CH(CH2Cl)−O−), 44.72 (−O−CH2−CH(CH2Cl)−O−), 41.16 (−S−CH2−CH(CH3)−S−)  
, 38.39 (−O−CH2−CH(CH2Cl)−O− and −S−CH2−CH(CH3)−S−), 20.63 (−S−CH2−CH(CH3)−S−), 
 20.85 (−O−CH2−CH(CH2Cl)−O− and −S−CH2−CH(CH3)−S−), 18.59 (−S−CH2−CH(CH3)−S−).

Figure S 9 1H NMR and 13C NMR spectrum of poly(PO-stat-PS).  (a) 1H NMR (500 MHz, CDCl3) 
δ 3.83-3.24 (bm, −O−CH2−CH(CH3)−O−), 3.10-2.41 (bm, −S−CH2−CH(CH3)−S−,  
−O−CH2−CH(CH3)−O− and −S−CH2−CH(CH3)−S−), 1.32-1.42 (m, −S−CH2−CH(CH3)−S−), 
1.30-1.19 (bm, −O−CH2−CH(CH3)−O− and −S−CH2−CH(CH3)−S−), 1.17-1.04 (m, 
−O−CH2−CH(CH3)−O−). (b) 13C NMR (126 MHz, CDCl3) δ75.85 (−O−CH2−CH(CH3)−O−), 
73.34 (−O−CH2−CH(CH3)−O−), 72.90 (−O−CH2−CH(CH3)−O− and −S−CH2−CH(CH3)−S), 
41.23 (−S−CH2−CH(CH3)−S−), 38.10 (−S−CH2−CH(CH3)−S−), 20.8 (−O−CH2−CH(CH3)−O− 
and −S−CH2−CH(CH3)−S), 19.3 (−S−CH2−CH(CH3)−S−), 17.4 (−O−CH2−CH(CH3)−O−).
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Figure S 10 SEC traces of (a) poly(ECH-stat-PS) and (b) poly(PO-stat-PS). For poly(ECH-stat-
PS), the Mn is determined to be 29.2 kg/mol with Ð of 1.56. And for or poly(PO-stat-PS), the Mn 
is determined to be 30.8 kg/mol with Ð of 1.21. 

Figure S 11 SEC traces of (a) P(ECH-b-PS) and (b) P(PO-b-PS). For poly(ECH-b-PS), the Mn is 
determined to be 29.9 kg/mol with Ð of 1.74. And for poly(PO-b-PS), the Mn is determined to be 
29.6 kg/mol with Ð of 1.32. And 
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Figure S 12 DSC analysis of (a) poly(ECH-b-PS) and (b) poly(PO-b-PS). The data from the 
second heating curve were collected which reveals two Tg at -40 °C and -29 °C for PPS and PECH 
blocks, respectively. For poly(PO-b-PS) two Tg at -70 °C and -47 °C for PPO and PPS blocks, 
respectively.

Figure S 13 1H NMR and 13C NMR spectrum of poly(ECH-b-PS). (a) 1H NMR (500 MHz, CDCl3) 
δ 3.77-3.55 (bm, −O−CH2−CH(CH2Cl)−O−), 2.91-2.80 (m, −S−CH2−CH(CH3)−S−), 2.65-
2.58 (m, −S−CH2−CH(CH3)−S−), 1.35 (m, −S−CH2−CH(CH3)−S−). (b) 13C NMR (126 MHz, 
CDCl3) δ 78.97 (−O−CH2−CH(CH2Cl)−O−), 69.51 (−O−CH2−CH(CH2Cl)−O), 43.47 
(−O−CH2−CH(CH2Cl)−O−), 41.17 (−S−CH2−CH(CH3)−S−), 38.24 (−S−CH2−CH(CH3)−S−), 
20.86 (−S−CH2−CH(CH3)−S−).
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Figure S 14 1H NMR and 13C NMR spectrum of poly(PO-b-PS). (a) 1H NMR (500 MHz, CDCl3) 
δ 3.72−3.2 (bm, −O−CH2−CH(CH3)−O−), 2.91-2.54 (bm, −S−CH2−CH(CH3)−S−), 1.31 (m, 
−S−CH2−CH(CH3)−S−), 1.11 (m, −O−CH2−CH(CH3)−O−). (b) 13C NMR (126 MHz, CDCl3) δ 
75.26 (−O−CH2−CH(CH3)−O−), 73.35 (−O−CH2−CH(CH3)−O−), 40.6 (−S−CH2−CH(CH3)−S−), 
37.9 (−S−CH2−CH(CH3)−S−), 20.98 (−S−CH2−CH(CH3)−S−), 16.83 (−O−CH2−CH(CH3)−O−).
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Figure S 15 SAXS data for P(ECH-b-PS) and P(ECH-stat-PS). Small-angle x-ray scattering 
(SAXS) revealed a weak shoulder peak at Q ~0.015 Å-1, indicating weak phase separation behavior 
for P (ECH-b-PS) block copolymer.

Figure S 16 1H NMR and 13C NMR spectra of BnOPPS. a) 1H NMR (500 MHz, CDCl3) δ 2.91-
2.80 (m, −S−CH2−CH(CH3)−S−), 2.65-2.58 (m, −S−CH2−CH(CH3)−S−), 1.39 (m, 
−S−CH2−CH(CH3)−S−). b) 13C NMR (126 MHz, CDCl3) δ 41.14 (−S−CH2−CH(CH3)−S), 38.18 
(−S−CH2−CH(CH3)−S), 20.63 (−S−CH2−CH(CH3)−S−). 
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Figure S 17 SEC trace of targeted 30k BnOPPS. the Mn is determined to be 31.6 kg/mol with Ð 
of 1.32.

Figure S 18 DSC trace of BnOPPS. The data from the second heating curve were collected 
which reveals one Tg at -42 °C.
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Figure S 191H NMR and 13C NMR spectra of d-H initiator. (a) 1H NMR (500 MHz, CDCl3) δ 1.7-
3.41 (b, 2(CH3)Al-CH2CH2CH2S-Al(CH3)2, 6H), -0.92-0.24 (b, 2(CH3)Al-CH2CH2CH2S-
Al(CH3)2, 6H). Peaks at 0.88 and 1.26 in 1H NMR spectrum, are corresponded to hexane. (b) 13C 
NMR (126 MHz, CDCl3) δ 29.65 2(CH3)Al-CH2CH2CH2S-Al(CH3)2, 27.73 2(CH3)Al-
CH2CH2CH2S-Al(CH3)2, 11.312(CH3)Al-CH2CH2CH2S-Al(CH3)2. Peaks at 14.14, 22.53, and 33.8 
in 13C NMR spectra are corresponded to hexane. Broadening effects of the peaks are observed due 
to oligomerization in 1H NMR spectrum
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Figure S 20 1H–1H correlation spectrum for d-H initiator. Only one half of the spectrum is shown 
for clarity. The spectrum suggests that there are three distinct species: single d-H initiator, 
dimerized, and trimerized form of d-H initiator, connect the peaks on the X- and Y-axes that are 
correlated with one another. The scheme below the diagonal represents the chemical structure of 
the species present. The peak assignments for the spectra are labeled here. Detailed peak 
assignments are listed in the methods section.

Figure S 21 SEC trace of d-h PPS. The Mn is determined to be 34.5 kg/mol with Ð of 1.37. 
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Figure S 22 1H NMR and 13C NMR spectrum of d-H poly(PS-b-PO). (a) 1H NMR (500 MHz, 
CDCl3) δ 3.72−3.2 (bm, −O−CH2−CH(CH3)−O−), 2.91-2.54 (bm, −S−CH2−CH(CH3)−S−), 1.31 
(m, −S−CH2−CH(CH3)−S−), 1.11 (m, −O−CH2−CH(CH3)−O−). (b) 13C NMR (126 MHz, CDCl3) 
δ 75.26 (−O−CH2−CH(CH3)−O−), 73.35 (−O−CH2−CH(CH3)−O−), 40.6 
(−S−CH2−CH(CH3)−S−), 37.9 (−S−CH2−CH(CH3)−S−), 20.98 (−S−CH2−CH(CH3)−S−), 16.83 
(−O−CH2−CH(CH3)−O−).

Figure S 23 SEC trace of d-H poly(PS-b-PO). The Mn is determined to be 29.8 kg/mol with Ð of 
1.39.
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Figure S 24 DSC analysis of d-H poly(PS-b-PO). The data from the second heating curve were 
collected which reveals two Tgs at -66 °C and -45 corresponded to PECH and PPS blocks. 

Figure S 25. SAXS data for the synthesized copolymer. The phase behavior of the d-H poly(PS-b-
PO) reveals clear micro-phase separation for the block polymer synthesized with the d-H initiators 
with a notable peak at Q ~ 0.02  for d-H P(PS-b-PO).Å ‒ 1
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Figure S 26 1H NMR and 13C NMR spectrum of PEG-b-PPS a) 1H NMR (500 MHz, CDCl3) δ 
3.65-3.48 (b, −O−CH2−CH2−O−), 2.92-2.78 80 (m, −S−CH2−CH(CH3)−S−), 2.66-2.59 (m, 
−S−CH2−CH(CH3)−S−), 1.38  (m, −S−CH2−CH(CH3)−S−). b) 13C NMR (126 MHz, cdcl3) δ 
70.55 (−O−CH2−CH2−O−), 41.26 (−S−CH2−CH(CH3)−S−), 38.38 (−S−CH2−CH(CH3)−S−), 
20.79 (−S−CH2−CH(CH3)−S−).

Figure S 27 DSC analysis of PEG-b-PPS. The data from the second heating curve were collected 
which reveals one Tg at -41 °C for PPS block and another Tm at 58 °C.
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Figure S 28  1H NMR and 13C NMR spectrum of BnSAlMe2. a) 1H NMR (500 MHz, CDCl3) δ 
7.38 – 7.21 (m, 5H, PhCH2S-Al(CH3)2), 3.91 (s, 2H, PhCH2S-Al(CH3)2), -0.43 (s, 6H, 
PhCH2SAl(CH3)2). b) 13C NMR (126 MHz, CDCl3) δ141.46, 128.56, 127.97, 126.89 (PhCH2S-
Al(CH3)2, 32.00 (PhCH2S-Al(CH3)2), 28.78 (PhCH2S-Al(CH3)2).

Figure S 29 1H NMR and 13C NMR spectrum of PrSAlMe2. a) 1H NMR (500 MHz, CDCl3) δ 2.62 
(m, 2H, CH3CH2CH2S-Al(CH3)2), 1.65 (dq, 2H, CH3CH2CH2S-Al(CH3)2), 1.04-0.95 (m, 3H, 
CH3CH2CH2S-Al(CH3)2), -0.49 (S, 6H, CH3CH2CH2S-Al(CH3)2). b) 13C NMR (126 MHz, CDCl3) 
δ 30.33 (CH3CH2CH2S-Al(CH3)2), 25.97 (CH3CH2CH2S-Al(CH3)2), 13.15 (CH3CH2CH2S-
Al(CH3)2), -9.21 (CH3CH2CH2S-Al(CH3)2).
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Figure S 30 1H NMR and 13C NMR spectrum of d-H PPS. (a) 1H NMR (500 MHz, CDCl3) δ 2.91-
2.80 (m, −S−CH2−CH(CH3)−S−), 2.65-2.58 (m, −S−CH2−CH(CH3)−S−), 1.39 (m, 
−S−CH2−CH(CH3)−S−). (b) 13C NMR (126 MHz, CDCl3) δ13C NMR (126 MHz, CDCl3) δ 41.14 
(−S−CH2−CH(CH3)−S), 38.18 (−S−CH2−CH(CH3)−S), 20.63 (−S−CH2−CH(CH3)−S−). 

 

Figure S 31 DSC analysis of d-H PPS. The data from the second heating curve were collected 
which reveals one Tg at -41 °C.
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Figure S 32  1H NMR and 13C NMR spectrum of BnOAlMe2. a) 1H NMR (500 MHz, CDCl3) δ 
7.47 – 7.38 (m, 5H, PhCH2O-Al(CH3)2), 3.33 (s, 2H, PhCH2O-Al(CH3)2), 0.15 - -0.6 (s, 6H, 
PhCH2OAl(CH3)2). b) 13C NMR (126 MHz, CDCl3) δ138.64, 137.57, 130.04, 126.69 (PhCH2O-
Al(CH3)2, 50.76 (PhCH2O-Al(CH3)2), -7.71 (PhCH2O-Al(CH3)2).


