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Experimental Procedures

Materials

All of the poly(ε-caprolactone) (PCL) products were purchased from commercial sources and used as received. 

Benzyl alcohol (BnOH, > 99.9%) was received from Alfa Aesar, distilled by cryo-distillation over calcium hydride 

(CaH2). The BnOH was dissolved into a 1 M solution of toluene as the initiator. Catalyst Mg(HMDS)2 is 

laboratory-made. The ε-caprolactone (ε-CL) used for polymerization was purified after degradation or purchase 

from Aladdin Reagent Co. Ltd. (Shanghai, China). All dry solvents were redistilled after collected from solvent 

purification system and then stored over molecular sieves (4 Å) in a glovebox for no longer than 1 month. 

Chromatographic tetrahydrofuran was purchased from Honeywell LTD for the analysis of GPC measurements. All 

other chemicals were commercially available and used after appropriate purification. 

Instrumentation

NMR: Nuclear magnetic resonance measurements were performed at room temperature on Bruker Advance 

instrument at 400 MHz (1H NMR), 100 MHz (13C NMR), CDCl3 and C6D6 was used as an internal reference. 

GPC: Molecular weights (Mn) and dispersities (Ð) of the polymers were determined by gel permeation 

chromatography (GPC, Agilent 1260 LC, USA) using THF as the eluent (flow rate: 1 mL/min, at 40 °C) and the 

sample concentration was 1 mg/mL.

MALDI-TOF: Matrix-assisted laser desorption/ionization time-of-flight mass spectroscopy (MALDI-TOF MS) 

analyses were conducted on a Bruker Microflex LRF MS spectrometer equipped with a 337 nm nitrogen laser 

operating in a positive ion, linear mode. The sample solutions (10 mg/mL in THF), trans-2-[3-(4-tert-butylphenyl)-

2-methyl-2-propenylidene] malononitrile (DCTB) solution (10 mg/mL in THF) and sodium trifluoroacetate 

aqueous solution (5 mg/mL) were mixed in a volume ratio of 5:25:1, 1μL of which was then deposited on the 

target plate and dried before measurement.

DSC: Differential scanning calorimetry (DSC) measurements were performed on DSC 3500 Sirius. Temperature 

was calibrated with C10H16, indium, tin, bismuth and zinc standard. Measurements were performed under N2 

atmosphere with a flow rate of 20 mL/min. Each sample with a mass of 10 mg was used for the measurement. The 

typical procedures for the measurements of samples were as follows: in the first heating scan, samples were heated 

from -80 °C to 100 °C at a heating rate of 10 °C/min. In the second heating scan, samples were cooled to -80 °C at 

10 °C/min and kept at -80 °C for 5 min to eliminate any thermal history, and subsequently reheated to 100 °C at 10 

°C/min.



General procedure for the preparation of Mg(HMDS)2

Under argon atmosphere protection, di-n-butylmagnesium (50.0 mL, 1 mol/L in hexane, 50 mmol, 1 equiv.) and 

hexamethyldisilazane (21.0 mL, 100 mmol, 2 equiv.) in 50 mL hexane. The reaction mixture was stirred and 

refluxed at 110 °C for 3 h. Removed from heat and cooled to ambient temperature, then the solvent was removed 

in vacuum to give a white solid of Mg[N(SiMe3)2]2 (10.1 g, 58%). 1H NMR (400 MHz, C6D6, 298 K) δ 0.16 (s), 

0.38 (s), 0.45 (s).

General procedure for the polymerization of ε-caprolactone

In a typical polymerization reaction, a dry 5 mL Schlenk tube was first introduced into an argon-filled glovebox. 

Mg[N(SiMe3)2]2 (6.9 mg, 20 μmol, 1 equiv.) and the initiator of BnOH solution (40 μL, 40 μmol, 2 equiv.) were 

added and stirred for five minutes. Polymerizations were carried out in toluene (or bulk). Then, ε-caprolactone ([ε-

CL]0 = 2 mol/L (or 8.7 mol/L), 912 mg, 8 mmol, 200 equiv.) was added. Polymerization was performed at 25 ℃ ~ 

140 ℃. Monomer conversion was monitored by 1H NMR spectrum and calculated by comparing the integration of 

the methylene signals of unreacted monomer to the methylene region of the polymer before precipitation. The 

polymerization products are obtained by rotary evaporation. 1H NMR (400 MHz, CDCl3) δ 4.06 (t, J = 6.7 Hz, 2H), 

2.31 (t, J = 7.5 Hz, 2H), 1.69–1.59 (m, 4H), 1.44–1.32 (m, 2H).

General procedure for the depolymerization of poly(ε-caprolactone)

Depolymerization of poly(ε-caprolactone) was carried out in a round bottom flask. Poly(ε-caprolactone) products 

was added in atmospheric environment. Then, Mg[N(SiMe3)2]2 (0.1 ~ 0.5 mol% with respect to the monomer 

repeat unit of poly(ε-caprolactone)) was loaded in a glovebox. Depolymerization was performed at 180 ℃ ~ 210 

℃ in 0.07 mbar. The depolymerized products were obtained by vacuum distillation. 1H NMR (400 MHz, CDCl3) δ 

4.18 (t, 2H), J = 2.59 (t, 2H), 1.81 (m, J = 10.8, 5.3, 3.2, 2.8 Hz, 2H), 1.72 (m, J = 6.7, 4.7, 2.9 Hz, 4H).

General procedure for the polymerization-depolymerization cycle of ε-CL

First, the polymerization of CL is carried out. In a typical polymerization reaction, a dry 50 mL round bottom flask 

was first introduced into an argon-filled glovebox. Mg[N(SiMe3)2]2 (173 mg, 0.5 mmol, 1 equiv.) and the initiator 

of BnOH solution (1 mL, 1 mmol, 2 equiv.) were added and stirred for five minutes. Then, ε-caprolactone (11.4 g, 

100 mmol, 200 equiv.) was added. Polymerization was performed at 140 ℃. Monomer conversion was monitored 

by 1H NMR spectrum and calculated by comparing the integration of the methylene signals of unreacted monomer 

to the methylene region of the polymer before precipitation. After polymerization, depolymerization is carried out 

in the same reaction system. Depolymerization was performed at 210 ℃ in 0.07 mbar. The depolymerized 



products were obtained by vacuum distillation.

General procedure for the reuse experiment of Mg(HMDS)2 in depolymerization of PCL

First, the reaction flask and collection flask were weighed (round bottom flask). For the first cycle, poly(ε-

caprolactone) granules (88 mmol, 10 g, Mn = 24 kg/mol, Ð = 1.84) and stir bars was added in atmospheric 

environment. In a glove box, the catalyst Mg[N(SiMe3)2]2 (0.088 mmol, 30.4 mg) was added. The reaction was 

started by heating in a sand bath to 210 °C in an argon atmosphere. It reacts at this temperature for 10 hours. The 

mass of the product in the collection vial was then weighed and the product was determined by 1H NMR (400 

MHz, CDCl3). In the second cycle, poly(ε-caprolactone) granules (88 mmol, 10 g, Mn = 24 kg/mol, Ð = 1.84) was 

added under argon protection. It reacts at this temperature for 10 hours. The mass of the product in the collection 

vial was then weighed and the product was determined by 1H NMR. In the third cycle, poly(ε-caprolactone) 

granules (88 mmol, 10 g, Mn = 24 kg/mol, Ð = 1.84) was added under argon protection. It reacts at this 

temperature for 10.5 hours. The mass of the product in the collection vial was then weighed and the product was 

determined by 1H NMR spectrum.

General procedure for the polymer-monomer-polymer close-loop cycle for PCL

The depolymerization of poly(ε-caprolactone) was carried out in a round bottom flask under high vacuum and 210 

°C. Poly(ε-caprolactone) products (200 mmol, 22.8 g) was added in atmospheric environment. Then, 

Mg[N(SiMe3)2]2 (0.2 mmol, 69 mg) was loaded in a glovebox. The depolymerized product was determined by 1H 

NMR spectrum (400 MHz, CDCl3). Subsequently, the product ε-caprolactone monomer (171.9 mmol, 19.6 g) was 

purified by distillation under reduced pressure (1 mbar) at 75 °C. In a typical polymerization reaction, a dry 250 

mL Schlenk tubes was first introduced into an Argon-filled glovebox. Mg[N(SiMe3)2]2 (0.43 mmol, 148 mg) and 

the initiator of BnOH solution (0.86 mmol, 0.86 mL) was added and stirred for five minutes. Polymerizations were 

carried out in toluene. Then, ε-caprolactone ([ε-CL]0 = 2 mol/L, 171.9 mmol, 19.6 g) monomer after purification 

was added. Polymerization was performed at 25 ℃. Monomer conversion was monitored by 1H NMR spectrum. 

The polymerized products were obtained by rotary evaporation. Final shaping at 80 °C.

General procedure for exploring the ceiling temperature of ε-caprolactone polymerization

First, the polymerization of ε-CL is carried out. In a typical polymerization reaction, a dry 10 mL round bottom 

flask was first introduced into an argon-filled glovebox. Mg[N(SiMe3)2]2 (17.3 mg, 0.05 mmol, 1 equiv.) and the 

initiator of BnOH solution (0.1 mL, 0.1 mmol, 2 equiv.) were added. Then, toluene (5 mL, solution polymerization) 

and ε-caprolactone (1.14 g, 10 mmol, 200 equiv.) was added. Polymerization was performed at 60 °C, 80 °C, 100 



°C, 120 °C and 140 °C. Monomer conversion was monitored by 1H NMR spectrum and calculated by comparing 

the integration of the methylene signals of unreacted monomer to the methylene region of the polymer. The 

methylene peak of ε-CL was confirmed by adding a small amount of ε-caprolactone in the reaction system to 

determine the peak position. Because the methylene peak of ε-CL overlapped with the satellite peak of the 

methylene peak of PCL, the peak area of ε-caprolactone was subtracted from one overlapping satellite peak by 

another unoverlapping satellite peak. Finally, the entropy and enthalpy changes of ε-caprolactone polymerization 

were obtained by the Van’t Hoff plot of ln[ε-CL]eq versus 1/T. Thus, the ceiling temperature of ε-caprolactone 

polymerization was obtained by equation 2.

ln[ε-CL]eq = ΔHp
○/RT − ΔSp

○/R…………………………………………………………………………………….(1)

ΔG = ΔHp
○ − ΔSp

○/T………………………………………………………………………………………………..(2)

Scheme S1. 

PCL (22.8 g) -CL (19.6 g) PCL (19 g)



Table S1. Optimization of depolymerization conditions of poly(ε-caprolactone)

Entrya [ε-CL]0/[Cat.]0 Pressure [mbar] nb [mmol]
Time 

[h]

Temp. 

[℃]

Conv.c 

[%]

Yieldd 

[%]

1 50:1 1013 10 10 180 >99 <5

2 50:1 0.07 10 10 180 >99 39

3e 50:1 0.07 10 10 180 >99 20

4 50:1 0.07 44 10 180 >99 70

5 1000:1 0.07 100 10 210 >99 84

a Conditions: depolymerizations were carried out in bulk, catalyst (0.1-2 mol% with respect to the monomer repeat 

unit of poly(ε-caprolactone)), pressure: 0.07 mbar. Raw materials for thermoplastic granule (Mn = 24 kg/mol, Ð = 

1.84). b Moles of ε-CL monomer. c Conversion was measured by 1H NMR. d The ε-caprolactone monomer yield 

was measured by weighing. e Polyethylene glycol monomethyl ether was used as solvent. 

Table S2. Depolymerization of poly(ε-caprolactone) by other conditions

Entrya [ε-CL]0/[Cat.]0 nb [mmol] Time [h] Temp. [℃] Conv.c [%] Yieldd [%]

1e 50:1 10 8 180 >99 60

2 50:1 10 11 100 0 0

3 50:1 10 8 180 >99 70

4f 250:1 44 9 210 >99 < 5

5 250:1 88 12 180 >99 82

6 500:1 200 6 210 >99 89

a Conditions: depolymerizations were carried out in bulk, catalyst (0.1-5 mol% with respect to the monomer repeat 

unit of poly(ε-caprolactone)), pressure: 0.07 mbar. Raw materials for thermoplastic granule (Mn = 24 kg/mol, Ð = 

1.84). b Moles of ε-CL monomer. c Conversion was measured by 1H NMR. d The ε-caprolactone monomer yield 

was measured by weighing. e Raw materials for cleaned poly(ε-caprolactone) factory waste. f Pressure: 2 mbar. 



Table S3. Polymerization of ε-caprolactone

Entrya [M]:[Cat.]:[I]
Temp. 

[°C]
Time [h]

Conv.b 

[%]

Mn,calcd
c 

[kg/mol]
Mn,GPC

d [kg/mol] Ðd

1 400:1:4 25 7 >99 11.4 16.4 1.3

2 1000:1:2 100 8 93 53 35.7 1.4

3e 400:1:1 100 3 >99 45.6 37.1 1.8

a Polymerizations were carried out in toluene, [ε-CL]0 = 2 mol/L, catalyst: Mg(HMDS)2, Initiator: benzyl alcohol. b 

Conversion was determined by 1H NMR. c Calculated molecular weight based on [M]0/[I]0 ratio and conversion. d 

Apparent number-average molar mass (Mn,GPC) and dispersity (Ð) values were determined by GPC in THF at 40 

°C using polystyrene standards for calibration, and corrected using the factor 0.56 for PCL. e Initiator: terephthalyl 

alcohol.
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Figure S1. 1H NMR spectrum of Mg(HMDS)2 (400 MHz, C6D6, 25 °C).
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Figure S2. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 1, entry 1)
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Figure S3. MALDI-TOF analysis for PCL induced by benzyl alcohol. (Table 1, entry 1)
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Figure S4. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 1, entry 1)
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Figure S5. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 1, entry 2)
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Figure S6. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 1, entry 2)
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Figure S7. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 1, entry 3)
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Figure S8. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 1, entry 3)
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Figure S9. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 1, entry 4)
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Figure S10. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 1, entry 4)
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Figure S11. 1H NMR spectrum of equilibrium monomer concentration of ε-caprolactone bulk polymerization at 

110 ℃ (400 MHz, CDCl3, 25 °C).
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Figure S12. 1H NMR spectrum of equilibrium monomer concentration of ε-caprolactone solution polymerization 

at 120 ℃ (400 MHz, CDCl3, 25 °C, Figure 1).

Figure S13. Van’t Hoff plot of the Mg(HMDS)2-catalyzed ROP of ε-CL in bulk.
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Figure S14. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 2, entry 1)

Figure S15. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 1)



Figure S16. GPC analysis for the depolymerization PCL (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 1)
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Figure S17. MALDI-TOF analysis for the depolymerization PCL. (Table 2, entry 1)
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Figure S18. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 2, entry 2)

Figure S19. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 2)



Figure S20. GPC analysis for the depolymerization PCL (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 2)
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Figure S21. 1H NMR spectrum of PCL (400 MHz, CDCl3, 25 °C). (Table 2, entry 3)
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Figure S22. GPC analysis for PCL (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 3)

Figure S23. GPC analysis for the depolymerization PCL at 6 h (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 3)



Figure S24. GPC analysis for the depolymerization PCL at 12 h (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 4)

Figure S25. 1H NMR spectrum of the residual product after depolymerization at 180 ℃ in 0.07 mbar (400 MHz, 
CDCl3, 25 °C).
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Figure S26. 1H NMR spectrum of ε-CL monomer after degradation (400 MHz, CDCl3, 25 °C).
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Figure S27. 13C NMR spectrum of ε-CL monomer after degradation (100 MHz, CDCl3, 25 °C).
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Figure S28. Mass spectrometry (MS) of ε-CL monomer by evaporation (Acetonitrile (HPLC), 180 ℃).

Figure S29. GPC analysis for PCL granule (flow rate: 1 mL/min, at 40 °C). (Table 3, entries 1-4)



Figure S30. GPC analysis for the depolymerization of PCL in the presence of Zn(HMDS)2 (flow rate: 1 mL/min, 

at 40 °C). (Table 3, entry 1)

Figure S31. GPC analysis for the depolymerization of PCL at 1 h with 4% conversion (flow rate: 1 mL/min, at 40 

°C).



Figure S32. GPC analysis for the depolymerization of PCL at 3 h with 10% conversion (flow rate: 1 mL/min, at 

40 °C).

Figure S33. GPC analysis for the depolymerization of PCL at 6 h with 27% conversion (flow rate: 1 mL/min, at 

40 °C).



Figure S34. GPC analysis for the depolymerization of PCL at 10 h with 48% conversion (flow rate: 1 mL/min, at 

40 °C).

Figure S35. GPC analysis for the depolymerization of PCL at 13 h with 70% conversion (flow rate: 1 mL/min, at 

40 °C).



Figure S36. GPC analysis of molecular weight PCL (2000 g/mol) (flow rate: 1 mL/min, at 40 °C). (Table 3, entry 

5)

Figure S37. GPC analysis of molecular weight PCL (10000 g/mol) (flow rate: 1 mL/min, at 40 °C). (Table 3, entry 

6)



Figure S38. GPC analysis of molecular weight PCL (50000 g/mol) (flow rate: 1 mL/min, at 40 °C). (Table 3, entry 

7)

Figure S39. GPC analysis for the depolymerization of PCL at 15% conversion (flow rate: 1 mL/min, at 40 °C, 

Figure 4).



Figure S40. GPC analysis for the depolymerization of PCL at 20% conversion (flow rate: 1 mL/min, at 40 °C, 

Figure 4).

Figure S41. GPC analysis for the depolymerization of PCL at 25% conversion (flow rate: 1 mL/min, at 40 °C, 

Figure 4).



Figure S42. GPC analysis for the depolymerization of PCL at 30% conversion (flow rate: 1 mL/min, at 40 °C, 

Figure 4).

Figure S43. GPC analysis for the depolymerization of PCL at 35% conversion (flow rate: 1 mL/min, at 40 °C, 

Figure 4).



Figure S44. Three different PCL products. (a) nasal bridge plate. (b) 3D printing material (colors). (c) 3D printing 

material (white).

Figure S45. GPC analysis for nasal bridge plate (flow rate: 1 mL/min, at 40 °C). (Table 4, entry 1)



Figure S46. GPC analysis for 3D printed material (colors) (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 2)

Figure S47. GPC analysis for 3D printed material (white) (flow rate: 1 mL/min, at 40 °C). (Table 2, entry 3)



Figure S48. DSC analysis for nasal bridge plate in the first heating scan.

Figure S49. Overlay of the DSC curves of nasal bridge plate.



Figure S50. DSC analysis for 3D printed material (colors) in the first heating scan.

Figure S51. Overlay of the DSC curves of 3D printed material (colors).



Figure S52. DSC analysis for 3D printed material (white) in the first heating scan.

Figure S53. Overlay of the DSC curves of 3D printed material (white).



Figure S54. DSC analysis for the polymerized PCL in the first heating scan.

Figure S55. Overlay of the DSC curves of the polymerized PCL.


