From the Sun to Hydrogen Gas
Jackson Badger
1 Abstract
There is a large possibility that the next generation of electrical energy
will include hydrogen gas, given its abundance on earth, its high energy
potential, and the fact that it is “green.” One problem, however, is how
this hydrogen is going to be produced in gas form.
2 The Big Idea
The goal of this project is to take water and find a way to split it into its
two elements, hydrogen and oxygen. Although this will release both
elements, what matters is the production of hydrogen in the gaseous
state, which could be used as an energy source for the toy fuel cell
car that Jonathan Melgar will be making (see “The Hydrogen RemoteControl Car” on page 97). While accomplishing this goal, the entire
system has to simultaneously have the lowest attainable level of carbon
dioxide emissions.
The origin of the idea of taking the heat energy from the sun and
converting it into electrical energy that can then be used to split water
came about in an interesting way. Jonathan Melgar decided to create a
toy car that runs on hydrogen gas, using fuel cells. Since it would be too
expensive for Jonathan to constantly buy new hydrogen gas to power
his car, he suggested that I find a way to make hydrogen gas. Initially I
thought that the idea was interesting, but the actual procedure would
not be challenging enough. As I thought about it more, however, I hit
on the idea of combining my interest in innovative “green” technology
with the water-splitting project. So I decided that my project would
be to find the “greenest” possible way to split water into hydrogen and
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oxygen. Apart from the process itself being “green,” I would be creating
“green” energy with the hydrogen gas, which could possibly be the
energy source of the future for vehicle transportation and powering
the grid.
3 Introduction
Because oil and coal are essentially limited resources and we are
burning these power sources at extreme rates, we need to intelligently
seek out other ways to power ourselves. Not only do we need another
form of energy, but it needs to be clean, or “green,” because the burning
of oil and coal are hurting the ecosystems of this planet. One energy
source that could meet these requirements is hydrogen.
Hydrogen gas could turn out to be the solution to the world’s global
warming and energy problems because the product of running
hydrogen through a fuel cell is water. As it pertains to cars, the
efficiency of a hydrogen fuel cell car is between 40-60%, while that
of a traditional combustion motor is around 20%. [1] While this may
be a bold hypothesis, hydrogen does have great potential. For one,
hydrogen is the most abundant element in the universe [3] and one
of the most abundant on earth. [3] In addition, the ocean contains
enormous and easily accessible reserves of potential water that could
be used for producing hydrogen. On top of this, when used in fuel
cells, the hydrogen gas would turn back into water, which means that
there would be no carbon dioxide or any other pollutant emissions.
[4] Although hydrogen energy has been around for a while (at least
since the 1970s, when NASA used it as rocket fuel), the idea of using
hydrogen as an energy source has not caught on because the need
to change from fossil fuels has not been a pressing issue. Recent
studies, however, have shown that the amount of carbon dioxide in
the atmosphere is extremely dangerous to the diverse ecosystems of
earth because the products of burning fossil fuels are carbon dioxide
and water vapor. The diagram below illustrates the reaction caused by
combusting gasoline:
2C8H18 (l) + 25O2 (g) g 16CO2 (g) + 18H2O (g)
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Because all fossil fuels are organic compounds (substances that contain
carbon and hydrogen), burning them will produce carbon dioxide.
Another reason for the renewed focus on hydrogen as an energy source
is the fact that fossil fuels are bound to run out.
Furthermore, the future is not so far off in terms of using the sun’s energy
to create hydrogen. A recent invention called the Tandem cell takes the
energy from the sun to split water into hydrogen and oxygen, which
are then captured and stored. The Tandem cell has two photocatalytic
layers (see Figure 1). The front layer of nanocrystalline metal oxide
absorbs the high-energy waves of ultraviolet light, while the lowerenergy waves (infrared) are absorbed by the Gratzel cell behind the
first photocatalytic cell. [5] A Gratzel cell is essentially a natural solar
panel that makes use of the light-absorbing substance titanium oxide
(TiO2). When the titanium oxide dye absorbs the light, it causes the
electrons to become excited and jump to one of the electrodes, thereby
generating an electrical current. [6] The electrons then travel to the
anode, which causes the H+ ions in the water to gather around and
form hydrogen gas. Although my project is a more complicated way
of accomplishing this, it has essentially the same concept of using the
sun’s energy to create hydrogen gas.
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Figure 1: The Tandem cell and its layers. The ultraviolet light waves are absorbed
by the first conducting glass, and the rest of the light waves are absorbed by the
titanium oxide film on the second conducting glass. (For full-color versions of
all figures, go to http://roundtable.menloschool.org.)

4 Theory
Although the first half of the project is primarily engineering, the
second half, the actual splitting of water, is mainly chemistry. The
reaction that occurs in the electrolysis process is the following:
2H2O (l) g 2H2 (g) + O2 (g) 		

Eo(V) = -1.23 V

For the reaction to occur, the water needs a minimum of 1.23 V to
start. Although this seems like a simple reaction, the half-reactions
that happen at each electrode are fairly complex. At the anode, the
reaction is:
2H+(aq) + 2e- g H2 (g)			Eo(V) = 0.00 V
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This is where the hydrogen gas is actually created. And at the cathode,
the reaction is a little more complicated:
2H2O (l) g O2 (g) + 4H+(aq) + 4e-

Eo(V) = -1.23 V

Combined, the reactions look like:
2H2O (l) g O2 (g) + 4H+(aq) + 4e-

Eo(V) = -1.23 V

2 * (2H+(aq) + 2e- g H2 (g))		

Eo(V) = 0.00 V

2H2O (l) + 4H+ (aq) + 4e- g O2 (g) + 4H+(aq) + 4e- + 2H2 (g)
2H2O (l) g 2H2 (g) + O2 (g) 		

Eo(V) = -1.23 V

These are all the reactions that occur during the process of electrolysis
with water and no electrolytes. However, one problem that occurs with
pure water is that water is a bad conductor and requires more voltage to
start the reaction. One way to increase the conductivity of the water is
to add an electrolyte to the water. The theory behind electrolytes is that
a completely dissolved salt, acid, or base allows for the ions within the
solution to make it easier for electricity to travel through the solution.
This makes it easier to start the reaction.
Although electrolytes make it easier to produce hydrogen gas, there is
a minor flaw that can easily be avoided. The standard reduction table
shows the half-reactions that can occur with certain ions in a solution
(See Appendix A.) One plausible solution that could be used as the
electrolyte would be salt, NaCl, which will completely dissolve into Na+
and Cl-. According to the table, chlorine gas is formed when 1.36 V is
run through a solution containing chlorine ions.
2Cl- (aq) g Cl (g) + 2e			Eo(V) = -1.36 V
NaCl (s) g Na+ (aq) + Cl- (aq)		 Eo(V) = 0 V
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This reaction only requires 1.36 V, and the desired reaction occurs at
1.23 V. Therefore a solution containing chlorine should not be used,
because instead of hydrogen gas, the captured gas could possibly
contain deadly chlorine. Although using electrolytes is ultimately
better for the overall reaction, the ions from the electrolytes may create
some unwanted substances that may alter the amount of hydrogen
produced or even prevent it entirely.
Only certain electrolytes can be used, and the amount of voltage going
into the solution must be limited. Unwanted substances are not only
created by using certain electrolytes, but they can also be created
by increasing the voltage. It is typically thought that increasing the
voltage will increase the overall speed of the reaction, but this is not
true. Voltage is measured in joules per coulomb; increasing the voltage
increases the energy per charge but not the speed of the reaction. To
increase the speed of the reaction and make more hydrogen gas, it
is the current (rate of charge flow) that must be increased. Current
is measured in amperes, or coulombs per second, so to increase the
current is to increase the rate of the reaction. To avoid producing
unwanted substances while increasing the rate of hydrogen production,
the voltage must be limited and the current maximized.
5 Peltier Cell Experimental Data
One plausible way to produce the electricity needed to split hydrogen
would be to use Peltier cells. When a current is run through a Peltier
cell, it will produce a temperature differential (∆T), with one side
hot and the other cold. The temperature differential varies with the
amount of voltage. When at its max voltage of 16 V, the Peltier cell
can produce a ∆T of about 65° C. In theory, the reverse is also true:
the creation of a temperature differential between the two sides of the
cell should cause a voltage difference and therefore a current. In an
ideal world when a ∆T of 65° C is applied, the Peltier cell should give
off 16 V of electricity. However, this is not a perfect world. So a short
experiment was conducted to test the effectiveness of Peltier cells in
producing a current. A Peltier cell was put on top of a hot plate with
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the hot side touching the surface of the hot plate. Then a beaker full of
ice and water was put on the cold side of the Peltier cell. To measure the
temperature of both the hot plate and the ice water, one infrared laser
surface thermometer was pointed at the beaker and another pointed
at the hot plate. Then, using a Vernier LabQuest, the voltage that the
Peltier cell produced was recorded over time. The test was run for 20
minutes. The results are displayed in the following graphs:

Figure 2: Amount of current produced from the Peltier cell with the given ∆T.
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Figure 3: Voltage produced from the Peltier cell with a given ∆T.

The trend of the data is positive and linear, meaning that as the difference
between the hot side and the cold side of the Peltier cell increases, the
voltage and the current increase. When ∆T is at its maximum, the
amount of power produced is 0.138 W, which is theoretically enough
power to complete electrolysis of water. The likelihood of recreating
such a large ∆T using the energy of light would at first glance appear to
be slim. However, a few experiments with a parabolic mirror and the
Peltier cell “sandwich” suggest that this ∆T is in fact attainable.
6 Determining the Best Solute
The goal of this project is to produce the largest amount of hydrogen
with the least amount of waste and energy. Since water is not
very conductive, creating hydrogen gas from pure water requires
considerable electrical power. But when a current runs through a
solution the conductivity increases and thus the output of hydrogen
reciprocates. This can be achieved by putting a compound in the
water which completely dissociates into two separate ions within
the solution. However, different compounds vary in how much they
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affect the conductivity of water. So a test was done to figure out which
solution produces the most amount of hydrogen with a given amount
of voltage. Many variables could affect the overall production of
hydrogen: the solute, molarity of the solute, distance between anode
and cathode, conductivity of electrodes used, and voltage. Given time
constraints, only the solutions themselves were varied in these trials
(see Appendix B.)
Although the procedure may seem straightforward, there were in
fact several speed bumps that slowed down the completion of this
experiment. One of the first was that there was no way to capture the
hydrogen produced and then release it so that a flame test (which would
combust the hydrogen gas and measure the wavelength of the flame)
could be done. Initially a burette was used to capture the hydrogen.
However, once this test tube was flipped over, there was some unwanted
gas inside. Every time the test tube was flipped, these bubbles would
show up. In an attempt to get them out, the valve was flipped open,
which immediately caused all of the solution in the tube to drain
back into the beaker, due to pressure differences. A little investigation
revealed that there are test tubes made just for capturing and measuring
a gas. This immediately solved the problem of the unwanted gas. Instead
of extracting the hydrogen gas from the top of the test tube to do the
flame test, the tube was flipped over and the gas would rise out of the
tube. This lead to another problem, the flame test itself.
The initial idea for performing the flame test was to use the Red Tide
Ocean Optics Spectrometer to measure the wavelength of the flame
produced by burning hydrogen gas. However, attempting to establish
baseline data by dropping zinc into a hydrochloric acid solution and
burning the resulting hydrogen gas failed. After trying this test several
times and doing a little further research, it was concluded that lighting
hydrogen on fire does not create the desired majestic flame but rather
just produces a “popping” sound. [7] So to reconfirm that the gas
captured within the test tube was hydrogen, instead of measuring the
wavelength of the flame, listening for a distinct “pop” sound would
have to do. The final set-up can be seen in Appendix B.
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With these two problems solved, the tests could finally begin. The
newly updated procedure was followed with the first compound tested
being magnesium sulfate. Despite the step forward, there was one
problem with this particular test, which was that the voltage on the
power supply was turned to its maximum level. Although hydrogen
was created by following the procedure, the fact that the voltage was at
its max undercut the whole goal of the project, which was to create a
fairly efficient system. Furthermore, it would be hard to produce that
much voltage with the Peltier cells. So this data was thrown out and
the procedure was rewritten to limit the voltage to around 1.5 V. The
final setup of this experiment is shown in the picture on the next page.
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Figure 4: Setup of the hydrogen experiment. The upside-down tube is the glass
that captures the hydrogen. It is hard to see, but the bars in the solution are the
electrodes the current flows between. The cloudy white substance in the tube is
the hydrogen being produced and captured.
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With the procedure finalized, the official experiment began (see
Appendix B). The results are given in the table below:
Salt,
Strong
Acid,
Strong
Base

Solution

Molarity
(M)

Time
(min)

Hydrogen
produced
(mL)

Flame pop

Energy (J)
used to
produce H2

SA

Sulfiric Acid
(H2SO4)

1

10

14.85

Yes

200.7905

Salt

Sodium
Sulfate
(Na2SO4)

1

10

~0.05

Small
crackles

17.7790

SB

Sodium
Hydroxide
(NaOH)

1

10

13.15

Yes

480.8212

Salt

Sodium
Nitrate
(NaNO3)

1

10

0

N/A

119.7203

SA

Nitric Acid
(HNO3)

1

10

0

N/A

740.3701

SB

Potassium
Hydroxide
(KOH)

1

10

0

N/A

0.8711

—

Ocean
Water

—

10

~0.05

Yes

12.8186

Table 1: Solutions with molarity, hydrogen produced, flame pop, and energy used.

(See Appendices C-E for voltage, current, and power vs. time graphs.)
The first observation, from looking at the voltage graph, is that sulfuric
hydroxide’s required voltage was much higher than those of the other
solutions. Although hydrogen was produced, as stated before, such
high voltage is a waste of a couple of volts, and it will only be harder
to create that many volts with the Peltier cells to get the same amount
of hydrogen. But when the data is looked into a little deeper, some
interesting conclusions can be made. As noted above, the determining
factor for the rate of the reactions is not voltage but current. Thus the
solution that conducts the highest current should ultimately produce
the most hydrogen, because the water is splitting at a faster rate than in
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any other solution. The data can support only part of this conclusion
because, as shown in the current graph, sulfuric acid has the second
highest current and most hydrogen produced and sulfur hydroxide has
the third highest current (despite the voltage being so much higher
than the voltage required for sulfuric acid) and the second most
hydrogen. However, nitric acid completely contradicts this conclusion
because that solution clearly has the highest current but produced
no hydrogen gas at all. How can that be? It turns out that nitric acid
solution doesn’t provide enough resistance for the current to react with
the ions. So instead of producing hydrogen, the current simply passes
through the highly conductive solution. Although current determines
the amount of hydrogen that is produced, what is really interesting
is that the current is not directly linked to the amount of voltage, but
rather is inversely linked to the resistance of the solution. On top of
this, there seems to be a minimum resistance required for the current
to interact with the solution to form hydrogen gas. The table on the
next page shows the resistance of each solution.

82		

Jackson Badger

Solution

Mean
Current
(amps)

Mean
Voltage (V)

Mean
Power (W)

Mean
Resistance (Ω)

Hydrogen
Produced/
Mean
Power
(mL/W)

Sulfuric
Acid
(H2SO4)

0.2074

1.614

0.3347

7.783

44.37

Sodium
Sulfate
(Na2SO4)

0.01688

1.756

0.02964

104.03

1.687

Sodium
Hydroxide
(NaOH)

0.1660

4.828

0.8014

29.086

16.41

Sodium
Nitrate
(NaNO3)

0.09425

2.117

0.1995

22.46

0

Nitric Acid 0.6221
(HNO3)

1.984

1.234

3.189

0

Potassium
Hydroxide
(KOH)

0.0007864

1.846

0.001452

2348

0

Ocean
Water

0.01294

1.652

0.02136

127.6

2.341

Table 2: Solutions with mean current, voltage, power and resistance and hydrogen
used/mean power.

With this data, it is concluded that sulfuric acid is overall the best
solution to use for producing hydrogen because it has the highest
hydrogen produced per Watt. This means that it will produce the most
hydrogen for the lowest amount of current that is put into the solution,
making this solution the most efficient. On top of this, the sulfuric
acid solution has the second lowest resistance, a key attribute to the
solution having the highest hydrogen produced per Watt.
7 Energy Collecting System
Next is the question of how to produce the electrical power that will
ultimately produce the hydrogen gas. It had been decided to use Peltier
cells as the energy producer, but the problem is that in order for a
Peltier cell to produce electrical energy it needs a large ∆T. In order to
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do this, one side of the Peltier cell will have a heat sink on it, while the
other side will have a lot of light focused on it. To apply the necessary
heat energy on one side of the Peltier cell, there are two options. The
first option is to use a convex lens, or magnifying glass. The other
option is to use a concave mirror. Both options will take the area of
the lens and focus all of that light onto one point. In theory, the same
amount of heat will be attained by using either method when they
cover same amount of area, assuming that the heat energy of the light
is constant. Since a concave mirror with a diameter of 54.5 cm was
already available, a simple comparison test could be done to determine
whether using several convex lenses seems logical.
First and foremost, a concave mirror with a diameter of 54.5 cm has
an area of about 2332.83 cm2. In order to match the same area with
a convex lens, a minimum of 29 lenses would be needed, all with a
diameter of 10.16 cm (4 inches). Since it is impossible to get all 29
lenses to be exactly focused on the single Peltier cell, each lense would
need to be focused on its own Peltier cell. It would not make sense
to buy 29 convex lenses and Peltier cells, when it would be cheaper
to buy a single concave mirror and four Peltier cells. Apart from this
economic reason for choosing a concave mirror over 29 convex lenses,
there is also scientific evidence to support this decision. Below, for
example, is the data obtained with a single convex lens focused on a
Peltier cell:
Type

Diameter (cm)

Mean Voltage (V)

Resistance (Ω)

Power (W)

Convex Lens

10.16

0.08556

10

0.00073201

Table 3: Convex lens data.

According to this data, in order to recreate the same amount of power
that the sulfuric solution used to produce 14.85 mL of hydrogen in 10
minutes, a minimum of 457 convex lenses would be needed to produce
the 0.3347 W that the solution used. This is an absurd waste of space,
time, and money. A concave mirror would be used instead. Although
no current statistical data was available to support this decision, a test
was done to confirm it.
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The first thing that needed to be done was to find the focal point of the
mirror. Since this 3-dimensional shape is symmetric, when the mirror
is cut by a perpendicular plane the shape that is formed is a parabola,
as shown the following diagram [8]:

Figure 5: A concave mirror that focuses the light energy on a single point.

In order to find the focal point, a simple equation of h = (r2)/4f is
used. When the radius (r) and the depth of the mirror at the center
(h), are plugged in, the focal point comes out as 41.72 cm away from
the center of the mirror. When a piece of paper was put around 41.72
cm, a small circle appeared and immediately lit on fire within a few
seconds. Following this a Peltier cell was centered at the focal point.
Before data could be collected, one of the wires desoldered. This means
that the temperature reached 183º C at the focal point, which is the
approximate melting point of solder. Since having the Peltier cell right
at the focal point is too hot (which is ironic in itself), the cell was
moved further away, and four cells were used instead of one. The four
Peltier cells were placed in a square formation approximately 42 cm
away from the mirror. This ensured that all of the heat energy from the
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focal point will be used, but instead will be dispersed across the four
cells. Figures 6 and 7 are pictures of all four Peltier cells put together.

Figure 6

Figure 7
Figures 6 and 7: Two different views of the Peltier cell “sandwich,” containing four
Peltier cells between two copper plates.
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In Figures 6 and 7 above, the central square shape is a thin copper
plate. Below the copper plate are the four Peltier cells, oriented so the
wires of each cell are on one of two sides. Below the four Peltier cells
is another thin copper plate. Ultimately the entire configuration looks
like a “sandwich” with the Peltier cells between the two copper plates.
The copper plates have two uses. The first is to hold all four Peltier cells
together and make sure that they are all on the same level. The second
is to make sure that the focused light energy is dispersed among all
four Peltier cells. In order to make sure that the “sandwich” stays intact,
a highly thermally conductive and high-temperature epoxy was used
to glue the copper plates to the Peltier cells. This specific type of epoxy
was used to allow the heat energy to pass from the copper plate to the
Peltier cells with minimal amount of heat energy lost, all while staying
glued together. Once assembled, the “sandwich” was attached to the
concave mirror via metal poles. Figures 8, 9, and 10 below are pictures
of the mirror and the stand used to hold the Peltier cell “sandwich.”

Figure 8
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Figure 9

Figure 10
Figures 8, 9, and 10: Three different views of the concave mirror with the Peltier
cell “sandwich” attached by the metal poles.
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As the pictures above show, the Peltier cell “sandwich” is held up by
two metal poles. This setup is oriented so the “sandwich” is exactly 42
cm away from the center of the concave mirror. Then all of the positive
wires and all of the negative wires from the Peltier cells run down the
metal poles to make the wires easy to solder together. Once this was
done, a quick and simple test was performed to determine the power
of a single Peltier cell. On a clear day, with the mirror in the sun and
the light focused on the “sandwich,” a single Peltier cell was able to
generate about 1.9 V with the heat sink attached to the cold side of the
Peltier cell. Because a single Peltier cell produces about 1.9 V, which is
higher than the minimum required voltage to create hydrogen, all four
cells were then wired in parallel. This maximized the current of the
system and produced more hydrogen. When the voltage was measured
across a 100 Ω resistor from the same Peltier cell, it was approximately
1.2 V. With this voltage and the known resistance, the power came
out to be 0.0144 W and the current 0.012 A. With all four Peltier cells
running in parallel, the current should be about 0.048 A. Given what
was determined above about the conductivity and resistance of sulfuric
acid, a current of 0.048 A should produce about 2.13 ml of hydrogen
gas. However, one problem that occurred during the test to determine
the voltage of the Peltier cell was that the “sandwich” got extremely
hot very quickly. Even with a heat sink installed on the cold side of the
Peltier cell, it also got hot relatively quickly. As the heat sink got hot, the
output power of the Peltier cell decreased, because the ΔT decreased
between the two sides. This means that this system can only be used
in increments; this would allow time for the heat sink to cool down
and then be reused. This just shows one of the flaws of this system: the
need to keep the other side of the Peltier cell as cold as possible. With
more time and resources, a special water cooling system would be built
and used instead of a single heat sink. Despite this, it seems that the
entire system can run very smoothly for a short period of time and
produce enough voltage to be able to run a current through a sulfuric
acid solution and produce hydrogen gas.
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8 The Whole Package
With both halves of the system in place—one to generate electricity
and the other to perform hydrolysis—it proved possible to produce
hydrogen gas. Since there is no burning of fossil fuels, no production
of carbon dioxide, and absolutely no emissions except hydrogen gas,
the system is entirely “green.” Furthermore, the efficiency of the system
is no longer a serious concern, other than maximizing the hydrolysis.
Although it may seem absurd, this actually makes complete sense. If a
better cooling method were created on the cold side of the Peltier cell,
then the system could sit out in the sun for the entire day and produce
hydrogen gas all day long. And since the system is “green,” it can sit in
the sun and produce hydrogen gas with no emissions and no costs—
making this electricity free, except for the cost of the concave mirror,
Peltier cells, and other small supplies. So ultimately, as long hydrogen
is being produced with free electricity, the efficiency of generation is
of little importance. Though this “green” system is on a small scale, it
nevertheless offers proof of a concept that could easily be recreated in
the future and on a larger scale.
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9 Appendices
9.1 Appendix A: Standard Reduction Potentials at 25° C

THE MENLO ROUNDTABLE		

9.2 Appendix B: Water Splitting Procedure
Compounds:
• Acids: HNO3		H2SO4
• Bases: NaOH		
KOH
• Salts: Na2SO4 		
NaNO3
• Extra: Ocean Water
Control Variables:
• Solutions
Constants:
• 300 ml of solution
• Surface area of copper plate
• ~1.50 Volts
Equipment:
• Several medium sized beakers
• Compounds
• Test tubes that will capture gas with volumetric tick marks
• Thick copper plates
• Power supply
• Voltmeter
• Ammeter
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Procedure:
1. Put 300 ml of water in a clean medium beaker.
2. Fill test tube with water and turn it over while in the medium 		
beaker so it is filled with water and facing down.
3. Put anode inside the tube and cathode inside the beaker.
4. Set power supply to ~1.50 V.
5. Attach both the anode and cathode to the respective outputs on
the power supply, with an ammeter between the positive side and
the Peltier cell.
6. Start countdown, start LabQuest, and turn on the power supply
for 10 minutes.
7. Let time expire and turn off power supply.
8. Measure and record the volume of gas inside test tube.
9. Take small sample of gas and set flame to it.
10. If Step 9 produces a small “pop” sound, that is confirmation that
the gas produced is hydrogen; move on to Step 11. If Step 9 does
not produce a “pop” sound, then figure out what went wrong and
repeat Steps 1-9 with same solution.
11. Repeat Steps 1-10 with each compound.
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9.3 Appendix C: Time Versus Voltage Graph

Figure 11: Time vs. voltage graph with all the listed solutions. The resistances of
each solution are listed in Table 2.
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9.4 Appendix D: Time Versus Current Graph

Figure 12: Time vs. current graph of all the completed solutions. The resistances of
each solution are listed in Table 2.
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9.5 Appendix E: Time Versus Power Graph

Figure 13: Time vs. power graph of all the completed solutions. The resistances of
each solution are listed in Table 2.
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9.6 Appendix F: Materials
Parabolic mirror
Peltier cell with high temperature differential
Beaker with solution that captures the hydrogen
Metal bars for the frame of the parabolic mirror and Peltier cell
Wires
Water
And most important of all, sunlight
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