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Figure S1: COFs as a delivery system for trimethoprim against Escherichia coli and 

Staphylococcus aureus. With permission from [1]. 



 

Figure S2: Antimicrobial activity of COF coatings. Surfaces were incubated for 24 hours in darkness 

(black) and under 460 nm (20 mW cm⁻², blue) or 525 nm (7 mW cm⁻², green) light exposure with P. 

aeruginosa (A) and E. faecalis (B). An additional experiment with 48 hours of incubation under 460 nm 

light was conducted (C). To assess direct biofilm cell killing, biofilms of P. aeruginosa and E. faecalis were 

grown with 24 hours of dark incubation followed by 4 hours of 460 nm light exposure (D). Control 

experiments used polymer coatings without COFs [2].  



 

Figure S3: The carbon quantum dot (CQD) derived from spent coffee grounds (SCG) was assessed 

for its absorption capacity in Staphylococcus aureus and Escherichia coli O157:H7 cells under 

varying pH settings (2.5, 3.5, and 4.0). The data presented are the average of three separate studies, 

with the standard deviations indicated by the error bars. If the same capital letter is used within the 

same pathogen, it means that there is no statistically significant difference (P > 0.05). With the 

permission of [3]. 



 

Figure S4: Measuring the survival rates of Escherichia coli O157:H7 on the surface of apples or 

in a washing solution (distilled water). Following treatment, a combination of carbon quantum dot 

produced from wasted coffee ground (at a concentration of 1 mg/ml) and varying concentrations 

of malic acid (A) 0%, B) 1.0%, C) 1.5%, and D) 2.0%) was applied. The treatment was conducted 

under both visible light irradiation and non-irradiation conditions. The data shown are the average 

of three separate studies, with the standard deviations indicated by error bars. With the permission 

of Kang et al 2024 [3]. 

 

 

 



 

Figure S5: Percentage of viable bacterial cells following treatment with different types of 

nanoparticles (NPs) (NPs weight: 1 mg/well) (a) and different types of polymeric nanoparticles 

incorporating ionic liquids (IL concentration: 20 μg/well) (b). The data are presented as the mean 

value plus or minus the standard deviation, with a sample size of 3. There is a significant distinction 

between the untreated IL and other treatments, with a p-value of less than 0.01. With the 

permission of [4]. 



Table 1: Selected studies of MOFs as antibacterial 

MOF/MOF-

based system 

MOF 

components 

Method of 

preparation 

Tested 

microorganism 
Strain 

Antibacterial 

assay: 

Plate/Colony 

counting 

approach 

MIC/ 

Other 

techniques 

Reference 

 

PCN-224(Zr/Ti) TCPP and 

ZrCl4 

Solvothermal Escherichia coli MDR 96.4% bacterial 

elimination 

NR [5] 

PCN-224(Zr/Ti) TCPP and 

ZrCl4 

Solvothermal Acinetobacter 

baumannii 

MDR 100% bacterial 

elimination 

NR [5] 

PCN-224(Zr/Ti) TCPP and 

ZrCl4 

Solvothermal Methicillin-

resistant 

Staphylococcus 

epidermidis 

MRSE 96.2% bacterial 

elimination 

NR [5] 

PCN-224(Zr/Ti) TCPP and 

ZrCl4 

Solvothermal Methicillin-

resistant 

Staphylococcus. 

aureus 

MRSA 96.8% bacterial 

elimination 

NR [5] 



Cu-MOF Cu(NO3)2·3H2

O, glutaric 

acid and bpe 

Hydrothermal Escherichia coli ATCC 25922 NR MBC (20 

μg/mL) 

[6] 

Cu-MOF Cu(NO3)2·3H2

O, glutaric 

acid and bpe 

Hydrothermal Staphylococcus. 

aureus 

ATCC 6358 NR MBC (20 

μg/mL) 

[6] 

Zn-BTC Zn(NO3)2.6H2

O and H3BTC 

hydrothermal Methicillin-

resistant 

Staphylococcus 

aureus 

MRSA Antibacterial effect 

41.4% 

colony plate assay 

NR [7] 

Zn-BTC Zn(NO3)2.6H2

O and H3BTC 

hydrothermal Escherichia coli HB101(RP4) Antibacterial effect 

47.2% 

colony plate assay 

NR [7] 

 

  



Table S2: Selected studies of COFs as antimicrobial agents 

COF/COF 

system-used 

COF/COF-

system 

components 

Method of preparation 
Tested 

organism 

Strain 

 

Agar 

diffusion 

assay 

(ZOI) 

mm 

Colony 

assay/plate 

counting 

MIC 
Reference 

 

Ag/COFTGTp 
TG and Tp with  

AgNPs 

Solvothermal 

 

Staphylococcus. 

aureus 

ATCC 

25923 
NR 

At 100 

μg/mL, 

bacterial 

inhibition 

100% 

50 

μg/mL 
[8] 

Ag/COFTGTp 
TG and Tp with  

AgNPs 

Solvothermal 

 

Escherichia 

coli 

ATCC 

25922 
NR 

At 100 

μg/mL, 

bacterial 

inhibition 

100% 

100 

μg/mL 
[8] 

COFTDETA 

Terephthaldehyde 

with 

diethylenetriamine 

Solvothermal 

 

Escherichia 

coli 
NR 4 NR 

6 

mg/mL 
[9] 



COFTDETA 

Terephthaldehyde 

with 

diethylenetriamine 

Solvothermal 

 

Enterococcus 

faecalis 
NR 2 NR 

8 

mg/mL 
[9] 

COFTDETA 

Terephthaldehyde 

with 

diethylenetriamine 

Solvothermal 

 

Pseudomonas 

aeruginosa 
NR 5 NR 

5 

mg/mL 
[9] 

COFTDETA 

Terephthaldehyde 

with 

diethylenetriamine 

Solvothermal 

 

Staphylococcus. 

aureus 
NR 2 NR 

6 

mg/mL 
[9] 

COFs-AgNPs 
AgNPs, TMC and 

PPD 

Microwave irradiation 

(Zero-room 

temperature) 

Escherichia 

coli 
O157:H7 NR 

At 60 μg/mL 

the total 

bacterial 

colony 

reduced by 

more than 

90%. 

60 

μg/mL 
[10] 

         

COFs-AgNPs 
AgNPs, TMC and 

PPD 
Microwave irradiation 

Staphylococcus. 

aureus 
NR NR 

At 60 μg/mL 

the total 

bacterial 

colony 

60 

μg/mL 
[10] 



reduced by 

more than 

90%. 



Table S3: Selected studies of QDs as antibacterial agents 

QDs used Components Method of 

preparation 

Tested 

microorganism 

Antibacterial 

assay 

Reference 

La-doped 

CeO2 QDs 

CeH12N3O5 and La 

(NO3)3·6H2O 

 

Hydrothermal Escherichia 

coli 

Agar diffusion 

ZOI 3.05 mm 

[11] 

ZAIS 

QDs@ZIF-

8 

Zn (Ac)2, 

AgNO3, 

In (Ac)3, GSH , Zn 

(NO3)2⋅6H2O and 

2-MeIM 

Hydrothermal/ 

coordination-

assisted self-

assembly 

Escherichia 

coli 

cell density of 

bacteria 

decreased by 

7.99 Log10 

[12] 

ZAIS 

QDs@ZIF-

8 

Zn (Ac)2, 

AgNO3, 

In (Ac)3, GSH , Zn 

(NO3)2⋅6H2O and 

2-MeIM 

Hydrothermal/ 

coordination-

assisted self-

assembly 

Staphylococcus 

aureus 

cell density of 

bacteria 

decreased by 

5.23 Log10 

[12] 

MoS2 QDs MoS2 powder and 

N, N-

dimethylformamide 

 

Sonication 

and 

Solvothermal 

Escherichia 

coli 

At 50 μg/mL 

Survival rate 

60% (Co-

culture Assay) 

[13] 

MoS2 QDs MoS2 powder and 

N, N-

dimethylformamide 

 

Sonication 

and 

Solvothermal 

Staphylococcus 

aureus 

At 50 μg/mL 

Survival rate 

40% (Co-

culture Assay) 

[13] 

ZnS QDs Zn(NO3)2⋅ 6H2O, 

Na2S and D-

Glucose 

Modified 

(GCS) 

precipitation 

reaction 

Bacillus subtilis Agar diffusion 

(ZOI) 23 mm 

MIC/MBC 

(µg/ml) 75/125 

[14] 

ZnS QDs Zn(NO3)2⋅ 6H2O, 

Na2S and D-

Glucose 

Modified 

(GCS) 

precipitation 

reaction 

Staphylococcus 

aureus 

Agar diffusion 

(ZOI) 29 mm 

MIC/MBC 

(µg/ml) 75/125 

 

[14] 



Type-II 

InP/ZnO 

core/shell 

QDs 

P(TMS)3, InCl3, 

OA, OLA and 

ODE 

Hot-injection 

method 

Pseudomonas 

aeruginosa 

ATCC® 

700829™ 

Plate count: at 

50 µM 99.99% 

growth inhibition 

MIC (75-125 

µM) 

[15] 

Type-II 

InP/ZnO 

core/shell 

QDs 

P(TMS)3, InCl3, 

OA, OLA and 

ODE 

Hot-injection 

method 

Escherichia 

coli 

Plate count: at 

50 µM 61.81% 

growth 

inhibition 

 

[15] 

 

  



Table S4: Selected applications of CQDs as antibacterial agents 

CQDs-used Components 

 

Method of 

preparation  

Tested 

microorganism  

Strain  Antibacterial assay  Referenc

e  

N-CQDs Polyvinylpyrr

olidone  

Hydrotherm

al  

Bacillus subtilis ATCC

6051 

Disk diffusion: 10 mm 

MIC: 16 µg/mL 

[16] 

N-CQDs Polyvinylpyrr

olidone 

Hydrotherm

al 

Escherichia coli CECT 

831 

Disk diffusion: 9.8 mm 

MIC: 32 µg/mL 

[16] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Escherichia coli NR MIC: 120 µg/mL 

Disc diffusion: 15.01mm 

[17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Methicillin-

resistant 

Staphylococcus 

aureus 

NR MIC:30 µg/mL 

Disc diffusion:12.27 mm 

[17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Pseudomonas 

aeruginosa  

NR MIC:120 µg/mL [17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Enterococcus 

faecalis 

NR MIC:60 µg/mL [17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Drug-resistant 

Pseudomonas 

aeruginosa  

Clinic

al 

MIC:480 µg/mL [17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Drug-resistant 

Escherichia coli 

Clinic

al  

MIC:480 µg/mL [17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Listeria. 

monocytogenes 

NR MIC:30 µg/mL [17] 

PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Serratia.marces

cens 

NR MIC:240 µg/mL [17] 



PC-CQDs CA, GSH, 

PEPA and 

Acetone 

Solvotherma

l  

Staphylococcus 

aureus 

NR MIC:15 µg/mL 

Disc diffusion: 15.24 mm 

[17] 

NCQDs Glucose, 

DETA, 

ethanol, 

chloral 

hydrate, GSH 

and GSSG 

Hydrotherm

al  

Staphylococcus 

aureus   

ATCC

6538 

Disc diffusion: 14.5 mm 

MIC: 0.256 mg/mL 

[18] 

NCQDs Glucose, 

DETA, 

ethanol, 

chloral 

hydrate, GSH 

and GSSG 

Hydrotherm

al  

Staphylococcus 

aureus 

ATCC

43300 

Disc diffusion :15.5 mm [18] 

NCQDs Glucose, 

DETA, 

ethanol, 

chloral 

hydrate, GSH 

and GSSG 

Hydrotherm

al  

Staphylococcus 

epidermidis  

ATCC

12228 

Disc diffusion :14.5mm [18] 

NCQDs Glucose, 

DETA, 

ethanol, 

chloral 

hydrate, GSH 

and GSSG 

Hydrotherm

al  

Methicillin-

resistant 

Staphylococcus 

aureus 

NR Disc diffusion:14.5mm 

MIC:0.128 mg/mL 

[18] 

qCQDs DDA, 

glucose 

Solvotherma

l 

Staphylococcus

epidermidis 

ATCC

12228 

Disc diffusion: 14mm 

MIC: 13 μg/mL 

[19] 

 



Table S5: Selected studies illustrating the use of ILs as antibacterial agents 

ILs/ILs-Hybrid Components 

 

Method of 

preparation  

Tested 

microorganism 

Strain  Antibacterial 

assay  

Reference 

 

CABILs: 

[Ch][Lys] 

[Ch][Arg]  

 [Ch][His] 

loofah fiber, epoxy resin and 

CABILs 

Heating and 

stirring 

Escherichia coli  ATCC25922 No inhibition zone [20] 

CABILs: 

[Ch][Lys] 

[Ch][Arg]  

 [Ch][His] 

loofah fiber, epoxy resin and 

CABILs 

Heating and 

stirring 

Staphylococcus 

aureus  

ATCC6538 Bacteriostatic rate  

L: 62.017% 

SL:23.692% 

SA:81.198%  

SH:0.379% 

[20] 

CnMPBr 1-methylpyrrolidine, ethyl 

acetate, CnH2n+1Br and PVA 

Stirring 

 

Escherichia coli  CGMCC 

1.12883 

Agar diffusion S1 [21] 

   Staphylococcus 

aureus  

CMCC 26003 Agar diffusion S1 [21] 

[C2OHMIM][sec

o-Amx] 

C2OHMIM ,Methanol, 

amoxicillin, ammonium solution, 

and methanol/acetonitrile 

 Staphylococcus 

aureus  

ATCC 25923 Broth micro 

dilution: MIC 0.05 

mM 

[22] 



[C2OHMIM][sec

o-Amx] 

C2OHMIM ,Methanol, 

amoxicillin, ammonium solution, 

and methanol/acetonitrile 

 Escherichia coli ATCC 25922 Broth micro 

dilution: MIC 5 mM 

[22] 

[C2OHMIM][sec

o-Amx] 

C2OHMIM ,Methanol, 

amoxicillin, ammonium solution, 

and methanol/acetonitrile 

 Methicillin resistant 

Staphylococcus 

aureus  

ATCC 43300 Broth micro 

dilution: MIC 5 mM 

[22] 

[C2OHMIM][sec

o-Amx] 

C2OHMIM ,Methanol, 

amoxicillin, ammonium solution, 

and methanol/acetonitrile 

 Escherichia coli CTX M2 and  Broth micro 

dilution: MIC >5 

mM 

[22] 

[C2OHMIM][sec

o-Amx] 

C2OHMIM ,Methanol, 

amoxicillin, ammonium solution, 

and methanol/acetonitrile 

 Escherichia coli CTX M9 Broth micro 

dilution: MIC >5 

mM 

[22] 

 

 



Table S6: Selected studies on using DES as antimicrobial agents 

DES used HBD HBA Ratio(HBD/HBA) Method of 

preparation 

Tested 

microorganism  

Strain  Antibacterial 

assay  

Reference  

CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Staphylococcus 

aureus  

ATCC 

25923 

Disk diffusion: 

15.67 ± 0.58  

mm 

MIC: 625 

μg/mL 

[23] 

CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Candida albicans  ATCC 

90029 

Disk diffusion: 

13.5 ± 0.41 mm 

MIC: 625 

μg/mL 

[23] 

CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Escherichia coli  ATCC 

25922  

Disk diffusion: 

No inhibition  

[23] 

CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Pseudomonas 

aeruginosa  

ATCC 

27853 

Disk diffusion: 

No inhibition  

[23] 

CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Methicillin-resistant 

Staphylococcus 

aureus 

ATCC 

700698 

Disk diffusion: 

16.50 ± 0.41 mm 

MIC: 625 

μg/mL 

[23] 



CA:LA Lauric acid Capric acid 1:2 Heating and 

stirring 

Methicillin-resistant 

Staphylococcus. 

epidermis  

ATCC 

35984 

Disk diffusion: 

20 ± 0.82mm 

MIC: 625 

μg/mL 

[23] 

ChCl:GLY Glycerol  Choline chloride  2:1 Thermal 

mixing 

Arthrobacter 

simplex 

TCCC 

11037 

Disk 

diffusion:19.8 ± 

4.1 

[24] 

ChCl: 1,2-

Propanediol 

1,2-Propanediol  Choline chloride  2:1 Heating and 

stirring 

Clostridium 

perfringens  

ATCC 

13124 

Disk diffusion: 

(13-17) mm 

[25] 

ChCl: Oxalic 

acid:EG 

Oxalic acid/EG  Choline chloride 1:1:1 Heating and 

stirring 

Escherichia coli ATCC 

23564 

Disk diffusion: 

29 mm 

[26] 

Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Escherichia coli 3014 Disk diffusion: 

50 ±  4 

[27] 

Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Proteus. mirabilis  3008 Disk diffusion: 

81 ± 2 mm 

[27] 

Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Salmonella. 

typhimurium  

3064 Disk diffusion: 

55 ± 1 mm 

[27] 

Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Pseudomonas. 

aeruginosa  

3024 Disk diffusion: 

51 ± 4 mm 

[27] 

Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Staphylococcus. 

aureus  

3048 Disk diffusion: 

51 ± 3 mm 

[27] 



Cit:Fru:Gly  Fructose/glycerol Citric acid 1:1:1 Heating and 

stirring 

Candida. albicans  86 Disk diffusion: 

no inhibition  

[27] 

Be:Ma Malic acid Betaine  1:1 Ultrasonic 

irradiation 

Escherichia coli NR Disk diffusion: 

7.12 mm 

[28] 

Methyl-

trioctylammonium 

chloride-based 

DES  

Glycerol  Methyl-

trioctylammonium 

chloride 

1:1 Heating and 

stirring 

Escherichia coli K1  MTCC 

710859 

Plate count: 

antibacterial 

68% 

[29] 

Methyl-

trioctylammonium 

chloride-based 

DES  

Glycerol  Methyl-

trioctylammonium 

chloride 

1:1 Heating and 

stirring 

Pseudomonas 

aeruginosa  

ATCC 

10145 

Plate count: 

antibacterial 

40% 

[29] 

Methyl-

trioctylammonium 

chloride-based 

DES  

Glycerol  Methyl-

trioctylammonium 

chloride 

1:1 Heating and 

stirring 

Streptococcus 

pneumoniae  

ATCC 

33400 

Plate count: 

antibacterial 

60% 

[29] 

Methyl-

trioctylammonium 

chloride-based 

DES  

Glycerol  Methyl-

trioctylammonium 

chloride 

1:1 Heating and 

stirring 

Streptococcus 

pyogenes  

ATCC 

12344 

Plate count: 

antibacterial 

50% 

[29] 



ChCl:G Glycerol  Choline chloride 1:1 The vacuum 

evaporation 

Staphylococcus 

aureus  

ATCC 

6538 

MIC : 25% [30] 

ChCl:G Glycerol  Choline chloride 1:1 The vacuum 

evaporation 

Pseudomonas 

aeruginosa  

ATCC 

9027 

MIC: 20% [30] 



 

Table S7: Selected studies on LDH as antimicrobial agents 

LDH used Method of preparation  Tested 

microorganism  

Strain  Antibacterial 

assay  

Reference 

 

Zn-Al-MA-

LDH 

Ion-exchange Escherichia coli ATCC8739 Agar well 

diffusion: 

15.64 mm 

[31] 

Zn-Al-MA-

LDH 

Ion-exchange Staphylococcus 

aureus  

ATCC6538 Agar well 

diffusion: 

18,52 mm 

[31] 

Zn-Al-MA-

LDH 

Ion-exchange Candida 

albicans  

ATCC 

10231 

Agar well 

diffusion: 

11.53 mm 

[31] 

Ni-La-LDO/ 

Fe3O4  

Co-precipitation Escherichia coli ATCC® 

11775™ 

Plate counting: 

104 CFU/mL 

inactivated 

after 2 hr 

[32] 

Zn/Al-LDH-

GA-loaded 

CMC films 

Co-precipitation Escherichia coli 

 

ATCC 

25922 

Disk 

diffusion:30 

mm, viable cell 

count: 20% RP 

[33] 

Zn/Al-LDH-

GA-loaded 

CMC films 

Co-precipitation Staphylococcus 

aureus 

ATCC 

25923 

Disk 

diffusion:25 

mm, viable cell 

count:99% RP 

[33] 

His/ZnCr-LDH Co-precipitation Staphylococcus 

aureus 

NR Disk diffusion:  

30 mm 

MIC: 3.5 µg/ 

mL 

[34] 

His/ZnCr-LDH Co-precipitation Escherichia coli 

 

NR Disk diffusion: 

20 mm 

MIC:6 µg/ mL 

[34] 
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