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Supplementary Material 
 

Synthesis of Quats. 

Synthesis of biquats 6 – 9 is straightforward using a double nucleophilic substitution reaction 

as shown in Figure S1. 
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Figure S1 Scheme of biquat 6 – 9 synthesis 

1,20-Dibromoeicosane and 1,30-dibromotriacontane were prepared by Kolbe synthesis 

following literature procedures [1]. 
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1,12-Bis(dimethyloctylammonium)dodecane dibromide (6) 

17.3 g (110 mmol) of dimethyloctylamine were added to a solution of 16.4 g (50 mmol) of 

1,12-dibromododecane in 100 mL methanol and the mixture was refluxed for 20 h. 

Thereafter, the methanol was distilled off and the remaining oil was dissolved in 100 mL 

water. The solution was washed with 100 mL ethyl acetate, and the water was distilled off. 

The remaining was dissolved in 100 mL methylene chloride, dried with anhydrous sodium 

sulfate, filtered and the methylene chloride was distilled off, yielding 29.27 g (91%) of a pale 

yellow oil which solidified upon standing after about 5 days.  

HRMS (ESI, m/z): [M]2+ calculated for C32H70N2, 241.2764; found, 241.2767. 

1,20-Bis(dimethyloctylammonium)eicosane dibromide (7) 

3.0 g (6.81 mmol) 1,20-dibromoeicosane were dissolved in 20 mL THF. 2.14 g (13.6 mmol) 

dimethyloctylamine were added and the solution was refluxed for 20 h, after which the THF 

was distilled off in a rotary evaporator. 

HRMS (ESI, m/z): [M]2+ calculated for C40H86N2, 297.3390; found, 297.3399. 

1,30-Bis(dimethyloctylammonium)triacontane dibromide (8) 

1.93 g (3.33 mmol) 1,20-dibromotriacontane were dissolved in 80 mL dioxane. 1.04 g (6.65 

mmol) dimethyloctylamine were added and the solution was refluxed for 5 days, after which 

the dioxane was distilled off in a rotary evaporator. 

HRMS (ESI, m/z): [M]2+ calculated for C50H106N2, 367.4173; found, 367.4179. 
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PEG(400) ditosylate (10) 

A three-necked 500 mL flask equipped with a 50 mL dropping funnel, a nitrogen inlet and a 

thermometer was charged with 51 g (0.128 mol) of PEG 400. 300 mL of dry CHCl3 were 

added and 53.5 g (0.28 mol) of tosylchloride were then added. The solution was cooled to 

about 2 °C using an ice bath. Humidity was excluded by a slow stream of nitrogen at all 

times. Thereafter, dry pyridine (45 mL) was dropped slowly into the solution so that the 

temperature did not rise above 4 °C. The solution was kept at low temperatures for an 

additional 2 hours, and then was allowed to warm to room temperature at which it was kept 

overnight (about 20 hours). Thereafter, the solution was poured into a mixture of 200 g ice 

and 80 mL of concentrated hydrochloric acid. After shaking, the phases were separated and 

the CHCl3 phase was dried with anhydrous Na2SO4. The CHCl3 was distilled off, yielding 81.6 g 

(90%) PEG(400) ditosylate (10) as an oil. 

HRMS (ESI, m/z):  [M+NH4]+ calcd for C26H42NO11S2, 608.2194; found, 608.2186. 

   [M+NH4]+ calcd for C28H46NO12S2, 652.2456; found, 652.2442. 

   [M+NH4]+ calcd for C30H50NO13S2, 696.2718; found, 696.2702. 

[M+NH4]+ calcd for C32H54NO14S2, 740.2980; found, 740.2963. 

[M+NH4]+ calcd for C34H58NO15S2, 784.3242; found, 784.3228. 

[M+NH4]+ calcd for C36H62NO16S2, 828.3505; found, 828.3492. 

[M+NH4]+ calcd for C38H66NO17S2, 872.3767; found, 872.3755. 

[M+NH4]+ calcd for C40H70NO18S2, 916.4029; found, 916.4021. 
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Bis(dimethyloctylammonium)PEG(400) ditosylate (9) 

To a solution of 37.92 g (52.5 mmol) PEG(400) ditosylate (10) in 100 mL of acetone 16.50 g 

(104.9 mmol) of dimethyloctylamine were added. The mixture was refluxed for about 20 h, 

after which the acetone was distilled off; leaving a brownish, viscous oil.  

HRMS (ESI, m/z):  [M]2+ calcd for C32H70N2O5, 281.2637; found, 281.2638. 

   [M]2+ calcd for C34H74N2O6, 303.2768; found, 303.2769. 

   [M]2+ calcd for C36H78N2O7, 325.2899; found, 325.2898. 

[M]2+ calcd for C38H82N2O8, 347.3030; found, 347.3029. 

[M]2+ calcd for C40H86N2O9, 369.3161; found, 369.3158. 

[M]2+ calcd for C42H90N2O10, 391.3292; found, 391.3290. 

[M]2+ calcd for C44H94N2O11, 413.3423; found, 413.3420. 

[M]2+ calcd for C46H98N2O12, 435.3554; found, 435.3552. 

 

Mechanical tests 

The influence of the quats on the mechanical properties of the PE matrix was investigated by 

performing tensile tests on the modified, extruded samples. Samples were stamped out 

from the extruded bands according to DIN Norm 53448 (sample size: 55 x 10 mm) and 

tensile tests were performed according to ISO Norm 527-1 with a Z5.0 Material Testing 

Machine (Zwick Roell, Ulm, Germany) to determine the Young’s modulus, tensile strength 
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and elongation at break. Only the quats that showed an antibacterial activity were 

investigated (quats 1, 4, 6 and 7). 

 

 

 

 

 

 

 

 

Figure S2 Tensile tests of the quat-modified PE samples. A) Young’s modulus. B) Elongation 
at break. Compared to the pure PE reference, the only significative change in the mechanical 
properties was observed for quat 7 at a concentration of 5 wt-%, with a greatly reduced 
elongation at break. 

 

Figure S2 shows the Young’s modulus and the elongation at break of the modified samples 

compared to PE. The influence of quats on the Young’s modulus is rather small, with at most 

a decrease of ~ 20% in the case of 5% quat 1 and 7. This means that the PE matrix is not 

significantly disturbed by the quats. The elongation at break is slightly increased by the 

quats, except for the case of 5% quat 7, where the modified PE sample becomes significantly 

more brittle.  
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