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1. Materials and Characterization:
1.1. Materials
Methyl methacrylate (MMA, Aldrich, 99%), methyl acrylate (MA, Aldrich, 99%), vinyl acetate
(VAc, Aldrich, 99%), styrene (St, Aldrich, 99%), and N-vinylpyrrolidone (NVP, Aldrich, 99%)
were distilled under reduced pressure over calcium hydride prior to polymerization. RAFT agents
include 2-cyano-2-propyl benzodithioate (DTE, Aldrich, 97%), cyanomethyl dodecyl
trithiocarbonate (TTC-CN, Aldrich, 98%), 2-(Dodecylthiocarbonothioylthio)-2-methylpropionic
acid (TTC-COOH, Aldrich, 98%), cyanomethyl methyl(phenyl)carbamodithioate (DTC, Aldrich,
98%) purchased from Aldrich and used without further purifications and (S)-2-(Ethyl propionate)(O-ethyl xanthate) (XAN) was prepared as per literature report 1. Azobisisobutyronitrile (AIBN,
Aldrich, 98%), was used as received. Tetrahydrofuran (THF) was distilled over
sodium/benzophenone mixture before used. Triethyl borane (TEB), Tributyl borane (TBB),
Triisobutyl borane (TIBB) in THF solution (c=1M) was purchased from Aldrich and used without
further purifications.
1.2. Characterizations
All 1H NMR spectra were recorded on a Bruker AVANCE III-400 Hz instrument in CD2Cl2. Gel
permeation chromatography (GPC) were performed on a VISCOTEK VE2001 equipped with PSS
columns (Styragel HR 2 and 4) using THF as an eluent at a flow rate of 1.0 mL/min. A calibration
curve to determine the molecular weight was obtained using a polystyrene standard. The molecular
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weight of Poly(vinyl pyrrolidone) was determined by GPC performed on Agilent liquid
chromatography system using DMF as an eluent at flow rate of 1.0 mL/min and polystyrene
standards. MALDI-TOF MS experiments were carried out by using trans-2-[3-(4-tertbutylphenyl)2-methyl-2-propenylidene]malononitrile (DCTB) as the matrix in THF and NaTFA
as ionizing agent on a Bruker Ultrafex III MALDITOF mass spectrometer (Bruker Daltonik,
Bremen, Germany). UV-visible absorption spectra were recorded between 200 and 600 nm using
a Cary 60 UV-Vis spectrometer (Agilent, Santa Clara, USA). Measurements were conducted for
RAFT-synthesized polymers before and after TEB/O2 treatment in THF (0.25 mg mL−1) in order
to observe absorption maxima at 280 to 310 nm.
2. RAFT Polymerization and end group removal
2.1. Representative procedure for preparation of poly(methyl methacrylate) with a dithiobenzoate
(PMMA-DTE) (Entry 1, Table 1, Scheme 1S):
MMA (2.00 g, 20.0 mmol), AIBN (6.5 mg, 0.04 mmol), and DTE (88.5 mg, 0.4 mmol) were
dissolved in THF (2.0 mL) in a 50 mL Schlenk flask. The reaction flask was degassed with three
freeze-evacuate-thaw cycles, sealed and submerged in a preheated oil bath (70 °C) for 18 h. The
reaction solution after cooling to room temperature was precipitated in n-hexane, the precipitated
polymer was collected by centrifugation and dried in vacuum at 40°C until constant weight to yield
a pink color powder characteristic of polymer synthesized by RAFT polymerization using a DTE.

2.2. Representative procedure for preparation of Poly(styrene) with trithiocarbonate (PS-TTC-CN)
(Entry 3, Table 1, Scheme 1S) :
Styrene (2.08 g, 20.0 mmol), AIBN (6.5 mg, 0.04 mmol), and TTC-CN (127 mg, 0.4 mmol) were
dissolved in THF (1.0 mL) in a 50 mL Schlenk flask. The reaction flask was degassed with three
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freeze-evacuate-thaw cycles, sealed and submerged in a preheated oil bath (70 °C) for 18 h. The
reaction solution was cooled to room temperature and was precipitated in methanol, the
precipitated polymer was collected by centrifugation and dried in vacuum at 40°C until constant
weight to yield a yellow color powder characteristic of polymer synthesized by RAFT
polymerization using a TTC.

2.3. Representative procedure for preparation of Poly(methyl acrylate) with trithiocarbonate
(PMA-TTC-COOH) (Entry 4, Table 1, Scheme 1S) :
MA (2.57 g, 30.0 mmol), AIBN (19.7 mg, 0.12 mmol), and TTC-COOH (218 mg, 0.6 mmol) were
dissolved in THF (2.0 mL) in a 50 mL Schlenk flask. The reaction flask was degassed with three
freeze-evacuate-thaw cycles, sealed and submerged in a preheated oil bath (70 °C) for 18 h. The
reaction solution was cooled to room temperature and was precipitated in hexane, the precipitated
polymer was collected by centrifugation and dried in vacuum at 40°C until constant weight to yield
a yellow color polymer characteristic of polymer synthesized by RAFT polymerization using a
TTC.

2.4. Representative procedure for preparation of Poly(vinyl acetate) with dithiocarbamate (PVAcDTC) (Entry 5, Table 1, Scheme 1S):
VA (2.58g, 30.0 mmol), AIBN (19.50 mg, 0.12 mmol), and DTC (133.2 mg, 0.6 mmol) were
dissolved in THF (1.5 mL) in a 50 mL Schlenk flask. The reaction flask was degassed with three
freeze-evacuate-thaw cycles, sealed and submerged in a preheated oil bath (70 °C) for 18 h. The
reaction solution was cooled to room temperature and was precipitated in n-hexane, the
precipitated polymer was collected by centrifugation and dried in vacuum at 40°C until constant
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weight to yield a light yellow color powder characteristic of polymer synthesized by RAFT
polymerization using a DTC.

2.5. Representative procedure for preparation of Poly(vinyl pyrrolidone) with xanthate (PNVPXAN) (Entry 6, Table 1, Scheme 1S) :
NVP (2.22g, 20.0 mmol), AIBN (13.3 mg, 0.08 mmol), and XAN (89 mg, 0.4 mmol) were
dissolved in THF (2.0 mL) in a 50 mL Schlenk flask. The reaction flask was degassed with three
freeze-evacuate-thaw cycles, sealed and submerged in a preheated oil bath (70 °C) for 6 h. The
reaction solution was cooled to room temperature was precipitated in diethyl ether, the precipitated
polymer was collected by centrifugation and dried in vacuum at 40°C until constant weight.

2.6. Typical thiocarbonylthio end-group removal procedure (PMMA-DTE to PMMA-T):
PMMA-DTE (1.0 g, 0.192 mmol) was dissolved in THF (1.0 mL) in a 10 mL glass vial and TEB
[0.960 mL, (1.0 Molar solution in THF, CAUTION! PYROPHORIC), 0.96 mmol] was added
directly to the reaction mixture and the mixture was allowed to react for 1 min exposing to air till
the decolorization (pink to colorless). After decolorization, the reaction mixture was precipitated
in n-hexane, the precipitated polymer was collected by centrifugation and dried in vacuum at 40°C
until constant weight. Similar procedure were applied for PS-TTC-CN, PMA-TTC-COOH, PVAcDTC and PNVP-XAN for end group removal.

S7

Table S1. MALDI-TOF peaks abbreviations, structure and molar mass (m/z) before and after
TEB/O2 treatment
Entry
1

RAFTpolymers
PMMADTE

MALDI-TOF Before TEB/O2 MALDI-TOF After TEB/O2 treatment
treatment (m/z)
(m/z)
5047.5
5096.7
4995.6
5024.2
5061.7
PMMA-DTE

PMMA-H

PMMA-H

PMMA-Et

-

PMMA-O-OEt
-

2

PS-TTCCN

2941.1

-

PS-TTC-CN

2913.8

2930.8

2981.6

4994.9

PS-Et

PS-O-O-Et

PS-H

PS-PS

4759.6

4788.5

4820.5

-

PMA-Et

PMA-O-O-Et

-

3

PMATTCCOOH

4778.9

4800.7

PMA-TTCCOOH

PMA-TTC- PMA-H
COONa

-

4

5

PVAcDTC

PNVPXAN

4206.2

4139.3

4197.0

4224.84

PVAc-DTC

R-PVAc-H

PVAc-H

PVAc- Et

2798.0

2790.9

2789.9

2819.2

PNVP-XAN

PNVP-H

PNVP-H

PNVP-Et

-

-

-

-

-

-

-

-

*R-PVAc-H originated mainly from AIBN.
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Figure S1. (A) GPC traces and (B) Thermogravimetric analysis (TGA) for PMMA-DTE before
and after treatment with TEB/O2.
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Figure S2. (A) 1H NMR spectra, (B) GPC traces, (C) MALDI-TOF spectra of PS-TTC-CN, (D)
MALDI-TOF spectra of PS-T, (E) UV−vis absorption spectra, and (F) TGA) for PS-TTC-CN
before and after treatment with TEB/O2.
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Figure S3: (A) 1H NMR spectra, (B) GPC traces, (C) MALDI-TOF spectra of PMA-TTC-COOH,
(D) MALDI-TOF spectra of PMA-T, and (E) UV−vis absorption spectra for PMA-TTC-COOH
before and after treatment with TEB/O2.
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Figure S4. (A) 1H NMR spectra, (B) GPC traces, (C) MALDI-TOF spectra of PVAc-DTC, (D)
MALDI-TOF spectra of PVAc-T, and (E) UV−vis absorption spectra, of PVAc-DTC before and
after TEB/O2 treatment.
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Figure S5. (A) 1H NMR spectra, (B) GPC traces using DMF solvent, (C) MALDI-TOF spectra of
PNVP-XAN, and (D) MALDI-TOF spectra of PNVP-T, (E) UV−vis absorption spectra, of PNVPXAN before and after TEB/O2 treatment.
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Figure S6. MALDI-TOF spectra for PS-TTC-CN, PMA-TTC-COOH, PVAc-DTC, and PNVPXAN before and after TEB/O2 treatment.
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Figure S7. (A) 1H NMR spectra (B) GPC traces, and (C) UV-vis absorption spectra of PMMADTE (Mn = 26200 g/mol) before and after treatment with TEB and O2.
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Figure S8. MALDI-TOF spectra of PMMA-T treated with TBB (A) and TiBB (B), and with TEB
in toluene (C) and benzene (D) after end group cleavage reaction.
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Figure S9. Monitoring the cleavage of thiocarbonylthio end group of RAFT-synthesized polymer
in THF-d6 treated by TEB/O2 inside Young’s NMR tube. 1H NMR spectra of mixture PMMADTE and TEB in argon (A), PMMA-DTE after treatment by TEB/O2 (B), ethylene gas was added
into the mixture of PMMA-DTE after treatment TEB/O2 (C).
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Figure S10. GC-MS spectra of the thioester obtained from filtration after precipitation of TEB/O2
treated polymer solution (Scheme 2, product 4).
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Figure S11. MALDI-TOF spectra of PMMA-T treated with TEB in the presence of H-donor
tributyltin hydride.
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