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APPENDIX 2. CATIONIC ROMP POLYMERS CONTAINING 
SUPRAMOLECULAR SELF-ASSOCIATING AMPHIPHILIC (SSA) 
MOLECULES AND THEIR ANTIMICROBIAL ACTIVITY. 
 

1. NMR spectra 

 

 

Fig. S1. 1H NMR in dmso-d6 of compound 3a 
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Fig. S2. 13C NMR in dmso-d6 of compound 3a 

 

Fig. S3. 1H NMR in CDCl3 of compound 4a 
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Fig. S4. 13C NMR in CDCl3 of compound 4a 

 

Fig. S5. 1H NMR in dmso-d6 of compound 3b 
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Fig. S6. 13C NMR in dmso-d6 of compound 3b 

 

Fig. S7. 1H NMR in dmso-d6 of compound 4b 

1, 1’ 

3 

8 9 
2 

6 
3’, 4, 4’ 7 5 5’ 

1 
3 

8 9 

2, 2’ 

4 

6 

DMSO-d6 

H2O 

DMSO-d6 



5 
 

 

Fig. S8. 13C NMR in dmso-d6 of compound 4b 

 

Fig. S9. 1H NMR in CDCl3 of exo-7-oxanorborn-5-ene-2,3-dicarboxylic anhydride, 7 
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Fig. S10. 13C NMR in CDCl3 of exo-7-oxanorborn-5-ene-2,3-dicarboxylic anhydride, 7 

 

Fig. S11. 1H NMR in dmso-d6 of compound 8 
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Fig. S12.  13C NMR in dmso-d6 of compound 8 

 

Fig. S13. 1H NMR in CDCl3 of compound 9 
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Fig. S14. 13C NMR in CDCl3 of compound 9 

 

Fig. S15. 1H NMR in dmso-d6 of compound 10, SSA-1 
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Fig. S16. 13C NMR in dmso-d6 of compound 10, SSA-1 

 

Fig. S17. 1H NMR in dmso-d6 at T = 333 K of compound 11, SSA-2 
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Fig. S18. 13C NMR in dmso-d6 of compound 11, SSA-2 

 

Fig. S19. 1H NMR in dmso-d6 of mon1 
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Fig. S20. 13C NMR in dmso-d6 of mon1 

 

Fig. S21. 1H NMR in dmso-d6 at T = 333 K of mon2 
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Fig. S22. 13C NMR in dmso-d6 of mon2 

 

Fig. S23. 1H NMR in dmso-d6 of mon3 with MeOH 
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Fig. S24. 13C NMR in dmso-d6 of mon3 

 

Fig. S25. 1H NMR in dmso-d6 at T = 333 K of mon4 
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Fig. S26. 13C NMR in dmso-d6 of mon4 

 

Fig. S27. 1H NMR in dmso-d6 of poly1  
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Fig. S28. 13C NMR in dmso-d6 of poly1  

 

Fig. S29. 1H NMR in dmso-d6 at 333 K of poly2 
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Fig. S30. 13C NMR in dmso-d6 of poly2  

 

Fig. S31. 1H NMR in dmso-d6 of poly3  
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Fig. S32. 13C NMR in dmso-d6 of poly3  

 

Fig. S33. 1H NMR in dmso-d6 at 333 K of poly4 
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Fig. S34. 13C NMR in dmso-d6 of poly4  

 

2. LC-MS spectra 

 

 

Fig. S35. LC-MS spectra of compound 3b. Here the [M+H]+ value of 273.1 is identified.  

2 

5, 8 

9 

DMSO-d6 

4 

7 

15 

11 

3 

13, 14 12 
6 CF3 



19 
 

 

Fig. S36. LC-MS spectra of compound 4b. Here the [M+H]+ value of 255.1 is identified.  

 

 

Fig. S37. LC-MS spectra of compound 8. Here the [M+H]+ value of 275.1 is identified.  
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Fig. S38. LC-MS spectra of compound 9. Here the [M+H]+ value of 257.1 is identified.  

 

 

Fig. S39. High resolution LC-MS spectra of anionic component of mon1 obtained using ESI-. Here the [M]- of 
297.1574 value is identified. 
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Fig. S40. High resolution LC-MS spectra of cationic component of mon1 obtained using ESI+. Here the 
[M+H]+ of 255.1140 value is identified. 

 

 

Fig. 41. High resolution LC-MS spectra of anionic component of mon2 obtained using ESI-. Here the [M]- of 
312.0445 value is identified. 
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Fig. S42. High resolution LC-MS spectra of cationic component of mon2 obtained using ESI+. Here the 
[M+H]+ of 255.1140 value is identified. 

 

 

Figure 43. High resolution LC-MS spectra of anionic component of mon3 obtained using ESI-. Here the [M]- 
of 297.1475 value is identified. 
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Fig. S44. High resolution LC-MS spectra of cationic component of mon3 obtained using ESI+. Here the 
[M+H]+ of 257.0929 value is identified. 

 

 

Fig. S45. High resolution LC-MS spectra of anionic component of mon4 obtained using ESI-. Here the [M]- of 
312.0445 value is identified. 
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Fig. S46. High resolution LC-MS spectra of cationic component of mon4 obtained using ESI+. Here the 
[M+H]+ of 257.0931 value is identified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 
 

3. IR spectra 

 

 

Fig. S47. IR spectra of compound 3a 

 

 

Fig. S48. IR spectra of compound 4a 
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Fig. S49. IR spectra of compound 3b 

 

 

Fig. S50. IR spectra of compound 4b 
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Fig. S51. IR spectra of compound 7 

 

 

Fig. S52. IR spectra of compound 8 
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Fig. S53. IR spectra of compound 9 

 

 

Fig. S54. IR spectra of compound SSA-1 

 

20

30

40

50

60

70

80

90

100

500 1000 1500 2000 2500 3000 3500 4000

T 
(%

)

Absorbance (cm-1)

30

40

50

60

70

80

90

100

500 1000 1500 2000 2500 3000 3500 4000

T 
(%

)

Absorbance (cm-1)



29 
 

 

Fig. S55. IR spectra of compound SSA-2 

 

 

Fig. S56. IR spectra of monomer mon1 
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Fig. S57. IR spectra of monomer mon2 

 

 

Fig. S58. IR spectra of monomer mon3 
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Fig. S59. IR spectra of monomer mon4 
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4. 1H DOSY NMR experiments on monomers mon1 – mon4 

 

 

Fig. S60. 1H DOSY NMR spectrum of mon1 (112 mM) in DMSO-d6 at 298 K and a table exporting the diffusion 
constants calculated for each peak used to determine the hydrodynamic diameter of the anionic (dH = 1.41 
nm) and cationic (dH = 1.31 nm) components of mon 1. Peaks 1, 4-6 and 9 correspond to the anionic 
component of monomer 1 while peaks 2, 3, 7, 8, 10-13 correspond to the cationic component of mon1.  
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Fig. S61. 1H DOSY NMR spectrum of mon2 (112 mM) in DMSO-d6 at 298 K and a table exporting the diffusion 
constants calculated for each peak used to determine the hydrodynamic diameter of the anionic (dH = 1.34 
nm) and cationic (dH = 1.28 nm) components of mon2. Peaks 1, 2, 4, 6, 7, 10, 11 correspond to the anionic 
component of monomer 2 while peaks 3, 5, 8, 9, 12-15 correspond to the cationic component of mon2.  
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Fig. S62. 1H DOSY NMR spectrum of mon3 (112 mM) in DMSO-d6 at 298 K and a table exporting the diffusion 
constants calculated for each peak used to determine the hydrodynamic diameter of the anionic (dH = 1.44 
nm) and cationic (dH = 1.37 nm) components of mon3. Peaks 1, 4 - 6, 10 correspond to the anionic component 
of monomer 3 while peaks 2, 3, 7- 9, 11 correspond to the cationic component of mon3.  
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Fig. S63. 1H DOSY NMR spectrum of mon4 (112 mM) in DMSO-d6 at 298 K and a table exporting the diffusion 
constants calculated for each peak used to determine the hydrodynamic diameter of the anionic (dH = 1.34 
nm) and cationic (dH = 1.31 nm) components of mon4. Peaks 1, 2, 4-6, 8, 12, 13 correspond to the anionic 
component of monomer 4 while peaks 3, 7, 9-11, 14 correspond to the cationic component of mon4.  
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Fig. S64. 1H DOSY NMR spectrum of mon1 (5.56 mM) in D2O with 5 % EtOH at 298 K. Hydrodynamic diameters 
of the anionic and cationic components of mon1 were calculated to be dH = 1.10 nm and dH = 1.04 nm 
respectively. Peaks 3, 4 and 7 correspond to the anionic component of mon1 while peaks 1, 2, 5, 6 and 8 – 10 
correspond to the cationic component of mon1. 
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Fig. S65. 1H DOSY NMR spectrum of mon2 (5.56 mM) in D2O with 5 % EtOH at 298 K. Hydrodynamic diameters 
of the anionic and cationic components of mon2 were calculated to be dH = 1.05 nm and dH = 0.98 nm 
respectively. Peaks 3 and 4 correspond to the anionic component of mon2 while peaks 1, 2 and 5 – 9 
correspond to the cationic component of mon2. 
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Fig. S66. 1H DOSY NMR spectrum of mon3 (5.56 mM) in D2O with 5 % EtOH at 298 K. Hydrodynamic diameters 
of the anionic and cationic components of mon3 were calculated to be dH = 1.09 nm and dH = 0.98 nm 
respectively. Peaks 3, 4 and 8 correspond to the anionic component of mon3 while peaks 1, 2, 5 – 7 and 9 
correspond to the cationic component of mon3. 
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Fig. S67. 1H DOSY NMR spectrum of mon4 (5.56 mM) in D2O with 5 % EtOH at 298 K. Hydrodynamic diameters 
of the anionic and cationic components of mon4 were calculated to be dH = 1.11 nm and dH = 0.98 nm 
respectively. Peaks 3 and 4 correspond to the anionic component of mon4 while peaks 1, 2 and 5 – 8 
correspond to the cationic component of mon4. 
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5. 1H DOSY NMR experiments on polymers poly1 – poly4 

 

 

Fig. S68. 1H DOSY NMR spectrum of  poly1 (20 mg/mL) in DMSO-d6 at 298 K. Hydrodynamic diameter of the 
anionic and cationic components of poly1 were calculated to be dH = 1.59 nm and dH = 7.31 nm respectively. 
Peaks 1, 4, 5 and 9 correspond to the anionic SSA, while peaks 2, 3, 6,-8, 10-12 correspond to the cationic 
polymer backbone. 
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Fig. S69. 1H DOSY NMR spectrum of  poly2 (20 mg/mL) in DMSO-d6 at 298 K. Hydrodynamic diameter of the 
anionic and cationic components of poly2 were calculated to be dH = 1.49 nm and dH = 7.29 nm respectively. 
Peaks 1, 2, 4, 5, 7, 12, 13 correspond to the anionic SSA, while peaks 3, 6, 8, 9 - 11, 14 -17 correspond to the 
cationic polymer backbone. 
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Fig. S70. 1H DOSY NMR spectrum of  poly3 (20 mg/mL) in DMSO-d6 at 298 K. Hydrodynamic diameter of the 
anionic and cationic components of poly3 were calculated to be dH = 1.39 nm and dH = 4.99 nm respectively. 
Peaks 1, 4, 10 correspond to the anionic SSA, while peaks 2, 3, 5 – 9, 11 correspond to the cationic polymer 
backbone. 
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Fig. S71. 1H DOSY NMR spectrum of  poly4 (20 mg/mL) in DMSO-d6 at 298 K. Hydrodynamic diameter of the 
anionic and cationic components of poly4 were calculated to be dH = 1.30 nm and dH = 4.69 nm respectively. 
Peaks 1, 2, 4, 5, 7, 14, 15 correspond to the anionic SSA, while peaks 3, 6, 8 - 13, 16 correspond to the cationic 
polymer backbone. 
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Table S1. Overview of diffusion coefficients and hydrodynamic diameter for monomers mon1 - mon4 and 
polymers poly1 – poly4 in DMSO-d6 and D2O at 298 K. Errors for diffusion constants are no greater than ± 1 x 
10-13 m2/s.  

Compound Solvent Cation Anion 
 

 D (m2/s) dH (nm) D (m2/s) dH (nm) 

Mon 1 DMSO-d6 1.67 x 10-10 1.31 1.55 x 10-10 1.41 

Mon 2 DMSO-d6 1.71 x 10-10 1.28 1.64 x 10-10 1.34 

Mon 3 DMSO-d6 1.61 x 10-10 1.37 1.52 x 10-10 1.44 

Mon 4 DMSO-d6 1.68 x 10-10 1.31 1.63 x 10-10 1.34 

Mon 1 D2O 4.18 x 10-10 1.04 3.97 x 10-10 1.10 

Mon 2 D2O 4.45 x 10-10 0.98 4.17 x 10-10 1.05 

Mon 3 D2O 4.44 x 10-10 0.98 4.0 x 10-10 1.09 

Mon 4 D2O 4.46 x 10-10 0.98 3.94 x 10-10 1.11 

Poly1 DMSO-d6 3.0 x 10-11 7.31 1.38 x 10-10 1.59 

Poly2 DMSO-d6 3.0 x 10-11 7.29 1.47 x 10-10 1.49 

Poly3 DMSO-d6 4.39 x 10-11 4.99 1.58 x 10-10 1.39 

Poly4 DMSO-d6 4.67 x 10-11 4.69 1.69 x 10-10 1.30 
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6. Quantitative 1H NMR experiments on monomers mon1 – mon4  

 

Fig. S72. 1H NMR spectrum with a delay (d1 = 60 s) of mon1 (112 mM) in DMSO-d6/ 1.0 % DCM. Comparative 
integration indicated that 12 % of both cationic and anionic components of the sample have become NMR 
silent.  

 

Fig. S73. 1H NMR spectrum with a delay (d1 = 60 s) of mon2 (112 mM) in DMSO-d6/ 1.0 % DCM. Comparative 
integration indicated respectively that 12.5 % and 10.5 % of the cationic and anionic components of the 
sample have become NMR silent.  
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Fig. S74. 1H NMR spectrum with a delay (d1 = 60 s) of monomer 3 (112 mM) in DMSO-d6/ 1.0 % DCM. 
Comparative integration indicated respectively that 9 % and 15 % of the cationic and anionic components of 
the sample have become NMR silent. 

 

Fig. S75. 1H NMR spectrum with a delay (d1 = 60 s) of mon4 (112 mM) in DMSO-d6/ 1.0 % DCM. Comparative 
integration indicated that 12.5 % of both cationic and anionic components of the sample have become NMR 
silent. 
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Fig. S76. 1H NMR spectrum with a delay (d1 = 60 s) of mon1 (5.56 mM) in D2O/ 5.0 % EtOH. Comparative 
integration indicated 4 % of the anionic component and 0.5 % of the cation component has become NMR 
silent, concluding that no apparent  loss is present in this sample. 

 

Fig. S77. 1H NMR spectrum with a delay (d1 = 60 s) of mon2 (5.56 mM) in D2O/ 5.0 % EtOH. Comparative 
integration indicated 1.5 % of the anionic and the cation components have become NMR silent, concluding 
that no loss is present in this sample. 
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Fig. S78. 1H NMR spectrum with a delay (d1 = 60 s) of monomer 3 (5.56 mM) in D2O/ 5.0 % EtOH. Comparative 
integration indicated that no loss is present for both the anionic and the cation components of the sample. 

 

Fig. S79. 1H NMR spectrum with a delay (d1 = 60 s) of mon4 (5.56 mM) in D2O/ 5.0 % EtOH. Comparative 
integration indicated that no loss is present for both the anionic and the cation components of the sample. 
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Fig. S80. Overview of the results from quantitative 1H NMR studies obtained from DMSO-d6, standardised 
with 1.0% DCM at 112 mM and D2O standardised with 5.0% ethanol at 5.56 mM. The graph shows the 
proportion, as percentage, of cation (solid fill) and anion (pattern fill) in mon1 - mon4 to become NMR silent. 
All quantitative 1H NMR experiments were conducted with a delay time (d1) of 60 s at 298 K. 

 

7. Relative quantitative 1H NMR studies on polymers, poly1 – poly4  

 

Fig. S81. Relative qNMR on poly1 – poly4 with relaxation delay of 90 seconds. Comparative integration of 
integrals of interests affords the ratio between the cation (NB polymer) and anion (SSA) within the polymer 
backbone.  
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8. 1H NMR self-association studies on mon1 – mon4  

 

 

Fig. S82. Graph illustrating the 1H NMR down-field change in chemical shift of protons with increasing 
concentration of mon1 in DMSO- d6 0.5% H2O (298 K). 

 

Fig. S83. Graph illustrating the 1H NMR down-field change in chemical shift of protons with increasing 
concentration of mon2 in DMSO- d6 0.5% H2O (298 K). 
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Fig. S84. Graph illustrating the 1H NMR down-field change in chemical shift of protons with increasing 
concentration of mon3 in DMSO- d6 0.5% H2O (298 K). 

 

 

Fig. S85. Graph illustrating the 1H NMR down-field change in chemical shift of protons with increasing 

concentration of mon4 in DMSO- d6 0.5% H2O (298 K). 
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9. Dynamic light scattering of mon1 - mon4 and poly1 – poly4 

 

Fig. S86. Average intensity size distribution of mon1 – mon4 measured at a concentration of 5.56 mM in a 
solution of H2O with 5.0% EtOH at 298 K (10 DLS measurements were run).  

 

 

Fig. S87. Correlation function of (a) mon1, (b) mon2, (c) mon3 and (d) mon4 measured at a concentration 
of 5.56 mM in a solution of H2O with 5.0% EtOH at 298 K. 
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Fig. S88. Average intensity size distribution of mon1 – mon4 measured at a concentration of 112 mM in 
DMSO at 298 K (10 DLS measurements were run). 

 

 

Fig. S89. Correlation function of (a) mon1, (b) mon2, (c) mon3 and (d) mon4 measured at a concentration 
of 112 mM in DMSO at 298 K. 
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Fig. S90. Average intensity size distribution of polymers poly1 – poly4 measured at a concentration of 1 
mg/mL in a solution of H2O with 1.0% DMSO at 298 K. 

 

 

Fig. S91. Correlation function of polymers poly1 – poly4 measured at a concentration of 1 mg/mL in a solution 
of H2O with 1.0% DMSO at 298 K. 
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Table S2. Overview of average DLS intensity particle size distribution, zeta potential and CMC measurements 
obtained for mon1 – mon4 at a concentration of 5.56 mM in H2O/5.0% EtOH solution and for polymers poly1 
– poly4 at a concentration of 1 mg/mL in H2O/1.0% DMSO solution at 298 K. a = CMC of polymers could not 

be measured as above the solubility limit.  

 
Solvent 
system 

Concentration DH 
(nm) 

Polydispersity 
(%) 

Zeta potential 
(mV) 

CMC 

mon 1 H2O/5% 
EtOH 

5.56 mM 194 15 (± 1.49) - 11 10.11 mM 

mon 2 H2O/5% 
EtOH 

5.56 mM 131 21 (± 1.42) - 11 5.33 mM 

mon 3 H2O/5% 
EtOH 

5.56 mM 216 17 (± 1.54) - 3 n.a. 

mon 4 H2O/5% 
EtOH 

5.56 mM 226 10 (± 2.25) - 10 7.84 mM 

Poly 1 1% DMSO 1 mg/mL 246 27 (± 0.37) + 32 a 

Poly 2 1% DMSO 1 mg/mL 112 21 (± 0.32) + 49 a 

Poly 3 1% DMSO 1 mg/mL 134 21 (± 0.31) + 54 a 

Poly 4 1% DMSO 1 mg/mL 134 17 (± 0.6) + 52 a 

 

 

10. Antibacterial activity studies of mon1 – mon4 and poly1 – poly 4  

 

 

Fig. S92. Optical Density measured at different concentrations for mon1 against MRSA (orange) and E. coli 
(blue). 
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Fig. S93. Optical Density measured at different concentrations for mon2 against MRSA (orange) and E. coli 
(blue). 

 

Fig. S94. Optical Density measured at different concentrations for mon4 against MRSA (orange) and E. coli 
(blue). 
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Fig. S95. Optical Density measured at different concentrations for poly1 against MRSA (orange) and E. coli 
(blue). 

 

 

Fig. S96. Optical Density measured at different concentrations for poly2 against MRSA (orange) and E. coli 
(blue). 
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Fig. S97. Optical Density measured at different concentrations for poly3 against MRSA (orange) and E. coli 
(blue). 

 

 

 

Fig. S98. Optical Density measured at different concentrations for poly4 against MRSA (orange) and E. coli 
(blue). 
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11. Single crystal X-Ray diffraction of mon1 and mon2 

 

Table S3. Single crystal X-Ray values obtained for mon1 and mon2.  

Compound   mon1  mon2  

Empirical formula  C24H23N4O6F3S  C24H23F3N4O5S2  

Formula weight  552.52  568.58  

Temperature/K  99.99(11)  100.00(12)  

Crystal system  monoclinic  monoclinic  

Space group  P21/c  C2/c  

a/Å  23.527(3)  40.110(14)  

b/Å  5.5052(6)  7.8300(15)  

c/Å  20.755(3)  15.943(4)  

α/°  90  90  

β/°  114.673(16)  98.50(3)  

γ/°  90  90  

Volume/Å3  2442.7(6)  4952(2)  

Z  4  8  

ρcalcg/cm3  1.502  1.525  

μ/mm-1  1.826  2.555  

F(000)  1144.0  2352.0  

Crystal size/mm3  0.159 × 0.065 × 0.042  0.13 × 0.079 × 0.01  

Radiation  Cu Kα (λ = 1.54184)  Cu Kα (λ = 1.54184)  

2Θ range for data collection/°  8.272 to 142.346  8.916 to 133.192  

Index ranges  -28 ≤ h ≤ 28, -6 ≤ k ≤ 6, -25 ≤ l 
≤ 22  

-47 ≤ h ≤ 47, -9 ≤ k ≤ 8, 
-18 ≤ l ≤ 18  

Reflections collected  11709  17086  

Independent reflections  4657 [Rint = 0.1170, Rsigma = 
0.1415]  

4378 [Rint = 0.3577, 
Rsigma = 0.2217]  

Data/restraints/parameters  4657/55/275  4378/0/343  

Goodness-of-fit on F2  1.002  1.055  

Final R indexes [I>=2σ (I)]  R1 = 0.0995, wR2 = 0.2473  R1 = 0.1771, wR2 = 
0.4022  

Final R indexes [all data]  R1 = 0.1522, wR2 = 0.2930  R1 = 0.2798, wR2 = 
0.5056  

Largest diff. peak/hole / e Å-3  0.81/-0.61  0.52/-0.83  

 

 

 

 

 

 

 



60 
 

12. Solubility studies of poly1 – poly4 

 

 

Fig. S99. Solubility studies of poly1 at different concentrations (1 mg/mL and 3 mg/mL) and different 
percentages of DMSO in water (1 %, 5 % and 10 %) and in 5 % MeOH in water at a concentration of 3 mg/mL. 

 

 

Fig. S100. Solubility studies of poly2 at different concentrations (1 mg/mL and 3 mg/mL) and different 
percentages of DMSO in water (1 %, 5 % and 10 %) and in 5 % MeOH in water at a concentration of 3 mg/mL. 

 

 

Fig. S101. Solubility studies of poly3 at different concentrations (1 mg/mL and 3 mg/mL) and different 
percentages of DMSO in water (1 %, 5 % and 10 %) and in 5 % MeOH in water at a concentration of 3 mg/mL. 

 



61 
 

 

Fig. S102. Solubility studies of poly4 at different concentrations (1 mg/mL and 3 mg/mL) and different 
percentages of DMSO in water (1 %, 5 % and 10 %) and in 5 % MeOH in water at a concentration of 3 mg/mL. 

 

 

 


