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Figure S1. (a) Schematic representation of the batch reactor used in this study (the TiO2 nanotubular
array is photoactivated by the LED positioned on top, at 3 cm from it). (b) Photograph of the batch
reactor used in this study (it is possible to distinguish the beaker containing the solutions, the sample,
the sample holder on which the sample is positioned, the magnetic stirrer and the 3D printed
component that covers the beaker and supports the UV LED).
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Figure S2. Kinetics of photocatalysis, photolysis and adsorption in the evaluated conditions (“PC”
stands for photocatalysis).

1.2

1.0

0.8

0.6

0.4

Absorbance (AU)

T T T T T T T T T

() i 0 T T T T T ik T T T T
0 5 10 15 20
Dye Concentration (10-¢ M)

Figure S3. Calibration curves for dyes in single-dye solutions.
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Figure S4. First-order derivative spectra of DR80, MB and DR80 + MB, at different DR80
concentrations, together with DR80 calibration curve. Dye concentrations of the solutions presented

in this Figure are reported in Table S1 and in Table S2.
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Figure S5. First-order derivative spectra of DR80, MB and DR80 + MB, at different MB concentrations,
together with MB calibration curve. Dye concentrations of the solutions presented in this Figure are
reported in Table S1 and in Table S2.
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Figure S6. MB calibration curve in DR80 + MB system, evaluated at MB maximum absorbance peak
(690 nm).
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Figure S7. First-order derivative spectra of DR80, RhB and DR80 + RhB, at different DR80
concentrations, together with DR80 calibration curve. Dye concentrations of the solutions presented
in this Figure are reported in Table S1 and in Table S2.
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Figure S8. First-order derivative spectra of DR80, RhB and DR80 + RhB, at different RhB
concentrations, together with RhB calibration curve. Dye concentrations of the solutions presented in

this Figure are reported in Table S1 and in Table S2.
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Figure S9. First-order derivative spectra of MB, RhB and MB + RhB, at different MB concentrations,
together with MB calibration curve. Dye concentrations of the solutions presented in this Figure are
reported in Table S1 and in Table S2.
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Figure S10. First-order derivative spectra of MB, RhB and MB + RhB, at different RhB concentrations,
together with RhB calibration curve. Dye concentrations of the solutions presented in this Figure are

reported in Table S1 and in Table S2.
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Figure S11. First-order derivative spectra of DR80 and DR80 + MB + RhB, at different DR80
concentrations, together with DR80 calibration curve. Dye concentrations of the solutions presented

in this Figure are reported in Table S1 and in Table S3.
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Figure S12. First-order derivative spectra of DR80 and DR80 + MB + RhB, at different RhB
concentrations, together with RhB calibration curve. Dye concentrations of the solutions presented in
this Figure are reported in Table S1 and in Table S3.
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Figure S13. MB calibration curve in DR80 + MB + RhB system, evaluated at MB maximum absorbance
peak (690 nm).
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Figure S14. Photocatalytic efficiency for the evaluated conditions.
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Figure S15. (a) Raman spectra of DR80, MB and DR80 + MB (dashed lines indicate peaks of MB). (b)
Raman spectra of DR80, RhB and DR80 + RhB (dashed lines indicate peaks of RhB). (¢) Raman spectra
of MB, RhB and MB + RhB (dashed lines indicate peaks of RhB). (d) Raman spectra of DR80, MB, RhB
and DR80 + MB + RhB (dashed lines indicate peaks of MB). (e) Raman spectra of DR80, MB, RhB and
DR80 + MB + RhB (dashed lines indicate peaks of RhB).
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Figure S16. (a) Raman spectra of DR80, MB and DR80 + MB (peaks of DR80, zoom in the range 1100—
1700 cm™). (b) Raman spectra of DR80, RhB and DR80 + RhB (peaks of DR80, zoom in the range 1100
1700 cm™). (¢) Raman spectra of MB, RhB and MB + RhB (peaks of MB, zoom in the range 1100-1700 cm™).
(d) Raman spectra of DR80, MB, RhB and DR80+MB+RhB (peaks of DR80, zoom in the range 1100—
1700 cm™).
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Figure S17. (a) FTIR spectra of DR80, MB and DR80 + MB (dashed lines indicate peaks of DR80). (b)

FTIR spectra of MB, RhB and MB + RhB (dashed lines indicate peaks of RhB).
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Figure S18. (a) FTIR spectra of DR80, RhB and DR80 + RhB (dashed lines indicate peaks of DR80). (b)

FTIR spectra of DR80, RhB and DR80 + RhB (dashed lines indicate peaks of RhB).
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Figure S19. (a) FTIR spectra of DR80, MB, RhB and DR80 + MB + RhB (dashed lines indicate peaks of
DR80). (b) FTIR spectra of DR80, MB, RhB and DR80 + MB + RhB (dashed lines indicate peaks of MB).

(c) FTIR spectra of DR80, MB, RhB and DR80 + MB + RhB (dashed lines indicate peaks of RhB).
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Figure S20. Absorbance spectra of DR80 + MB + RhB and single-dye solutions. 0 refers to pH 6
solution, without addition of salts; 1 refers to pH 6 solution with the addition of 2 M of NaCl; 2 refers
to pH 6 solution with the addition of 1 M of Na250s; 3 refers to acidic solution (pH 2.5-3); 4 refers to
basic solution (pH 11.5-12).
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Figure S21. Photocatalytic kinetics of both the studied conditions and single-dye solutions with
concentration 3.3 x 10 M.
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Figure S22. Relative emission power of the UV LED (black line); the dotted lines refers to the
absorbance of DR80,MB and RhB in the range 350-1000 nm.
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Table S1. Solutions used for DR80, MB and RhB calibration in single-dye solutions (italic) and for the
analysis of coincident points in ternary solutions (the theoretical concentration Ctis expressed in 10

M).
Samples DlétSO Samples 1\23 Samples RgB
DR80-1 5.65 MB-1 7.90 RhB-1 5.00
DR80 -2 1.88 MB-2 2.63 RhB -2 1.67
DR80 -3 11.30 MB-3 15.80 RhB -3 10.00
DR80 - 4 3.77 MB -4 527 RhB -4 3.33
DR80 -5 1.13 MB-5 1.58 RhB-5 1.00
DR80 -6 2.26 MB -6 3.16 RhB - 6 2.00
DR80 -7 0.75 MB -7 1.05 RhB -7 0.67
DRS80 - 8 3.39 MB - 8 4.74 RhB - 8 3.00
DR80 -9 4.52 MB -9 6.32 RhB -9 4.00
DR80 - 10 8.48 MB - 10 11.85 RhB - 10 7.50
DRS80 - 11 0.38 MB - 11 0.53 RhB - 11 0.33
DR80 - 12 1.13 MB - 12 1.58 RhB - 12 1.00
DR80 - 13 1.51 MB - 13 211 RhB - 13 1.33
DR80 - 14 2.83 MB - 14 3.95 RhB - 14 2.50
DR80 - 15 0.71 MB - 15 0.99 RhB - 15 0.63
DR80 - 16 1.41 MB - 16 1.98 RhB - 16 1.25

Table S2. Binary solutions used for DR80, MB and RhB calibration in binary mixtures (the theoretical
concentration Ctis expressed in 106 M).

DR80 + MB DR80 + RhB MB + RhB
Samples Ce Ci Samples Ce Ce Samples Ce Ce
(DR80) (MB) (DR80)  (RhB) (MB) (RhB)

DR80+MB - 1 2.83 3.95 DR80+RhB - 1 2.83 2.50 MB+RhB - 1 395 250
DR80+MB - 2 0.00 3.95 DR80+RhB - 2 0.00 2.50 MB+RhB-2  0.00 250
DR80+MB - 3 0.57 3.95 DR80+RhB - 3 0.57 2.50 MB+RhB-3 079  2.50
DR80+MB - 4 1.13 3.95 DR80+RhB - 4 1.13 2.50 MB+RhB-4 158  2.50
DR80+MB - 5 1.70 3.95 DR80+RhB - 5 1.70 2.50 MB+RhB-5 237 250
DR80+MB - 6 2.26 3.95 DR80+RhB - 6 2.26 2.50 MB+RhB-6 316 250
DR80+MB - 7 4.24 3.95 DR80+RhB - 7 4.24 2.50 MB+RhB-7 593 250
DR80+MB - 8 5.65 3.95 DR80+RhB - 8 5.65 2.50 MB+RhB-8 790  2.50
DR80+MB - 9 2.83 0.00 DR80+RhB - 9 2.83 0.00 MB+RhB-9 395  0.00
DR80+MB - 10 2.83 0.79  DR80+RhB - 10 2.83 050 MB+RhB-10 395  0.50
DR80+MB - 11 2.83 1.58  DR80+RhB - 11 2.83 1.00 MB+RhB-11 395  1.00
DR80+MB - 12 2.83 2.37  DR80+RhB - 12 2.83 150  MB+RhB-12 395  1.50
DR80+MB - 13 2.83 3.16  DR80+RhB-13 2.83 200 MB+RhB-13 395  2.00
DR80+MB - 14 2.83 593  DRS80+RhB - 14 2.83 375 MB+RhB-14 395 375
DR80+MB - 15 2.83 7.90  DR80+RhB - 15 2.83 500 MB+RhB-15 3.95 5.00
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Table S3. Ternary solutions used for DR80, MB and RhB calibration in DR80 + MB + RhB solution (the
theoretical concentration Ctis expressed in 10 M).

Samples DR80 + MB + RhB
C:(DR80) C:(MB) Ct(RhB)
DR80 + MB +RhB - 1 1.88 2.63 1.67
DR80 + MB + RhB - 2 0.00 2.63 1.67
DR80 + MB + RhB - 3 0.38 2.63 1.67
DR80 + MB + RhB - 4 0.75 2.63 1.67
DR80 + MB + RhB - 5 1.13 2.63 1.67
DR80 + MB + RhB - 6 1.51 2.63 1.67
DR80 + MB + RhB - 7 2.83 2.63 1.67
DR80 + MB + RhB - 8 3.77 2.63 1.67
DR80 + MB + RhB - 9 1.88 0.00 1.67
DR80 + MB + RhB - 10 1.88 0.53 1.67
DR80 + MB + RhB - 11 1.88 1.05 1.67
DR80 + MB + RhB - 12 1.88 1.58 1.67
DR80 + MB + RhB - 13 1.88 211 1.67
DR80 + MB + RhB - 14 1.88 3.95 1.67
DR80 + MB + RhB - 15 1.88 527 1.67
DR80 + MB + RhB - 16 1.88 2.63 0.00
DR80 + MB + RhB - 17 1.88 2.63 0.33
DR80 + MB + RhB - 18 1.88 2.63 0.67
DR80 + MB + RhB - 19 1.88 2.63 1.00
DR80 + MB + RhB - 20 1.88 2.63 1.33
DR80 + MB + RhB - 21 1.88 2.63 2.50
DR80 + MB + RhB - 22 1.88 2.63 3.33
DR80 + MB + RhB - 23 5.65 7.90 5.00
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Table S4. Regression analysis for the calibration curves in single-dye, binary and ternary mixtures (S.E. = Standard error, RSE = Standard error of the estimate).

Wavelength S.E. of S.E. of LOD
i Regression Equati R: RSE
Method Analyte Solution (nm) egression Equation Slope Intercept S (10 M)

Beer-Lambert law DRSO DRSO 527 y =0.0894x* +0.0011 0.00101 000591  0.99%  0.00873 0.29

- MB MB 666 y =0.0628x* + 0.0084 0.00054 0.00444 09998  0.00656 0.31

- RhB RhB 555 y=0.1031x* - 0.0003 0.00085 0.00437 09998  0.00646 0.19

- MB DR80+MB 690 y = 0.0369x7 + 0.0212 0.00301 001307 09677  0.01849 150

- MB  DRS0+MB+RhB 690 y =0.0393x +0.0021 0.00356 001031 09604  0.01458 111

Zero-crossing firstorder DRSO DR80+MB 505 y=0000708x> - 0.000162  0.0000583  0.0001810 09672 0.0002560  1.08

derivative MB DR80+MB 675 y=0000232x> +0.000815  0.0000504  0.0002185  0.8095 0.0003090  3.99
spectrophotometry

- DRSO DRSO+RhB 555 y=-0.002031x> - 0.000662  0.0001435  0.0004454 09757 0.0006299 093

- RhB DR80+RhB 525 y=0000612x>+0.000208 ~ 0.0000632  0.0001736 09494 0.0002455 1.0

- MB MB+RhB 685 y=-0.001993x>~0.000272  0.0000559 0.0002426 09961 0.003431 052

- RhB MB+RhB 505 y=0001103x>-0.000285 ~ 0.0000444 00001220 09920 0.0001725  0.47

Double divisor ratio spectra ~ DR80  DR80+MB+RhB 500 y =-0.0847x< - 0.0010 0.00151 000313 09984  0.00443 0.16

derlvative RhB  DR80+MB+RhB 550 y=0.0189x< - 0.0015 0.00042 0.00077 09975  0.00109 0.17
spectrophotometry

a: x2 is molar concentration in 10 M, y is absorbance.
b: x? is molar concentration in 10 M, y is dA/dA.
c: x¢ is molar concentration in 10° M, y is d/dA [Aternary/Ans+rns] or d/dA [ATernary/ADRsosMB].

d: x4 is molar concentration in 10° M, y is d/dA [Aprso/Ams+rus] or d/dA [Arns/Aprsosms].
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Table S5. Analysis of accuracy for DR80 in single-dye solution (the theoretical concentration C: and the

measured concentration Cm are expressed in 10-¢ M).

Samples DRS80 A =527 nm A =527 nm A =527 nm
Ce Cnm Recovery (%) Error (%)
DR80 - 15 0.71 0.77 109.19 9.19
DR80 - 16 1.41 1.27 90.24 9.76
DR80 - 14 2.83 2.90 102.56 2.56
DR80 -1 5.65 5.66 100.20 0.20
DRS80 - 3 11.30 11.29 99.91 0.09

x=100.42 +3.04, S.D. =6.81, RSD = 6.78%

Table S6. Analysis of accuracy for MB in single-dye solution (the theoretical concentration Ctand the measured

concentration Cm are expressed in 10 M).

Samples MB A =666 nm A =666 nm A =666 nm
Ct Cm Recovery (%) Error (%)
MB - 15 0.99 1.00 100.89 0.89
MB - 16 1.98 1.86 93.97 6.03
MB - 14 3.95 4.08 103.41 3.41
MB -1 7.90 7.89 99.87 0.13
MB -3 15.80 15.79 99.91 0.09

Xx=99.61 +1.55,S.D. = 3.46, RSD = 3.48%

Table S7. Analysis of accuracy for RhB in single-dye solution (the theoretical concentration Ctand the measured

concentration Cm are expressed in 107 M).

Samples RhB A =555 nm A =555 nm A =555nm
Ce Cm Recovery (%) Error (%)
RhB - 15 0.63 0.65 104.43 4.43
RhB - 16 1.25 1.17 93.34 6.66
RhB - 14 2.50 2.56 102.54 2.54
RhB -1 5.00 5.00 99.96 0.04
RhB -3 10.00 9.99 99.94 0.06

x=100.04 £ 1.88, S.D. =4.20, RSD = 4.19%
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Table S8. Analysis of accuracy for DR80 + MB (the theoretical concentration Ctand the measured concentration Cm are expressed in 10 M).

DRS80 + MB DR80, A =505 nm MB, A =675 nm MB, A =690 nm
Samples (DIC{ts 0) (1\5;3) Cm Recovery (%)  Error (%) Cnm Recovery (%)  Error (%) Cm Recovery (%)  Error (%)
DR80+MB - 3 0.57 3.95 0.51 90.40 9.60 -17.05 -431.76 531.76 1.16 29.39 70.61
DR80+MB - 4 1.13 3.95 0.79 70.21 29.79 -5.98 -151.27 251.27 1.38 34.89 65.11
DR80+MB - 5 1.70 3.95 1.64 96.81 3.19 0.80 20.14 79.86 3.55 89.82 10.18
DR80+MB - 6 2.26 3.95 249 110.12 10.12 4.49 113.63 13.63 4.04 102.18 2.18
DR80+MB -1 2.83 3.95 3.43 121.43 21.43 5.39 136.49 36.49 4.88 123.46 23.46
DR80+MB - 7 4.24 3.95 3.90 92.07 7.93 7.69 194.66 94.66 5.09 128.95 28.95
DR80+MB - 8 5.65 3.95 5.60 99.06 0.94 6.83 172.85 72.85 4.93 124.83 24.83
o x=7.82+85.72,5.D.=226.79, RSD = X¥=90.50 £15.97, S.D. =42.24, RSD =
- - - x=97.16 £6.09, S.D. =16.12, RSD =16.59% 900.11% 46.68%
DR80+MB - 10 2.83 0.79 291 103.10 3.10 -0.07 -8.39 108.39 0.46 57.70 42.30
DR80+MB - 11 2.83 1.58 2.63 93.10 6.90 -0.07 -4.20 104.20 1.30 82.07 17.93
DR80+MB - 12 2.83 2.37 2.77 98.10 1.90 3.38 142.64 42.64 241 101.63 1.63
DR80+MB - 13 2.83 3.16 2.63 93.10 6.90 4.24 134.25 34.25 3.20 101.11 1.11
DR80+MB - 1 2.83 3.95 343 121.43 21.43 5.39 136.49 36.49 4.88 123.46 23.46
DR80+MB - 14 2.83 5.93 2.49 88.09 11.91 5.97 100.69 0.69 5.99 101.08 1.08
DR80+MB - 15 2.83 7.90 2.77 98.10 1.90 6.83 86.42 13.58 7.45 94.35 5.65

x=99.29 +4.11, S.D. =10.88, RSD = 10.95%

x=83.99 +24.55,5.D. =64.96, RSD =

77.34%

Xx=94.48+7.69, S.D. =20.35, RSD = 21.54%
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Table S9. Analysis of accuracy for DR80 + RhB (the theoretical concentration Ct and the measured concentration Cm are expressed in 10 M).

2 of 24

DRSO + RhB DRSO, A =505 nm RhB, A = 525 nm

Samples (DE‘S 0 (Ri‘B) Cam Recovery (%) Exror (%) Con Recovery (%)  Error (%)
DR80+RhB - 3 0.57 2.50 0.66 116.61 16.61 2.27 90.99 9.01
DRS0+RhB - 4 1.13 2.50 1.25 110.58 10.58 2.60 104.06 4.06
DR80+RhB - 5 1.70 2.50 145 85.34 14.66 2.44 97.53 2.47
DR80+RB - 6 2.26 2.50 1.84 81.43 1857 2.76 110.60 10.60
DRS0+RhB - 1 2.83 2.50 3.28 116.26 16.26 3.26 130.20 30.20
DR80+RhB - 7 4.24 2.50 4.30 101.51 1.51 2.93 117.13 17.13
DRS0+RhB - 8 5.65 2.50 5.58 98.79 121 2.60 104.06 4.06
- - - ¥=101.50 + 5.35, S.D. = 14.14, RSD = 13.93% ¥=107.79 + 491, S.D. = 12.99, RSD = 12.05%
DR80+RhB - 10 2.83 0.50 2.82 99.99 0.01 0.31 62.84 37.16
DR80+RhB - 11 2.83 1.00 2.82 99.99 0.01 0.97 9.77 3.23
DRS0+RhB - 12 2.83 1.50 2.82 99.99 0.01 1.62 108.08 8.08
DRS0+RhB - 13 2.83 2.00 2.63 93.02 6.98 1.62 81.06 18.94
DR80+RhB - 1 2.83 2.50 3.28 116.26 16.26 3.26 130.20 30.20
DR80+RhB - 14 2.83 3.75 3.02 106.96 6.96 3.58 9551 4.49
DR80+RhB - 15 2.83 5.00 3.12 110.45 10.45 4.89 97.78 2.22

x=103.81+2.96,5.D.=7.84, RSD =7.55%

x=96.03+7.93,S.D. =20.99, RSD = 21.85%
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Table S10. Analysis of accuracy for MB + RhB (the theoretical concentration Ct and the measured concentration Cm are expressed in 107 M).

3o0f24

MB + RhB MB, A =685 nm RhB, A =525 nm
Samples Ct Ct
Cm Recovery (%) Error (%) Cm Recovery (%) Error (%)
(DR80) (RhB)

MB+RhB - 3 0.79 2.50 0.87 109.78 9.78 2.61 104.60 4.60
MB+RhB - 4 1.58 2.50 1.54 97.24 2.76 2.19 87.68 12.32
MB+RhB - 5 2.37 2.50 2.34 98.70 1.30 2.19 87.68 12.32
MB+RhB - 6 3.16 2.50 291 92.02 7.98 2.49 99.76 0.24
MB+RhB - 1 3.95 2.50 415 104.96 4.96 2.55 102.18 2.18
MB+RhB - 7 5.93 2.50 6.09 102.72 2.72 3.16 126.36 26.36
MB+RhB - 8 7.90 2.50 7.79 98.64 1.36 2.80 111.85 11.85

- - - x=100.58 +2.18, S.D.=5.77, RSD = 5.74% x=102.87 £5.13,5.D.=13.58, RSD = 13.20%
MB+RhB - 10 3.95 0.50 4.08 103.26 3.26 0.62 124.12 2412
MB+RhB - 11 3.95 1.00 3.88 98.18 1.82 0.98 98.32 1.68
MB+RhB - 12 3.95 1.50 3.88 98.18 1.82 1.53 101.81 1.81
MB+RhB - 13 3.95 2.00 3.98 100.72 0.72 1.71 85.42 14.58
MB+RhB - 1 3.95 2.50 415 104.96 4.96 2.55 102.18 2.18
MB+RhB - 14 3.95 3.75 3.98 100.72 0.72 3.88 103.58 3.58
MB+RhB - 15 3.95 5.00 3.78 95.64 4.36 4.97 99.44 0.56

x¥=100.23 £1.21, S.D. =3.20, RSD = 3.19%

x¥=102.12£4.33,S.D. =11.45, RSD =11.21%
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Table S11. Analysis of accuracy for DR80 + MB + RhB (the theoretical concentration Ct and the measured concentration Cm are expressed in 10-° M).

DR80 + MB + RhB DRS0, A =500 nm MB, A = 690 nm RhB, A =550 nm
Samples (DE‘S o COMB) (Ri‘B) Cm  Recovery (%) Error(%) Cm  Recovery (%) Error(%) Cm  Recovery(%) Error (%)
DR80+MB+RhB - 3 0.38 2.63 1.67 0.45 120.20 20.20 1.60 60.81 39.19 2.04 122.38 22.38
DR80+MB+RhB - 4 0.75 2.63 1.67 0.67 88.79 11.21 2.19 83.05 16.95 2.02 121.42 21.42
DR80+MB+RhB - 5 1.13 2.63 1.67 1.14 101.28 1.28 2.59 98.52 1.48 1.95 116.94 16.94
DR80+MB+RhB - 6 151 2.63 1.67 1.50 99.53 0.47 2.67 101.42 1.42 1.78 107.02 7.02
DR80+MB+RhB - 1 (DR80)  1.88 2.63 1.67 1.87 99.05 0.95 2.82 107.22 7.22 1.69 101.59 1.59
DR80+MB+RhB - 7 2.83 2.63 1.67 2.83 100.30 0.30 3.05 115.93 15.93 1.59 95.51 4.49
DR80+MB+RhB - 8 3.77 2.63 1.67 3.78 100.27 0.27 3.21 121.73 21.73 1.57 94.07 5.93
¥=101.25+353,5.D.=9.34, RSD= ¥=98.38+7.85S.D.=20.76, RSD= ¥=108.42 +4.52,S.D.=11.96, RSD =
) i i i 9.22% 21.11% 11.03%
DR80+MB+RhB - 10 1.88 0.53 1.67 1.90 100.86 0.86 0.30 57.46 42.54 1.12 67.36 32.64
DR80+MB+RhB - 11 1.88 1.05 1.67 1.88 99.95 0.05 0.96 91.58 8.42 1.44 86.55 13.45
DR80+MB+RhB - 12 1.88 1.58 1.67 1.90 100.86 0.86 1.60 101.35 1.35 1.46 87.51 12.49
DR80+MB+RhB - 13 1.88 2.11 1.67 1.93 102.74 2.74 2.14 101.39 1.39 1.61 96.47 3.53
DR80+MB+RhB - 1 (MB) 1.88 2.63 1.67 1.87 99.05 0.95 2.82 107.22 7.22 1.69 101.59 1.59
DR80+MB+RhB - 14 1.88 3.95 1.67 1.92 101.92 1.92 4.53 114.67 14.67 1.80 107.79 7.79
DR80+MB+RhB - 15 1.88 5.27 1.67 2.11 112.09 12.09 4.76 90.36 9.64 1.79 107.15 7.15
¥=102.50 + 1.66, S.D. =4.40,RSD=  ¥=94.86+7.00,5.D.=18.53, RSD=  ¥=93.49+542,S.D.=14.33, RSD =
) i i i 4.29% 19.53% 15.33%
DR80+MB+RhB - 17 1.88 2.63 0.33 1.96 104.30 4.30 3.03 114.96 14.96 0.29 87.24 12.76
DR80+MB+RhB - 18 1.88 2.63 0.67 1.98 105.12 5.12 2.95 112.06 12.06 0.61 91.61 8.39
DR80+MB+RhB - 19 1.88 2.63 1.00 1.94 103.07 3.07 3.00 113.99 13.99 1.04 104.26 4.26
DR80+MB+RhB - 20 1.88 2.63 1.33 1.89 100.28 0.28 2.82 107.22 7.22 1.38 103.39 3.39
DR80+MB+RhB - 1 (RhB)  1.88 2.63 1.67 1.87 99.05 0.95 2.82 107.22 7.22 1.69 101.59 1.59
DR80+MB+RhB - 21 1.88 2.63 2.50 1.88 99.79 0.21 3.00 113.99 13.99 2.55 102.06 2.06
DR80+MB+RhB - 22 1.88 2.63 3.33 2.00 106.02 6.02 2.90 110.12 10.12 3.27 97.98 2.02
¥=102.52£1.06,5.D.=2.80,RSD=  ¥=111.37+122,S.D.=324, RSD=  x=98.30=2.46,S.D.=6.50, RSD =
) i i i 2.73% 2.91% 6.61%
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Table S12. Raman band assignments of selected marker bands of DR80, MB and RhB (Raman shift is expressed

in cm™).
Peak DR80 Peak MB Peak RhB
Band Band Band
Raman . Raman . Raman .
Shift Assignments Shift Assignments Shift Assignments
and Modes and Modes and Modes
1 1154  SOs stretching 1 ag7 G NCokeletal gpp ~ Xantenering
deformation puckering
2 1174 SOsstretching 2 soa O NCskeletal o,y CChridge
deformation stretching
C-H in plane
3 1448  N=N stretching 3 1398 ring 3 1281 C-H bending
deformation
4 1565 C=Nstretching 4 1624 C-Cring 4 1359 AromaticC=C
stretching bending
5 1594 Cc=C pht.enyl i ) 5 1507 Aromat1.c C-H
stretching bending
i ) i ) i ) 6 1529 Aromatl.c C-H
bending
C=C stretching,
- - - - - - 7 1646 aromatic C-C

bending

Table S13. The characteristic frequencies of FTIR bands of DR80, MB and RhB (FTIR band is expressed in cm™).

Peak DR80 Peak MB Peak RhB
FTIR . Band FTIR . Band FTIR - Band
- Band Assignments and - Band Assignments and - Band Assignments and
Modes Modes Modes
. C-5-C stretching, CO stretching (C-
1 1003 CO stretching 1 670 C-N stretching 1 1075 O-H)
_C in-pl
2 1565 C-Nstretching 2 83  CCinvplane 2 1132 C-O-Cstretching
bending
3 3100 C-Hstretching 3 1066 C-S-Cstretching 3 1248 CZENSEE;I}:;%
Aromatic ring-
H C—
4 3420 OH stretching 4 1142 C-N bending 4 1336 COO_ <
stretching and/or
C-H bending
. C-H bending
- - - 11 —-H bend 1411
- 5 80 C-H bending 5 (=N"(C2He))
- - - 6 1225 C-Cstretching 6  146g ‘romaticring
vibrations
C-H bending (in .
- - - 7 1248 planeandoutof 7  1s28  ‘romaticring
vibrations
plane)
- - - § 1338 C-Nstetching 8  1s90 ‘romaticring
vibrations
C=N stretching
- - - 9 1356 C=S stretching 9 1646 and/or C=C
stretching
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C-H in-plane C=0 stretching
- - - 10 1397
bending 10 1706 (COOH)
C-H in-plane C-H stretching
- - - 11 1444 11 292
bending 928 (CHb)
- - - 12 1492  C=Sstretching 12 2074 C 1 (Sérg;hmg

- - - 13 1540  C-N stretching - - -
C=N stretching,

- - - 14 1 - - -
600 C=C stretching
C-H stretching
- - - 15 2709 (N—(CH:)2) - - -
C-H stretching
- - - 1 292 - - -
6 926 (CH:)

- - - 17 3380 OH stretching - - -
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