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electrode (Figure A.2). The four rows stand for number 0, 1, 2, 3 from top to bottom 

in the map editing of 1-K array. For one particular reaction, only one row of pins is 

used. If one certain row is used, for example, the second row is used, then in the excel 

file of the map, the grids in the table marked as 1 represent the electrodes turned on, 

and the grids marked as other numbers (either 0, 2 or 3) are electrodes turned off. If 

the first row is used, then the electrodes marked with 0 will be turned on and all other 

numbers are turned off. Different users can edit the map to make their own patterns. 

Each grid in the excel table corresponds to each electrode on the array and there are a 

total of 1,024 grids/electrodes.  

 

 

Figure A.2 The 12 pins on the 1-K instrument 

 

To connect the pins for a reduction reaction, the rightmost pin is connected 

with the counter electrode and the two pins on the left are connected to the ampere 

meter (Figure A.3a); to do an oxidation reaction, the leftmost pin is connected with 

the counter electrode and the other two pins are connected to the ampere meter 

(Figure A.3b). If no ampere meter is available, the two pins can be simply covered 
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with a “bridge” which simply short-circuits the two pins. After the circuits are 

connected, the coated 1-K array (follow the spin-coating instruction in each chapter’s 

experimental section) could be inserted into the socket and the microelectrodes on the 

array as well as the counter electrode can be inserted into the reaction solution, as 

illustrated in Figure 1.6 in Chapter 1. One thing needs to be mentioned is that when 

inserting the 1-K array into the socket, the third row of pins from the bottom on the 

back of the chip needs to be bent downward so that the array is easier to be inserted. 

  

a)                           b) 

          

Figure A.3 Pin connections for a) reduction and b) oxidation reactions. 

 

A.3 Software control of the 1-K array 

      When the experimental setup is in place, the reaction can be initiated with the 

computer program. To begin with, open the software “Chemprog V1.36” on the 

desktop. When the window appears, open the “Functions” menu and select “Chip 

Control Functions” and a new window will appear. If this is the first time to run the 

program since a reboot, one needs to go to the “Functions” menu in this window and 

click on “Set Num of Mirrored Chambers” and set the value to be 0. If the window is 
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already opened, this step can be skipped. Whenever restarting the program, this step 

needs to be done again; otherwise the program won’t run correctly. After that, click 

“Test Chip” in the “Functions” menu. A small window will appear, and click “Test” to 

test how many electrodes are good to operate on the array inserted into the socket. 

Usually, one or two electrodes may fail. In more severe cases, parts of the array like a 

row or a block or even half of the array may not work. The computer program will 

deem the test fail when the pass rate is less than 99%. However, for our purpose, it 

does not really matter as long as there are good electrodes that are usable. For 

example, for an array with half of its electrodes not working, one can still run a 

reaction with a checkerboard pattern on it and see if the reaction worked. 

      Once these previous testing and setting up steps are done, click “Add or 

Change Layers” in the “Functions” menu to run a particular experiment. In the newly 

appeared window, click “Insert”, and a new window which allows the user to input 

the voltage, number of cycles, time on and time off (in seconds) will appear. Input all 

information as desired, and click the “Find File” button on the lower left to load a 

map. After choosing the desired map, click “Save File” to exit the window and 

“Done” to go back to the “Chip Control Functions” window. Finally, click “Start 

Running Sequence” to initiate a reaction. At this point, the pattern in this window will 

change to show the map loaded. The red color represents electrodes that are not 

working, while other colors represent the numbers chosen for each electrode 

according to the map. The ampere meter could be turned on at this point to the µA 

level to monitor the reaction. The intensity of the current depends on how many 
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electrodes are turned on and what exact reaction is being run. Generally as a rule of 

thumb, running a reaction with a whole board pattern has the maximum current 

intensity around 300-600 µA and with a checkerboard pattern around 200-300 µA. 

 

A.4 After-reaction cleanup 

      After the reaction is finished, the eppendorf tube containing the reaction 

mixture is lowered to reveal the array, and the array can be taken off the socket to be 

cleaned off the residues of the reaction mixture. Depending on the experiment run, the 

array can be washed with a solvent from ethanol to dichloromethane. The counter 

electrode also needs to be washed between each reaction to prevent contamination. 

After all the characterization is done, the chip can be cleaned and reused. For general 

cleaning, the chip is incubated in concentrated nitric acid for 30 seconds and washed 

with water. After that, it can be incubated in DMF overnight and cleaned with a Q-tip 

to remove any coating residue. The array is finally washed with DI water and acetone 

and is ready to be reused. 
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Appendix B 

Operation Manual for 12-K Arrays and Instruments 

B.1 12-K array preparation before running a reaction 

      Since the basic experimental setup, instrumental connection as well as 

experimental procedures have been discussed in detail in Chapter 1 and in the 

experimental sections of each chapter, in this appendix only the software program for 

controlling 12-K reactions and signaling experiments will be discussed. 

      To prepare a 12-K array for any experiment, the array needs to be cleaned first. 

All the “new” arrays from CombiMatrix are actually used array which failed their 

commercial quality control, thus almost all of them have sucrose coating on them. 

Before any experiment can be run on the array, the sucrose residue needs to be 

cleaned so that a new coating, either agarose or a synthesized coating can be applied 

onto the array surface. 

      The 12-K array has different cleaning method from the 1-K array. Since the 

array is immobilized onto a slide and the electronic circuits lay right next to the 

microelectrodes, a cleaning instrument made specifically for 12-K arrays is used to 

clean the arrays while protecting the circuits (Figure B.1). Eight slides of 12-K arrays 

are inserted into the sockets with the electrodes side facing out and the spring-loaded 

switches in the back are pulled up to have the arrays in tight contact with the 

chambers in the front. Then, Nano-stripTM (Cyantek Corp., Fremont, CA), a 

non-explosive form of piranha solution (mixture of conc. H2SO4 and H2O2), is 
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injected into the incubation chambers with a screw-head syringe to dissolve the 

coating residues on the arrays. The arrays are then incubated in this mixture for 20 

minutes and the mixture is then pulled out by the same syringe. After that, the arrays 

are washed with DI water for 3 times using the syringe to remove the corrosive 

Nano-strip solution. Then the arrays are taken out and rinsed with acetone and should 

be ready to use. The array can be washed many times until it is no longer usable (too 

many dead electrodes) eventually. The old type 12-K array lasts shorter than the new 

type 12-K array, which is made of higher quality materials. 

 

 

Figure B.1 Instrument for 12-K array cleaning 

 

B.2 Software control for 12-K array-based reactions 

      Although the experimental setup for the 12-K array reactions are more 

complicated than 1-K, the software used for 12-K is actually easier to use. Of course, 

before using the software, the user needs to prepare for the experiment by 

spin-coating the array, making the reaction solution, making the array-socket complex 



 229

and inserting it to the instrument. The terminals also need to be connected properly 

depending on the reaction done on the array. Since these steps are all explained in 

Chapter 1, no addition comments shall be given here. Once the instrument setup is 

ready, the user will need to open the 12-K array program on the computer, 

ElectraSense-Instrumental W 71-5.7.0. Once the window is open, click on “Initiate” 

to turn the instrument into working mode. Then, the user will need to load the reaction 

protocol file which is in text file form. The protocol files are located in the reaction 

protocol file folder in C drive. Since most reactions use similar protocols, people tend 

to modify one particular file each time they do a new experiment instead of creating a 

new file for each new experiment. As a result, most people choose the file “VB12 

coupling” to modify their reaction protocol, but anyone can make their own protocol 

files. Taking the VB12 coupling protocol file as an example, when opening the text 

file, the following input will show up in the text window: 

 

MainBlock Begin 

      InitChipSystem (5, 1) 

      testchipmap (4, 5) 

      groundv1 () 

      # setgridvoltage (1.5) 

      SetOffChipElectrodeVoltage (1.7) 

      applyexactmapfromfile(C:\Maps\Small Checker 1) 

      pause (90) 

      GroundGrid () 

      SetOffChipElectrodeVoltage (0) 

MainBlock End 
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While these commands look complicated, only three of them need to be changed to 

accommodate a specific reaction. The first parameter to be changed is the 

“SetOffChipElectrodeVoltage” in the sixth row. The number in the parentheses 

represents the voltage applied between the array and the counter electrode in the unit 

of volts. Since whether reduction or oxidation is running on the array is controlled by 

the connection of the terminals, only positive number is input here. The second 

parameter is the “applyexactmapfromfile” command, which allows the user to change 

the map applied onto the array. The user needs to copy the file path into the 

parentheses, which needs to be exactly correct from the root directory, otherwise the 

program will not recognize it. One thing to mention here is that the users can also 

make their own maps by editing a map file in Excel. When the map file is opened in 

Excel, it will show a table of numbers corresponding to each individual electrode on 

the array. The electrode marked with 4 are turned off and marked with 2 are turned on. 

The user only needs to change the numbers to make the desired pattern. Once the 

editing is done, the file should be still saved as a text file to be recognizable by the 

protocol file. After the desired map is in place, the third parameter to be changed is 

the reaction time. To do so, change the number in the parentheses next to the “pause” 

command. The total reaction time equals to the number input in seconds. After all the 

editing is done, save the text file and exit the window (can be left open for further 

editing if more than one reaction needs to be done). At this stage, click “Change 

Protocol File” in the ElectraSense window, and load the protocol file just edited. After 
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that, click “Run” to initiate the reaction. 

      After the reaction is finished, open the instrument and take the array-socket 

complex out. Drain the reaction solution with a pipette first and disassemble the array 

from the socket. Wash the array with any solvent of desire and let dry before 

rendering to any characterization instrument.  

 

B.3 Software control for cyclic voltammetry 

      To run a cyclic voltammetry experiment on the 12-K array, two computers are 

needed to control the 12-K instrument as well as the external potential stat. For the 

12-K instrument, the controlling is pretty much the same except a few minor 

differences. The first difference is the terminal connections discussed in Chapter 1, as 

external potential stat is used to provide potential difference between the working 

electrode and the counter/reference electrode. Secondly, the protocol used for cyclic 

voltammetry is also a little different from the reaction protocol. The cyclic 

voltammetry protocol is in the file “cvtest”. When this file is open in a text file, the 

following commands are shown in the window: 

 

MainBlock Begin 

      InitChipSystem (5, 1) 

      testchipmap (4, 5) 

      groundv1 () 

      applyexactmapfromfile(C:\Maps\Small Checker 1) 

      pause (90) 

      GroundGrid () 
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MainBlock End 

 

In this protocol, the commands that set the potential difference in a reaction protocol 

have been removed. Only the map file and the reaction time need to be changed. 

Interestingly, it seems that once this protocol is initiated in the program, one can run 

cyclic voltammetry as many times as they want as long as the 12-K instrument is not 

opened, even if the reaction time is finished. So the reaction time in this CV protocol 

is actually not important, the user can make it as short as 10 seconds, which will not 

make any difference from setting it to be 10 minutes. The map file used should match 

the map file used in the reaction protocol, so that the CV is run on desired electrodes. 

      For the program to control the BAS potential stat, open the program BAS 

100W on the computer which is used to run CVs. For a first time run after a reboot, 

open the “Control” menu and click “Self Test Hardware” to test the potential stat. If 

everything works well, open the “Method” menu and click “Select Mode”. Here a 

new window will open to let the user choose the desired electrochemical methods. To 

run cyclic voltammetry, click “1. Sweeping Techniques” and choose “CV = Cyclic 

Voltammetry”. Once the method is selected, click “General Parameter” also in the 

“Method” menu to input the CV parameters. There are seven parameters can be 

changed. The “Initial E” parameter stands for the initial potential the scan begins with. 

The “High E” and “Low E” parameters stand for the highest and lowest potential of 

the scan. The “Scan Rate” let the user to choose the scan rate in mV/s. The “Initial 

Direction” determines whether the scan begins with positive direction (oxidation) or 
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negative direction (reduction). The “Number of Segments” let the user to decide how 

many cycles of CV to be run. One segment is only half the cycle, so always use at 

least two segments. Finally, the “Sensitivity” parameter allows the user to choose the 

current intensity window of the scan. If the sensitivity is too high, the current may 

exceed the measurable limits; if the sensitivity is too low, then the curve obtained will 

be very bumpy, less smooth, and may lose a lot of details. How to adjust the 

sensitivity is a try-and-error procedure which may need a couple of tries. Some 

example parameters used for signaling experiments with a pattern of 12 electrodes on 

the 12-K array with 8 mM K3Fe(CN)6/K4Fe(CN)6 as the solution are listed below: 

 

       Initial E: -700 mV 

       High E:  700 mV 

       Low E:  -700 mV 

       Scan Rate: 400 mV /s 

       Initial direction: positive 

       Number of Segments: 2 

       Sensitivity: 100 nA 

 

The user can change these parameters to his/her best judgment, as there is no uniform 

parameter for different kinds of experiments. Once the parameters are set, open the 

“Control” menu and click “Start Run”, or simply click “F2” on the keyboard to 

initiate a scan. 

      Once the scan is complete, open the “File” menu and click “Save Data” to 

save the cyclic voltammogram. Also in this menu the user can load previously 
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obtained data using the “Load Data” command. To observe an overlapped diagram of 

several CVs, open the “Graph” menu and click “Multi-Graph” to choose the files to 

be overlapped.  

      After all the desired data are obtained, open the “File” menu and use the 

“Convert Files” command to convert the bin file format of the CV files into text files. 

The files can then be opened with Excel or Origin to plot the CV diagrams. When 

imported into Excel, remember to choose “dividing the data by comma”, as this will 

help divide the potential data and the current intensity data into different columns. 

 


