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Figure S1. (a) A representative TEM micrograph of the synthesized Ag»S nanoparticles (diluted 20

times by deionized water) and (b) UV-vis absorption spectra of Ag:S using different concentrations
of chitosan for the synthesis.
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Figure S2. The zeta potential of Ag:S nanoparticles stabilized by chitosan (a) and their relative size
distribution (b).
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Figure S3. The absorption spectra of AgsS (10 times dilution by DI water) in the presence of ascorbic
acid at different concentrations.
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Figure S4. Cyclic voltammograms (CVs) with 15 cycles of the CNTs/GCE in the colloidal AgzS-
chitosan mixture at a scan rate of 20 mV.s.
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Figure S5. The CVs of HQ 7.1 uM (a) AR 4.0 uM (b) and AA2G 3.1 pM (c) in 0.1 M phosphate buffer

at different pHs (5.0-8.0).
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Figure S6. The CVs of ascorbic acid (a) glucose (b) AA2G (c) and AR (d) at different concentrations
on the Ag@AgCl/Ag:S/CNTs/GCE in 0.1 M phosphate buffer, pH 7.
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Figure S7. DPVs of the Ag@AgCl/Ag:S/CNTs/GCE, (a) with different HQ concentrations, while AR =
3.7 uM and AA2G =3.0 uM, (b) DPVs with different AR concentrations, while HQ =9.1 uM and AA2G
= 3.0 uM (c) DPVs with different AA2G concentrations while HQ = 9.1 uM and AR = 3.7 uM (d)
Calibration plot of anodic current (1A) vs. concentration for each analyte (uM).
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Figure S8. The DPV response obtained from the reproducibility of the Ag@AgCl/Ag>S/CNTs/GCE (a)

and the repeatability (b) studies of using the Ag@AgCl/Ag>S/CNTs/GCE for the determination HQ
(9.1 uM), AR (3.7 uM) and AA2G (3.0 uM).
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Figure S9. The CVs responses of using the same Ag@AgCl/Ag>S/CNTs/GCE for determination of the

analytes (40 ppb each) in a different day (a) and the anodic current of the analytes obtained by CVs in
Figure S9a (b).
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Figure S10. The effect of ascorbic acid (a) and kojic acid (b) on the response signal of the simultaneous
determination HQ, AR, and AA2G using the Ag@AgCl/Ag>S/CNTs/GCE.



9 of 11

s3rd 3.0
8- s2nd a b
1w @ o ®)
7] buf 39 o AA2G
—— bufl | AR
1 ——buf2
= 64 slst_100ppb i
< 6 s2ntd_10(l)]}§]pb 220
E; 1 s3rd_100ppb 3‘ 1 \
= 54 s1st_200pph =154 y=7.9445E7x-5.94548
S 4 s3rd_200ppb = 5
2 s2nd_200ppb @ | R"=0.9995
i 4 s1st_300ppb t
(3 s3rd_300ppb = l 0 b
3 s2nd_300ppb U |
5] 0.5 y=1.5946F""x+1.2816F ™"
| 1 R’=0.9954
1 T v L} v Ll v T L] T O-O T ¥ ? r T v T v T M T
00 02 04 06 08 1.0 0 50 100 150 200 1250 300
E (V) Concentration (pg.L7)
AR ~2500
140 () 3 (d)
—_— o
i 120+ S 2000+ y=24254.94x+1.9993 R*=0.9970
1 [
" 1 sample ~—
‘E 100 ] spiked50ppm E 1500+ = AA2G
fi i spiked100ppm = AR
80 . [—] 4 HQ
@ ] spiked150ppm )
2 \ & 1000+
= 60+ - 5
= E ‘ HO = y=44275x-21704.5 R*=0.9997
5 40 g 500-
. | =
< 20__ AAXG | = T
0 A ‘ g y=8762.48x+3944.12 R"=0.9990
B — \4‘ T — T T — T m T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 0 20 40 60 80 100 120 140 160

Retention time (min) Concentration (mg.L™")

Figure S11. DPV responses of the Ag@AgCl/Ag2S/CNTs/GCE when a mixture of HQ, AR, and AA2G
(100, 200 and 300 pg-L™) was spiked in the whitening lotion (a) and the standard additions calibration
curves (b) and chromatograms of the separation the spiked analytes sample (0, 100 and 150 mg-L™1)
on a C18 column (c) and standard addition calibration curves for HQ, AR, and AA2G (d) HPLC-PDA
condition was XBridge Cis 3.5 um, 4.6 x 100 mm HPLC column using a mobile phase consisting of the
MeOH:50 mM phosphate buffer (pH 2.5) at a ratio of 4:96 with a flow rate 0.5 mL.min"". All analyte
absorbances were detected at 280 nm with an injection volume of 20 pL.
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Figure S12. Calibration plots of the lotion-spiked standard analytes (a) and the calibration curves of
the standard analytes (b).
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Figure S13. The modified Randles circuit is expressed as Rs(Q(RctW)): Rs (Q) = resistance of the liquid
electrolyte, CPE (constant phase element of pseudo-capacitance) = Q" (Farad), n =1, true capacitance,
n = 0: pure resistance, W = Warburg elelement: Zw = Aw/(jw)"5, where Aw is Warburg coefficient
(Q.s9). The double layer capacitance (Cai) is replaced by CPE.

The experimental data were fitted using ZSimpWin software to estimate the model parameters of the
modified Randles circuit (Table S1).

Table S1. EIS parameters of the modified glassy carbon electrode in 0.1 M KCl containing 5 mM of

Fe(CN)et/5,
GCE CNTs Ag:S-CNTs Ag@AgCl/Ag:S-CNTs
Rs () 97.7 75.1 94 70
CPE (Q) 2.43 x 10¢ 7.44 x 10+ 3.16 x 10 6.06 x 10
n 0.78 0.21 0.75 0.74
Ret (Q) 386.8 29.3 87.2 46.4
Aw (Q.509) 0.00225 0.00227 0.0022 0.0027
Chi square 1.38 x 103 1.047 x 10-3 6.7 x 10 4.59 x 10




Table S2. The matrix effect of the lotion sample on the determination HQ, AR, and AA2G.
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The slope of the standard addition calibration The slope of the calibration

. %ME
curve (matrix) curve (solvent)
The proposed method (DPV)

HQ 7.94 x 10° 2.51 x 108 31.65
AR 1.44 x 1010 2.13 x 10° 6.75
AéZ 1.5946 x 1010 8.48 x 10-10 18.75
HPLC-PDA method (detect at 280 nm)

HQ 4.43 x 104 1.71 x 10¢ 259.34
AR 2.06 x 104 4.33 x 104 47.51
Aé2 9.05 x 103 9.30 x 103 97.32
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