
Page 1 
A REEL Power tm (Renewable Energy Education Lab) Experiment 

© LearnOnline, Inc.     www.learnonline.com 

 

Experiments with Fuel Cells 
For the Parallax Board of Education and Homework Bo ard 

 
Experiment #2 – Decomposition of Water 

A REEL Power tm (Renewable Energy Education Lab) Experiment 
© LearnOnline, Inc.     www.learnonline.com 

 
 
Purpose 
 
This experiment uses a small 3 volt solar panel or variable voltage DC power 
source to electrolyze water into hydrogen and oxygen.  It is designed to 
demonstrate the minimum voltage required to achieve the decomposition of 
water. 
 
You will come to understand that: 
 

1. The theoretical water decomposition voltage is 1.23 volts.  
 

2. The actual water decomposition voltage is higher due to the effects of the 
fuel cell itself. 

 
 

Background Information 
 
If this is your first experiment or if you just need a refresher on some of the 
details please refer to the following background information guidelines: 
 

·  Parts Assembly and Wiring Guidelines 
·  Coding Guidelines 
·  A/D Converter Chip Operation 
·  Resistor Color Codes 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 

 
Additional Fuel Cell Information 

·  Suggested Fuel Cells 
·  Hydrating and Purging a Fuel Cell 
·  How Reversible PEM Fuel Cells Work  
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Equipment 
 
Qty  Description 
1  Reversible PEM Fuel Cell 
1  3-volt solar panel or variable voltage DC power source 
1  Parallax BOE or Homework Board 
1  9-volt battery or +12 volt regulated DC supply  
1  MCP3208 - 12-bit A/D converter chip 
1  1 ohm resistor 
1  10 ohm resistor 
10  Solid hookup wires 
1  USB or RS232 cable 
4  Clip leads 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup 
 
Setup the equipment as shown here, and then examine the Jumper Board 
Hookup  (next) for specific details. 
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Jumper Board Hookup  
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Schematic  
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Code File 
 
 

Download the following file to the BASIC Stamp: 
 

Parallax_Fuel_Cell_Exp.bs2   
 
The code file can be found on the REEL Power CDROM that came with this 
lesson or on the LearnOnLine website at www.learnonline.com. 

 
 

Code Algorithm 
 
Here’s how the code works to acquire and display the fuel cell’s voltage, current, 
power and resistance.  For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
Fuel_Cell_Exp: 
  GOSUB   Get_Voltage 
  GOSUB   Get_One_Ohm_Drop 
  IF (voltage < oneOhmDrop) THEN 
    GOTO  Fuel_Cell_Exp          
  ENDIF 
 
  current  = (voltage - oneOhmDrop) / 1  
                             
               '      I = E / R      where 
               '                           I = curr ent in milliamps 
               '                           E = volt age in millivolts 
               '                           R = resi stance in ohms 
 
  GOSUB Plot_It        
  GOTO  Fuel_Cell_Exp      
 
The first subroutine acquires sixteen readings of the input voltage which can be 
either a battery, solar panel or the fuel cell itself (depending on the mode) and 
averages the samples in order to acquire a more stable reading.   
 
 GOSUB Get_Voltage        
 
Notice that in the code a 16-bit word variable is used to a store the sixteen 
samples.  Since each sample is 12-bits with a potential value of no more than 
4096 (0 -4095), then 16 samples can fit into a word variable that has the capacity 
for 65,536 values without rolling over. 
 
  Samples = 65,536 / 4096 = 16   
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Following the averaging process the raw count value is converted into milli-volts 
by multiplying by 1.22 mv / count as in: 
 
  5 volts / 4096 counts = 0.00122 volts / count = 1.22 mv / count 
 
The next subroutine acquires sixteen readings of the drop across the 1 ohm 
sense resistor. It, too, is converted into millivolts by the following subroutine. 
 

GOSUB Get_One_Ohm_Drop        
 
Since the input voltage and 1 ohm resistor drop voltage are taken at different 
times, a test is made to determine if the solar panel voltage is greater.  
Otherwise, the resultant subtraction to determine current will be totally incorrect. 
 

If (voltage < oneOhmDrop) THEN 
 GOTO Fuel_Cell_Exp 

 ENDIF   
     
If the test passes then the current is determined by subtracting the input voltage 
from the 1 ohm resistor voltage and dividing by 1 ohm . 
 
 Current = (voltage – oneOhmDrop) / 1  
 
     ‘I = E / R  where 
     ‘I = current in milliamps 

‘E = voltage difference in millivolts 
‘R = value of 1 ohm sense resistor 
 

The Plot_It  routine computes the checksum for the voltage and current variables 
and transmits the values to the computer.  The process then repeats. 
 

GOSUB Plot_It 
GOTO Fuel_Cell_Exp   

 
 
 
 
Procedure 
 

1. Place the solar panel upside-down so that no voltage can be generated.  
Also purge all hydrogen from the fuel cell. 
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2. Click on the REEL Power tm icon to bring up the software menu.  Then 

click on the Renewable Energy Experimenter Kit icon. 
 
 
 
 
 
 

3. On the graphic display, click on the Connect button at the 
lower-left of the screen. Verify that the connected icon 
appears validating the Comm port selection. Make sure to 
click on the arrow and select the highest comm port number.   

 
4. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 2.50 volts. 
 

5. Slowly rotate the solar panel towards the light until the voltage goes above 
1.5 volts (green plot line) and the current (blue line) and power (red line) 
“jump” from nearly 0 to some positive value as shown in Figure 1 below. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1– Beginning of Electrolysis Mode 
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6. Next, rotate the solar panel facing down again until the voltage drops 
below 1.5 volts and observe the point where the current and power go 
back to zero as shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Electrolysis Halted 
 
7. Finally, place the solar panel directly into the light source and observe the 

voltage, current and power levels indicating the resumption of electrolysis.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Electrolysis Resumed 
 



Page 9 
A REEL Power tm (Renewable Energy Education Lab) Experiment 

© LearnOnline, Inc.     www.learnonline.com 

Analysis:  
 
In terms of the electrolysis process, the minimum voltage at which water can be 
split into hydrogen and oxygen is called the “decomposition voltage”.  This 
experiment demonstrates that water can be split at a voltage of approximately 
1.5 volts; the theoretical voltage is 1.23 volts. 

History 

Splitting water by passing an electric current through it was first done by 
Nicholson and Carlisle in 1800. Water was the first substance to be 
"electrolyzed" using the battery which had just been invented by Signor Volta to 
produce the electric current.  

Chemistry 

The equation for the cathode half-reaction in the electrolysis of water is: 

4 H3O
+ + 4 e- --> 2 H2 + 4 H2O reductions, at the cathode  

The equation for the anode half-reaction in the electrolysis of water is:  

6 H2O --> O2 + 4 H3O+ + 4 e- oxidation, at the anode  

The equation for the net reaction is the sum of the half-reactions: 

2 H2O (liquid) --> 2 H2 (gas) + O2 (gas) DG°rxn = + 474.4 kJ  

Water electrolysis requires energy to break the oxygen-hydrogen-bond. This 
reaction is driven by the voltage applied across the electrodes. The 
electrochemical decomposition of water cannot occur unless the voltage is high 
enough to overcome the strength of the hydrogen-oxygen bonds. 
 
Electrical 
 
The minimum voltage necessary to electrochemically decompose a sample of 
water is called the decomposition voltage. The minimum decomposition voltage 
for water at 25°C is 1.23 volts. The difference bet ween the theoretical 
decomposition voltage and the measured voltage is called “overpotential”.   
Overpotential is a function of the fuel cell’s inability to expel the hydrogen and 
oxygen gasses that form on the metal electrodes below a certain voltage; in this 
case, about 1.5 volts as compared with 1.23 volts.  Many other factors are 
involved in this difference of decomposition voltage; however, the reasons for 
these differences are beyond the scope of this experiment.  Please refer to the 
following link for more detailed information…  

http://en.wikipedia.org/wiki/Electrolysis_of_water  


