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1.  Abbreviation

AA                                Ascorbic acid

Cys                                Cysteine

CuPc                             Copper phthalocyanine

DA                                Dopamine

DBU                             1,8-Diazabicyclo[5.4.0]undec-7-ene

DMF                             N,N'-dimethylformamide 

DMSO                          Dimethylsulfoxide 

GSH                             Glutathione

Hcys                             Homocysteine

MnPc                            Manganese phthalocyanine

MPc                              Metallophthalocyanine

UA                               Uric acid

GO                               Graphene oxide

GCE                             Glassy carbon electrode

LDA                             Linear discriminant analysis

LSV                              Linear sweep voltammetry

rGO                              Reduced graphene oxide 
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2. Synthesis

2.1 Synthesis of metallophthalocyanine complexes, CuPc (1) and MnPc (2)

A mixture of anhydrous metal salts (0.35 equ), phthalonitrile (1 equ), DBU (2 equ) in pentanol 

was stirred at 140-160 °C for 24 h under a nitrogen atmosphere.1 After the reaction, the mixture 

was allowed to cool to room temperature, and the solvent was evaporated. The crude mixture was 

dissolved in chloroform (10 mL) and precipitated using hexane (100 mL). Hexane was decanted, 

and the precipitate was dissolved in DMF (10 mL) and again re-precipitated by adding methanol 

(100 mL). The precipitate was washed several times with methanol using centrifugation technique. 

The purity of the complexes CuPc (1) and MnPc (2) was ascertained by elemental analysis as 94 

% and 85% respectively. Anal. Calcd for C32H18CuN8 (CuPc (1)), C, 66.4; H, 3.1; N, 19.4, Found: 

C, 62.8; H, 2.4; N, 18.4, Anal. Calcd for C32H18MnN8 (MnPc (2)), C, 67.5; H, 3.2; N, 19.7. Found: 

C 58.6; H, 2.3; N 15.7.       

2.2 Synthesis of graphene oxide from graphite 

Graphene oxide (GO) was synthesized from graphite powder using Hummer’s method.2 To the 

hot (80 °C) concentrated H2SO4 solution (12 mL) containing K2S2O8 (4 g) and P2O5 (4 g), graphite 

powder (2 g) was added under continuous stirring. After 6 h, the mixture was allowed to cool to 

room temperature. Carefully the above mixture was poured into 150 mL of MilliQ water, then 

filtered and dried overnight at 60 °C. The pre-oxidized graphite powder (1 g) was added to cold 

H2SO4 (46 mL) at 0 °C, and then KMnO4 (6 g) was gradually added under continuous stirring 

in ice-bath. After 15 min, NaNO3 (1 g) was slowly introduced into the above reaction mixture. The 

mixture was stirred at room temperature for 2 h, and it was diluted with MilliQ-water (100 mL). 

The reaction was quenched by adding MilliQ water (280 mL) and 30 % H2O2 (5 mL). The crude 

resultant was centrifuged, and the supernatant was discarded. The resultant colloidal material was 
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suspended in HCl (1 M), centrifuged and the supernatant was discarded. Finally, the material was 

washed with water several times using centrifugation technique.

2.3 Reduction of graphene oxide to reduced graphene oxide (rGO)

Obtained GO (20 mg) was suspended in distilled water (200 mL). To the suspension, NaBH4 (2.28 

g) and CaCl2 (1.78 g) were added. The reaction mixture was allowed to stir at room temperature 

for 12 h to obtain reduced graphene oxide (rGO). Then, the rGO was filtered and washed with 

distilled water for several times to remove the unreacted NaBH4 and CaCl2.3

2.4 General procedure for preparation of GO-MPc-PDA (3 and 4) and rGO-MPc- PDA (5 

and 6)

The general procedure for the synthesis of graphene-metallophthalocyanine-PDA materials (3-6) 

is presented in the scheme 1. Typically 10 mg of carbon nanomaterials (GO or rGO) was suspended 

in 50 mL of water and DMSO (1:1 volume ratio) and sonicated for 30 min to disperse the material. 

To the dispersion, metallophthalocyanine 1/or 2 (5 mg) was added and sonicated for another 15 

min. Then, dopamine (5 mg) was added to the suspension and further sonicated for 3 h.4 The 

suspension was washed with water followed by methanol using centrifugation method. The 

elemental composition of the materials was quantified using Energy Dispersive X-ray 

Spectroscopy (EDAX). The data are provided as follows. 

GO-CuPc-PDA 3 (C-52.82 %, O-33.74 %, N-10.57%, Cu-2.87), GO-MnPc-PDA 4 (C-54.43 %, 

O-29.23 %, N-11.29 %, Mn-5.06 %), rGO-CuPc-PDA 5 (C-42.49 %, O-11.01 %, N-12.35 %, Ca- 

2.4 %,  Cu-9.03 %),  rGO-MnPc-PDA 6 (C-47.44 %, O-12.50, N-18.11 %, Ca-7.72, Mn-9.75 %)
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3. Scanning electron microscopy (SEM)

Materials (3-6) were dispersed individually in the methanol (1 mg/1 mL) in a separate Eppendorf 

tube and sonicated for 30 min. The dispersion (20 µL) was drop casted over the separate SEM grid 

containing carbon tape and allowed it to dry at room temperature. The prepared grids were 

subjected to the SEM analysis. The presence of polydopamine (PDA) in materials 3-6 was evident 

from SEM image (Figure S4). The PDA covered the graphene sheets by forming a thin uniform 

layer, SEM images showing the crinkled morphology of graphene sheets, and in agreement with 

findings of earlier reports on similar materials.4,5
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4. Figures

Figure S1. UV-visible spectra for the pretreated plasma (100 µL) sample spiked in the phosphate 

buffer (1900 µL). Concentration of the proteins = absorbance at 280 nm divided by path length6 

(1 cm).
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Figure S2. Elemental analysis (CHN) report for CuPc (1).

Figure S3. Elemental analysis (CHN) report for MnPc (1).
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Figure S4. EDX analysis report for GO-CuPc-PDA (3).

Spectrum: Acquisition 6677

El AN  Series  unn. C norm. C Atom. C Error (1 Sigma) K fact. Z corr. A corr. F corr.

               [wt.%]  [wt.%]  [at.%]          [wt.%]                                

-------------------------------------------------------------------------------------

C  6  K-series  61.52   61.52   67.46            7.03   0.820   0.751   1.000   1.000

N  7  K-series  28.54   28.54   26.84            4.34   0.254   1.124   1.000   1.000

O  8  K-series   5.91    5.91    4.86            1.10   0.043   1.372   1.000   1.000

Cu 29 K-series   4.04    4.04    0.84            0.21   0.012   2.861   1.000   1.181

-------------------------------------------------------------------------------------

        Total: 100.00  100.00  100.00
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Figure S5. EDX analysis report for GO-MnPc-PDA (4).

Spectrum: Acquisition 6676

El AN  Series  unn. C norm. C Atom. C Error (1 Sigma) K fact. Z corr. A corr. F corr.

               [wt.%]  [wt.%]  [at.%]          [wt.%]                                

-------------------------------------------------------------------------------------

C  6  K-series  54.43   54.43   62.45            6.17   0.824   0.661   1.000   1.000

O  8  K-series  29.23   29.23   25.18            3.70   0.255   1.144   1.000   1.000

N  7  K-series  11.29   11.29   11.11            1.88   0.118   0.956   1.000   1.000

Mn 25 K-series   5.06    5.06    1.27            0.19   0.013   3.620   1.000   1.083

-------------------------------------------------------------------------------------

        Total: 100.00  100.00  100.00
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Figure S6. EDX analysis report for rGO-CuPc-PDA (5).

Spectrum: Acquisition 6926

El AN  Series  unn. C norm. C Atom. C Error (1 Sigma) K fact. Z corr. A corr. F corr.

               [wt.%]  [wt.%]  [at.%]          [wt.%]                                

-------------------------------------------------------------------------------------

C  6  K-series  67.80   70.40   83.12            7.77   1.099   0.640   1.000   1.000

O  8  K-series  14.47   15.02   13.31            2.11   0.135   1.114   1.000   1.000

Cu 29 K-series  11.70   12.15    2.71            0.46   0.046   2.447   1.000   1.087

Ca 20 K-series   2.34    2.43    0.86            0.10   0.006   3.850   1.000   1.038

-------------------------------------------------------------------------------------

        Total:  96.31  100.00  100.00
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Figure S7. EDX analysis report for rGO-MnPc-PDA (6).

Spectrum: Acquisition 6674

El AN  Series  unn. C norm. C Atom. C Error (1 Sigma) K fact. Z corr. A corr. F corr.

               [wt.%]  [wt.%]  [at.%]          [wt.%]                                

-------------------------------------------------------------------------------------

C  6  K-series  47.44   57.02   70.32            5.46   0.986   0.578   1.000   1.000

N  7  K-series  18.11   21.77   23.02            2.94   0.249   0.874   1.000   1.000

Mn 25 K-series   9.75   11.72    3.16            0.33   0.038   2.926   1.000   1.041

Ca 20 K-series   7.90    9.49    3.51            0.27   0.028   3.301   1.000   1.036

-------------------------------------------------------------------------------------

        Total:  83.21  100.00  100.00
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Figure S8. Raman spectra of, a) materials 1, 3, and 5, and b) materials 2, 4, and 6.
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Figure S9. SEM images: a) GO-CuPc-PDA (3), b) rGO-CuPc-PDA (5), c) GO-MnPc-PDA (4), 

and d) rGO-MnPc-PDA (6). 
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Figure S10. Linear sweep voltammogram of CuPc coated electrode (1′) towards GSH show the 

electrode fouling behavior of electrode 1′ at the concentration GSH 200 µM.

Figure S11. Current response of the modified electrodes 1′-6′ towards Cys, GSH and Hcys (50 µM). 
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Figure S12. Linear sweep voltammogram of rGO-MnPc-PDA coated electrode (3′) towards Cys 

at various concentration (0, 5 µM, 10 µM, 50 µM, 100 µM, 200 µM, 500 µM and 1 mM).
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Figure S13. a) LDA score plot was generated using the difference in current data obtained using 

the CuPc (1'), GO-CuPc-PDA (3') and rGO-CuPc-PDA (5'). b) LDA score plot was generated 

using the difference in current data obtained using the MnPc (2'), GO-MnPc-PDA (4') and rGO-

MnPc-PDA (6'). c) LDA score plot was generated using the difference in current data obtained 

using the GO-CuPc-PDA (3') and GO-MnPc-PDA (4'), rGO-CuPc-PDA (5') and rGO-MnPc-PDA 

(6'). d) LDA score plot was generated using the difference in current data obtained using all the 

array electrodes (see also figure 6b). Note: Thiol concentrations 5, 50, and 100 refers thiol 

concentrations, the current responses were collected at 0.45 V.
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Figure S14. Linear sweep voltammograms a-f show the response of respective electrode 1ʹ-6ʹ towards 

the thiols spiked in the diluted goat plasma; Conditions: [RSH]-50 µM, scan rate- 20mV/s. 
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Figure S15. LDA score plot showing the poor discriminatory ability of electrode array (1′-6′) towards 

thiols spiked in diluted plasma sample that doesn’t contain added redox indicator (AA, DA, and UA). 
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Figure S16. a) LDA score plot was generated using the difference in current data obtained using the 

CuPc (1'), GO-CuPc-PDA (3') and rGO-CuPc-PDA (5'). b) LDA score plot was generated using the 

difference in current data obtained using the MnPc (2'), GO-MnPc-PDA (4') and rGO-MnPc-PDA 

(6'). c) LDA score plot was generated using the difference in current data obtained using the GO-

CuPc-PDA (3') and GO-MnPc-PDA (4'), rGO-CuPc-PDA (5') and rGO-MnPc-PDA (6'). d) LDA 

score plot was generated using the difference in current data obtained using all the array electrodes 

(see also figure 10). Note: Thiol concentrations 5, 50, and 100 refers thiol concentrations, the current 

responses were collected at 0.38, 0.48 and 0.58 V.
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Figure S17. Predicted vs experimental concentration plots generated using PLS-R model for a) Cys, 

b) GSH, and c) Hcys. Calibration samples (Black dots) and its regression line (Black line), validation 

samples (Red dots) and its regression line (Red line).
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Figure S18. a) LSV of electrode 1' in plasma spiked PBS contains AA (line red) and without AA 

(black line),  and AA modified electrode 1' in plasma spiked PBS (line blue),  b) LSV of electrode 

1' in plasma spiked PBS contains UA (line red) and without UA (black line),  and UA modified 

electrode 1' in plasma spiked PBS (line blue), c) LSV of electrode 1' in plasma spiked PBS 

contains DA (line red) and without DA (black line), and DA modified electrode 1' in plasma spiked 

PBS (line blue).

Figure S19. a) LSV of electrode 2' in plasma spiked PBS contains AA (line red) and without AA 

(black line),  and AA modified electrode 2' in plasma spiked PBS (line blue),  b) LSV of electrode 

2' in plasma spiked PBS contains UA (line red) and without UA (black line),  and UA modified 

electrode 2' in plasma spiked PBS (line blue), c) LSV of electrode 2' in plasma spiked PBS 

contains DA (line red) and without DA (black line), and DA modified electrode 2' in plasma spiked 

PBS (line blue) 
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Figure S20. a) LSV of electrode 4' in plasma spiked PBS contains AA (line red) and without AA 

(black line),  and AA modified electrode 4' in plasma spiked PBS (line blue),  b) LSV of electrode 

4' in plasma spiked PBS contains UA (line red) and without UA (black line),  and UA modified 

electrode 4' in plasma spiked PBS (line blue), c) LSV of electrode 4' in plasma spiked PBS 

contains DA (line red) and without DA (black line), and DA modified electrode 4' in plasma spiked 

PBS (line blue)

Figure S21. a) LSV of electrode 5' in plasma spiked PBS contains AA (line red) and without AA 

(black line),  and AA modified electrode 5' in plasma spiked PBS (line blue),  b) LSV of electrode 

5' in plasma spiked PBS contains UA (line red) and without UA (black line),  and UA modified 

electrode 5' in plasma spiked PBS (line blue), c) LSV of electrode 5' in plasma spiked PBS 

contains DA (line red) and without DA (black line), and DA modified electrode 5' in plasma spiked 

PBS (line blue)
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Figure S22. a) LSV of electrode 6' in plasma spiked PBS contains AA (line red) and without AA 

(black line),  and AA modified electrode 6' in plasma spiked PBS (line blue),  b) LSV of electrode 

6' in plasma spiked PBS contains UA (line red) and without UA (black line),  and UA modified 

electrode 6' in plasma spiked PBS (line blue), c) LSV of electrode 6' in plasma spiked PBS 

contains DA (line red) and without DA (black line), and DA modified electrode 6' in plasma spiked 

PBS (line blue).

Figure S23. Shows the plot of AA oxidation current as a function of square root of scan rate for 

the electrodes a) 1', b) 3' and c) 5'. 
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Figure S24. Shows the plot of DA oxidation current as a function of square root of scan rate for 

the electrodes a) 1', b) 2', c) 3', d) 4', e) 5', f) 6'
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Figure S25. Shows the plot of DA oxidation current as a function of square root of scan rate for 

the electrodes a) 1', b) 2', c) 3', d) 4', e) 5', f) 6' 
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4. Tables 

Table S1. Raw data used for generating LDA score plot shown in figure 10.

Electr
odes

CuPc MnPc GO-CuPc-PDA rGO-CuPc-PDA GO-MnPc-PDA rGO-MnPc-PDA

Repilc
ates

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

Plasm
a-1

6.12
E-
07

6.53
E-
07

4.61
E-
07

4.36
E-
07

8.37
E-
07

9.6
1E-
07

6.3
6E-
07

7.5
7E-
07

8.7
3E-
07

1.0
1E-
06

1.1
3E-
06

9.0
1E-
07

9.7
1E-
07

1.0
7E-
06

1.7
2E-
06

1.2
2E-
06

1.4
8E-
06

1.1
6E-
06

Plasm
a-1

8.12
E-
07

7.85
E-
07

5.95
E-
07

3.9
E-
07

7.52
E-
07

1.0
2E-
06

9.8
3E-
07

1.1
8E-
06

1.1
8E-
06

1.4
E-
06

1.3
8E-
06

1.1
3E-
06

1.3
5E-
06

1.4
1E-
06

1.9
1E-
06

1.7
2E-
06

1.9
9E-
06

1.5
4E-
06

Plasm
a-1

9.04
E-
07

7.99
E-
07

6.34
E-
07

4.5
E-
07

8.38
E-
07

1.0
8E-
06

1.0
3E-
06

1.2
5E-
06

1.2
E-
06

1.4
6E-
06

1.3
6E-
06

1.1
2E-
06

1.5
1E-
06

1.6
2E-
06

2.1
9E-
06

1.8
E-
06

2.0
9E-
06

1.5
8E-
06

Plasm
a-1

9.24
E-
07

7.94
E-
07

6.46
E-
07

3.97
E-
07

7.56
E-
07

9.7
8E-
07

9.6
8E-
07

1.2
E-
06

1.1
6E-
06

1.4
5E-
06

1.3
8E-
06

1.1
5E-
06

1.3
7E-
06

1.4
8E-
06

1.9
3E-
06

1.8
8E-
06

2.1
7E-
06

1.6
3E-
06

Plasm
a-1

9.41
E-
07

7.4
E-
07

5.02
E-
07

4.06
E-
07

7.84
E-
07

1.0
2E-
06

9.9
9E-
07

1.2
9E-
06

1.2
6E-
06

1.4
4E-
06

1.4
3E-
06

1.2
4E-
06

1.3
4E-
06

1.5
E-
06

2E-
06

1.8
8E-
06

2.2
1E-
06

1.6
5E-
06

Plasm
a-1

1.36
E-
06

1.44
E-
06

1.74
E-
06

6.65
E-
07

1.03
E-
06

1.2
9E-
06

1.3
2E-
06

1.6
8E-
06

1.7
4E-
06

2.2
5E-
06

2.1
3E-
06

2.0
6E-
06

1.6
1E-
06

1.7
7E-
06

2.2
5E-
06

3.2
5E-
06

3.5
1E-
06

3.6
1E-
06

Plasm
a-1

8.57
E-
07

6.92
E-
07

5.08
E-
07

4E-
07

7.98
E-
07

1.0
2E-
06

9.5
2E-
07

1.2
8E-
06

1.2
2E-
06

1.5
6E-
06

1.4
5E-
06

1.2
9E-
06

1.3
8E-
06

1.5
9E-
06

2.1
6E-
06

1.8
E-
06

1.7
9E-
06

1.3
E-
06

Cys-
50

3.91
E-
07

3.02
E-
07

2.61
E-
07

9.64
E-
08

1.9
E-
07

1.9
9E-
07

4.8
6E-
07

3.9
6E-
07

-
1.5
E-
08

2.0
4E-
07

-
6.4
E-
08

-
3.6
E-
08

3.1
E-
07

1E-
07

-
1.8
E-
07

1.5
6E-
07

-
5.2
E-
08

-
4.9
E-
07

Cys-
50

3.78
E-
07

2.87
E-
07

1.99
E-
07

2.31
E-
07

3.26
E-
07

2.9
6E-
07

8.2
5E-
07

6.8
E-
07

3.0
1E-
07

2.6
7E-
07

3.0
6E-
10

3.3
9E-
08

2.9
3E-
07

1.6
9E-
07

9.0
9E-
08

2.2
4E-
07

1.5
9E-
08

-
5.8
E-
07

Cys-
50

3.73
E-
07

3.16
E-
07

3.01
E-
07

1.08
E-
07

1.91
E-
07

1.7
9E-
07

4.8
6E-
07

3.9
6E-
07

-
1.5
E-
08

2.1
7E-
07

-
4.9
E-
08

-
1.1
E-
08

2.1
5E-
07

1.3
3E-
07

1.0
2E-
07

3.0
8E-
07

1.1
1E-
07

-
5.8
E-
07

Cys-
50

3.66
E-
07

2.98
E-
07

2.74
E-
07

8.76
E-
08

1.83
E-
07

1.6
5E-
07

4.7
6E-
07

4.1
7E-
07

-
4.5
E-
08

3.4
E-
07

-
1E-
08

2.9
3E-
08

2.3
5E-
07

1.3
4E-
07

3.4
2E-
08

3.2
8E-
07

1.2
1E-
07

-
6E-
07

Cys-
50

3.29
E-
07

2.89
E-
07

2.41
E-
07

5.43
E-
08

1.14
E-
07

8.5
4E-
08

4.5
4E-
07

4.1
9E-
07

-
3E-
08

1.1
5E-
07

-
1.3
E-
07

-
7.1
E-
08

2.8
4E-
07

1.3
9E-
07

-
4.8
E-
08

3.2
3E-
07

7.0
8E-
08

-
6.9
E-
07

Cys-
50

1.64
E-
06

1.75
E-
06

2.04
E-
06

5.17
E-
07

8.25
E-
07

9.9
5E-
07

1.5
3E-
06

1.7
9E-
06

1.9
9E-
06

3.1
7E-
06

2.7
1E-
06

2.5
6E-
06

1.7
2E-
06

1.6
6E-
06

2.1
9E-
06

2.2
3E-
06

2.4
9E-
06

2.6
3E-
06

Cys-
50

2.73
E-
07

2.87
E-
07

3.25
E-
07

5.25
E-
08

1.43
E-
07

1.6
8E-
07

5.2
6E-
07

5.3
5E-
07

1.0
8E-
07

1.9
7E-
07

-
6.2
E-
08

-
6.1
E-
10

3.0
3E-
07

1.7
9E-
07

3.2
E-
08

3.1
3E-
07

3.3
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5.6
9E-
07

1.9
1E-
07

9.8
9E-
07

6.3
8E-
07

5.9
5E-
07

Cys 
100

2.48
E-
07

-
1.6
E-
07

7.42
E-
08

4E-
07

1.67
E-
07

2.8
7E-
07

7.1
3E-
07

1.1
3E-
06

8.8
2E-
07

1E-
06

7.2
8E-
07

1.1
5E-
06

5.7
7E-
08

5.2
3E-
07

1.3
8E-
07

1.0
6E-
06

1.0
1E-
06

8.9
4E-
07

Cys 
100

6.87
E-
08

-
3.1
E-
07

-
4.3
E-
08

2.51
E-
07

6.47
E-
08

2.2
4E-
07

7.1
9E-
07

1.1
9E-
06

9.3
2E-
07

1.1
1E-
06

6.1
3E-
07

8.9
6E-
07

-
1E-
07

4.0
3E-
07

4.7
3E-
08

6.2
3E-
07

1.9
2E-
07

9.1
6E-
08

GSH 
100

7.34
E-
07

7.6
E-
07

6.83
E-
07

2.36
E-
07

4.33
E-
07

6.9
6E-
07

2.2
7E-
07

5.1
4E-
07

5.3
8E-
07

1.3
1E-
06

1.1
2E-
06

1.0
4E-
06

3.8
9E-
07

8.2
1E-
07

6.2
8E-
07

7.8
7E-
07

7.8
4E-
07

4.3
3E-
07

GSH 
100

8.69
E-
07

9.47
E-
07

9.31
E-
07

2.44
E-
07

4.44
E-
07

7.5
2E-
07

4.2
1E-
07

8.4
4E-
07

7.8
8E-
07

1.4
4E-
06

1.2
2E-
06

1.1
7E-
06

3.0
5E-
07

7.8
9E-
07

6.6
7E-
07

1.2
1E-
06

1.0
7E-
06

4.7
E-
07

GSH 
100

9.01
E-
07

9.8
E-
07

9.82
E-
07

1.62
E-
07

3.54
E-
07

6.4
5E-
07

5.0
3E-
07

9.6
2E-
07

8.6
3E-
07

1.2
E-
06

1.1
E-
06

1.1
9E-
06

2.4
6E-
07

6.9
9E-
07

5.9
2E-
07

2.1
1E-
06

1.3
8E-
06

6.2
9E-
07

GSH 
100

7.99
E-
07

8.98
E-
07

9.43
E-
07

2.35
E-
07

4.34
E-
07

7.2
6E-
07

4.5
E-
07

9.0
6E-
07

7.9
3E-
07

1.2
3E-
06

1.1
4E-
06

1.2
2E-
06

1.8
2E-
07

6.2
1E-
07

4.6
8E-
07

1.2
1E-
06

9.7
4E-
07

2.8
7E-
07

GSH 
100

7.68
E-
07

8.9
E-
07

9.19
E-
07

1.73
E-
07

3.4
E-
07

5.6
5E-
07

4.0
3E-
07

8.6
2E-
07

7.4
1E-
07

1.0
5E-
06

8.8
E-
07

8.8
3E-
07

2.1
4E-
07

6.7
5E-
07

5.3
5E-
07

1.1
2E-
06

8.6
7E-
07

1.2
2E-
07

GSH 
100

7.34
E-
07

8.3
E-
07

8.85
E-
07

1.85
E-
07

3.51
E-
07

5.6
6E-
07

4.5
9E-
07

9.5
7E-
07

7.6
9E-
07

1.0
2E-
06

9.5
E-
07

9.8
9E-
07

1.1
5E-
07

5.7
6E-
07

5.0
4E-
07

1.9
E-
06

1.2
E-
06

3.5
7E-
07

GSH 
100

7.45
E-
07

8.47
E-
07

9.09
E-
07

1.69
E-
07

3.36
E-
07

5.8
9E-
07

5.2
2E-
07

1.0
7E-
06

9.0
1E-
07

1.0
8E-
06

1.0
6E-
06

1.1
7E-
06

3.9
8E-
07

8.8
E-
07

7.0
8E-
07

1.0
4E-
06

7.0
8E-
07

-
3.4
E-
08

Hcys 
100

9.8
E-
07

8.59
E-
07

9.85
E-
07

9.82
E-
07

9.51
E-
07

1.0
8E-
06

3.8
8E-
07

7.1
9E-
07

7.8
7E-
07

1.9
1E-
06

1.3
2E-
06

1.2
4E-
06

4.6
8E-
07

9.5
8E-
07

7.9
1E-
07

1.4
3E-
06

3.5
1E-
07

-
1.8
E-
07

Hcys 
100

1.04
E-
06

8.87
E-
07

1.03
E-
06

1.24
E-
06

1.24
E-
06

1.3
1E-
06

5.5
3E-
07

1E-
06

1.0
8E-
06

1.8
E-
06

1.2
5E-
06

1.2
2E-
06

5.1
6E-
07

1.0
9E-
06

9.6
1E-
07

1.8
9E-
06

6.0
1E-
07

7.9
3E-
08

Hcys 
100

1.07
E-
06

9.15
E-
07

1.07
E-
06

1.2
E-
06

1.21
E-
06

1.2
6E-
06

5.4
3E-
07

9.9
2E-
07

1.0
9E-
06

1.5
3E-
06

9.7
8E-
07

9.3
3E-
07

6.0
2E-
07

1.2
3E-
06

1.0
6E-
06

1.7
7E-
06

3.6
6E-
07

-
1.3
E-
07

Hcys 
100

1.15
E-

9.74
E-

1.13
E-

1.16
E-

1.22
E-

1.2
7E-

6.7
8E-

1.2
3E-

1.2
6E-

1.6
E-

1.0
5E-

1.0
2E-

4.9
8E-

1.2
2E-

1.0
5E-

2.1
8E-

7.5
1E-

1.6
8E-
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06 07 06 06 06 06 07 06 06 06 06 06 07 06 06 06 07 07

Hcys 
100

1.15
E-
06

9.83
E-
07

1.14
E-
06

1.07
E-
06

1.14
E-
06

1.1
9E-
06

6.1
4E-
07

1.1
1E-
06

1.1
7E-
06

1.4
E-
06

8.8
9E-
07

8.8
1E-
07

4.1
8E-
07

1.1
1E-
06

9.4
1E-
07

1.8
8E-
06

5.1
3E-
07

-
6.4
E-
08

Hcys 
100

1.18
E-
06

1.01
E-
06

1.18
E-
06

1.09
E-
06

1.19
E-
06

1.2
4E-
06

6.2
E-
07

1.1
9E-
06

1.2
4E-
06

1.6
1E-
06

1.0
4E-
06

1.0
2E-
06

4.9
3E-
07

1.1
3E-
06

1.0
2E-
06

1.7
8E-
06

2.6
2E-
07

-
2.6
E-
07

Hcys 
100

1E-
06

8.44
E-
07

1E-
06

1.08
E-
06

1.2
E-
06

1.2
E-
06

6.3
4E-
07

1.1
8E-
06

1.2
3E-
06

1.5
4E-
06

9.4
7E-
07

8.8
4E-
07

3.6
E-
07

1.1
E-
06

9.6
7E-
07

1.8
8E-
06

5.1
6E-
07

-
7E-
08

Table S2. Raw data used for generating LDA score plot shown in figure 11b.

Electr
ode

CuPc MnPc GO-CuPc-PDA rGO-CuPc-PDA GO-MnPc-PDA rGO-MnPc-PDA

Repilc
ates

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

380 
mV

480 
mV

580 
mV

A

1.6
8E-
07

1.4
3E-
07

1.5
5E-
07

1.4
3E-
07

2.4
5E-
07

3.62
E-
07

2.02
E-
07

3.76
E-
07

6.3
E-
07

5.14
E-
07

6.93
E-
07

3.36
E-
07

5.06
E-
07

1.73
E-
07

1.75
E-
07

8.75
E-
07

4.57
E-
07

3.05
E-
07

A

2.5
8E-
07

1E-
07

1.8
2E-
07

1.7
9E-
07

2.6
3E-
07

4.76
E-
07

1.72
E-
07

3.79
E-
07

4.04
E-
07

7.61
E-
07

5.85
E-
07

5.43
E-
07

5.26
E-
07

1.89
E-
07

1.16
E-
07

8.32
E-
07

4.64
E-
07

3.16
E-
07

A

1.2
5E-
07

9.5
8E-
08

1.5
1E-
07

1.2
E-
07

2.5
1E-
07

5.41
E-
07

1.54
E-
06

3.57
E-
07

3.98
E-
07

7.14
E-
07

5.43
E-
07

5.19
E-
08

5.06
E-
07

1.47
E-
07

1.51
E-
07

5.7
E-
07

4.61
E-
07

3.13
E-
07

B

2.0
2E-
07

-
2E-
07

-
4.1
E-
07

2.9
7E-
07

1.7
8E-
07

3.92
E-
07

5.04
E-
07

1.25
E-
06

1.44
E-
06

8.77
E-
07

6.41
E-
07

9.97
E-
07

3.74
E-
07

5.95
E-
07

2.07
E-
07

9.89
E-
07

7.00
E-
07

5.91
E-
07

B

2.3
8E-
08

-
9.0
6E-
08

3.2
3E-
07

3.8
4E-
07

1.9
7E-
07

3.7
E-
07

5.25
E-
07

1.15
E-
06

1.47
E-
06

1.12
E-
06

6.28
E-
07

1.15
E-
06

3.77
E-
07

4.23
E-
07

1.33
E-
07

1.06
E-
06

1.02
E-
06

8.95
E-
07

B

2.5
1E-
07

-
3.6
E-
07

7.5
6E-
07

2.1
7E-
07

5.5
5E-
07

3.27
E-
07

5.74
E-
07

1.49
E-
06

2.07
E-
06

1.23
E-
06

7.13
E-
07

8.96
E-
07

1.02
E-
07

5.54
E-
07

3.02
E-
08

6.23
E-
07

1.26
E-
07

1.00
E-
07

C

8.2
7E-
07

7.4
E-
07

5.9
4E-
07

4.6
9E-
07

4.2
9E-
07

2.51
E-
07

4.48
E-
07

3.02
E-
07

1.48
E-
07

8.08
E-
07

6E-
07

5.00
E-
07

2.38
E-
07

2.42
E-
07

1.14
E-
07

2.77
E-
08

1.14
E-
07

-
5.3
E-
07

C

8.0
1E-
07

7.7
8E-
07

5.1
2E-
07

4.8
1E-
07

4.7
3E-
07

2.7
E-
07

3.8
E-
07

2.91
E-
07

1.8
E-
07

9.03
E-
07

5.14
E-
07

4.85
E-
07

3.24
E-
07

2.4
E-
07

2.69
E-
07

2.93
E-
07

1.2
E-
07

-
5.8
E-
07

C

7.4
4E-
07

6.2
2E-
07

6.1
E-
07

4.2
6E-
07

4.1
2E-
07

2.27
E-
07

4.06
E-
07

4.91
E-
07

2.45
E-
07

8.61
E-
07

4.46
E-
07

4.25
E-
07

3.1
E-
07

2.75
E-
07

1.03
E-
07

3.7
E-
07

9.02
E-
08

-
5.5
E-
07
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Plasm
a-1

6.1
2E-
07

6.5
3E-
07

4.6
1E-
07

4.3
6E-
07

8.3
7E-
07

9.61
E-
07

6.36
E-
07

7.57
E-
07

8.73
E-
07

1.01
E-
06

1.13
E-
06

9.01
E-
07

9.71
E-
07

1.07
E-
06

1.72
E-
06

1.22
E-
06

1.48
E-
06

1.16
E-
06

Plasm
a-1

8.1
2E-
07

7.8
5E-
07

5.9
5E-
07

3.9
E-
07

7.5
2E-
07

1.02
E-
06

9.83
E-
07

1.18
E-
06

1.18
E-
06

1.4
E-
06

1.38
E-
06

1.13
E-
06

1.35
E-
06

1.41
E-
06

1.91
E-
06

1.72
E-
06

1.99
E-
06

1.54
E-
06

Plasm
a-1

9.0
4E-
07

7.9
9E-
07

6.3
4E-
07

4.5
E-
07

8.3
8E-
07

1.08
E-
06

1.03
E-
06

1.25
E-
06

1.2
E-
06

1.46
E-
06

1.36
E-
06

1.12
E-
06

1.51
E-
06

1.62
E-
06

2.19
E-
06

1.8
E-
06

2.09
E-
06

1.58
E-
06

Plasm
a-1

9.2
4E-
07

7.9
4E-
07

6.4
6E-
07

3.9
7E-
07

7.5
6E-
07

9.78
E-
07

9.68
E-
07

1.2
E-
06

1.16
E-
06

1.45
E-
06

1.38
E-
06

1.15
E-
06

1.37
E-
06

1.48
E-
06

1.93
E-
06

1.88
E-
06

2.17
E-
06

1.63
E-
06

Plasm
a-1

9.4
1E-
07

7.4
E-
07

5.0
2E-
07

4.0
6E-
07

7.8
4E-
07

1.02
E-
06

9.99
E-
07

1.29
E-
06

1.26
E-
06

1.44
E-
06

1.43
E-
06

1.24
E-
06

1.34
E-
06

1.5
E-
06

2E-
06

1.88
E-
06

2.21
E-
06

1.65
E-
06

Plasm
a-1

1.3
6E-
06

1.4
4E-
06

1.7
4E-
06

6.6
5E-
07

1.0
3E-
06

1.29
E-
06

1.32
E-
06

1.68
E-
06

1.74
E-
06

2.25
E-
06

2.13
E-
06

2.06
E-
06

1.61
E-
06

1.77
E-
06

2.25
E-
06

3.25
E-
06

3.51
E-
06

3.61
E-
06

Plasm
a-1

8.5
7E-
07

6.9
2E-
07

5.0
8E-
07

4E-
07

7.9
8E-
07

1.02
E-
06

9.52
E-
07

1.28
E-
06

1.22
E-
06

1.56
E-
06

1.45
E-
06

1.29
E-
06

1.38
E-
06

1.59
E-
06

2.16
E-
06

1.8
E-
06

1.79
E-
06

1.3
E-
06

Cys-
50

3.9
1E-
07

3.0
2E-
07

2.6
1E-
07

9.6
4E-
08

1.9
E-
07

1.99
E-
07

4.86
E-
07

3.96
E-
07

-
1.5
E-
08

2.04
E-
07

-
6.4
E-
08

-
3.6
E-
08

3.1
E-
07

1E-
07

-
1.8
E-
07

1.56
E-
07

-
5.2
E-
08

-
4.9
E-
07

Cys-
50

3.7
8E-
07

2.8
7E-
07

1.9
9E-
07

2.3
1E-
07

3.2
6E-
07

2.96
E-
07

8.25
E-
07

6.8
E-
07

3.01
E-
07

2.67
E-
07

3.06
E-
10

3.39
E-
08

2.93
E-
07

1.69
E-
07

9.09
E-
08

2.24
E-
07

1.59
E-
08

-
5.8
E-
07

Cys-
50

3.7
3E-
07

3.1
6E-
07

3.0
1E-
07

1.0
8E-
07

1.9
1E-
07

1.79
E-
07

4.86
E-
07

3.96
E-
07

-
1.5
E-
08

2.17
E-
07

-
4.9
E-
08

-
1.1
E-
08

2.15
E-
07

1.33
E-
07

1.02
E-
07

3.08
E-
07

1.11
E-
07

-
5.8
E-
07

Cys-
50

3.6
6E-
07

2.9
8E-
07

2.7
4E-
07

8.7
6E-
08

1.8
3E-
07

1.65
E-
07

4.76
E-
07

4.17
E-
07

-
4.5
E-
08

3.4
E-
07

-
1E-
08

2.93
E-
08

2.35
E-
07

1.34
E-
07

3.42
E-
08

3.28
E-
07

1.21
E-
07

-
6E-
07

Cys-
50

3.2
9E-
07

2.8
9E-
07

2.4
1E-
07

5.4
3E-
08

1.1
4E-
07

8.54
E-
08

4.54
E-
07

4.19
E-
07

-
3E-
08

1.15
E-
07

-
1.3
E-
07

-
7.1
E-
08

2.84
E-
07

1.39
E-
07

-
4.8
E-
08

3.23
E-
07

7.08
E-
08

-
6.9
E-
07

Cys-
50

1.6
4E-
06

1.7
5E-
06

2.0
4E-
06

5.1
7E-
07

8.2
5E-
07

9.95
E-
07

1.53
E-
06

1.79
E-
06

1.99
E-
06

3.17
E-
06

2.71
E-
06

2.56
E-
06

1.72
E-
06

1.66
E-
06

2.19
E-
06

2.23
E-
06

2.49
E-
06

2.63
E-
06

Cys-
50

2.7
3E-
07

2.8
7E-
07

3.2
5E-
07

5.2
5E-
08

1.4
3E-
07

1.68
E-
07

5.26
E-
07

5.35
E-
07

1.08
E-
07

1.97
E-
07

-
6.2
E-
08

-
6.1
E-
10

3.03
E-
07

1.79
E-
07

3.2
E-
08

3.13
E-
07

3.31
E-
07

-
5E-
07

GSH-
50

3.5
7E-
07

3.3
4E-
07

3.4
E-
07

4.9
1E-
08

1.1
9E-
07

2.56
E-
07

5.84
E-
07

7.06
E-
07

5.15
E-
07

1.25
E-
06

6.35
E-
07
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GSH 
100

7.3
4E-
07

7.6
E-
07

6.8
3E-
07

2.3
6E-
07

4.3
3E-
07

6.96
E-
07

2.27
E-
07

5.14
E-
07

5.38
E-
07

1.31
E-
06

1.12
E-
06

1.04
E-
06

3.89
E-
07

8.21
E-
07

6.28
E-
07

7.87
E-
07

7.84
E-
07

4.33
E-
07

GSH 
100

8.6
9E-
07

9.4
7E-
07

9.3
1E-
07

2.4
4E-
07

4.4
4E-
07

7.52
E-
07

4.21
E-
07

8.44
E-
07

7.88
E-
07

1.44
E-
06

1.22
E-
06

1.17
E-
06

3.05
E-
07

7.89
E-
07

6.67
E-
07

1.21
E-
06

1.07
E-
06

4.7
E-
07

GSH 
100

9.0
1E-
07

9.8
E-
07

9.8
2E-
07

1.6
2E-
07

3.5
4E-
07

6.45
E-
07

5.03
E-
07

9.62
E-
07

8.63
E-
07

1.2
E-
06

1.1
E-
06

1.19
E-
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2.46
E-
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6.99
E-
07
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E-
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2.11
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1.38
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6.29
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9E-
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8.9
8E-
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3E-
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2.3
5E-
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4.3
4E-
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7.26
E-
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4.5
E-
07

9.06
E-
07

7.93
E-
07

1.23
E-
06

1.14
E-
06

1.22
E-
06

1.82
E-
07

6.21
E-
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4.68
E-
07

1.21
E-
06

9.74
E-
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2.87
E-
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GSH 
100

7.6
8E-
07

8.9
E-
07

9.1
9E-
07

1.7
3E-
07

3.4
E-
07

5.65
E-
07

4.03
E-
07

8.62
E-
07

7.41
E-
07

1.05
E-
06

8.8
E-
07

8.83
E-
07

2.14
E-
07

6.75
E-
07

5.35
E-
07

1.12
E-
06

8.67
E-
07

1.22
E-
07

GSH 
100

7.3
4E-
07

8.3
E-
07

8.8
5E-
07

1.8
5E-
07

3.5
1E-
07

5.66
E-
07

4.59
E-
07

9.57
E-
07

7.69
E-
07

1.02
E-
06

9.5
E-
07

9.89
E-
07

1.15
E-
07

5.76
E-
07

5.04
E-
07

1.9
E-
06

1.2
E-
06

3.57
E-
07

GSH 
100

7.4
5E-
07

8.4
7E-
07

9.0
9E-
07

1.6
9E-
07

3.3
6E-
07

5.89
E-
07

5.22
E-
07

1.07
E-
06

9.01
E-
07

1.08
E-
06

1.06
E-
06

1.17
E-
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-
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8.5
9E-
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9.8
5E-
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9.8
2E-
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9.5
1E-
07

1.08
E-
06

3.88
E-
07

7.19
E-
07

7.87
E-
07

1.91
E-
06

1.32
E-
06

1.24
E-
06

4.68
E-
07

9.58
E-
07
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E-
07

1.43
E-
06

3.51
E-
07

-
1.8
E-
07

Hcys 
100

1.0
4E-
06

8.8
7E-
07

1.0
3E-
06

1.2
4E-
06

1.2
4E-
06

1.31
E-
06

5.53
E-
07

1E-
06

1.08
E-
06

1.8
E-
06

1.25
E-
06

1.22
E-
06

5.16
E-
07

1.09
E-
06

9.61
E-
07

1.89
E-
06

6.01
E-
07

7.93
E-
08

Hcys 
100

1.0
7E-
06

9.1
5E-
07

1.0
7E-
06

1.2
E-
06

1.2
1E-
06

1.26
E-
06

5.43
E-
07

9.92
E-
07

1.09
E-
06

1.53
E-
06

9.78
E-
07

9.33
E-
07

6.02
E-
07

1.23
E-
06

1.06
E-
06

1.77
E-
06

3.66
E-
07

-
1.3
E-
07

Hcys 
100

1.1
5E-
06

9.7
4E-
07

1.1
3E-
06

1.1
6E-
06

1.2
2E-
06

1.27
E-
06

6.78
E-
07

1.23
E-
06

1.26
E-
06

1.6
E-
06

1.05
E-
06

1.02
E-
06

4.98
E-
07

1.22
E-
06

1.05
E-
06

2.18
E-
06

7.51
E-
07

1.68
E-
07

Hcys 
100

1.1
5E-
06

9.8
3E-
07

1.1
4E-
06

1.0
7E-
06

1.1
4E-
06

1.19
E-
06

6.14
E-
07

1.11
E-
06

1.17
E-
06

1.4
E-
06

8.89
E-
07

8.81
E-
07

4.18
E-
07

1.11
E-
06

9.41
E-
07

1.88
E-
06

5.13
E-
07

-
6.4
E-
08

Hcys 
100

1.1
8E-
06

1.0
1E-
06

1.1
8E-
06

1.0
9E-
06

1.1
9E-
06

1.24
E-
06

6.2
E-
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1.19
E-
06

1.24
E-
06

1.61
E-
06

1.04
E-
06

1.02
E-
06

4.93
E-
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1.13
E-
06

1.02
E-
06

1.78
E-
06

2.62
E-
07

-
2.6
E-
07

Hcys 
100

1E-
06

8.4
4E-
07

1E-
06

1.0
8E-
06

1.2
E-
06

1.2
E-
06

6.34
E-
07

1.18
E-
06

1.23
E-
06

1.54
E-
06

9.47
E-
07

8.84
E-
07

3.6
E-
07

1.1
E-
06

9.67
E-
07

1.88
E-
06

5.16
E-
07

-
7E-
08
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Table S3. Shows the oxidation peak potentials of different biothiols in presence of RIs. Each 

voltammogram shows peak currents at two potentials. Comparison of the data shows, three values 

 (0.38, 0.48, and 0.48 V) are qualified for the LDA and PLS-R process. 

Electrode Analyte Potential 1
(mV)

Potential 2
(mV)

Cys 0.41 0.57
GSH 0.41 0.57CuPc (1')
Hcys 0.38 0.58
Cys 0.38 0.48
GSH 0.38 0.48MnPc (2')
Hcys 0.38 0.44
Cys 0.46 0.57
GSH 0.48 0.60GO-CuPc-PDA (3')
Hcys 0.39 -
Cys 0.38 0.57
GSH 0.42 0.6GO-MnPc-PDA (4')
Hcys 0.41 0.64
Cys 0.37 0.46
GSH 0.37 0.48rGO-CuPc-PDA (5')
Hcys 0.37 0.48
Cys 0.33 0.47
GSH 0.36 0.48rGO-MnPc-PDA (6')
Hcys 0.36 0.48
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Table S5. Results of the fitted regression curves for predicted vs. experimental values and RMSE, 

for the calibration and validation measurements of the individual samples (Cys, GSH, and Hcys). 

(Intervals calculated at the 95% confidence level)

Analytes R2 
Cal value R2 

Val
 value RMSE Cal RMSE Val

Cys 0.833 0.966 15.88 7.28

GSH 0.902 0.977 12.18 5.57

Table S4. Shows the cross-validation results: 

from \ to Cys

           
Cys

           
100

     
Cys 
      5

     
GSH

GSH    
100

                        
GSH

    5
         

Hcys
Hcys 
100

Hcys 
5

       P-
1 Total

% 
correct

Cys 6 0 0 1 0 0 0 0 0 0 7 85.71%

Cys 100 0 7 0 0 0 0 0 0 0 0 7 100.00%

Cys 5 0 0 7 0 0 0 0 0 0 0 7 100.00%

GSH 1 0 0 6 0 0 0 0 0 0 7 85.71%

GSH 100 0 0 0 0 7 0 0 0 0 0 7 100.00%

GSH 5 0 0 0 0 0 7 0 0 0 0 7 100.00%

Hcys 1 0 0 0 0 0 6 0 0 0 7 85.71%

Hcys 100 0 0 0 0 0 0 0 7 0 0 7 100.00%

Hcys 5 0 0 0 0 0 0 0 0 7 0 7 100.00%

P-1 0 0 0 0 0 0 0 0 1 5 6 83.33%

Total 8 7 7 7 7 7 6 7 8 5 69 94.20%
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Hcys 0.974 0.942 6.29 9.48

Table S6. Shows the R2 value obtained from the plot of current as a function of square root of scan 

rate. 

×- Refers the absence of oxidation current signal.

R Square values - Redox Indicators

Electrode 
AA 

i vs ()1/2/(mVs-1)1/2

DA

i vs ()1/2/(mVs-1)1/2

UA

i vs ()1/2/(mVs-1)1/2

1' (CuPc) 0.95907 0.96251 0.98701

2' (MnPc) × 0.96132 0.97094

3' (GO-CuPc-PDA) 0.97512 0.989 0.9903

4' (GO-MnPc-PDA) × 0.97748 0.98284

5' (rGO-CuPc-
PDA) 0.94267 0.98016 0.96895

6' (rGO-MnPc-
PDA) × 0.94961 0.98693
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5. Step wise procedure for generating LDA score plot shown in Figure 10

Red Box: Contains difference in current value at particular potential (380 mV, 480mV and 580 

mV) obtained from the LSV. Green Box: Shows the label of the replicates. Black Box: Shows the 

name the electrodes used as working electrode.

Step 1



S39

Step 2

Step 3
 Step 1 

Step 2
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Step 4

Step 5
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Step 6

Step 7
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Step 8
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Step 9
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Step 10
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Step wise procedure for generating LDA score plot shown in Figure 11b.

Red Box: Contains difference in current value at particular potential (380 mV, 480mV and 580 

mV) obtained from the LSV. Green Box: Shows the label of the replicates. Black Box: Shows the 

name the electrode used as working electrode.

Step 1
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Step 2

Step 3
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Step 4

Step 5
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Step 6

Step 7
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Step 8

Step 9
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Step 10

Step 11
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