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Hydrocarbon Production through Electrical Ionization 

 

Introduction 

About seventy-one percent of U.S. electricity, seventy-three percent of U.S heat, 

and almost one-hundred percent of our transportation is driven by fossil fuels, an energy 

source – the cost of which is expected to rise dramatically in the next decade due to the 

economic theory of supply and demand and M. King Hubbert’s oil discovery curve, 

which states that after half of all oil has been produced, production will decrease to 

exhaustion (EIS, Harding, Natural Gas).  This peak seems to be closer than many 

expect.  Within the next thirty years oil prices will increase, only to increase more, 

unless another source of the mix of hydrocarbons we call oil can be found.  One such 

source could be their synthesis through the combination of hydrogen gas and gasified 

carbon through electrical ionization. 

Current Hydrocarbon Sources 

Oil was extracted from the earth in an impure form.  It was first filtered of 

impurities and then separated into the different types of hydrocarbons in a fractioning 

tower by weight, heavier hydrocarbons sink to the bottom, while lighter ones rise to the 

top.  The compounds that make up oil all consist of the same two elements – hydrogen 

and carbon.  Some common alkanes (a more specific type of hydrocarbon) are 

methane, butane, and propane.  The relationship these compounds share with each 

other is in the ratio of hydrogen to carbon in their chemical formulas.   For every X 

hydrogen atoms in an alkane molecule there were 2X + 2 carbon molecules.  For 
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example, methane has one hydrogen molecule and thus (2 x 1) + 1 = 4 carbon 

molecules, yielding a molecular formula of CH4.  

While the method of mining is currently far superior from an economic standpoint 

to a method which uses energy to store energy in order for it to be released again, the 

need for an alternative source of hydrocarbons exists for a time when mining cannot be 

economically superior to synthesis from severe trends in supply and demand. 

The Carbon Cycle 

The carbon cycle is a highly complex biogeochemical (the circulation of 

chemicals through the biosphere between the lithosphere, hydrosphere, or atmosphere) 

cycle involving every carbon atom (Kreger).  Although the carbon cycles methods of 

molecule movement are very numerous, some of the major carbon movers are 

photosynthesis, respiration, geological subduction/volcanism, and human fossil fuel 

consumption. 

Photosynthesis and respiration can be considered opposites in the carbon cycle.  

Photosynthesis takes carbon in the form of CO2 out of the atmosphere, increasing the 

carbon biological reservoir.  Respiration, which includes decay, releases CO2 into the 

atmosphere through the breakdown of carbohydrates and sugars to make energy.  The 

carbon is released into the atmosphere as a byproduct. 

 The geological carbon cycle is one-

thousand times slower than the biological 

portion of the cycle, but carbon reservoirs in 

the form of insoluble carbonate compounds 

in deep ocean locations are far greater than 
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any biotic reservoir.  The geological cycle works through subduction of deep ocean 

reservoirs into the mantle, particularly at fault lines where continental plate folding 

exists.  The carbon is released from the carbonates in the mantle and emerges in the 

form of CO2 from volcanic eruptions.  The geologic carbon cycle has been cited as the 

cause for major climactic change due to the sheer size of its reservoirs. 

 By understanding the carbon cycle, the best method for obtaining carbon for 

hydrocarbon synthesis can be found.  It is important to note the above picture which 

shows that the amount of carbon present in fossil fuels is very small compared to deep-

ocean reservoirs. 

Gas Chromatography 

A thermal conductivity detector (TCD) gas 

chromatograph (GC) like the one pictured on the right 

is a device that detects the presence of certain 

chemicals by measuring the time that they take to 

travel through a coil and hit a thermal conductivity 

detector(Moreland).  The analyte is inserted into a 

port in the detector.  A noble gas such as helium pushes the gas (which could be a 

vaporized liquid), through a coil that has the correct properties to test for the unknown in 

the sample.  The faster traveling substances reach a thermal conductivity probe at the 

end of the coil first, the intensity of which was plotted on an 

analog graph created by the recorder.  The recorder gives 

results that look similar to readings from a seismograph, as can 

be seen on the left.  Despite the ambiguous appearance of the 
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GC’s output, the graphs were surprisingly easy to read.  Each peak signifies a different 

chemical that has been eluted from the analyte.  Herein lies the power of the gas 

chromatograph. 

A peak above the zero line represents the presence of some substance x striking 

the detector.  The peaks were separated because of the different speeds that the 

substances travel through the coil in the GC.  Unfortunately the time from injection to 

the peak for oxygen, for instance, is not a constant.  Different settings of temperature, 

flow rate, and detector current will change the time.  The order, however, in which the 

gasses reach the detector will always remain the same and if the settings on the GC are 

kept exactly the same, the peaks will be the same time or, since the paper is moving, 

distance, apart (Moreland).  The time between one peak and a peak used as the 

identifier peak is called the retention time.  This time is used to compare results from 

one reading to the next.  It is especially helpful when doing multiple readings while 

keeping the settings of the GC the same. 

There are many different types of GC’s, each of which is characterized by the 

way it detects the presence of analytes.  Also, each type of detector has a certain group 

of chemicals that it can detect with more accuracy than any other group.  In the case of 

hydrocarbons, a flame ionization detector gas chromatograph is the most accurate way 

of testing.  A flame ionization detector GC (FID GC) works similarly to a TCD up to the 

point where the analyte exits the column.  At this point it is fed into a flame that usually 

uses hydrogen as a fuel and air as an oxidizer.  The flame ionizes the particles of the 

analyte and they strike an electrical detector.  This creates a signal that can be 

interpreted in a similar way as a TCD GC.   



 7 

Other types of GC’s include catalytic combustion detectors, dry electrolytic 

conductivity detectors, helium ionization detectors, photo ionization detectors, nitrogen-

phosphorus detectors, thermal ionization detectors, electron capture detectors, 

reduction gas detectors, and flame photometric detectors.  There is also a type of 

analysis instrument that uses GC technology in combination with another instrument 

called a mass spectrometer.  

A mass spectrometer works by 

measuring the speed of a charged particle or 

the radius a charged particle has as it is 

effected by a magnetic field.  A magnetic field 

effects a charged particle in such a way as to 

make it bend.  A common application of this is 

a television.  As can be seen in the picture on 

the right, an election traveling to the right in a magnetic field directed into the page will 

be deflected downward.  A rule called the right hand rule gives an easy way to 

determine this.  Point the hand in the direction that a positive charge flows (always 

opposite a negative charge) then bend the fingers in the direction of the magnetic field.  

The thumb will point in the direction of the force, the magnitude of which is determined 

by the equation F = qv x B, where q is the charge of the particle, v is its velocity, and B 

is the strength of the magnetic field (Ilyes). 

When a GC is combined with a mass spectrometer a GC/MS is the result.  A 

basic view of the way the device functions can be seen below.  Particles are separated 

in the GC column and they enter an impact ionization area (other types of ionization 
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include thermal ionization, and chemical ionization).  This area has very low pressures, 

as mass spectroscopy requires pressures of 10-6 to 10-8 torr.  The particles are focused 

and sent into a semi-circular tube that is surrounded by scanning electromagnets.  This 

causes particles of different masses to go around the loop at different speeds.  This can 

be seen using the equation for centripetal force and the aforementioned magnetic force 

equations.  
r

mv
Bqv

2

=´  shows that if r (radius of semi-circle) and q stay the same and 

the mass changes due to a different particle entering the semi-circle, the magnetic field 

and velocity will need to change in order to keep r constant.  This leaves a wide range 

of velocity and magnetic field combinations to produce the right force, but only one of 

these combinations will cause the particles to follow the path of the correct radius.  In 

this way the tube acts as a velocity selector and a scanning field (increasing and 

decreasing in intensity) separates the particles by mass such that lighter particles strike 

the detector first while heavier particles strike the detector last.  This allows the detector 

to determine the molecular mass of each particle very accurately. 
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Hydrocarbon Formation 

The hydrocarbons harvested from the earth’s crust were formed over millions of 

years from decaying organic matter.  The method proposed in this experiment involves 

creating hydrocarbons in a few seconds through the combination of two inorganic 

elements.  While this seems relatively simple, carbon does not combine very easily with 

gaseous hydrogen in a solid state.  For this reason the carbon must be gasified, or 

evaporated from its solid state.  In order to do this the carbon must be heated to above 

its boiling point of 4827.0 °C (Bentor).  This crea tes another problem.  Hydrogen tends 

to react violently with oxygen when the two elements’ relatively low activation energy is 

met.  This means that the carbon must be heated to above to 5000 °C in the presence 

of hydrogen in a semi-sealed chamber containing very little or no oxygen.  The chamber 

in which the reaction occurs should not be completely sealed because while there is not 

enough oxygen in the chamber to create a large expansion from H2 combining with O2, 

the reaction between H2 and C is exothermic.  Already in the presence of a large 

amount of heat, the exothermic nature of the reaction could cause the gas inside the 

chamber to expand more than was expected and rupture the chamber.  A compressible 

bladder can be used to keep the chamber sealed while still allowing for an expansion of 

the gasses inside. 

Carbon in the form of carbon rods can be heated to a high temperature in the 

same way that light bulbs get hot when turned on or your computer must have fans to 

cool it: resistance.  Due to thermodynamics a large amount of energy in the form of 

electricity will dissipate as heat through a resistor.  In the case of the carbon rods, the 

gap between the two rods was a resistor made from empty space, high resistance 
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causes a large amount of heat to be released at the site of the resistor.  This will heat 

the carbon rods easily to over 5000 °C.  Carbon rod s were less expensive than 

diamonds and easier to work with than graphite powder.  They can easily be sealed in 

an oxygen depleted vessel.   

Because the carbon rods were heated using electricity, some of the carbon will 

become ionized aside from being vaporized.  The intense temperatures and the arc 

creates a plasma between the carbon rods as well.  A plasma was a state of matter that 

consists of atoms or molecules stripped of their electrons, in other words, a plasma was 

made up of ions.  Ions tend to be more reactive than substances in their ground state, 

or with no charge.  Because of this the carbon will be more likely to react with the 

hydrogen atmosphere present in the chamber.  Taking these facts into account, the 

production of hydrocarbons (which was determined by the marker alkane of methane) 

through the synthesis of inorganic hydrogen and carbon will be possible using a method 

which works by passing gaseous hydrogen over gasified carbon in a semi-sealed 

environment. 

Molecular Bonding Theory 

 When working with the formation of any molecule, it is important to understand 

the method by which the structure and formula for such a compound arises, as well as 

the probability for such a compound to form due to differences in entropy and enthalpy.  

In this case we are dealing with carbon, the fourth most abundant element in the 

universe, and hydrogen, the most abundant element. 

 It would seem that with only two elements the compounds that could form would 

be relatively simple, but these two elements are the basis of the organic molecule which 
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makes up everything from methane to plastic.  Most organic molecules have a base in 

C and H but include other elements as well.  These elements, as well as the location of 

these elements in the molecule, give the compounds formed signature properties.   

 In order to understand the way molecules are formed it is necessary to 

understand the properties of the individual elements which make up the molecule.  

Because this experiment deals only with hydrogen and carbon, those will be the only 

two elements described. 

 Hydrogen-1 is the lightest element known to man.  It 

consists of one proton in the nucleus and one electron which 

exists at some point around the nucleus defined by a probability 

function, the values of which are plotted on the right.  The image 

on the right is a representation of the s sub-level.  Electrons are categorized by the 

number of electrons present in order to determine the number of valence electrons.  A 

valence electron is an electron in the outermost s – f shells (if they exist, hydrogen has 

only one s shell) of an atom.  The s shell can hold two electrons, thus the most stable 

state for hydrogen would be for it to have two electrons circling its nucleus or zero 

electrons.  Unfortunately this is not possible for a single hydrogen atom in a grounded 

(i.e. not excited) state because the charge of the atom would then non-zero.  This is 

because the one proton’s charge plus two electron’s charges would yield an overall 

negative charge, and one proton plus zero electrons would yield an overall positive 

charge.  In the case of hydrogen, however, losing its electron brings about the most 

stable state.  To express this need to give an electron, hydrogen is assigned an 

oxidation number that represents the charge of the atom in its stable state, or +1. It can 
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be concluded that a bond between another element which allowed zero electrons to 

move around the hydrogen nucleus would be most likely to form because this would be 

the most stable state for hydrogen. 

 Carbon-12 is roughly twelve times heavier than hydrogen.  The weights are 

different because of different bond energies and mass/energy ratios within the nucleus, 

but this is not exceedingly important to bonding theory.  Carbon has six protons, six 

neutrons, and six electrons in its grounded and non-isotopel state.  The first two 

electrons fill the first s sub-level, and the next four are located in a new sub-level called 

the p sub-level.  The p sub-level can hold a total of 8 electrons, therefore the four left-

over electrons in carbon fill this sub-level half-way.  This leaves carbon the possibility of 

losing or gaining four electrons to become stable.  This gives carbon an oxidation 

number of +4 or -4. 

 Bringing the two elements together allows bonding to occur.  Instead of simple 

combining the atoms and comparing the oxidation numbers, a method called Lewis dot 

theory will be used to determine whether or not a molecule will form.  Each valence 

electron represents a dot. This would make  for hydrogen and   for carbon.  CH4 

looks like  .  Notice the total of eight dots.  Each pair of dots represents a single 

bond between two elements.  The hydrogen does not need eight dots around it because 

its most stable energy state is when it donates its electron to the carbon atom.  

Carbon’s most stable state in this case is when its p sub-level is filled (using 8 

electrons).  
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Electricity 

 Electricity from a wall outlet can be used to provide the electrical energy needed 

to heat the carbon rods in the form of a simple circuit or a power supply (welder for 

example).  Unfortunately while the air gap creates very high resistance, as soon as an 

arc was created over the gap, the resistance of the gap drops to very close to zero.  

This does not cause the rods to cool or stop arcing, but it does create a problem.   

According to Ohm’s law  I = E / R,  The current in a circuit (I) was equal to the 

voltage or potential energy the circuit carries (E) divided by the resistance in the circuit 

(R).  If the resistance drops to a number very close to zero after the arc was 

established, and the 120 volts from the electrical socket stays constant, the current will 

become very large.  If the circuit did not have a circuit breaker or fuse connected in 

series with the circuit, the current will increase to a point defined by the voltage divided 

by the internal resistance of the wire.  This would create so much heat (remember under 

normal conditions the carbon rods could be heated to 5000 

°C) that the wires connecting the circuit would ver y quickly 

melt and any combustible material would burst into flames, 

damaging the circuit.  This was prevented by a circuit breaker, which shuts off the 

current supply if it reaches a critical level.  Also, the current can be limited by adding 

resistance to the circuit, as can be seen by applying Ohm’s law.  The addition of a 

resistor will help the experiment run more smoothly without creating any devastation.  

Arc welders are designed to hold an electrical arc while not overloading the circuit which 

they reside.  This makes them a very attractive power supply over a circuit connected to 

a wall outlet with a resistor because more power can be drawn from the welder which 
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will produce faster results.  Another possible source of electricity is the high voltage 

supply from a Tesla coil.  The advantage of using higher voltage lies in the fact that the 

current can travel larger distances over the H2 atmosphere (hopefully making the H2 into 

2H+ in the process).  Also, higher voltage requires less adjustment of the carbon rods 

during operation. 

 

Methods and Materials 

Construction 

 Three 4.00” by 4.00” by 0.250” pieces of Plexiglas were cut to size. One piece 

was drilled with four holes 0.156” in radius 0.500” on center from the edges of the four 

sides.  Holes were drilled in the same location for the second piece but the radius was 

decreased to 0.125” and each of these holes were threaded at 20 threads per inch. 

 The remaining Plexiglas rectangular prism was mounted on a lathe and a groove 

was turned into the plastic with a diameter of 1.50” and width of 0.125”.  The material 

inside the groove was turned so that the surface sloped at roughly 7º down, toward the 

center of the piece.  Nine holes were drilled into this piece.  The original four around the 

outside with a radius of 0.156” were 

drilled, but in addition two 0.125” 

radius (1/4 20) holes were drilled into 

the piece for two fittings which will 

later supply gas and water to the 

chamber, two 0.0938” radius holes 
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for 14 AWG wire which supplies the power to the chamber, and one 6 32 size hole (not 

drilled the entire way through!) for the mounting of the bottom rod holder.  The fitting 

and rod holder holes were threaded as well.  The location of the holes can be seen in 

the picture above.  

 A middle rod holder and bottom rod holder were milled on a milling machine.  

The middle holder is 0.75” tall and 0.260” smaller than the glass chamber wall, while the 

base rod holder has a base angle of 7º and rising angle of 60º.  Each piece has a 6-32 

thumb screw to hold the carbon rod in place.  The following pictures give the layouts of 

the pieces. 
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 Two hose fittings were threaded into the port holes on the base Plexiglas piece.  

These fittings allow for the connection of rubber hoses for experimentation.  The wires 

are run through their designated holes and sealed into place with silicone sealant.  Each 

wire is connected to a thumb-screw present on the block of aluminum holding the 

carbon rod into place. 

A glass cylinder open at one end was placed over an o-ring which was placed in 

the groove on the Plexiglas rectangular prism.  Nine inch long ¼ 20 all-thread was run 

through the holes in all three pieces of Plexiglas and four wing-nuts were used to tighten 

the components of the chamber together. 

 

  

Experimentation 

 Rubber tubes were connected to each of the plastic tubes on the chamber.  The 

chamber was turned upside down and the tube leading to the rubber tube that is flush 

with the surface and in the center of the Plexiglas base was used as the exit, while the 

tube on the side that rises above the base was the intake for the chamber.  While 

upside down, the chamber was filled with water.  Any air bubbles can escape through 
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the center of the chamber due to the depression created during construction.  After the 

chamber had been filled, the tubes were clamped and the chamber was turned right-

side-up.  A hydrogen source (in this case, a tank) was connected to the intake tube 

while the exhaust tube was placed inside a beaker able to hold more than 1150 ml of 

water (roughly the volume of the chamber).  Hydrogen was bubbled into the chamber, 

displacing the water, which was able to drain through the center of the chamber through 

the depression in the center of the chamber.  When the chamber has been completely 

filled with hydrogen gas, the tubes were again clamped and the electrical circuit was 

connected by connecting the high potential spike of a transformer to the chamber.  The 

chamber was placed inside a fume hood and a plastic shield was placed in front of the 

chamber.  The hood window was closed.  The transformer was turned on and the bright 

arc that formed was allowed to burn for a designated time of 500 seconds.  The entire 

chamber was transported from the hood to the GC/MS, where several samples were 

extracted from the chamber with a syringe and run through the instrument.  Also, 

multiple runs with the chamber were completed with each sample placed inside a Mylar 

balloon and taken to Armstrong Labs in Lancaster, PA for analysis on their FID GC.   

Efficiency readings for the chamber were completed in much the same way, but 

using both hydrogen and helium for the tests.  This chamber was placed inside a 

Styrofoam container for these tests, and a temperature probe which was connected to a 

computer to collect data was taped to the side of the container.  This probe measured 

the ambient temperature inside the container while the chamber heated up. 

The results are as follows: 
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Data  

Table 1:  Retention time between O2 and N2 
Trial Distance (mm) Time (s) Percent Diff (%) 

1 17.5 35.0 1.74 
2 15.0 30.0 12.8 
3 17.0 34.0 1.16 
4 16.5 33.0 4.07 
5 17.5 35.0 1.74 
6 19.5 39.0 13.4 

AVG 17.2 34.4 5.82 
 

Table 2:  Retention time between O2 and H2 
Trial Distance (mm) Time (s) Percent Diff (%) 

1 26.0 52 1.36 
2 25.5 51 0.585 
3 25.5 51 0.585 

AVG 25.7 51.3 0.843 
 

Table 3:  Retention time between N2 and CH4 
Trial Distance (mm) Time (s) Percent Diff (%) 

1 53.2 106 7.40 
2 57.0 114 15.5 
3 45.0 90.0 8.81 
4 44.0 88.0 10.8 
5 49.5 99.0 0.304 
6 47.5 95.0 3.75 

AVG 49.4 98.7 7.76 
 

Table 4: Signature number comparison from FID tests 
Trial Experimental 
A1 39.4 - Outlier 
A2 25.3 
B1 29.0 
B2 26.4 

Percent Difference 5.20% 
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Table 5: Control Values for FID tests 
150.  - Air 
71.4  - He 
99.5  - H2 

120.  – H2 

 

Table 6:  Efficiency Readings 
He (ºCs) H2 (ºCs) 

491 693 
253 251 
451 423 
398 456 

Efficiency 114% 
 

Retention time for experimental unknown with TCD GC : 142s 

 

Figure 1: Total Ion Current for Chamber Sample (GC/MS) 
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Figure 2: Mass Spectrum for Largest Eluted Peak (GC/MS)
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Figure 3:  Flame ionization total ion current for experimental control 

 

 

Figure 4:  Flame Ionization total ion current for experimental atmosphere 
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Figure 5:  Graph of ambient temperature for H2 reaction vs. time 
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Figure 6:  Graph of ambient temperature for He reaction vs. time 

(for more graphs, please refer to the data book)
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Data Treatment 

 In order to determine the presence of methane in the analytes run through the 

TCD GC, the percent difference in the retention time between nitrogen and a known 

methane control must be comparable to the percent differences in the retention times 

between oxygen and nitrogen, and oxygen and hydrogen.  The percent difference was 

found by finding the difference in time between the average retention time and the 

experimental retention time and dividing by the average retention time.  This example 

used data from Table 3: %40.7%100
7.98

30.7
%100

7.98
7.98106

==
-

x
s
s

x
s

ss
.  The speed which the 

paper in the recorder was traveling was 0.50mm/s.  This allowed the distance between 

two peaks on the graph to be converted into retention times, as can be seen in the 

tables.  Each distance was simply multiplied by two:  s
mm
s

x
mm

114
50.0
1

1
57

= .   

The results from the GC/MS show a large listing of chemicals present in the 

chamber when the chromatograph is observed.  Using computer software designed by 

HP, the mass spectrum of each of the peaks can be found. 

The results from the FID GC were analyzed by creating an identifying signature 

number which will be of similar value for TIC (total ion current) graphs that are more 

similar by analyzing the peak retention times and their relative amounts.  The number 

was created by multiplying each identified peak’s retention time by its area percentage, 

adding these products from each peak together and dividing the sum by the total area of 

the TIC.  The numbers are compared for repeatability by calculating the percent 

difference of the signature numbers from test to test.  The percent difference can be 

used similarly to the data taken from the TCD GC in control comparison.  If a control 
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has a percent difference which is in the range of the experimental data points, the 

experiment could not be considered a success.  

The efficiency readings done for this experiment were found by analyzing the 

graphs on several levels.  Before the electricity was applied to the chamber a baseline 

graph of ambient temperature was measured for 500 seconds.  This baseline was 

subtracted from the graph of temperature vs. time with the chamber running.  This 

created a normalized graph, although these graphs are not smooth lines due to 

electrical disturbances from the power supply.  This was corrected by finding the 

quadratic equation that best fit the normalized curve, then creating a function that plots 

that curve on the graph.  The resulting line can then be integrated  to find the ºCs units 

used in the efficiency calculations. 

 

Discussion 

 The results of this experiment show that the apparatus created was capable of 

producing an unknown hydrocarbon that did not exist in the sample prior to combustion.  

Because the lower level hydrocarbons produced elute at roughly the same retention 

time, it is very difficult to distinguish one from the other.  For this reason it is known that 

hydrocarbons are present, but the make-up of the mixture of C4 hydrocarbons and 

below is unknown. 

 Data collection was very difficult in this experiment.  This is partly because of the 

intense heat created by the carbon arc, which tended to destroy glass tubes very easily, 

but also because the apparatus was originally supposed to have a pump to circulate the 

hydrogen around the system.  This was soon found to be too difficult to accomplish after 



 26

the proposed pump failed on three separate occasions, and the apparatus was 

simplified in order to still get the same results with less pieces involved. 

 This way of thinking did work in providing usable results from which to make 

deductions.  The chamber design, however, was flawed from the beginning of this 

experiment.  The small tube does not allow room for sophisticated positioning of the 

rods inside the tube, and also the rods touch the glass, often melting it.  A new chamber 

should be designed that takes into account more the high temperatures which the 

carbon rods reach while arcing.   

 A new design encompassing the entire apparatus that can be evacuated of air 

and filled with hydrogen.  The large space in the dome would distribute the heat more 

evenly than a smaller space would.  This would make the larger chamber easier to cool 

than a smaller one also, with less risk of fragile parts breaking due to large heat 

gradients such as those present in the current design.  The drawback to the new design 

is the fact that the parts for a better working chamber are very difficult to find and may 

need to be created for the purpose of building the chamber.   

 Nevertheless, the new chamber does function in a way that is suitable for 

experimentation.  The dome is made of very thin glass, which can be cooled from the 

outside more easily than thick glass without as much danger of the glass expanding 

disproportionately and breaking.  Also, because the carbon rods could not be touched 

or moved in any way due to the lack of some type of electronic actuator, higher voltage 

was used instead of 120 volts.  The supply of the voltage was a Tesla coil.  It produced 

results quickly and painlessly. 
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 One problem with the old chamber was the fact that after a test in which the 

carbon rods have separated because of the carbon being vaporized, there was no easy 

way for the dome to be removed and resealed quickly.  The dome had to be removed, 

thus breaking the silicone seal, then the dome can be replaced after adjustments are 

made and resealed with silicone.  The silicone, however, requires 24 hours to dry 

completely, and this presents a problem.  This was remedied by placing a soft rubber o-

ring on the base where the dome contacts.  The dome can be sealed to the rubber with 

pressure onto the rubber.  This allows for easy removal of the dome if any adjustments 

need to be done. 

 The amount of power available with the old power supply to use between the 

carbon rods was just enough to sustain an arc, but not a constant arc.  The arc tended 

to flicker.  The full 120 volts could not be utilized because resistance needed to be 

added to the circuit in order to prevent an overdraw of current, causing a breaker to trip.  

Fortunately this never happened.  A 240 volt supply would produce a much better arc 

even with the use of a resistor.   Also, a welding unit could have been used to create the 

arc between the rods, but there are issues with finding an adequate power supply for 

such a unit in the chemistry laboratory.   The best power source proved to be an 

inexpensive transformer coil.  This coil bridged the gap between the rods easily and 

created a steady are from which the temperature of the rods could be raised to 

vaporization temperatures. 

 The efficiency of the reaction proved to be very difficult to measure because of 

the very small amount of heat that the chamber releases during operation.  Even in air 

with a run time of 500 seconds the ambient temperature increased by only 1 to 2 
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degrees Celsius.  Unfortunately with a lower specific heat, the air’s reliability to be an 

accurate heat sink decreases.  This yields less accurate results, but results 

nonetheless.  With more trials the statistical error could be dramatically reduced, 

however, with five trials requiring at least three hours of lab time, this becomes very 

difficult. 

 During the experiment safety was a very big concern.  A wrong move could make 

the hydrogen filled container explode when the arc is initiated with enough explosive 

force to cause injury to those nearby.  For this reason the chamber was always isolated 

and those in the vicinity warned and told to get out of the possible blast radius before 

each activation of the chamber.  An incident never occurred with the new method of 

displacement, but taking a risk is not worth the results of an explosion. 

 Further experimentation could help to determine exactly what compounds are 

produced during the arcing.  Other hydrocarbons can be tested by using different length 

and type columns inside the FID GC, or determining alternative methods for measuring 

the presence of hydrocarbons in samples from the apparatus. 

 

Analysis of Error 

 The gas chromatograph and the analog measurement of the graph which the 

recorder draws introduce error into this experiment, but it is error that can be measured 

and compensated for.  The percent differences in the tables created with previous data 

help determine the legitimacy of a reading.  If a reading is not within the average error of 

a particular retention time table, the reading is considered invalid unless there are less 

than five readings.  The goal is to discover the most accurate representation of what the 
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retention times between the different chemicals the GC measures should be, in order to 

determine what an unknown substance is. 

 When working with the GC/MS it is important to remember that baseline noise 

can be picked up as peaks and read as chemicals.  Small trace amounts of chemicals 

may be present in the baseline, and some of the “noise” may actually be a trace 

chemical being read.  Unfortunately the difference between these two situations is 

nearly impossible to determine.  For this reason an analysis with the GC/MS works best 

with larger amounts of analyte.  This will cause more of the experimental chemical to be 

eluted from the analyte. 

 The FID GC produced the best results, with the greatest accuracy and therefore 

lowest amount of error.  Although the percent difference between the signature numbers 

of the experimental graphs is 15.6%, the difference between experimental signature 

numbers and controls is much higher.  This allows a clear distinction between the 

control and experimental tests, which in turn allows for a clear deduction of the 

production of hydrocarbons 

 The efficiency calculations for this experiment will require many more trials in 

order to achieve a more concrete result.  Unfortunately each trial takes twenty minutes 

to complete, so time is a limiting factor.  

 

Conclusion 

 Using a thermal conductivity detector gas chromatograph, an electron impact 

ionization gas chromatograph/mass spectrometer, and a flame ionization detector gas 

chromatograph it can be determined that the experiment does succeed in vaporizing 
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carbon in a hydrogen atmosphere and in producing numerous types of hydrocarbons, 

most of which are of the form C4H10 and simpler.  The individual hydrocarbons, 

however, were not able to be identified because they eluted very close to each other in 

FID GC tests.  These hydrocarbons therefore remain simply compounds formed from 

the combination hydrogen and carbon through electrical ionization. 

 It was determined through calorimetry that the reaction is 114% efficient.  The 

high efficiency can be accounted for by the fact that enthalpies for saturated 

hydrocarbons are exothermic. 
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