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     A new atomic model is described which builds atoms out of alternating protons and electrons. Unlike the currently accepted planetary atomic model developed by Bohr and Rutherford, the nucleus is not a compact sphere of protons and neutrons which are surrounded by a cloud of electrons. Rather, the atoms are built up like Lego bricks into octahedral shapes. These shapes give rise to locations on the atoms for other atoms to dock and form molecules. These shapes also explain many of the observed properties of the atoms such as the observed ionization energies, spectra, fission fragments and the allowed isotopes for an atom. This model eliminates the need for the strong force and significantly simplifies our understanding of how atoms are constructed using only the electrostatic force.
1. Introduction

    The Bohr/Rutherford planetary atomic model has become the accepted model of the atom.  Its main distinguishing feature is that all of the protons and neutrons are packed into a tiny nucleus with a much larger cloud of electrons surrounding it. However, this doesn’t seem to make any sense in a mechanical way. This paper describes another way to view atoms. This paper uses many color illustrations and should be viewed using the original expanded version of this paper which can be found at http://franklinhu.com/papers.html.
2. Building a new atomic model from scratch

     If we were to start from scratch and create an atomic model that does make mechanical sense, we could start with just a proton and an electron. We could also make the assumption that the proton and electron have a definite size and possesses a non-zero radius. We could also assume that the proton and electron are attracted to each other by the electrostatic force described by Coulomb’s law. This has been well experimentally verified.

     Starting with these basic intuitive assumptions, what would a proton and an electron do if they were to approach one another? Naturally, the only thing they could do since they are oppositely attracted to one another is to just "stick" together like magnets. The electron would just "sit" on the proton and it would not "orbit" the proton in any fashion. The proton and electron remain separated due to the fact that they each occupy a particular amount of space and cannot merge into each other. This can be pictured like two Lego bricks stuck together. This atomic model is so similar to the building toy that these pictures were rendered using Lego’s 3-D Digital Designer software. [1] The red brick represents a proton and the black brick represents an electron.
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Fig. 1. A Hydrogen and partial Helium atom
     This forms the first element (Hydrogen) of our new atomic model. So the electron doesn’t have to “orbit” the nucleus at all in the case of hydrogen. To create the second element Helium, another proton and electron are added. Intuitively, the electron would take up the position closest to the other proton so that only opposite charges are touching. This forms a checkerboard like structure shown in Fig 1.
     However, we know that a helium atom is 4 times more massive than a hydrogen atom and we haven’t included neutrons into this model. To include neutrons, we make the assumption that neutrons are basically made out of a proton and electron. Two neutrons are added to the helium atom as a second layer of alternating protons and electrons.
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Fig. 2. A complete Helium atom with 2 neutrons

     This forms the Helium atom. If the Lego bricks were perfect cubes, then the Helium atom would also be a cube. Because this atomic model  is built out of cubic ‘bricks’ like Legos, this is called the “Cubic Atomic Model”.  To build heavier atoms, we add another layer of proton/electron plus a neutron. This layer can be recognized as deuterium atom which is a hydrogen atom plus one neutron. All atoms are built up by adding layers of deuterium components to them.
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Fig. 3. Lithium and Beryllium
    Lithium is built with 3 layers and Beryllium is built out of 4 layers. If we were to keep on adding layers like this, atoms would become very long and skinny. However, atoms want to remain as “round” as possible. In order to do this, the next layer has to be added to the sides of the atom.
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Fig. 4. Boron and Carbon

     Boron and Carbon add a layer to the sides of the atom. From just these first six atoms, the true mechanical nature of chemical bonding is revealed. The Helium atom is a cube and calculations show that this is the most tightly bonded configuration of protons and electrons. Because of this, everything is trying to get to the Helium state. Lithium with 3 layers is made out of a Helium atom, plus an extra deuterium. This extra deuterium forms a “docking port” for another atom to attach.  So Lithium generally forms compounds with only one other element. The general rule is that anything which is not part of a Helium atom is chemically reactive.

    Lithium with 4 layers has a Helium atom at its core and 2 docking ports at its end. So it forms molecules with 2 other atoms in generally a linear arrangement. Boron has a Helium core surrounded by 3 deuterium docking ports. It generally reacts with 3 other atoms in a triangular shape. Carbon is surrounded by 4 docking ports and generally forms molecules with 4 other atoms. 
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Fig. 5. Nitrogen and Oxygen
     Nitrogen extends one of the arms of Carbon. The right side of the atom now forms a cubic Helium particle. Because it is like Helium, the right side is no longer chemically reactive anymore. Now Nitrogen only has 3 docking ports and generally forms molecules in a flat triangular shape. Atoms can bind together without mysterious orbiting electrons. Oxygen adds a layer to the top. This also creates another Helium particle. Now the docking ports are reduced to only 2 and the molecules it forms generally have about a 120 degree angle in them.
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Fig. 6. Fluorine and Neon
     Fluorine follows the familiar pattern of adding around the outside of the atom to keep it as compact as possible. Now there is only a single docking port left. Adding 1 more layer on the bottom, Neon is made entirely out of Helium particles which forms a cross pattern. Therefore it is completely unreactive. It can be seen from these first 10 elements how the Cubic Atomic Model starts with very few intuitive assumptions and by building up the atom with a few simple concepts, it is able to explain basic chemical reactivity. This model continues to build out in a cross shape and upward and downward in a pyramid octahedral shape as shown in Fig. 7 for the atom Radon. Each of the different colors represents a different row of the periodic table. The basic form of large atoms is the octahedral. This is revealed in the crystal structure of elements such as gold which crystalize in octahedral shapes. The macroscopic octahedral shape of a large gold crystal is telling you that the microscopic shape of the gold atom is also octahedral.
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Fig. 7. Radon

     The Cubic Atomic Model is one of the few models which can  illustrate an atom as massive as Radon in a compact and neat fashion. This is much simpler to visualize than the complex balloon shaped orbitals of quantum mechanics. By following a few simple guidelines and adding brick by brick, the model has demonstrated the natural progression for all of the known elements.
     The Cubic Atomic Model is a radical paradigm shift from the Bohr/Rutherford planetary model of the atom. In particular, the illustration in Fig. 7 isn’t the atomic ‘nucleus’ at the center of an atom, it is depicting the whole space filling atom. 

3. The Rutherford Experiment
     It is claimed that Rutherford ‘proved’ that the positive charges in an atom must be located in a tiny compact nucleus within the atom. Bohr provided the idea that the electrons orbit outside of this nucleus at various energy levels. Putting these two ideas together, we have the modern planetary model of the atom.

     Rutherford showed that the nucleus had to be tiny based upon experiments performed by his graduate students Geiger and Mardson[2]. This simply involved shooting alpha particles (positively charged helium ions) at a thin gold foil. He was surprised that some of the ions came bouncing right back as if reflected by a wall. This was not expected because Rutherford thought the charges would be very diffuse and spread out and that the electrostatic force would not be enough to reflect the ions back. Rutherford thought about what would reflect back the ions. He made the assumption that if he took all the positive charges in the atom and concentrated them into a tiny sphere, that this would generate enough positive electrostatic force to reflect the positively charged ion. When he did his calculations of how many ions should get reflected back, they matched the experiment done by his graduate students and it was concluded on this basis alone, that the nucleus is a compact body containing all of the positive charges of the atom.

     But did Rutherford actually “prove” that the nucleus had to be tiny? The match of the experimental data to theory looks impressive when plotted on a logarithmic scale. However this log scale hides large errors in the data. If you make a chart of how close the data points came to the theoretical predictions on a percentage basis, the match isn’t very impressive. You then find that some of the data points are off my more than 25%. This is a very large disagreement with the theoretical prediction.
     Rutherford’s main assumption was that the positively charged nucleus repelled the positively charged ion.  If a negatively charged particle was used, Rutherford formula would predict that there would be no deflection at all. But this does not occur. When the Rutherford experiment has been repeated electrons, the data shows the scattering curve still roughly matches the Rutherford formula.[3] It is as if the charge of the incoming particle didn’t matter. This completely invalidates Rutherford’s assumptions and the conclusion that the nucleus is a tiny positively charged speck in the atom. 

     If the Rutherford experiment is examined in relation to the Cubic Atomic Model, the results of the experiment can be roughly matched. The Cubic model is built out of octahedral shapes where most of the atom is very thin. If you look at Fig 7, if a particle were to go through one of the arms of the atom, it would only have to go through a layer which only has a depth of 2 studs. In fact, a particle approaching from almost any angle would only have to penetrate 2 studs. The only place on the atom where it would have to penetrate more is if it came directly from the top and tried to go through the vertical core. Then it would have to go through 18 studs. Or it could try to penetrate through the center of the arms which is 20 studs thick. The particle would have to make a direct hit on these areas which is not very likely. If it is assumed that most alpha particles easily pass through the thin parts of the Gold atom, a calculation can be done to predict the results of the Rutherford experiment. This was a fairly complex calculation considering all possible unique impact angles and summing the results.[4] The results of the Rutherford experiment can be roughly reproduced using these new assumptions about the shape of the atom.
4. The Bohr Electron Shells
     Now that we know something about why we might be mistaken about why the nucleus should be small, the next question is why we think the electrons are arranged in shells outside of the nucleus. The Cubic Atomic Model completely gets rid of electrons that are outside of the nucleus, so how does it handle the lack of "electron orbitals" that we have so much experimental evidence for? To answer this, we have to go back to the same 1913 time period when Niels Bohr is trying to figure out emission spectra. If you take a tube of hydrogen gas and run a bolt of electricity through it, it will glow, but when you put the light through a prism, you will see that only very narrow bands of color are produced.

     So why are only these narrow bands produced? Bohr thought that if the electrons orbited around the nucleus in well defined orbits and that the action of the electron falling from one orbit to another would cause the release of a specific wavelength of light. 

The spectra for hydrogen could also be accurately computed using the Rydberg formula:
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     In this formula n1 and n2 represent the orbitals where the electron jumps to. The problem with this is that Bohr couldn't justify why the electrons should stay in only these orbits and he didn't know why the spectra formula had the form that it did. The other problem was that if the electron were in orbit around the nucleus, it should give off energy and then spiral down into the nucleus. None of these questions have adequate answers, even today.
5. Explaining Spectra Without Orbitals

     So if the Cubic Atomic Model doesn't have electron orbitals, how does it explain spectra? The answer has to do with the very nature of "space" itself. It is proposed that “space” is not continuous. Instead space is made out of discrete particles which will be called “poselectrons”. The poselectron is simply a neutral dipole particle which consists of a fused positron and electron. These particles completely fill all of space. So an electron moving through space cannot just smoothly move from location to location any way it wants. It has to shove a poselectron out of the way and take its place. It has to move in a jerky/jumpy like fashion where it can only move the diameter of a poselectron at a time. It is like a piece of graph paper, where you can only draw the electron to be inside of one of the boxes. Fig 9 shows a new model of how the electron moving around the atom should be seen.
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Fig. 9 Electrons can only move in fixed steps

     Now what happens if we put an electron next to a proton? This is a hydrogen atom in the “ground” state. The electron is at state n=0 and is right next to the proton. The electron cannot get any closer since it is a "hard little ball". If we zap it with some electricity, we will get the electron to fly off the proton. But it cannot just smoothly fly away from the proton. It can only take poselectron sized steps away from the proton. Each step away from the proton decreases the electrostatic force as described by Coulomb’s law which is a 1/r2 force.

     The force is proportional to the potential energy and we can see the r2 term in the bottom of Coulomb’s law is the same as the n2 terms of the Rydberg formula where r is simply the integer sized step that the electron takes as it gets away from the proton. So we can trivially see that the Rydberg formula is trivially expressing the difference in potential energy between each step the electron can take based on the Coulomb force. So the electron is not in this ever wider expanding ring of orbits. The Bohr model has each orbit getting further and further apart. Instead, it just takes evenly sized steps away from the proton as it gets away from the proton. So now we know how the cubic atomic model generates spectra in a way that doesn't require that electrons be "in the air" in fixed orbits around the nucleus. When an atom is in the lowest energy state, all the electrons just fall right back into the atom and take their place. They don't orbit, so it solves the problem of why they don't radiate. They don't have to remain at fixed distances away from the nucleus, so we solved the problem of why electrons can only exist at particular orbits - they aren't orbiting, they are merely bouncing around the atom like a bouncy ball which can only jump fixed distances when energy is applied. The idea that space is made out of particles has been shown to experimentally exist when dropping neutrons. They found that the dropped neutrons wouldn't bounce in just any location after are released, they only bounced to only certain narrowly defined heights indicating that the space they were falling through was particulate.[3]
6. Explaining Electron Subshells

     We have explained how spectra is generated without electron shells but what about the evidence of different types of orbital shells such as S an P? These shells are based on experimental evidence based on the energy it takes to remove an electron from an atom (ionization). As you remove more and more electrons from an atom, it takes more energy to remove them. If you look at a chart of the ionization energy, you will begin to see a pattern. 
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Fig 10. Ionization energy chart for Argon

     This pattern can be broken up into groups of 2 and 6 and these have been named the S and P orbitals. So, how does the cubic atom model explain this? What we need to explain is just the experimental evidence of the ionization chart. So let’s look at the shape of the argon atom in the cubic atomic model.
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Fig 11. Argon atom

     When electrons are being ionized, the electrons first come out of the dark blue blocks and this forms the first group of 8 electrons ionized. The first six ionize with the same energy which I would think are the ones shown on the right and left, plus the outermost top and bottom block. This gives you your "P" group of 6 electrons. Then the remaining 2 blocks forming the vertical core ionize with a slightly greater energy. This gives you your "S" group of 2 electrons. Then you ionize the Neon atom and another group of 8 comes off of the outside and then finally, the last 2 electrons are ionized from the central core.

     So we can see that the ionization energy can be explained as being a geometrical property of the atom. There are no electron "shells", but there are positions within the atom which have approximately the same "energy" position relative to the center of the atom and these ionize off with roughly the same energy. 

7. Cubic Model Stability
     If the atom is held together by nothing more than the electrostatic force, then we can also do simple calculations to determine if the cubic model is stable and you can begin to calculate the ionization energies. Based on my calculations [5], I would say that the cubic model represents a stable low energy configuration and would not immediately break up. Earnshaw’s theorem [6] is sometimes cited as a reason for why any set of static set of charges cannot be stable. However, this theorem applies to theoretical point particles which cannot exist physically. If you consider that the protons and electrons have a fixed radius and a minimum distance they can approach each other, Eanrshaw’s theorem does not apply. This can be easily demonstrated in physics simulators such as ‘Particle world’ which simulates the behavior of electrostatically charged particles. [7] Another interesting result of the stability calculation is that it appears to correctly predict the relative first ionization energies for Hydrogen and Helium. Calculations based on the just the electrostatic force agrees to within 9%. 

8. Atoms with Extra Neutrons
     Where do extra neutrons fit into the model? For larger atoms like Argon, it appears that additional neutrons attach to the central core between the "arms" of the atom. For Argon which is shown in Fig. 12, 2 neutrons which are shown in yellow can fit between each arm. A total of 8 neutrons can be attached to Argon and this corresponds to the largest observed isotope of Argon which is Argon 44 (44-36 = 8). 

[image: image17.png]



Fig. 12. Argon with neutrons

9. Explaining real pictures of atoms
     Rutherford could only dream of a microscope that could view individual atoms. However, we can now see individual atoms using a very precise Scanning Tunneling Microscope (STM). Unlike the Rutherford experiment, this provides a very direct picture of what atoms really "look" like. This technique actually scans across the atoms and you can resolve sub-atomic structure. The cubic atomic model can explain some recent pictures of silicon atoms which look like this:4
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Fig. 13. STM picture of a silicon atom

     What we see in these pictures are things which look like Lego blocks. They have extremely well defined edges and have a well-defined bump in the middle of them that is sticking up. There is a green arrow showing an atomic defect in the silicon crystal and you can see how there are sharp edges and drop-offs defining the boundaries of the atoms. This is in complete contradiction to the view that the atom has this "cloud" of electrons flying about a central nucleus.
10. Explaining the most common fission products of uranium

      Another interesting aspect to consider about the cubic model is how it explains fission products. If you imagine breaking apart an atom which has the X shape, you would think that it would most likely break off one or more of the arms. The prediction would be that the most common fission products should be a combination of the core plus parts of the arms. Doing a further analysis on Uranium with an atomic number of 92, the Cubic model would predict that the core would contain 14 atomic units (a square of electron, proton, neutron) in the core and the arms would contain 19-20 units in each of the arms for a total atomic number of 92. So you would expect to see a 1/4 fraction at 14+20 = 34, 1/2 fraction at 14 + 40=54, 3/4 fraction at 14 + 60 = 74. The graph of the most common fission products looks like this:
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Fig 14. Distribution of Uranium Fission Fragments

     The experimental results show the most common fission products being Br, Kr and Rb at atomic numbers 35, 36, 37. This corresponds to the left peak with an atomic weight of around 95. The right peak corresponds to I, Xe and Cs at atomic numbers 53, 54 and 55 with an atomic weight around 137. This closely corresponds to the predicted 1/4 and 1/2 fractions predicted by the cubic atomic model and the result. The cubic model precisely describes why you should get the fractions that we do see in experiments. This lopsidedness is really telling us something about the structure of the atom. It is telling us that the atom has a structure which is inclined to break apart in only certain ways due to how it is constructed.

11. Conclusions

     The Cubic Atomic Model presents an entirely new way to view atomic structure. Instead of a compact nucleus held together by a strong force, the atom is built up by using simple rules and building blocks. The geometric shapes produced by the model explain the many properties of atoms such as chemical reactivity, ionization energies, spectra and fission products. 
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