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1. Nash test reaction 

 

Figure S1. Reaction between formaldehyde and NASH reagent. 

 

2. Poly(vinylamine) (PVam) synthesis.  

Poly(N-vinyl formamide) (PNVF) was prepared by radical precipitation polymerization of 

N-vinylformamide (NVF) followed by its basic hydrolysis by a procedure adapted from 

literature.1 N-vinyl formamide (NVF; 4 g, 56.3 mmol), azobisisobutyronitrile (AIBN, 0.38 g, 

2.3 mmol) and 2-mercaptoethanol (0.18 g, 2.3 mmol) were dissolved in 4 mL of methanol in a 

sealed tube. Oxygen was removed from reactional medium by argon bubbling for 15 min. Then, 

the reaction medium was placed at 60°C for 24h. The polymer precipitated during the 

polymerization. After 24h, methanol was evaporated under vacuum and the polymer was 

solubilized in 50 mL of water and purified by dialysis for 24h (MWCO = 3500 Da) against 

water, and finally freeze dried.   

PNVF was hydrolyzed in PVam as follows: 1g of PNVF was solubilized in a solution of 

NaOH (15 mL, [NaOH] = 2M). The hydrolysis was carried out by heating at 80°C under argon 

for 3h. PVam was purified by dialysis against water for 24h and then recovered by freeze-

drying. 1H-NMR in D2O showed the characteristic peak at 1.35 ppm (-CH2-CH-) and 2.95 ppm 

(-CH2-CH-) of the main chain (Figure 2), HSQC and COSY are proposed in Figure S5, Infrared 

spectrum are presented in Figure S13A. Macromolecular parameter was determined on PNVF 

(Mn = 10 500 g/mol, Mw = 90 000 g/mol, Mw/Mn = 8.6) using SEC analysis (PL Aquagel 

column 40 and 30, eluant: LiNO3 à 0.1M+NaN3 0.05% 20°C, with a flow 1 mL/min, with a RI 

Wyatt T-Rex optilab detector).  

 

3. Peg-di5CC synthesis. 

The synthesis of dicyclocarbonated poly(ethylene glycol) (PEG-di5CC) was carried out by 

the solvent-free organocatalytic coupling of CO2 to poly(ethylene glycol) diglycidylether 

according to a procedure described in a previous work.2,3 Briefly, PEG diglycidylether (30 g, 

60 mmol), tetrabutylammonium iodide (0.92 g, 2.5 mmol), perfluoro-tert-butanol (346 µL, 

2.5mmol) were added to a 80 mL high pressure reactor. The cell was then equilibrated at 80°C 

and 100 bar of CO2. Reaction occurred for 16 h under stirring. After depressurization, the 

product was then recovered and residual CO2 and perfluoro-tert-butanol were removed under 
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vacuum for 16 h at 60°C. Conversion of the epoxide groups into cyclic carbonates was 

calculated by 1H-NMR in CDCl3 with the disappearance of the peaks in the zone between 2.5 

and 3.5 ppm (peak 1, 2) and appearance of peaks b, c at 4.5 and a 4.9 ppm (Figure S2). 

 

 
Figure S2. 1H NMR of PEG-diglycidyl ether and PEG-di5CC in CDCl3. 
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4. Synthesis of the other polymers bearing the cyclic carbonate groups. 

P(PEGMA-GCMA), P(SS-GCMA), P(METAC-GCMA) were synthesized by the free radical 

copolymerization of glycerin carbonate methacrylate (GCMA) with hydrophilic 

poly(ethyleneglycol) methyl ether methacrylate (PEGMA) styrene sulfonate (SS), and 2-

methacryloyl aminoethyl trimethylammonium chloride (METAC). The synthesis and 

characterization were presented in a previous study.[46] In a typical experiment, GCMA (1.4 g 

7.5 mmol, 1 eq.), comonomers (7.5 mmol, 1 eq.) and AIBN (25 mg, 0.15 mmol, 0.02 eq.) were 

added in a reaction tube with DMSO (30 mL). The solution was degassed in a sealed tube for 

10 min with argon. Polymerization was carried out at 65°C for 24h under inert atmosphere. The 

resulting polymer was purified by dialysis against water for 20 h with a dialysis membrane of 

1000 MWCO and was finally freeze-dried. 

 

5. Formaldehyde capture by polymers bearing cyclic carbonate groups. 

Solutions of (co)polymer bearing the cyclic carbonate groups were prepared by dissolving 

100 mg of polymer in 900 µL of water. Formaldehyde assay in solution was carried out using 

Nash test procedure as follows. FA (0.1 mL, 10 mM) was added to polymer solution (final 

concentration in FA = 1 mM). The solution was left to react at room temperature in a closed 

vial to avoid evaporation. 160 µL of the solution were picked out and were added to 160 µL of 

NASH reagent. The mix was reacted for 10 min at 60 °C before analyzing by UV spectroscopy 

at 412 nm. Concentration was determined using a calibration curve presented in Figure S25. 

All experiments were carried out in triplicate. Results are summarized in Figure S3. 
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Figure S3. Formaldehyde assay after 1 hour of incubation for different hydrosoluble polymers 

bearing cyclic carbonates. Conditions: [polymer] = 100 mg/mL, pH = 7, RT, [FA] = 1 mM. See 

the experimental section in the main manuscript for experimental procedure. 
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6. FA capture by various polyamines in solution. 

 

Figure S4. Remaining FA capture by different diamines in solution after 4 h of reaction for 

[NH2]/[FA] = 50 ratios. Conditions: [NH2] = 0.05 M, [FA] = 1 mM. RT, water, pH 10.5, 4 h of 

incubation.  
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7. NMR characterizations for the reaction of FA with PVam in solution. 

7.1. Reaction at pH of 10.5. 

 

Figure S5. HSQC and COSY NMR spectra of PVam before and after addition of FA. 

Conditions: RT, D2O, pH 10.5, [NH2] = 0.5 M, [NH2]/[FA] = 5, reaction time = 16 h. 
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7.2. Reaction at pH of 3.5. 

 

 

Figure S6. HSQC and COSY NMR spectra of PVam before and after addition of FA. 

Conditions: RT, D2O, pH 3.5, [NH2] = 0.5 M, [NH2]/[FA] = 5, reaction time = 16 h.  
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8. Rheological curves of PHU cross-linking at different [NH2]/[5CC]. 

 

Figure S7. Rheological curves of PHU cross-linking at different [NH2]/[5CC]. G’ values and 

gel times are collected in Figure 3B of the main manuscript. 
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9. Infrared spectra of PHU hydrogels and their precursors.  

9.1. [NH2]/[5CC] = 1 

 

Figure S8. Infrared spectra of PHU hydrogel at [NH2]/[5CC] ratio of 1 and pH 10. Synthesis 

conditions: PVam (6 mg, NH2 = 0.14 mmol) and PEG-di5CC (44 mg, 5CC= 0.14 mmol) in 1 

mL of water at pH 10, 24 h of reaction at RT. 
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9.2. [NH2]/[5CC] = 2 

 

 

Figure S9. Infrared spectra of PHU at [NH2]/[5CC] ratio of 2 and pH 10. Synthesis conditions: 

PVam (11 mg, NH2 = 0.25 mmol) and PEG-di5CC (39 mg, 5CC= 0.124 mmol) in 1 mL of 

water at pH 10, 24 h of reaction at RT. 
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9.3. [NH2]/[5CC] = 4 

 

Figure S10. Infrared spectra of PHU at [NH2]/[5CC] ratio of 4 and pH 10. Synthesis conditions: 

PVam (17 mg, NH2 = 0.4 mmol) and PEG-di5CC (33 mg, 5CC= 0.1 mmol) in 1 mL of water 

at pH 10, 24 h of reaction at RT. 
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9.4. [NH2]/[5CC] = 7 

 

Figure S11. Infrared spectra of PHU at [NH2]/[5CC] ratio of 7 and pH 10. Synthesis conditions: 

PVam (24 mg, NH2 = 0.55 mmol) and PEG-di5CC (26 mg, 5CC= 0.082 mmol) in 1 mL of 

water at pH 10, 24 h of reaction at RT. 
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10. Model reactions between PVam and Ethylene carbonate (EC) 

10.1.  Infrared spectroscopy 

 

Figure S12. Infrared spectra of the model reaction between PVam and EC after purification for 

the reaction performed at A) pH 8.5 and B) pH 10. Condition: [NH2] = 0.4 M and [EC] = 0.1 

M, RT, 8 h. 
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Figure S13. Infrared spectra of A) PVam, B) ethylene carbonate and C) ethylene glycol. 
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10.2.  Characterization of ethylene carbonate (EC). 

 
Figure S14. 1H NMR spectrum of ethylene carbonate (EC) in D2O. 
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10.3.  Model reaction between PVam and EC at pH 10 ([NH2]/[EC] = 4). 

Quantifications about model reaction presented in Figure 4 of the main manuscript were 

calculated as follows: 

The percentage of pristine amine and modified amine after reaction between EC and PVam can 

be calculated by the equations (1) and (2) 

(1) 𝑝𝑟𝑖𝑠𝑡𝑖𝑛𝑒 𝑎𝑚𝑖𝑛𝑒 (%) = 100𝑥(
2𝑥 𝐼𝑏

𝐼𝑎,𝑑,𝑔
) = 60% 

(2) modified amine (%) = 100𝑥(1 − (
2𝑥 𝐼𝑏

𝐼𝑎,𝑑,𝑔
)) = 40% 

At pH 10, the peak h evidenced the presence of hydroxyurethane formation. The integration of 

proton h directly gave the percentage of amine involved in urethane formation: equation (3). 

(3) 𝑈𝑟𝑒𝑡ℎ𝑎𝑛𝑒 (%) =  100 𝑥 
𝐼ℎ

𝐼𝑎,𝑑,𝑔
  = 21% 

All modified amines that were not involved in urethane functions were forming urea by 

nucleophilic substitution of a second amine on the urethane bond. The content of amines 

involved into urea are given by the equation (4) 

(4)Urea (%) = 𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑎𝑚𝑖𝑛𝑒 (%) − 𝑢𝑟𝑒𝑡ℎ𝑎𝑛𝑒(%) =  40 − 21 = 19% 

And 𝐼𝑎𝑚𝑖𝑛𝑒 𝑢𝑟𝑒𝑎 = 0.19  

The intensity of the peak at 3.6 ppm corresponds to the sum of the modified amines into 

urethane or urea (c,f), CH2OH of HU function (i) and ethylene glycol (EG) (coming from 

hydrolysis of EC or urea formation (d)). The reaction of urea formation involved the reaction 

of two diamine (2x 1 proton e) and release one ethylene glycol (4 protons d) (intensity of EG 

from urea = 2 x intensity of amine transformed into urea). Intensity of i = intensity of h. From 

this, it is possible to calculate hydrolysis ratio of ethylene carbonate (EC). 

𝐼𝑐,𝑒,𝑓,𝑖 = 𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑎𝑚𝑖𝑛𝑒 + 𝐸𝐺 𝑓𝑟𝑜𝑚 𝑢𝑟𝑒𝑎 + 𝐸𝐺 𝑓𝑟𝑜𝑚 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑖𝑠 +  C𝐇2OH of HU  

𝐸𝐺 𝑓𝑟𝑜𝑚 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑖𝑠 =  𝐼𝑐,𝑒,𝑓,𝑖 − (1 − 𝐼𝑏) − 2𝑥 (𝐼𝑎𝑚𝑖𝑛𝑒 𝑢𝑟𝑒𝑎) − 𝐼ℎ  = 1.25 - 0.4 – (2 x0.19) 

– 0.41       = 0.06 

𝐸𝐶 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑖𝑠 (%) = 100 𝑥 
𝐸𝐺 𝑓𝑟𝑜𝑚 ℎ𝑦𝑑𝑟𝑜𝑙𝑦𝑠𝑖𝑠

𝐸𝐺 𝑡𝑜𝑡𝑎𝑙 
=  

0.06

0.06 + 2𝑥0.19 + 0.8
= 5% 
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Figure S15.  1H-NMR spectrum of the crude product of the model reaction between PVam and 

EC at pH 10. Conditions: [NH2] = 0.4 M and [EC] = 0.1 M, RT, 8 h in D2O, pH 10. 
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The percentage of pristine amine, modified amine, urethane and urea were also calculated based 

on integration of purified product (Figure S16) Using the following equation. Results are close 

to them calculated on crude products 

(1) 𝑝𝑟𝑖𝑠𝑡𝑖𝑛𝑒 𝑎𝑚𝑖𝑛𝑒 (%) = 100𝑥(
2𝑥 𝐼𝑏

𝐼𝑎,𝑑,𝑔
) = 61% 

(2) modified amine (%) = 100𝑥(1 − (
2𝑥 𝐼𝑏

𝐼𝑎,𝑑,𝑔
)) = 39% 

(3) 𝑈𝑟𝑒𝑡ℎ𝑎𝑛𝑒 (%) =  100 𝑥 
𝐼ℎ

𝐼𝑎,𝑑,𝑔
  = 19.5% 

(4)Urea (%) = 𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑎𝑚𝑖𝑛𝑒 (%) − 𝑢𝑟𝑒𝑡ℎ𝑎𝑛𝑒(%) =  39 − 19.5 = 19.5% 

 

Figure S16.  1H-NMR spectrum of the purified product issued from the reaction between PVam 

and EC. Conditions: [NH2] = 0.4 M and [EC] = 0.1 M, RT, 8 h in D2O, pH 10. 
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10.4.  Model reaction between PVam and EC at pH 8.5 ([NH2]/[EC] = 4). 

The same procedure as in the previous section was adopted to quantify the content of urethane, 

urea linkages, and hydrolyzed EC. Results are summarized in Figure 4 of the main manuscript.  

 

Figure S17. 1H-NMR spectrum of the crude product of the model reaction between PVam and 

EC at pH 8.5. Conditions: [NH2] = 0.4 M and [EC] = 0.1 M, RT, 8 h in D2O, pH 8.5. 
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Figure S18. 1H-NMR spectrum of the purified product formed by reaction between PVam and 

EC at pH 8.5. Conditions: [NH2] = 0.4 M and [EC] = 0.1 M, RT, 8 h in D2O, pH 8.5. 
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10.5.  Urea and hydroxyurethane evolutions during the reaction of PVam with 

EC. 

At pH 10, we observed that peak h (attributed to HO-CH2-CH2-O-CO-NH-) related to urethane 

decreased along time, whereas peak c (attributed to CH-NH urea) increased (Figure S19). This 

showed that urethane was converted progressively into urea. On the other hand, at pH 8.5, we 

did not observe any decrease of the urethane peak. In fact, from 8 h to 5 days a tiny increase of 

urethane was observed (peak h) due to the aminolysis of remaining EC peak j.  

 

Figure S19. Evolution of urea and urethane along time for the reaction of PVam with EC 

between 24h and two weeks. A) at pH 10. B) at pH 8.5, Arrow indicates evolution in time. 

Conditions: [NH2] = 0.4 M and [EC] = 0.1 M, RT. Quantifications are presented in Figure 5 of 

the main manuscript. 
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10.6.  Urea and hydroxyurethane evolutions of PHU hydrogel under dried state. 

 

 

Figure S20. Evolution of the IR spectra of the PEG-di5CC and PVam hydrogel in drying 

condition. A) Comparison of PHU coatings at different pH after 24h. B) Influence of the pH on 

the evolution of the dried coating between 1 and 7 days. Conditions: 5 wt% of precursor in 

water at RT, [NH2]/[5CC] = 4, let dried at room temperature. 
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11. Aqueous formaldehyde capture assessment. 

 

11.1. Swelling experiments of the PHU hydrogels. 

After 24 h of polymerization, hydrogels were dried in a desiccator for 48h. The mass of the 

dried hydrogels was measured and labelled as md. Then, Swelling of the hydrogel occurred by 

immersion of the dried hydrogel in water or saline or FA solution for 24h. Hydrogels were 

weighted after 1h and 24h and measured swollen massed are noted as ms. The swelling  of the 

hydrogel after 1 and 24h was measured by the formula:  swelling (%)   =
𝑚𝑠− 𝑚𝑑

𝑚𝑑
 100 

 

 

Figure S21. Swelling of PHU hydrogel. A) In pure water or in FA solution (1 or 10 mM) at 

different times. B) In pure water or in saline solution at different times ([salt] = 50 mM). 
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11.2. FA capture ability of hydrogels in different saline solutions. 

PHU were prepared by mixing PVam solution, (4.25 mg, NH2 = 0.1 mmol, in 0.2 mL of water, 

pH 10) with PEG-di5CC solution (8.25 mg, 5CC = 0.025 mmol in 0.05 mL of water) in 

polystyrene 24 wells plate for 24 h according to procedure described in the main manuscript. 

Then, 1 mL of a saline solution (i.e. NaCl 50 mM, CaCl2 50 mM or Na3PO4 50 mM) and 

containing FA (1 mM) was added on the PHU coating. The mixture is left to react at room 

temperature in a closed vial to avoid evaporation. 160 µL of the supernatant were picked out 

and added to 160 µL of NASH reagent. The solution was reacted 10 min at 60 °C before 

analyzing by UV spectroscopy at 412 nm. The concentration in FA was determined using a 

formaldehyde calibration curve (ranging from 0.05mM to 1mM in FA by dilution of FA in 

water, Figure S25) 

 

 

Figure S22. Formaldehyde capture by PHU hydrogels in different saline solutions after 1h and 

24 h, compared to FA in the different saline solutions without PHU (Blank). Conditions: 5 wt% 

of precursor in water at RT, [NH2]/[5CC] = 4, dried at room temperature. Solution for testing : 

[Salt]= 50 mM, [FA] = 1 mM. 
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12. Gaseous FA adsorption assessment on PHU coating. 

12.1. Capture and FA release at room temperature. 

We consider that the difference of uncaptured FA (measured of the reception vial) between 

stainless steel sample and PHU was due to FA capture by PHU.  This assessment is valid since 

the fraction of gaseous FA into gaseous form is neglected in comparison to the fraction of FA 

in aqueous form (Henry’s law constant = CFA(g)/CFA(l) < 10-4) ,4 indicating that FA that is not 

captured by the coating is fully solubilized in the reception vial. The content of FA captured by 

PHU and later on, released during the release experiments are summarized in Figure S23. 

Negligible amounts of FA were released from the coatings after 5 days of experiments (Figure 

S23B). 

 

 Figure S23. Gazeous formaldehyde capture experiment. A) Scheme of the experiment. B) 

Formaldehyde quantity measured in the reception vial after different times and release 

experiment. Condition for PHU synthesis: 5 wt% of precursor in water at RT, [NH2]/[5CC] = 

4, 10 g of PHU/ m2 on stainless steel surface. Relative FA capture was presented in Figure 7 of 

the main manuscript. 
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12.2. Release experiment at 40 °C 

PVam (25 mg, NH2 0.6 mmol) was solubilized in 1 mL of water and pH was adjusted to 10 

with concentrated HCl. The PVam solution was added to a PEG-di5CC solution (49 mg, 5CC 

= 0.15 mmol in 350µL of water) and was mixed before coating on stainless steel plate (15 x 5 

cm, 10 g of PHU/ m2) with a bar coater (200 µm thickness, using Garco Microm II bar coater 

system). The coating was then dried at room temperature for 24 h. Gaseous FA assay was 

carried out according to a standard protocol as described below.5,6 An emission vial with FA (5 

mL, 10 mM in water), a reception vial with water (5 mL) and a stainless steel surface coated by 

PHU were placed in a plastic container hermetically closed. The system was left to equilibrate 

for 24h. Formaldehyde content was then measured using the NASH test. Then PHU coating 

loaded by FA was incubated at 40°C in a closed vial with a reception vial containing 5 mL of 

water for 24h. Formaldehyde released from PHU was measured by picking out 160 µL of 

solution of the reception vial and mixing it with 160 µL of the Nash reagent. The solution was 

reacted 10 min at 60 °C before analyzing at 412 nm by UV spectroscopy. Concentration of FA 

was determined using a calibration curve presented in Figure S25. Results are summarized in 

Figure S24. 

 

Test 
FA exposure 

time (days) 

Fa in reception vial (mmol) FA captured by PHU 

(mmol) PHU Blank 

FA Capture 1 0.0009 0.021 0.0201 

Test 
Release time 

(days) 

Fa in reception vial (mmol) FA released by PHU 

(mmol) PHU Blank 

FA Release 1 0.0002 0 0.0002 

 

Figure S24. Desorption of captured FA at 40 °C for 24h after capture at room temperature for 

24 h. 
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Figure S25. Formaldehyde calibration curve used to determine FA concentration by the NASH 

test (see experimental section). 
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13. Properties and stability of PHU film. 

 

Figure S26. Typical tensile curves obtained for PHU before and after formaldehyde capture. 

Results are summarized in Figure 8 in the main manuscript. 

 

Figure S27. Thermal analysis of PHU films before and after FA capture. A) thermogravimetric 

analysis at 10 °C/min, B) dynamic scanning calorimetry analysis. Conditions: PHU film 5 wt%, 

[NH2]/[5CC] = 4, at pH 10 for 48h. Incubation in FA 1mM ([NH2]/[FA] = 100) or 10 mM 

([NH2]/[FA] = 10) for 1h. 
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Figure S28. Scanning electron microscopy of PHU before and after FA capture. A) pristine 

PHU and B) PHU + FA 10 mM. Magnification 500 x. 
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