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13 Experimental section

14 Synthesis of 1,4-bis(2-hydroxyethyl)piperazine (HEPZ)

15 Pre-dried piperazine (2 g, 23.22 mmol) and triethylamine (9.7 ml, 69.67 mmol) were added to 

16 distilled THF (30 ml) in a 100 ml schlenk round bottom flask under nitrogen at room 

17 temperature and stirred until a homogeneous solution was obtained. Then, 2-bromoethanol (3.5 

18 ml, 49.04 mmol) dissolved in distilled THF (10 ml) was added dropwise for 15 min in an ice 

19 bath. The reaction was stirred at room temperature for 48 h, the precipitated salt was then 

20 separated by filtration, and the solvent was removed on a rotary evaporator. The obtained 

21 residue was washed with THF thrice and dried in a vacuum oven for 1 h. The dried product 

22 HEPZ (Scheme S1) was obtained as a white crystalline powder (2.5 g, 62%). 1H NMR (500 

23 MHz, D2O): δ 3.61 (t, 4H, J = 6.2 Hz, O-CH2), 2.47 (t, 12H, J = 6.3 Hz, N-CH2) (Fig. 1a). 13C 

24 NMR (125 MHz, D2O): δ 58.78, 58.10, 51.90 (Fig. 1b). GC-MS (m/z 174.24) (Fig. S1).

25
26 Scheme S1: Synthesis of HEPZ.

27 Characterization of HEPZ

28 GC-MS analysis showed a single compound at a retention time of 17.1 min with a molecular 

29 weight of m/z 174.12 confirming its formation (Fig. S1). In the 1H NMR spectrum (Fig. S2a), 
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30 a triplet of 12 protons corresponding to the methylene protons attached to nitrogen at 2.50 ppm 

31 and a triplet of 4 protons intensity corresponding to the methylene protons attached to the 

32 hydroxyl group at 3.60 ppm is observed. In the 13C NMR spectrum (Fig. S2b), the signals at 

33 58.78 and 58.10 ppm are attributable to the carbon atoms attached to the hydroxyl groups and 

34 the carbon atoms next to nitrogen, respectively. The signal at 51.90 ppm corresponds to the 

35 carbon atoms of the piperazine ring further confirming the structure of HEPZ.

36
37 Fig. S1: a) Mass spectrum and b) gas chromatogram of HEPZ.

38
39 Fig. S2: a) 1H NMR spectrum and b) 13C NMR spectrum of HEPZ.

40
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42
43 Fig. S3: 1H NMR spectra of a) PU2 and b) PU4.
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47

48 Fig. S4: 13C NMR spectra of a) PU1, b) PU2, c) PU3, and d) PU4.
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49

50 Fig. S5: Stress-Strain curves of PU1-PU4.

51 Preparation of methylated PU1

52 The methylation of PU1 was performed using 5, 7.5, and 10 mol% of MeI, and named MPU1-

53 A, MPU1-B, and MPU1-C as shown in Scheme S2 to perform the cytotoxicity studies.
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55 Scheme S2: Synthetic route of methylation of PU1.
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57

58 Fig. S6: EDX results of a) MPU3-A, b) MPU3-B, c) MPU3-C, and d) MPU3-D.

59 Table S1: Chemical resistance of MPU3-D films for one month.

% Weight loss

Drying time: 5 h (RT)+ 10 h (50 °C)Chemical environments

Week 1 Week 2 Week 3 Week 4

10 wt% NaCl aq. solution 1.9 0.5 0.4 0.1

20 % EtOH aq. solution 14.5 5.3 3.4 1.2

1 % NaOH aq. solution 14.8 9.8 6.0 1.3

10 % HCl aq. solution 5.6 3.8 1.9 1.0

Tap water 19.4 3.4 0.1 0.0

60

61
62 Fig. S7: Adhesion measurement of MPU3-D coating using peel-off tape adhesion test.
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63 Table S2: Comparison of chitosan and silver-based antibacterial WPU coatings with HEPZ-

64 derived WPU coatings.

WPU 

coatings
Antibacterial Efficacy

Reference

s

N. Arshad et al. investigated the antibacterial activity of both 

dyed and printed fabrics treated with 2% and 4% chitosan-

embedded water-dispersible PUs against gram-positive and 

gram-negative bacteria. They observed the greater inhibition 

zones in 4% chitosan-treated fabrics between 8 mm to 14 mm.

[1]

N. Sukhawipat et al. determined the antibacterial activity of 

cationic water-dispersible polyurethane and protonated 

chitosan suspension against E.coli and observed 18.52 mm and 

19.02 mm zones of inhibition when loaded with 0.5 and 0.7 

wt% protonated chitosan.

[2]
Chitosan-

based

F. Naz et al. studied the antimicrobial activities of dyed and 

printed textiles coated with chitosan-derived water-dispersible 

PUs against B. subtilis and S. aureus (gram-positive bacteria) 

and P. aeruginosa and E. coli (gram-negative bacteria). They 

observed the inhibition zones ranging from 10.5 mm to 12.5 

mm for dyed and printed fabrics upon increasing the molar ratio 

of chitosan in the polymer backbone.

[3]

Atay et al. observed that the PU matrix with 0.1% Ag 

nanoparticles showed inhibition zones of 7.5 mm and 1.25 mm 

against S. aureus and E.coli, respectively which increases on 

increasing loading of Ag nanoparticles to 1% but further 

increase to 10-30% lowered the antibacterial activity due to 

agglomeration of the nanoparticles.

[4]

Silver-

based Daniel Ramirez and Franklin Jaramillo examined the effect of 

surface-modified silver nanoparticles in thermoplastic 

polyurethane nanocomposites over antibacterial activity. They 

observed that 1.5 wt% silver nanoparticles containing 

nanocomposites showed the highest inhibition zone of 9.3 mm 

against E. coli bacteria.

[5]
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HEPZ-

based

The antibacterial activity of HEPZ-based methylated PUs was 

tested against S. aureus and E.coli bacterial strains and no zones 

of inhibition were detected with lower alkylated PUs (MPU3-A 

and MPU3-B). In contrast, 8 mm and 7 mm inhibition zones 

were observed for highly alkylated MPU3-C (42.5%) and 

MPU3-D (72.5%).

–

65

66 Table S3: Pearson correlation analysis of samples vs % cell viability

Pearson r P valueFigure 

number r 95% confidence 

interval

R 

squared

P (Two-

tailored)

P value 

summary

Significant? 

(alpha = 0.05)

7 (a) -0.6988 -0.9781 to 0.4784 0.4884 0.1892 ns No

7 (d) -0.9717 -0.9970 to -0.7577 0.9442 0.0012 ** Yes

67

68

69
Bending test of 
MPU3-D.mp4

70 Fig. S8: Manual bending test of MPU3-D coated catheters with a) front and b) upside-view 

71 with the attached video clip for reference.

72 Table S4: Hemolysis test results of MPU3-D with positive and negative control.

73

Sample Hemolysis (%)

Positive control 100

Negative control 0

MPU3-D 0.4 ± 0.2
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