
S1

Supporting Information

Biocompatible non-leachable antimicrobial polymers with nonionic hyperbranched 

backbone and phenolic terminal units
Carlos R. Arza,a & Xiaoya Li,a & Sedef İlk,b Yang Liu,c Deniz Demircan,a Baozhong Zhang*a

a Centre for Analysis and Synthesis, Department of Chemistry, Lund University, P.O. Box 124, 

SE-22100 Lund, Sweden
b Niğde Ömer Halisdemir University, Faculty of Medicine, Department of Immunology, TR-

51240, Niğde, Turkey 

c Faculty of Medicine, Department of Clinical Sciences, Orthopedics, Lund University, Lund, 

Sweden
& These authors contributed equally to this work.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2022



S2

   

Figure S1. 1H NMR spectrum of HBP1 with the integrations of signals C1, C2, C3, C4, C5, and C6. The calculation 

of degree of branching based on the integrals was shown below.

Calculation of degree of branching (DB) of HBP1

The degree of branching (DB) was calculated according to the definitions of Frey1 and Fréchet 2 

(equations (1)), in which D, T, and L represent the three possible structural units in HBPs: 

dentritic (D), terminal (T), and linear (L).

𝐷𝐵=
𝐷+ 𝑇

𝐷+ 𝑇+ 𝐿 (1)

In order to evaluate the DB of HBP1, the structural units D, T, and L was defined first (Fig. S1), 

and the relative amount of each unit was assessed based on the integrals of the corresponding 

signals in the 1H NMR spectrum of HBP1. As shown in Fig. S1, proton signal C1 was due to the 

presence of the OCH3 groups in the linear units. Proton signals C2 and C3 were due to the 
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combined ethylene bridge protons of D, T and L units. Proton signal C4 belong to the aromatic 

protons at the ortho position on the phenyl ether moiety of D, T and L units. Proton signals C5 

were caused by the unshielded aromatic protons at the ortho and para position of the carbonyl 

group on the isatin moiety in the terminal units. Finally, proton signals C6 were due to the rest of 

aromatic protons of D, T and L units. Therefore, the integrals of signals Ci (i ＝1-6), expressed as 

ICi would follow the equations (2), (3), (4), (5), and (6) below:

𝐼𝐶1= 3𝐿 (2)

𝐼𝐶2+ 𝐼𝐶3= 8𝐷+ 8𝑇+ 4𝐿 (3)

𝐼𝐶4= 4𝐷+ 4𝑇+ 2𝐿 (4)

𝐼𝐶5= 4𝑇 (5)

𝐼𝐶6= 8𝐷+ 12𝑇+ 6𝐿 (6)

Combining Equations (1) - (3), or (1), (2), and (4), or (1), (2), (5), and (6), three different 

DBs, DB1, DB2, and DB3, respectively, could be calculated according to the following 

expressions,

𝐷𝐵1 =
3(𝐼𝐶2+ 𝐼𝐶3) ‒ 4𝐼𝐶1
3(𝐼𝐶2+ 𝐼𝐶3) + 4𝐼𝐶1

(7)

𝐷𝐵2 =
3𝐼𝐶4 ‒ 2𝐼𝐶1
3𝐼𝐶4+ 2𝐼𝐶1

(8)

𝐷𝐵3 =
3𝐼𝐶6 ‒ 3𝐼𝐶5 ‒ 6𝐼𝐶1
3𝐼𝐶6 ‒ 3𝐼𝐶5 ‒ 2𝐼𝐶1

(9)

By applying the ICi values (shown in Fig. S1, as IC1 ＝0.25, IC2 + IC3＝1.00, IC4＝ 0.50, IC5＝0.15, 

and IC6＝1.40), DB1, DB2, and DB3 of HBP1 were calculated as 0.50, 0.50, and 0.53 (according 

to Eq. 7, 8, and 9), respectively. These values are effectively the same, considering that DB3 value 

was overestimated due to the residual solvent proton signal included in IC6. We therefore used the 

average DB＝0.51 in the main text for our discussion.
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Figure S2. SEC chromatograms of the refractive index of (A) HBP1, HBP-G and HBP-H in chloroform; the retention 

volume of a polystyrene standard (PS, Mn ~96 KDa) was indicated as the dashed line and (B) HBP-P in DMAc; the 

retention volume of a poly(methyl methacrylate) standard (PMMA, Mn ~9.6 KDa) was indicated as the dashed line

Figure S3. Films of pure PHT (a) and PHT with 5 wt% HBP1 (b), HBP-P (c), HBP-G (d) and HBP-H (e). Water 

contact angle of films of pure PHT (a’) and PHT with 5 wt% HBP1 (b’), HBP-P (c’), HBP-G (d’) and HBP-H (e’).
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Figure S4. Example images of disk diffusion assay of HBP1 against 9 tested microorganisms including Escherichia 

coli ATCC 25922 (Ec), Salmonella typhimurium  SL 1344 (St), Streptococcus mutans ATCC 25175 (Sm), 

Pseudomonas aeruginosa ATCC 27853 (Pa), Proteus mirabilis ATCC 14153 (Pm), Bacillus thuringiensis (Bt), 

Proteus vulgaris ATCC13315 (Pv), Enterobacter aerogenes ATCC13048 (Ea), and Staphylococcus aureus ATCC 

25923 (Sa).
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Figure S5. Inhibition zones of the obtained monomer 3 and HBPs (0.5 g per disk), as well as commercial antibiotics 

streptomycin and gentamicin (marked as S and G, respectively, 25 g per disk). The only two cases where the zones 

of inhibition of HBP1 were significantly larger compared to that of monomer 3 are marked with * (p ˂ 0.05).

Figure S6. UV-vis absorbance at 600 nm of all HBPs with three concentrations (100, 500 and 1000 µg/mL) in MTT 

assay. C represents the control experiments without cells and T represents the test experiments with cells.
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Table S1. p values to identify the “significant difference” between the inhibition zones of monomer 3, HBPs and 

streptomycin. Numbers in black color indicate no significant difference (p ≥ 0.05), and numbers in red color indicate 

significant difference (p ˂ 0.05).

Table S2. p values to identify the “significant difference” between the inhibition zones of monomer 3, HBPs and 

gentamicin. Numbers in black color indicate no significant difference (p ≥ 0.05), and numbers in blue color indicate 

significant difference (p ˂ 0.05).
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Table S3. p values to identify the “significant difference” between the inhibition zones of HBPs (HBP1, HBP-C, 

HBP-G, HBP-H) and HBP-P. Numbers in black color indicate no significant difference (p ≥ 0.05), and numbers in 

purple color indicate significant difference (p ˂ 0.05).
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