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1. AFM

AFM was performed to study the heterogeneity and properties of the electrode sur-
face. As expected, bare Au was least heterogeneous, with an average surface roughness
of 0.03 um as estimated by the WSxM tool. After the deposition of AuNPs, roughness
increased to 0.04 um, indicating the formation of 10 nm nanoparticles in diameter on the
gold surface. The roughness, however, increased to 0.09 pm for Au/AuNPs/DTT and 0.24
um fo

Bare Gold electrode Bare gold and AuNPs Au/AuNPs/DTT Au/AuNPs/DTT/ACR

Figure S1. AFM micrograph showing deposition of AuNPs, DTT and ACR on bare Au electrode.

2. Impedance Spectroscopy

The EIS spectra modeling for bare Au, Au/AuNPs modified, and Au/AuNPs/DTT
was done with the Randles electrical equivalent circuit. The arrangement consists of solu-
tions resistance, Rs (resistance of electrolyte solution) connected to double layer capaci-
tance in series, and double layer capacitance is connected parallel to R« (charge transfer
resistance) and Warburg impedance (Zw).

Ret is the charge transfer resistance of the electrode surface, and 7 is the number of
charges transferred electrons per molecule of redox probe (n = 1) for the [Fe(CN)6]3
probes. Rewas calculated according to the Nyquist plot with simulation using Nova soft-
ware 1.6. As the modification and deposition were done on the gold electrode's surface,
the charge transfer resistance increased due to limited electron transfer in the electrolyte
solution and at the surface of the electrode. The semi-circular obtained after DTT's addi-
tion showed electrolytic resistance [1].
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Figure S2. Nyquist plots for different modified electrodes: bare Au, Au/AuNPs, and
Au/AuNPs/DTT.Inset-Randles equivalent circuit shows a double-layer capacitance that is used to
plot the simulation.

3. Chronoamperometry Adsorption Studies

Chronoamperometry was performed using the modified electrode and scan for 120
s where the current was plotted vs. time. As the analyte was added, the current magnitude
decreased, indicating the analyte diffusion from the bulk electrolyte solution to the elec-
trode surface [2]. Figure S3 shows the adsorption study conducted on the fabricated elec-
trode with/without ACR. The diffusion coefficient was calculated according to the Cottrell
equation described as Equation (1): [3]

i=nFADY2C 12412 (1)

where isis the diffusion current, n is the number of electrons transferred in the electro-
chemical reaction step, F is the Faraday constant, A is the active electrode area, D is the
diffusion coefficient of analyte in the electrolyte, C* is the initial bulk concentration of the
analyte in electrolyte and t is the time. This equation is valid for the electrode in an undis-
turbed electrolyte solution. The diffusion coefficient was calculated by using the slope of
the graph plotted between ia and t'2. The diffusion coefficient was found to be 2.065 x 10-
? cm? s7. In reported literature, ACR polymers such as 2-hydroxy-5-bromobenzaldehyde
polyacrylamide (PABSB) had a diffusion coefficient of 3.129 x 10-8 cm? s™! comparable to
the obtained diffusion coefficient [4].
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Figure S3. Chronoamperometry studies of the developed sensor when the current was plotted vs.
time, in the presence and absence of ACR.

4. FT-IR Spectroscopy for the Modification of Chemosensor

FT-IR was performed to determine the modifications of the chemosensor. Sequential
modifications of AuNPs and DTT on the bare Au electrode showed changes in the func-
tional group. Due to the self-assembly of DTT on Au/AulNPs, a new peak emerged at

1288.26 cm™, which was possibly due to S=O. In the presence of ACR, peaks determining
alkene (=CH>) at 1436.15 cm™.
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Figure S4. FT-IR of sequential modification of bare Au with AuNPs, DTT, and ACR.



Nanomaterials 2021, 11, 2610

4 of 9

5. EDX for Elemental Analysis of the Modified Electrode

Elemental weightage was calculated for every modification on the electrode surface,
and dispersion of gold with modification was estimated. On modification, gold weightage
was found to be 85.59% (Figure S5a). AuNPs deposition increased the weightage up to
86.48%, shown in Figure S5b. Adding DTT and ACR decreased the weightage to 85.64%
and 78.6%, respectively (Figure S5c,d).
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Figure S5. (a) EDX of bare Au was done and showed the weight% of gold up to 85.59%; (b) weight%
up to 86.48% of gold as the deposition of AuNPs on the Au electrode; (c) As DTT was added onto
the Au/AuNPs electrode, there was a slight change on the surface. Gold weight % was estimated to
be 85.64%; (d) The deposition of ACR on the Au/AuNPs/DTT fabricated electrode results in a de-
crease in the weight% of gold up to 78.67%.

6. Sensing of Chips and Coffee Samples Using the Developed Chemosensor
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ACR extracted from food samples were added into the electrolyte solutions linearly
(10, 20, 30 and 40 uL of acrylamide extracted sample). The measurements were recorded
via DPV after adding ACR samples (Figure S6a,b). ACR concentration was quantified us-
ing a standard calibration curve and compared with the HPLC method. The concentration
was estimated to be 3899 pg/kg (3.89 ppm) of the chip sample. Using HPLC, the ACR
concentration was estimated to be 3541 pg/kg (3.541 ppm) of chips samples, comparable
to the result obtained by the chemosensor. Similarly, for coffee samples, the estimated
concentration of ACR was 1.94 mg/kg (1.94 ppm). In comparison, ACR was estimated
with an HPLC value of 1.81 mg/kg (1.81 ppm) for coffee samples. HPLC chromatogram
of standard ACR (Figure S7) with a retention time of chips samples was shown in Figure
S8. HPLC chromatogram of the coffee sample was determined at 6.35 min, shown in Fig-
ure S9. For HPLC, a standard curve using standard ACR solution ranging from 5 to 100
ug/mL was estimated and used for ACR quantification (Figure 510). The equation of the
standard curve of HPLC was found to be y = 15672x - 17150 with R? = 0.995.
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Figure S6. (a) DPV curve when chips sample with an unknown concentration was added in the
electrolyte solution. (b) DPV curve of coffee samples with an unknown concentration differing
volume of samples was added in the electrolyte solution.
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Figure S7. A representative HPLC chromatogram of standard ACR with a retention time of 6.3
min.
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Signal 1: DADl1 B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
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2 7.284 VB 0.6628 4540.06592 88.75031 4.6146

Totals : 9.83843e4 1504.17609

Figure S8. A representative HPLC chromatogram of the extraction of ACR (Peak Area-93844) from
the chip sample with a retention time of 6.0 min.
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Figure S9. HPLC chromatogram of the coffee sample where ACR was observed at a retention time

of 6.35 min.
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Figure S10. The HPLC calibration curve of the standard ACR with different concentrations (5, 10,

20, 50 and 100 pg/mL).
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7. Recoveries of ACR Samples

ACR samples with known concentrations were added to the chips samples and quan-
tified using the chemosensor. The percentage recoveries were determined using the ob-
tained ACR concentration. These results (Figure 510) showed good estimation by the
chemosensor without any interference from other endogenous compounds.
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Figure S11. (a) The DPV current peak of ACR was added to chips samples. (A) Peak without the
addition of analyte; (B) Addition of 10 nM ACR and (C) 15 nM ACR. (b) The DPV current peak of
ACR at the addition of ACR with 25 nm and 50 nm concentration.
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