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1. Characterization of GNB

1.1. Thermal characterization

Examination of thermal stability of an electrode material is vital for electrochemical
applications, which are in a straight line with device performance such as efficacy, lifespan, etc.
Thermal stability of as-prepared GNB was examined by Thermo-Gravimetric analyses (TGA) and
Differential Scanning Calorimetric (DSC) techniques in a heating range from 50 to 900 °C with a
heating rate of 10 °C min~! with N, flow of 20 mL min~! (Figure SI1). The first weight loss up to
100 °C represents the evaporation of water molecule present in GNB. Continuous weight loss at
200-500 °C may be characteristic of loss of covalently attached oxygen-containing surface
functional groups linked to the edges of the GNB.! The final deprivation above 500 °C shows the
decomposition of the carbon backbone.? DSC analysis results imply a distinct exothermic peak
accompanying a significant weight loss around 225 °C indicating that there is one chemical
reaction involved in the process (inset, Figure SI1). The decomposition of carbon backbone of

graphitic structure was observed above 500 °C, which is in well accord with the TGA analysis.
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Figure SI1. Thermal analyzes of GNB in N, flow (20 mL/min) at a heating rate of 10 °C/min.
2. Fabrication of Working Electrode

The carbon felt pieces (1 cm % 1 cm) were dipped into 2.0 M of HCI solution (10 mL) for 10
min, followed by immersion in ethanol solution (2 mL) and then rinsed thoroughly with distilled
water (2x10 mL). The resulting carbon felt was dried completely in room temperature. GNB (2.0
mg) colloidal solution was coated on the pretreated carbon felt and kept for drying in the incubator
at 80 °C for 12 h.
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Figure SI2. Schematic illustration of fabrication of GNB—modified—CF electrode.

3. Electrochemical studies
3.1. CV and DPV studies
The electrochemical studies were performed with three electrode system; Ag/AgCl was used

as reference electrode, Pt wire as counter electrode and GNB-modified—CF as working electrode
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in Acidic Buffer Solution (pH 4.0+0.05). Initially, the CV (with scan rate of 50 mVs'') and DPV
(with set potential of 0.25 V) studies were carried out with bare CF, followed with
GNB-modified—CF electrode upon addition of Ce3* (0.1 M). CV studies were also carried out with
(1) fixed scan rate (50 mV/s) in different concentration of Ce*" solution (0.1 M; 0—200 puL), (ii)
fixed concentration of Ce*" solution (0.1 M) in different scan rate (10—100 mV/s), and (iii)
interferon studies. The influence of electrolyte pH (3—12) on the electrochemical behavior of
GNB-modified—CF electrode upon addition of Ce* was carried out with scan rate of 50mVs-! at
fixed concentration of Ce**(0.1M). Impedance studies were carried out with K3[Fe(CN)4] (2.0
mM) redox couple containing in Acidic Buffer Solution (pH 4.0+0.05) at scanning frequencies
from 0.01 to 100,000 Hz. For every measurement, newly prepared GNB—modified—CF electrode
was used as working electrode. Each experiment was repeated at least thrice till consistent values

were obtained.

Linear Fit (17-05-2019 12:00:27)

Parameters
Value Standard Error
Intercept 2.37901E-4 5.74344E-6
Slope ©.98677E-6 1.03909E-7
Statistics
B
Number of Points 7
Degrees of Freedom 5

Residual Sum of Squares ~ 0.17875
Pearson'sr  0.99925
Adj. R-Square 0.9982

Summary
Intercept Slope Statistics
Value Standard Error Value Standard Error | Adj. R-Square
B 2.37901E-4 5.74344E-6  5.98677E-6 1.03909E-7 0.9982
ANOVA
DF | Sum of Squares = Mean Square F Value Prob>F
Model 1 118.67755 118.67755 | 3319.56499 2.97989E-8
B Error 5 0.17875 0.03575
Total 6 118.8563

Figure SI3. Linear fit parameters for the calculated LoD from the CV obtained for
GNB-modified—CF electrode with Ce3" (0.1 M; 10 uL) in ABS (pH 4.0+0.05) at different scan
rate (10-100 mV/s).



Linear Fit (17-05-2019 13:01:52)

Parameters
Value Standard Error
Intercept 5.48716E-6 3.26912E-7
Slope 3.98356E-7 5.92321E-9
Statistics
B
Number of Points 8
Degrees of Freedom 6

Residual Sum of Squares 0.4031
Pearson'sr  0.99934
Adj. R-Square ~ 0.99845

Summary
Intercept Slope Statistics
Value Standard Error Value Standard Error  Adj. R-Square
B 5.48716E-6 3.26912E-7  3.98356E-7 5.92321E-9 0.99845
ANOVA
DF Sum of Squares = Mean Square F Value Prob>F
Model 1 303.87181 303.87181 | 4523.00836  7.2696E-10
B Eror 6 0.4031 0.06718
Totall 7 304.27491

Figure SI4. Linear fit parameters for the calculated LoD from the CV obtained for

GNB-modified—CF electrode with Ce3* (0.1 M; 0—200 pL) in ABS (pH 4.0+0.05) at a scan rate
of 50 mV/s.
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Figure SI5. DPV obtained for CF with Ce3* (0.1 M; 10 uL) in ABS (pH 4.0+0.05) at a scan rate
of 10 mV/s.



Linear Fit (16-05-2019 22:45:46)
Parameters

Value Standard Error
Intercept 5.19768E-5 1.90375E-6
Slope 2.19863E-6 4. 06291E-8

Statistics
B
Number of Points 12
Degrees of Freedom 10

Residual Sum of Squares  22.75935
Adj. R-Square ~ 0.99152

Summary
Intercept Slope Statistics
Value Error Value Error Adj. R-Square
B 5.19768E-5 1.90375E-6 2.19863E-6 4.06291E-8 0.99152
ANOVA
DF Sum of Squares Mean Square F Value Prob>F
Model 1 2028.38653 2928.38653 1286.67407 6.73517E-12
B| Emonp 10 22.75935 2.27593
Total 11 2951.14588

Figure SI6. Linear fit parameters for the calculated LoD from the DPV obtained for
GNB-modified—CF electrode with Ce3* (0.1 M; 0—200 uL) in ABS (pH 4.0+0.05) at a scan rate
of 10 mV/s.
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(C)

Linear Fit (26-09-2019 10:38:45)

Parameters
Value Standard Error
Intercept  4.84255E-5 3.76516E-7
Slope 3.13015E-7 6.85851E-9
Statistics
B
Number of Points 6
Degrees of Freedom 4

Residual Sum of Squares ~ 0.12302
Pearson'sr  0.99904
Adj. R-Square 0.9976

Summary
Intercept Slope Statistics
Value Standard Error Value Standard Error | Adj. R-Square
B 4.84255E-5 3.76516E-7  3.13015E-7 6.85851E-9 0.9976
ANOVA
DF | Sum of Squares = Mean Square F Value Prob>F
Model 1 64.05905 64.05905 2082.91407 1.37854E-6
B Error 4 0.12302 0.03075
Total S 64.18207

Figure SI7. (A) CV obtained for GNB—modified—ITO electrode with Ce** (0.1 M; 10 uL) in ABS
(pH 4.0£0.05) at different scan rate (10-100 mV/s); (B) Influence of scan rate on reduction peak
current. Error bars = standard deviation of three independent measurements made from newly

prepared GNB—modified—ITO electrode; (C) Linear fit parameters for the calculated LoD.

From the linear fit plot, slope and intercept is calculated. LOD is obtained from the slope and

intercept by using the following equation:
LoD = [3%(intercept/slope)]
3.2. Impedance spectroscopy measurements

The electrical resistance (Rp) (in  m?) per unit square area of the planar electrode can be
expressed as Ry= L./o, where, L, = electrode thickness, 6= electrode conductivity.? Using the
above equation the conductance of the CF and GNB-modified—CF electrode were calculated.
From the charge-transfer resistance, phase angle values, Nyquist plot and Randles circuit, it is

confirmed that the GNB—modified—CF electrode is more conductive than the bare CF.
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Table SI1. The obtained parameter values from the impedance spectra circuit for CF and

GNB-modified—CF electrode in Acidic Buffer Solution (pH 4.040.05).

Rp
R =418 k)

CPE
¥ = 92.7 uMho
M= 0758

S.No | Element | Parameter CF DAN-GQDs-modified-CF
Value Error % Value Error %

1 R R 114.23 1.078 72.903 1.854

2 R, R 4180.7 2.775 68192 28.611

3 CPE YO 9.27 x1073 3.237 8.73 x107 3.22

4 N 0.75834 0.989 0.79824 1.054

5 v? 1.0367 3.0777

For circuit, please refer

Figure 7 in main text.

Where, Rs — Resistor in series (electrode resistance) ; Rp — Resistor in parallel (electrolyte

resistance); CPE — Constant Phase element; N — phase change value occurred while fitting circuit;

v 2— Chi-Squared.

4. Analysis of GNB-modified—CF electrode surface
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Figure SI8. (A) Optical profilometer 3D images of GNB-modified—CF electrode before (a) and

after (b) electrochemical determination. (B) Corresponding surface parameter details, (C)
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histogram of surface parameter, and (D) section analysis of the working electrode before (a and b)

and after (c and d) the electrochemical determination.
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Figure SI9. Amplitude, spatial and hybrid details of AFM images of GNB-modified-ITO
electrode (A) before and (B) after the determination of Ce3* by CV analysis.
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Figure SI10. (A) EDAX data of GNB-modified—CF electrode after the determination of Ce** by
CV analysis in Acidic Buffer Solution (pH 4.0+£0.05) at a scan rate of 50 mV/s; (B) Elemental
mapping of GNB-modified—CF electrode after the determination of Ce** (a), C (b), N (¢), O (d)
and Ce (e).
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Figure SI11. FE-SEM (a-c) and HR-TEM (d-f) images of GNB clearly represents the formation
of NBs with an average diameter of 35-40 nm. Scale bar (a) 200 nm, (b) 100 nm, (c) 20 nm, and

(d) 100 nm, 50 nm, 20 nm. Size distributions of GNB before and after electrochemical
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determination of Ce** (g, h, respectively). These image (a—g) are reprinted with permission from

ACS Appl. Mater. Interfaces 11, 19339-19349 (2019).

5. XPS analysis
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Figure SI12. X-ray Photoelectron survey spectrum of GNB-modified—CF electrode (A) and
GNB-moditied—ITO electrode (B) with at% details.
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Figure SI13. X-ray Photoelectron Spectrum of GNB: survey spectrum (a); high resolution XPS
of C 1s (b); N 1s (c¢); O 1s (d). These XPS image are reprinted with the permission from ACS
Appl. Mater. Interfaces 11, 19339-19349 (2019).

6. Raman spectroscopy studies
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Figure SI14. Raman spectrum of as-prepared GNB.
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Table SI2. Comparison of reported probes for Ce** detection so for.

Publication Material LoD ToD Method

details
Sens. Actua. B. | Schiff Base-Carbon 6.45 x 5 sec Potentiometry
174 (2012) Nanotube—Nanosilica—lonic | 10°M
237-244 Liquid
Chem. Eng. J. | 4-Tert-Octyl-4- 0.18 1g/L | 25 min Adsorption
228 (2013) ((Phenyl)Diazenyl)Phenol
327-335
Chem. Eng. J. | Organic Ligand Of 4- 0.121g/L | 25 min Adsorption
265 (2015) Dodecyl-6-((4-
210-218 (Hexyloxy)Phenyl)

Diazenyl) Benzene-1,3-Diol
Spectrochimica | Carbon Nanodots 0.7 uM - Fluorescence
Acta Part A quenching
206 (2019)
240-245
J. Fluoresc. Graphene Quantum Dots 3.8x1077 1 min Fluorescence
27 (2017) mol L™! quenching
331-338
Biosens. Gnps Synthesized Using The | 2 to 50 10 min Uuv
Bioelectron. Extract Of Solanum ppm DLS
68 (2015) 598- | Lycopersicums
603
Talanta, Silver Sulfide Quantum 6.4x10% | 40 min Fluorescence
200 (2019) Dots (Ag,S) And mol L! hi
249-255 Graphitic Carbon quenching
Nitride Nanosheets

Mater. Lett. Graphene Oxide Resorcinol | - 2 min PET and ICT
227 (2018) Hybrid Material processes
154-157
Electro- N'-[(2-Hydroxyphenyl) 0.8 nmol | - Voltammetric
analysis Methylidene]-2- dm
21 (2009) Furohydrazide
1605-1610
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https://www.sciencedirect.com/science/journal/09254005
https://www.sciencedirect.com/science/journal/13861425/206/supp/C
https://www.sciencedirect.com/topics/chemistry/nanodots
https://www.ncbi.nlm.nih.gov/pubmed/25643600
https://www.ncbi.nlm.nih.gov/pubmed/25643600
https://www.sciencedirect.com/science/journal/00399140
https://www.sciencedirect.com/science/journal/00399140/200/supp/C
https://www.sciencedirect.com/topics/chemistry/silver
https://www.sciencedirect.com/topics/chemistry/sulfide
https://www.sciencedirect.com/topics/chemistry/quantum-dot
https://www.sciencedirect.com/topics/chemistry/quantum-dot
https://www.sciencedirect.com/topics/chemistry/oxalonitrile
https://www.sciencedirect.com/topics/chemistry/oxalonitrile
https://www.sciencedirect.com/topics/chemistry/nanosheet

J. Rare Earths, | Tribromoarsenazo 5.1x107%m | - Spectrophotometric
28 (2010) ol/L
387-390 ng/mL
J. Electroanal. | Electropolymerized Poly- 11072 m | - Adsorptive stripping
Chem. 808 Catechol and Ion-Imprinted | ol L~! voltammetry
(2018) 41-49 | Membrane
Chemical Data | 6-{4-(2,4-Dihydroxy- 0.6 ng - Spectrophotometric
Collections, Phenyl)Diazenyl)Phenyl}-2- | molL!
13—14 (2018) OX0—4—Pheny1—1,2—
28-39 Dihydropyridine-3-
Carbonitrile
T Fluores Glycine Dithiogarquate 2.3x107 - Spectrophotometric
' ’ (GDTC)-Functionalized molL!
25 (2015) Manganese Doped Zns
1855-1866 Quantum Dots (Qds)
Electroanal. Indium Tin Oxide 5.8nM <1 min Stripping
29 (2017) voltammetric
1124-1130
Sens. Actua. B | Thiol surfactant assembled 3.25 x <1 min Potentiometry
191 (2014) on gold nanoparticles 10719 mol
192-203 Lt
Functionalized Graphene 2.60 pM | <1 min Electrochemical
Current work
Quantum Dots methods
(DAN-GQDs) (CV and DPYV)
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