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Abstract  An inquiry-based lab experiment was developed to encourage undergraduate students to determine and identify 

the three unknown white powders utilizing bare carbon electrode versus gold or platinum working electrodes as a simple and 

efficient electrochemical sensor. Differential Pulse Voltammetry (DPV) was utilized to study and determine the 

electrochemical behavior of three white powders. The three white powders analyzed in solution were ascorbic acid (AA), 

paracetamol (PA), and caffeine (CA) without the need of prior separation utilizing a bare glassy carbon electrode. The lab 

was successful in introducing students to carbon electrodes as a cost -effective sensor material to utilize in the 

electrochemical DPV method to detect AA, PA and CA simultaneously without prior separation versus utilizing Au and Pt as 

working electrodes which also exhibited the potential to detect these white powders but has limitations such as cost and 

inability to perform simultaneous detection of more than two analytes. 
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1. Introduction 

The forensic lab was developed to engage undergraduate 

students in the analysis of three white powders that are part 

of the food quality aspect, these three powders were caffeine 

(CA), ascorbic acid (AA) and paracetamol (PA). A bare 

glassy carbon electrode material was utilized to detect the 

three white solids by Differential Voltammetry (DPV) due to 

the glassy carbon having positive features of: chemical 

inertness, low cost and wide anodic potential window. Novel 

technological developments in the area of forensics, food 

quality and safety for products rely on equipment-based 

systems such as capillary electrophoresis, gas chromatography, 

high pressure liquid chromatography, infrared spectroscopy, 

Raman spectroscopy, nuclear magnetic resonance and 

UV-spectroscopy. [1-6]. These techniques require in-depth 

sample preparation before the analysis and are extremely 

expensive instruments that require highly trained workers. 

Therefore, electrochemistry methods have intrigued many 

researchers’ interest due to the simplicity, low cost, minimal 

pre-sample treatment, fast analysis time and high sensitivity. 

In this present lab, undergraduate students’ results will show 

the successful detection utilizing a glassy carbon electrode  
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as the optimum bare electrode sensor to detect all three 

compounds AA, PA and CA by DPV without the need to 

prior separation [7]. This lab experiment has required two  

lab periods (total of 5-6 hours) for successful results due to 

learning the DPV instrumentation procedures and preparation 

of the working electrodes, and preparation of AA, PA, CA 

and mixture samples in buffer solution. Learning outcomes 

required students to utilize the DPV instrumentation in the 

optimum range to detect the three white powders and express 

the oxidation and reduction reactions for each of the samples: 

PA, AA and CA. Also, students were required to determine 

which working electrode (C, Au, Pt) could detect all three 

mixtures without the need of prior separation by DPV.  

2. Experimental 

2.1. Materials 

Glassy carbon electrode, bare gold electrode, bare platinum 

electrode, auxiliary platinum electrode, silver/silver chloride 

electrode, were all purchased from Bioanalytical Systems. 

Ascorbic acid, paracetamol, caffeine, and phosphate buffer 

were supplied by Merck company. Phosphate buffer pH at 

7.4 was purchased from MilliporeSigma to dilute the white 

solids PA, CA, AA. 

2.2. Equipment 

A three-electrode single compartment cell was utilized for 
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the voltammetry studies with the platinum foil as the auxiliary, 

and Ag/AgCl/3 M NaCl (MF-2074, BAS) as the reference 

electrode. Bioanalytical Systems Epsilon potentiostat-galvanostat 

instrument was utilized to carry out the Differential Pulse 

Voltammetry using the following parameters: Step Potential, 

4 mV and pulse width, 50 m/s, pulse period 200 m/s and 

pulse amplitude 10 mV. The scan rate is determined by Step 

E/pulse period, and this was determined to be 20 mV/s. 

Starting potential -200 mV and ending 1600 mV. 

2.3. Electrode Preparation 

Electrodes were polished with 1.0μm alumina micro 

polish powder containing particles that offer very efficient 

removal rates to obtain smooth finish. Polished electrodes 

were soaked in 0.1 M phosphate buffer for about 30minutes 

before used for CPV experiments. 

3. Results and Discussion 

 

Figure 1.  Scheme of oxidation mechanism of AA 

 

Figure 2.  Scheme of oxidation mechanism of CA 

 

Figure 3.  Scheme of oxidation mechanism of PA 

Differential Pulse Voltammetry (DPV) was utilized as  

the electrochemical technique due to being a quantitative 

method that can assist in determination of specific species. 

Thus, DPV is a very powerful electroanalytical technique 

that allows for detection and quantification of a variety of 

species at low concentrations. The analytes were electroplated 

onto the working glassy carbon electrode during a deposition 

step and oxidized from the working electrode during the 

stripping step. The oxidation of AA, CA and PA leads to the 

release of protons as illustrated in the schemes below [8-10].  

Students were required to start with the glassy carbon 

electrode sensor using DPV technique to detect three separate 

white solids PA, AA and CA dissolved in 0.1 M phosphate 

buffer.  

The students were given a research article to read [11] on 

the detection of AA, PA and CA to assist in determining 

which potential peak signals would be depicted for each white 

powder dissolved in phosphate buffer. The article illustrated 

DPV technique where the AA peak would be around 0-200 

mV, the PA peak would be around 300-500 mV and the CA 

peak around 1200-1300 mV. The results are shown in Figure 

4-6 for each individual unknown ran on a glassy carbon 

electrode by DPV. Figure 4 displayed the glassy carbon electrode 

detection of AA at approximately 128 mV. The detection of 

PA utilizing a bare glassy carbon electrode was detected 

around 330 mV. Figure 6 displayed a caffeine peak with  

the glassy carbon electrode sensor at around 1419 mV. Once 

students were successful at determining the unknown solids 

using electrochemistry DPV potential where a peak is located to 

determine if AA, PA or CA then the mixture were analyzed 

as shown in Figure 7 with a glassy carbon electrode.  

As the literature reference discussed, typically there is a 

major obstacle in the oxidation peaks of AA and PA overlapping 

which can make their simultaneous determination difficult 

[7]. However, as noted in Figure 7, the glassy carbon electrode 

sensor was successful in the detection of all three solids (AA, 

PA, CA) without the need of prior separation. 

 

Figure 4.  DPV of Bare Glassy Carbon electrode detection of 0.05 M 

ascorbic acid in 0.1 M phosphate buffer 

  

Figure 5.  DPV of Bare Carbon electrode detection of 0.05 M paracetamol 

in 0.1 M phosphate buffer 
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Figure 6.  DPV of Bare Glassy Carbon electrode detection of 0.05 M 

caffeine in 0.1 M phosphate buffer 

 

Figure 7.  DPV of Bare Glassy Carbon electrode detection of mixture 

(0.05 M AA, 0.05 M PA, 0.05 M CA) in 0.1 M phosphate buffer 

 

Figure 8.  DPV of Bare Platinum electrode detection of mixture (0.05 M 

AA, 0.05 M PA, 0.05 M CA) in 0.1 M phosphate buffer 

 

Figure 9.  DPV of Bare Gold electrode detection of mixture (0.05 M AA, 

0.05 M PA, 0.05 M CA) in 0.1 M phosphate buffer 

 

Figure 10.  Plot of Current versus Concentration for Glassy Carbon electrode to detect caffeine from 5X10-2 M to 5X10-4 M range in 0.1 M phosphate buffer 

 

Figure 11.  Overlay -detection of caffeine by DPV, 5X10-2M - 5X10-4M in 0.1 M phosphate buffer 
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The students were required to determine if the ideal 

working electrode would be a glassy carbon, platinum or 

gold electrode to detect a mixture of AA, PA and CA. The 

typical results found by the students were the platinum 

electrode (Figure 8) displayed an unsuccessful detection of 

the CA peak but found the peaks for PA at around 455 mV 

and 128 mV for AA. Figure 9, mixture of AA, CA and    

PA there is only one peak detected with the gold bare 

electrode, which was at 448 mV detecting PA. Therefore,  

the gold bare electrode would be a poor electrode to utilize 

for real-world analysis of quality control food products such 

as CA. 

An article suggested for our students to read reference  

[7-8] on why glassy carbon electrodes may be the ideal 

electrodes in the detection of caffeine. Glassy carbon 

electrodes have been found ideal in the area of food quality 

and safety to determine caffeine. As shown in Figure 10, the 

plot of Current versus Concentration with an R2 typically 

found by our students to be around 0.9918 value. Figure 11 

shows the successful detection of caffeine overlay with the 

glassy carbon electrode with the peak signal for caffeine 

being consistent at around 1400 mV. 

4. Conclusions 

The glassy carbon electrode successfully detected the AA, 

PA and CA without the need of prior separation, no tedious 

sample preparation and fast analysis time. The stability of the 

glassy carbon electrode in the detection of caffeine can be 

shown by the detection at various concentrations thus no 

significant shift in the detection of caffeine, 1400 mV peak 

signal overall with a linear regression of 0.9918. DPV has 

been shown to be an effective way to detect unknown   

white powders based on the potential peak signal and the 

glassy carbon electrode has shown to be the most reliable 

working electrode to utilize when there is an overall mixture 

of AA, PA, and CA. Our students have found this lab to be 

informative in understanding how electrochemistry can be 

simple, provide low cost, minimal pre-sample treatment,  

fast analysis time and high sensitivity compared to other 

analytical techniques. However, as students learned in     

the literature that there may be the need to modify the    

bare electrodes with nanoparticles for additional unknown 

white solids to be analyzed and detected successfully by 

DPV to enhance the catalytic ability of the working electrode 

[11]. 
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