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Fig. S1. The fabrication process of paper-based microfluidic device, A) Materials and equipment required B) 

Immersion of fiberglass paper in molten paraffin at 90 ° C, C) Dry paraffin-impregnated paper at room 

temperature, D) Place paraffin-free paper between paraffin-containing paper and a magnet, E) Place paraffin 

paper on the paraffin-free paper F)Place paraffin-free paper and paraffin-containing paper between the iron 

pattern and the magnet, G) Attract the pattern to the magnet H) Separation of pattern and magnet I) Formation 

of microfluidic channels in paraffin-free paper, J) Made paper-based microfluidic device K) Designed pattern 

size. 
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Fig. S2. FE-SEM images of AuNPs-CysA. 



 

Fig. S3. EDC images of AuNPs-CysA. 

   

Fig. S4. TEM images of AuNPs-CysA. 
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Fig. S5 A) Size distribution analysis of AuNPs-CysA by DLS. B) Recorded Zp for synthesized AuNPs-CysA, C) 

Size distribution analysis of AuNPs-CysA combined with UA. 
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Fig. S6. AFM images of AuNPs-CysA. 

 

 

 
 
 
 

 

 

 

 

 

 

  



     

     

Fig. S7. A-C) FE-SEM images of AuNFs synthesized in pH = 6.15, D-F) pH = 4.19 in different magnification, 

respectively. 

 

Fig. S8. EDC images of AuNFs. 
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Fig. S9. TEM images of AuNFs. 

 



 

 

  

 

A 

B 

C 



 

 

 

Fig. S10. A-B) Size distribution analysis of AuNFs C-D) Size distribution analysis of AuNFs after the combination 

with UA by DLS E-F) Recorded Zp for synthesized AuNFs in the pH = 4.91 and pH = 6.15, respectively. 
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Fig. S11. A-B) AFM images of synthesized AuNFs prepared in the pH of 4.91 and 6.15, respectively. 
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Fig. S12. FE-SEM images of GNSs in different magnification.  

   

Fig. S13. TEM images of GNSs in various magnification.  
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Fig. S14. A) Size distribution analysis of GNSs B) Size distribution analysis of GNSs with UA by DLS C) Recorded 

Zp for synthesized GNSs. 

 

Fig. S15. AFM imaging of synthesized GNSs after covering on the slide. 
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Fig. S16. A) Photographic image and UV -Vis spectra recorded from reaction systems containing AuNPs-CysA, 

(TMB+H2O2+Met) and different concentration of UA (0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005 and 0.000001 

M), B) Calibration curve of peak intensity versus concentration of UA. 
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Fig. S17. A) Photographic image and UV-Vis spectra recorded from reaction systems containing GNSs, 

(TMB+H2O2+Met) and different concentration of UA (0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005 and 0.000001 

M), B) Calibration curve of peak intensity versus concentration of UA. 
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Fig. S18. A) Photographic image and UV -Vis spectra recorded from reaction systems containing AuNFs (Ph = 

4.91) (TMB+H2O2+Met) and different concentration of UA (0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005 and 

0.000001 M), B) Calibration curve of peak intensity versus concentration of UA. 
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Fig. S19. A) Photographic image and UV -Vis spectra recorded from reaction systems containing AuNFs (pH = 

6.15) (TMB+H2O2+Met) and different concentration of UA (0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005 and 

0.000001 M), B) Calibration curve of peak intensity versus concentration of UA. 
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Fig. S20. A) Absorption response for UA with increasing concentrations (0.00005 to 0.01 M) and AuNPs-CysA 

in human urine specimens, B) Calibration plot of peak intensity versus concentration of UA. 
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Fig. S21. A) Absorption response for UA with increasing concentrations (0.000001 to 0.001 M) and GNSs in 

human urine specimens, B) Calibration plot of peak intensity versus concentration of UA. 
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Fig. S22. A) Absorption response for UA with increasing concentrations (0.000001 to 0.01 M) and AuNFs 

pH=4.91 in human urine specimens, B) Calibration plot of peak intensity versus concentration of UA. 

 

0

0.2

0.4

0.6

0.8

1

300 400 500 600 700 800

0.01M UA+Urine
0.005M UA+Urine
0.001M UA+Urine
0.0005M UA+Urine
0.0001M UA+Urine
0.00005M UA+Urine
0.000001M UA+Urine

A

y = 78.447x + 0.1316
R² = 0.9852

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.002 0.004 0.006 0.008 0.01 0.012

B

C (M)

Wavelength (nm) 

Ab
so

rb
an

ce
 

Ab
so

rb
an

ce
 



 

 

Fig. S23. A) Absorption response for UA with increasing concentrations (0.000001 to 0.01 M) and AuNFs 

pH=6.15 in human urine specimens, B) Calibration plot of peak intensity versus concentration of UA. 
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Table S1. Analytical Figure of merits. 

Type of AuNPs Linear range (M) LLOQ(M) 
AuNPs-CysA 10-6 to 10 -3 10 -6 
GNSs 10-4 to 10-2 10-4 
AuNFs prepared in pH=4.91 10-6 to 10-2 10 -6 
AuNFs prepared in pH=6.15 5 ×10-5 to 10-2 5 ×10-5 

 

 


