Warm-up Experiment
Purpose

The purpose of this experiment is to provide some experience with the epsilon equipment before attempting the  analysis using anodic stripping analysis.
Cyclic voltammetry is a quanitative/quantitative technique as well, but is run on a solid electrode (Pt, Au, Glassy Carbon).  The potential is changed and the current that flows through the cell as a result of oxidation or reduction is indicated in the output.   The size of the current flow is directly related to the concentration.  The size of the current flow is also related to the rate the potential is changed (scan rate) and electrode area.
Instrument Installation

The PC should be set up according to the instructions included with the PC. The epsilon should be plugged into the mains supply (N.B. first check that the fuse panel has been set to the correct voltage). The COMPUTER port of the epsilon is connected to a COM port of the PC. If available, a BAS cell stand should be connected to the CELL STAND port of the epsilon 

Test Solution

2 mM potassium ferricyanide with 1 M potassium nitrate in water.

Preparation of the Test Solution

1. Weigh 165 mg potassium ferricyanide and place in a 50 mL volumetric flask. 

2. Add about 20 mL deionized water to dissolve the potassium ferricyanide. 

3. Dilute to 50 mL with deionized water. 

4. Place a 5 mL aliquot of this solution in a 25 mL volumetric flask.   

5. Add 2.53 gm potassium nitrate.
6. Add about 15 mL deionized water to dissolve the potassium nitrate.

7. Dilute to 25 mL.

Cell (C3 Cell Stand)

Platinum (PTE) Working Electrode (Black lead)
Platinum Wire Auxiliary Electrode (Red lead)
Silver/Silver Chloride RE-5 Reference Electrode (White lead)

Add 10-15 mL of the ferricyanide solution to the cell vial and place in the cell holder (see Cell Stand instructions). 

Procedure

1. Turn the Power switch on the epsilon to on. 

2. Purge the ferricyanide solution with N2 for 8-10 minutes to remove dissolved oxygen.

3. Open the epsilon software by clicking the epsilon icon. The CS Dialog box will appear, and will show the progress of establishment of the communication between the epsilon and the PC. If the link is established, the CS Dialog box will automatically disappear. If the link is not established, click the Retry button. If the link is lost after being established, use Reconnect Epsilon in the Experiment menu to reestablish the link. 

4. Click New in the File menu (or use the F2 key) to set up a new experiment. The list of available techniques is displayed (Figure 1) (this list can also be accessed using Select New Experiment in the Experiment menu). The technique list shown in Figure 1 is the list for the basic epsilon (i.e., pulse techniques, stripping techniques, and multi-channel amperometry are NOT available). 


Figure 1. Technique list.
5. Select Cyclic Voltammetry. The Change Parameters dialog box will now be displayed. Enter the values shown in Figure 2. Note that Switching Potential 2 is not required since there are only 2 segments (Initial Potential to Switching Potential 1 to Final Potential). Once these changes have been entered, an experiment using these parameters can be run by clicking the RUN button in this dialog box. If an experiment is not to be run immediately, but these parameters are to be saved, then the Apply button must be clicked before exiting the dialog box. If Exit is clicked before Apply, any changes in the parameters will be lost. After exiting the dialog box, an experiment can be run using either Run in the Experiment menu, in the pop-up menu obtained by clicking the RIGHT mouse button (Figure 3), the RUN icon on the Tool Bar, or the F5 key. This icon will change to STOP during the experiment, and can be used to abort the experiment. 
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Figure 2. Change Parameters dialog box for Cyclic Voltammetry.
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Figure 3. Right mouse button pop-up menu.
6. After the experiment has been run, the voltammogram will be displayed (Figure 4). Note the information about the experiment and the peak parameters on the right side of the graph (this can be removed by clicking Text Info (Right Column) in the Graph-Display menu or the pop-up menu). 

[image: image3.png]€ CW1 - C:\EpsilonECAExp_data\100 mv rate.CV0 (O[]

y =]
CVRun for BAS-Epsilon File Ioad CAEpsilonECAEsp_datat100°
eioe i
=0 B o e n 1720022452 P1
e TS
[ e
125 e sin st
et
z
ERT)
3
425
250 -
0o w00 w0 10 00

Potential (mv)

CHED] P





Figure 4. Cyclic Voltammetry graph.
7. A specific area of the graphic can be enlarged by either using the mouse cursor (and the left mouse button) to define the area (Figure 5) or entering the x and y values in the Manual Zoom dialog box (Figure 6). The original graph can be restored using Auto Zoom in the Graph-Display menu. 
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Figure 5.
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Figure 6. Manual Zoom dialog box.
8. Use Save in the File menu (or the F4 key) to save the data in the active experiment window (To change the active experiment window to the Chem 336 directory, click the MR button in the Cyclic Voltammetry Parameters dialog box). It should be noted that the each technique has its own extension; for example, .cv0 for cyclic voltammetry. The data is saved in a binary format, but, once saved, it can be converted to a number of different text formats using Convert to Text File in the File menu (Figure 7). Select the file(s) to be converted, the format, and the delimiter, and then click Convert to start the conversion. 
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Figure 7. Convert to Text dialog box.
9. Various experimental data can be entered into the Notes in the Experiment menu (Figure 8). These notes will also be saved when the experimental data is saved. 
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Figure 8. Notes dialog box.

Scan Rate Dependence
10. Open the Change Parameters dialog box (using Change Parameters in either the Experiment menu, the pop-up menu, or the F6 key), and change the Scan Rate to 200 mV/s. Run the experiment again. Note that the new data is displayed in the experiment window; that is, the new experimental data has replaced the old experimental data. Save this data. Change the scan rate to 500 mV/s, run the experiment, and save the data. 

11. The three data sets run at different scan rates can be displayed on the same sets of axes using the File Overlay function in the Graph-Display menu. The first time this function is selected after the software is started, an empty set of axes is displayed. Subsequent activations will display the previously selected data sets. Click the right mouse, and select Setup from the pop-up menu. The File Overlay Setup dialog box will be displayed (Figure 9). 
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Figure 9. File Overlay Setup dialog box.
12. The scaling of the axes is determined by the Base File. Therefore, when comparing voltammograms with the same potential range, the voltammogram with the highest current should be selected as the Base File. In this example, the cyclic voltammogram run at a scan rate of 500 mV/s should be the Base File. Select the name of this data file, and click New. This data file is now displayed on the axis set (which remains in the background). The other two data files (cyclic voltammograms run at 100 and 200 mV/s) should now be selected (using standard Windows functions). Once selected, click Add to display these data sets on the axis set. Click Exit to remove the Setup dialog box. The overlayed data sets can now be viewed (Figure 10). 
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Figure 10. Overlayed cyclic voltammograms.
13. Click New in the File menu, and select Cyclic Voltammetry again. A new experiment window will appear, together with an associated Change Parameters dialog box. Enter the parameters shown in Figure 11, and run this experiment. Since there are 3 segments in this experiment, all 4 potential parameters must be defined (Initial Potential to Switching Potential 1 to Switching Potential 2 to Final Potential). 
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Figure 11.
14. When this experiment has finished, both experiment windows are displayed in the main epsilon window (Figure 12). Up to 6 experiment windows can be displayed. However, only one experiment window can be active at any one time, and any epsilon functions and operations are applied only to the data in the active experiment window. 
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Figure 12.

Electrode Dependence
15. Now replace the PTE with first, the gold electrode (change the Switch Potential to -300 mV), and then the glassy carbon electrode (to -350 mV),  repeating the above experiment with each electrode.
Concentration Dependence

16. Make two additional solutions of potassium ferricyanide by placing 

1. 10 mL of potassium ferricyanide from Step 3 of the Preparation of the Test Solution, in a 25 mL volumetric flask
2. 15 mL of potassium ferricyanide from Step 3 of the Preparation of the Test Solution, in a 25 mL volumetric flask
17. Weigh 2.53 g potassium nitrate and add to the each volumetric flask. 

18. Dissolve the potassium nitrate. 

19. Dilute to 25 mL with deionized water. 

20. Replace the electrode with the PTE and run the three solutions under the initial set of conditions (Initial Potential, 600 mV; Switching Potential, 0 mV; Final Potential, 600 mV; Scan Rate 100 mV/sec).

Establish the ideal polarized scan range for each electrode.
21. Place 10-15 mL of 0.1 M KCl in the cell with the PTE and run a scan from +1200 to -900 mV.  If a peak appears in the curve, purge the solution with N2 for several minutes.  Scan several times to get a good average background for the electrode.

22. Repeat this scan with the gold electrode (1500 mV to -1750 mV) and glassy carbon electrode (1700 mV to -2000 mV).

