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

size.



SEM MAG: 200 kx Det: InBeam MIRA3 TESCANE SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN|
WD: 5.12 mm BI: 7.00 200 nm WD: 5.12 mm BI: 7.00 200 nm
View field: 1.04 pm  Date{m/d/y): 02/08/21 View field: 1.04 ym Date{midly): 02/08/21

SEM MAG: 100 kx s MIRA3 TESCAN SEM MAG: 100.0 kx Det: InBeam MIRA3 TESCAN
WD: 5.12mm : 7 WD: 5.12 mm 00
View field: 2.08 pm Date(midly): 02/08/21 View field: 2.08 pm Date(m/dly): 02/08/21

Fig. S2. FE-SEM images of AuNPs-CysA.
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Fig. §3. EDC images of AuNPs-CysA.
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Fig. S4. TEM images of AuNPs-CysA.

A Size (d.n... % Number: St Dev (d.n...
Z-Average (d.nm): 97.87 Peak 1: 15.38 100.0 3722
Pdl: 0.641 Peak 2: 0.000 0.0 0.000
Intercept: 0615 Peak 3: 0.000 0.0 0.000
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Results B

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): 250 Peak1: _-164 931 6.55
Zeta Deviation (mV): 438 Peak 2: 522 6.9 421
Conductivity (mS/ecm): 0269 Peak 3: 0.00 0.0 0.00
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Z-Average (d.nm): 3969 Peak 1: 2185 94.6 548.3
Pdl: 0.292 Peak 2: 5080 54 749.7
Intercept: 0.766 Peak 3: 0.000 0.0 0.000
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Fig. 85 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.



MIRAS TESCAH SEM HV: 15.0 KV WD: 11.47 mm

Det: InBeam (B L L SEM MAG: 25.0 kx SEM MAG: 10.0kx Det: InBeam
BI: 7.00 WD: 4.98 mim L WD: 4.96 mm BI: 7. 5 um
View field: 8.30 ym _ Date( 111720 View field: 20.8 ym | Date(m/dly): 10/11/20

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

respectively.
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Fig. S8. EDC images of AuNFs.
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Fig. §9. TEM images of AuNFs.
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Size (d.n... % Number: St Dev (d.n...
Z-Average (d.nm): 303.2 Peak 1: 1501 100.0 113.9
Pdl: 0.340 Peak 2: 0.000 0.0 0.000
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D Size (d.n... % Intensity: st Dev (d.n...

Z-Average (d.nm): 1736 Peak 1: 1578 100.0 365.8
Pdl: 0.322 Peak 2: 0.000 0.0 0.000
Intercept: 0.766 Peak 3: 0.000 0.0 0.000
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Fig. $10. 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 AuNF's in the pH = 4.91 and pH = 6.15, respectively.
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Fig. S11. A-B) AFM images of synthesized AuNF's 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.



Results
Size (d.n... % Number: St Dev (d.n...
Z-Average (d.nm): 1355 Peak 1: 2461 100.0 6.831
Pdl: 0.393 Peak 2: 0.000 0.0 0.000
Intercept: 0.649 Peak 3: 0.000 0.0 0.000
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Results C
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): 428 Peak 1: 861 922 182
Zeta Deviation (mV): 115 Peak 2: 133 46 439
Conductivity (mS/icm): 1.81 Peak 3: 143 25 345
Result quality See result quality report
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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.
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Fig. S15. AFM imaging of synthesized GNSs after covering on the slide.
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Fig. §16. A) Photographic image and UV-Vis spectra recorded from reaction systems containing AuNPs-CysA,
(TMB+H-0,+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+H>0,+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.



—0.01M UA

=T ——0.005M UA
e ——0.001M UA
- - e S 0.0005M UA
i At el 4 5 6— 0/0001M UA
0.94 5M UA
——0.000001M UA
0.74

0.14
-0.06
310 410 510 610 710
Wavelength(nm)
1.2
1 B y =72.538x +0.2105
R2=0992 . $
§o_3 ..............
© oot
2 e
806 e
o e
< e
04 | T
o o®
02 &®
0
0 0.002 0.004 0.006 0.008 0.01
cm™m

Fig. S18. A) Photographic image and UV-Vis spectra recorded from reaction systems containing AuNFs (Ph =
4.91) (TMB+H>0;+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+H>0,+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. §20. 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. 822. 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.
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Fig. 823. A) Absorption response for UA with increasing concentrations (0.000001 to 0.01 M) and AuNFs

pH=06.15 in human urine specimens, B) Calibration plot of peak intensity versus concentration of UA.



Table S1. Analytical Figure of merits.

Type of AuNPs
AuNPs-CysA

GNSs

AuNFs prepared in pH=4.91
AuNFs prepared in pH=6.15

Linear range (M)
10°to 10 3

10 to 1072

10 to 1072

5 %107 to 1072

LLOQ(M)
10 -

10

10 -6
5x10°



