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Calculation of Mn 

Number average molecular weight was calculated using 1H NMR and an example for a copolymer of 

PiPGE-stat-PAGE-b-PEG-b-PiPGE-stat-PAGE is given. The Mn of PEG is 8k Da which corresponds to 

approximately 182 ethylene glycol units per macroinitiator. If we use Figure S3 as the example spectrum 

then the number of isopropyl and allyl glycidyl ether units can be calculated by finding the PEG to PiPGE 

and PEG to PAGE ratio. The integration for the peak at 2 ppm corresponds to the methyl groups on iPGE 

and is usually set to 1. The peaks between 3.2 and 3.9 correspond to protons e-m and were integrated 

to a value of 8, and the peaks at 4, 5.1 to 5.3, and 5.9 ppm corresponding to proton a-d equaled a total 

of 0.125. Since iPGE and AGE have peaks that overlap in the 3.5 ppm region, their contribution to the 

overall integration must be subtracted as shown below. 

182 𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 𝑔𝑙𝑦𝑐𝑜𝑙 𝑢𝑛𝑖𝑡𝑠

(
6 𝑃𝑖𝑃𝐺𝐸 𝐶𝐻3

4 𝑃𝐸𝐺 𝐶𝐻2
) ∗ (8 − 1 − 0.125)

= 17.6 𝑖𝑃𝐺𝐸 𝑢𝑛𝑖𝑡𝑠 

Then, the integrations for PAGE allyl and vinyl protons at 4, 5.1 to 5.3, and 5.9 ppm can be summed and 

multiplied by the number of iPGE units to give the number of AGE units as shown below. 

0.125 ∗
6 𝑃𝑖𝑃𝐺𝐸 𝐶𝐻3

5 𝑃𝐴𝐺𝐸 𝐶𝐻2 + 𝐶𝐻
∗ 17.6 = 2.6 𝐴𝐺𝐸 𝑢𝑛𝑖𝑡𝑠 

Supplementary Experimental Details 

Synthesis of poly(allyl glycidyl ether)-b-poly(ethylene glycol)-b-poly(allyl glycidyl ether) (PAGE-b-PEG-

b-PAGE) 

PEG (10 g, 1.25 mmol, Mn = 8,000 g/mol) was dried under reduced pressure in a reaction vessel at 50 °C 

overnight. THF (100 mL) was added under an argon atmosphere to dissolve PEG at room temperature. 

Potassium naphthalenide solution was titrated into the flask until a slight green color persisted, 

indicating that the hydroxyl groups of the PEG have been fully deprotonated. The reaction vessel was 

then warmed to 30 °C and AGE (4 mL, 34 mmol) was added via buret. The reaction was left to stir for 48 

h and was quenched with degassed acidic methanol (10 mL, 1 v/v % acetic acid). The reaction mixture 

was concentrated under reduced pressure and added to cold diethyl ether to precipitate. The resulting 

suspension was poured into centrifuge tubes and spun at 4400 rpm for 10 min. The supernatant was 

decanted and resulting material was dried in a vacuum oven to afford a white solid. 1H NMR (500 MHz, 

CDCl3): δ 5.86-5.95 (m, 1 H, CH2-CH=CH2), 5.15-5.30 (m, 2 H, CH2-CH=CH2), 4.01 (s, 2 H, O-CH2-CH=CH2), 

3.47-3.89 (m, 4 H, + 5 H, PEG backbone, PAGE backbone). Mn = 10800 g/mol (determined by 1H NMR 500 

MHz, CDCl3). Đ = 1.11 (determined by SEC using RI detection and CHCl3 as eluent). 

Synthesis of poly(ethyl glycidyl ether)-b-poly(ethylene glycol)-b-poly(ethyl glycidyl ether) (PEGE-b-

PEG-b-PEGE) 

PEG (10 g, 1.25 mmol, Mn = 8,000 g/mol) was dried under reduced pressure in a reaction vessel at 50 °C 

overnight. THF (100 mL) was added under an argon atmosphere to dissolve PEG at room temperature. 

Potassium naphthalenide solution was titrated into the flask until a slight green color persisted, 

indicating that the hydroxyl groups of the PEG have been fully deprotonated. The reaction vessel was 

then warmed to 50 °C and EGE (4.8 mL, 44 mmol) was added via buret. The reaction was left to stir for 

48 h and was quenched with degassed acidic methanol (10 mL, 1 v/v % acetic acid). The reaction mixture 



was concentrated under reduced pressure and added to cold diethyl ether to precipitate. The resulting 

suspension was poured into centrifuge tubes and spun at 4400 rpm for 10 min. The supernatant was 

decanted and resulting material was dried in a vacuum oven to afford a white solid. 1H NMR (500 MHz, 

CDCl3): δ 3.48-3.92 (m, 4 H, + 7 H, PEG backbone, PEGE backbone), 1.18-1.19 (m, 3 H, O-CH2CH3). Mn = 

11300 g/mol (determined by 1H NMR 500 MHz, CDCl3). Đ = 1.11 (determined by SEC using RI detection 

and CHCl3 as eluent). 

Synthesis of poly(isopropyl glycidyl ether)-stat-poly(allyl glycidyl ether)-b-poly(ethylene glycol)-b-

poly(isopropyl glycidyl ether)-stat-poly(allyl glycidyl ether) (PiPGE-stat-PAGE-b-PEG-b-PiPGE-stat-

PAGE) 

PEG (10 g, 1.25 mmol, Mn = 8,000 g/mol) was dried under reduced pressure in a reaction vessel at 50 °C 

overnight. THF (100 mL) was added under an argon atmosphere to dissolve PEG at room temperature. 

Potassium naphthalenide solution was titrated into the flask until a slight green color persisted, 

indicating that the hydroxyl groups of the PEG have been fully deprotonated. The reaction vessel was 

then warmed to 30 °C AGE (0.72 mL, 6.1 mmol) and iPGE (3.3 mL, 26 mmol) were added via burets. The 

reaction was left to stir for 48 h and was quenched with degassed acidic methanol (10 mL, 1 v/v % acetic 

acid). The reaction mixture was concentrated under reduced pressure and added to cold diethyl ether to 

precipitate. The resulting suspension was poured into centrifuge tubes and spun at 4400 rpm for 10 min. 

The supernatant was decanted and resulting material was dried in a vacuum oven to afford a white 

solid. 1H NMR (500 MHz, CDCl3): δ 5.88-5.97 (m, 1 H, CH2-CH=CH2), 5.16-5.28 (m, 2 H, CH2-CH=CH2), 3.99 

(s, 2 H, O-CH2-CH=CH2), 3.47-3.89 (m, 4 H, + 5 H, + 6 H, PEG backbone, PAGE backbone, PiPGE 

backbone), 1.14-1.21 (d, 6 H, O-CH-2CH3). Mn = 10700 g/mol (determined by 1H NMR 500 MHz, CDCl3). Đ 

= 1.11 (determined by SEC using RI detection and CHCl3 as eluent). 

Synthesis of poly(ethyl glycidyl ether)-stat-poly(allyl glycidyl ether)-b-poly(ethylene glycol)-b-

poly(ethyl glycidyl ether)-stat-poly(allyl glycidyl ether) (PEGE-stat-PAGE-b-PEG-b-PEGE-stat-PAGE) 

PEG (10 g, 1.25 mmol, Mn = 8,000 g/mol) was dried under reduced pressure in a reaction vessel at 50 °C 

overnight. THF (100 mL) was added under an argon atmosphere to dissolve PEG at room temperature. 

Potassium naphthalenide solution was titrated into the flask until a slight green color persisted, 

indicating that the hydroxyl groups of the PEG have been fully deprotonated. The reaction vessel was 

then warmed to 30 °C AGE (3.1 mL, 26 mmol) and EGE (1.8 mL, 15 mmol) were added via burets. The 

reaction was left to stir for 48 h and was quenched with degassed acidic methanol (10 mL, 1 v/v % acetic 

acid). The reaction mixture was concentrated under reduced pressure and added to cold diethyl ether to 

precipitate. The resulting suspension was poured into centrifuge tubes and spun at 4400 rpm for 10 min. 

The supernatant was decanted and resulting material was dried in a vacuum oven to afford a white 

solid. 1H NMR (500 MHz, CDCl3): δ 5.88-5.89 (m, 1 H, CH2-CH=CH2), 5.14-5.27 (m, 2 H, CH2-CH=CH2), 3.98 

(s, 2 H, O-CH2-CH=CH2), 3.48-3.89 (m, 4 H, + 5 H, + 7 H, PEG backbone, PAGE backbone, PEGE backbone), 

1.18 (m, 3 H, O-CH-CH3). Mn = 11300 g/mol (determined by 1H NMR 500 MHz, CDCl3). Đ = 1.11 

(determined by SEC using RI detection and CHCl3 as eluent). 
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Figure S1. 1H NMR spectrum of PAGE-b-PEG-b-PAGE (polymer 1) triblock (500 MHz, 293 K, CDCl3) 

Figure S2. PAGE18.5-b-PEG181-b-PAGE18.5 (polymer 1) 15 wt % concentration hydrogel 



 

Figure S3. 1H NMR spectrum of PiPGE-stat-PAGE-b-PEG-b-PiPGE-stat-PAGE (polymer 3) triblock (500 MHz, 
293 K, CDCl3) 

Figure S4. 1H NMR spectrum of PEGE-stat-PAGE-b-PEG-b-PEGE-stat-PAGE (polymer 6) triblock (500 MHz, 293 
K, CDCl3) 



 

Figure S5. Dynamic oscillatory UV cure experiment showing increase in storage modulus when lamp is turned 
on at the 60 second mark for 10 minutes of irradiation. Experiment performed on a) polymer 4 with different 
photoinitiator concentrations based on polymer weight. b) polymer 4 with 1 wt % photoinitiator and different 
concentrations of ethanedithiol based on polymer weight. 

Figure S6. Cross-linked polymer 4 with 5 wt % ethanedithiol of the polymer mass after UV curing experiment. 
Addition of dithiol adds turbidity to the gel. 

Figure S7. 3D printed structures of polymer 4 a) grid printed with 0.26 mm inner diameter nozzle. b) grid 
printed with 0.41 mm inner diameter nozzle. c,d) cross-linked gels of a and b respectively. All structures 
were printed from a direct-write printer at 5 mm/s (scale bar 2 mm). 



 

Figure S8. 1H NMR spectrum of PEGE-b-PEG-b-PEGE (polymer 2) triblock (500 MHz, 293 K, CDCl3) 

Figure S9. Dynamic oscillatory temperature ramp experiment showing storage (filled) and loss (open) 
moduli performed on polymer 2. Experiment shows that PEGE-b-PEG-b-PEGE hydrogels are not viable 
for printing but can assist in the gelation properties of PEGE-stat-PAGE-b-PEG-b-PEGE-stat-PAGE 
hydrogels. 



 

 

 

 

 

Figure S10. Dynamic oscillatory UV cure experiment on a triblock copolymer of PiPGE-b-PEG-b-PiPGE showing 
no increase in storage modulus after UV lamp is turned on. The slight slope shown in the graph is due to 
heating of the plate during lamp irradiation. 

Figure S11. Dynamic oscillatory UV cure experiment showing increase in storage modulus when lamp is turned 
on at the 60 second mark for 10 minutes of irradiation. Experiment performed on (a) polymer 5 at 13.5 wt % and 
(b) polymer 5 treated with DOWEX cationic exchange resin to hydrolyze vinyl ethers. Both polymers form cross-
linked networks upon exposure to UV light in the presence of phototiniator suggesting that vinyl ether itself is 
not necessary for cross-linking. 



 

Figure S12. Dynamic oscillatory UV cure experiment showing increase in storage modulus when lamp is 
turned on at the 60 second mark for 10 minutes of irradiation. Experiment performed on polymer 6 at 20 
wt % with 1 wt % photoinitiator with varied UV light intensities showing the rate of cross-linking can be 
controlled with lamp power. 

Figure S13. Viscosity vs shear rate profiles comparing 40 mm cone and plate geometry with 20 
mm parallel plate geometry. Experiment performed on polymer 4 at 18 wt %. Graph indicates 
that there is not a significant difference between geometries.  



 

Figure S14. Viscosity vs shear rate profiles comparing 40 mm cone and plate geometry with 20 
mm parallel plate geometry. Experiment performed on polymer 6 at 20 wt %. Graph indicates 
that there is not a significant difference between geometries.  


