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Synthesis of GO 

Graphene oxide (GO) was made via modified Hammer’s method [1,2][ using graphite 

powder from the National of Graphite (Brazilian Company) with flakes diameters of <30 

μm. The chemical oxidation reaction of the graphite was prepared as follows: 10 g of 

graphite powder and 7.56 g of sodium nitrate were mixed into 500 mL sulfuric acid under 

vigorous magnetic agitation for 30 min. The solution was kept in the ice-bath when 45 g of 

potassium permanganate was slowly added in such a way that solution temperature did not 

exceed 30°C. The ice-bath was removed and after five days under stirring, a dark brown 

and dense paste was obtained. Then, 1 L of sulfuric acid solution (5% in mass) was added 

and kept stirring for two hours. After that, 30 g of hydrogen peroxide (30% in mass) was 

added, at that time the solution turns bright yellow. After two hours, a purification process 

was applied to remove the impurities by using centrifugation to precipitate the solid, 

followed by new dispersion into a diluted solution of sulfuric acid (3% in mass), procedure 

that was repeated several times. All product was diluted in DI water and kept in the fume 

hood for 30 days to decant and get two phases of GO concentration. 

 

 

 

 

 



ROS measurement  

 

Figure S1. Fluorescence emission at 525 nm promoted by the ROS production as a function of the time.  

 

 

 

 

 

 

 

 

 



Characterization of GO 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. SEM image (a), TEM image (b), SEM histogram of the lateral size distribution (c) and Raman spectrum 

(c) of the GO sheets synthesized in this work. 

 

General supplementary characterization of the samples 

 

Figure S3. Raman spectra of the AgNPs, AgNPs/GO#1 and AgNPs/GO#2 samples. 
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Figure S4. (a) Chromatogram of the coffee extract solution. (b) Photograph images of coffee extract (BR1), AgNPs 

(BR2), AgNPs/r-GO#1 (BR3) and AgNPs/r-GO#1 (BR4) obtained in this work. 
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Figure S5. UV-Vis absorption spectra of coffee extract solution and AgNPs. 
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Table S1. Ag concentration as obtained by ICP-OES. 

 

 

 

 

 

RSD* - representation of range and precision for Ag. 

 

Table S2. Binding energies (eV) and survey quantification result in percentage obtained by XPS (sample BR4). 

Region Binding Energy (eV) 
Chemical Surface 

Composition (%) 

 AgNPs AgNPs/r-GO#2 AgNPs AgNPs/r-GO#2 

C 1s 

C-C 284.80 284.80 

71.51 67.36 C-O 285.80 285.89 

O=C-O 288.32 288.16 

O 1s 
O-C 532.31 532.30 19.54 20.82 

C-OH 533.91 533.57   

Ag 3d 

3d3/2 374.25 374.27 

4.66 5.77 
3d5/2 368.25 368.27 

3d3/2 ox. 374.81 374.88 

3d5/2 ox. 368.81 368.88 

N 1s - - - 4.29 6.05 

 

  

Sample 

Ag concentration  

(mg L ̶ 1) 

RSD* 

AgNPs 1255.97 ± 8.14 0.65 

AgNPs/GO#1 1154.19 ± 0.23 0.41 

AgNPs/GO#2 1161.35 ± 0.47 0.81 



Representative images of bacterial growth in Petri dishes   

 

Figure S6. Growth of S. aureus in Petri dishes after 6.0 h of interaction with (A) H2O, (B) GO, (C) Coffee, 

(D) AgNPs, (E) AgNPs/r-GO#1, and (F) AgNPs/r-GO#2 samples. 

 

 
Figure S7. Growth of S. aureus in Petri dishes after 45 min of interaction with (A) H2O, (B) GO, (C) Coffee, 

(D) AgNPs, (E) AgNPs/r-GO#1, and (F) AgNPs/r-GO#2 samples under blue light irradiation at 9.5 mW.cm-2. 



 

Figure S8. Growth of S. aureus in Petri dishes after 90 min of interaction with (A) H2O, (B) GO, (C) Coffee, (D) 

AgNPs, (E) AgNPs/r-GO#1, and (F) AgNPs/r-GO#2 samples under blue light irradiation at 9.5 mW.cm -2. 

 

Figure S9. SEM images of (a) S. aureus after 6 h contact with the GO sheets showing that the bacteria were wrapped 

by the GO sheets and, (b) the control experiment, where regular round-shaped bacteria were identified with smooth 

and intact cell walls. 



 
Figure S10. SEM images of S. aureus after 45 min of irradiation in the presence of the coffee extract (a), AgNPs (b), 
AgNPs/r-GO#1 (c), and AgNPs/r-GO#2 (d) samples. 

 

 

Figure S11. SEM images of S. aureus after 90 min under blue-light illumination. 

 



Silver ion (Ag+) release determination 

Table S3 presents the Ag content obtained ICP OES analysis.  As summarized in the 

experimental section, the analysed samples were collected at 48 h after the beginning of the 

dialysis experiments. Consequently, knowing the initial concentration of silver 

nanoparticles ([𝐴𝑔𝑁𝑃𝑠]
𝑜
) and the Ag+ released concentration at 48h ([𝐴𝑔

+]
48

), we 

determined the Ag dissolution  rate constant (𝐾
d

𝐴𝑔
+

) for each sample by using Equation S2. 

Table S4 shows the Ag+ release from AgNPs in distilled water, for the times related to the 

bioassay times, determined by using Equation S1.  

 

Table S3 - Ag+ release from AgNPs in distilled water. 

 AgNPs AgNPs/GO#1 AgNPs/GO#2 

Ag+ (mg.L-1) at 

48h 

35.9 ± 1.5 34.4 ± 1.2 35.6 ± 2.0 

𝑲
𝐝

𝑨𝒈
+

(h-1) 
0.027 ± 0.001 0.025 ± 0.001 0.026 ± 0.002 

 

 

[𝑨𝒈
+]

𝒕
= [𝑨𝒈𝑵𝑷𝒔]

𝒐
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𝑨𝒈
+

)𝒕)     (S1) 
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𝑡
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)𝑡  → 𝑒−(𝐾
d

𝐴𝑔
+

)𝑡

= 1 −
[𝐴𝑔

+]
𝑡
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+
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Table S4 - Ag+ release (in % of the initial mass) from AgNPs in distilled water. 

 AgNPs AgNPs/GO#1 AgNPs/GO#2 

Time (h) Ag+ (mg.L-1) Ag+ (%) Ag+ (mg.L-1) Ag+ (%) Ag+ (mg.L-1) Ag+ (%) 

1.0 1.31 ± 0.05 2.6 ± 0.1 1.20 ± 0.04 2.4 ± 0.1 1.28 ± 0.07 2.6 ± 0.1 

1.5 1.95 ± 0.08 3.9 ± 0.2 1.79 ± 0.06 3.6 ± 0.1 1.91 ± 0.10 3.8 ± 0.2 

2.5 3.20 ± 0.13 6.4 ± 0.3 2.95 ± 0.10 5.9 ± 0.2 3.13 ± 0.17 6.3 ± 0.4 

3.0 3.82 ± 0.16 7.6 ± 0.3 3.51 ± 0.12 7.0 ± 0.3 3.74 ± 0.21 7.5 ± 0.4 

6.0 7.35 ± 0.32 14.7 ± 0.7 6.78 ± 0.24 13.6 ± 0.5 7.20 ± 0.42 14.4 ± 0.8 

Kinetic analysis of the ROS production (reaction between DCFH-DA and ROS) 

The rate constant of ROS production was estimated by kinetic analysis of fluorescent products 

generated due to the interaction between DCFH-DA and ROS. DCFH-DA was used at a saturating 

concentration during the fluorescent measurments and it was assumed that the rate of new 

fluorescent products [F] formation is equal to ROS generation by AgNPs-containing samples 

under blue-light illumination as follows [3]:  

𝑫𝑪𝑭𝑯 ∶ 𝑫𝑨 + 𝑹𝑶𝑺 
𝒌
→  𝑭 



Consequently, the rate of ROS production can be written as presented by Eq. S3:  

−
𝒅[𝑹𝑶𝑺]

𝒅𝒕
= 𝒌𝑹𝑶𝑺 [𝑫𝑪𝑭𝑯 ∶ 𝑫𝑨][𝑹𝑶𝑺]    (S3) 

where 𝒌𝑹𝑶𝑺 is the apparent rate constant of ROS production (i.e., the apparent rate constant for 

the reaction of DCFH-DA with ROS) under the experimental conditions, which [𝑹𝑶𝑺] ∝ 𝑭. 

Therefore, Eq. S3 can be represented by Eq. S4:  

−
𝒅𝑭

𝒅𝒕
= 𝒌𝑭       (S4) 

where 𝒌 = 𝒌𝑹𝑶𝑺[𝑫𝑪𝑭𝑯: 𝑫𝑨]. Consequently, the experimental data can be fitted by Eq. S5 to 

dertermine 𝒌 

𝑭 = 𝒂(𝟏 − 𝒆−𝒌𝒕)      (S5) 

Finally, we determined 𝒌𝑹𝑶𝑺 diving the obtained values of 𝒌 by the known concentration of 

DCFH-DA used during the experimental analysis. It is important to stress that a fixed value of 

the 𝒂 constant was used for all samples during the fitting analysis, leaving only 𝒌 as a free 

parameter (fitting curves are presented in Fig. 8).  

Table S5: Rate constant of ROS production under blue-light irradiation. 

 𝒌 (10-3 s-1) 𝒌𝑹𝑶𝑺 (M-1s-1) 

Coffee 0.18±0.01 0.54±0.02 

GO 0.81±0.02 2.43±0.07 

AgNPs 2.92±0.07 8.77±0.20 

AgNPs/GO#1 5.72±0.23 17. 18±0.71 

AgNPs/GO#2 4.75±0.15 14.26±0.43 



 

Endogenous photosensitizer extraction and identification 

 

Figure S12.  Absorption spectra of riboflavin (dotted line) and protoporphyrin IX (doted-dashed line), and emission 

spectrum of LED excitation device (solid line). 
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