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Abstract:

The structure of the atom is analyzed using the results of established experiments on
ionization energies and spectral emissions. Ionization energy levels - when electrons
are energized to escape from the Potential Energy Well of the atom — show distinct
patterns. The depth of the Potential Energy Well is directly proportional to the
number of protons in the nucleus, but is not dependent on the number of neutrons.
The ionization energies, and therefore the electron depths, are similar to those of a
“multi-layered ball” of electrons, as if they simply fill the three-dimensional Potential
Energy Well around the nucleus. The electrons appear to be loosely-packed for the
lighter elements, and more tightly-packed for the heavier elements. The electrons
appear to be much larger than we presently imagine.

Introduction:

Simple physics experiments have been conducted over the centuries with numerous
theories to explain the observations. Certain theories have become dominant and, in
the modern era, these fundamental beliefs generally go unchallenged. This paper re-
examines some basic observations in physics and proposes an alternative explanation
for the structure of the atom.

Einstein’s General Theory of Relativity proposes the distortion of the fabric of space
by an object, creating a Potential Energy Well. Ionization energies and spectral
emissions suggest the atom is a Potential Energy Well having a small nucleus at the
centre with numerous electrons surrounding the nucleus. Bohr’s model proposes
fixed electron orbits whilst Quantum theory proposes probability functions. Neither
theory satisfactorily explains the detailed nature of ionization energies and spectral
emissions.

Method:

Using datasets for electron ionization, we analyse the ionization energies required to
remove the “deepest” electron from the atom in the first six elements. The numbers
are taken from the Compendium of Chemical Terminology [1]. (An example of the
dataset is shown in Annex 1.)
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Element H He Li Be B C
No of protons 1 2 3 4 5 6

energy to remove -13.60 -24.60 -5.39 -9.30 -8.30 -11.26
an electron -54.40 -75.60 -18.21 -25.15 -24.38
(ev) -122.45 -153.90 -37.93 -47.89
-217.70 -259.40  -64.49

-340.20 -392.08

-489.98

Figure 1a. IONIZATION: Table of energies to remove electrons.

We can see that the Ionization Energy of the deepest electron is proportional to the
square of the number of protons in the nucleus. In diagrammatic form:

Figure 1b. IONIZATION: Energies to remove “deepest” electrons

Element Hydrogen Helium Lithium Beryllium Boron Carbon
No of Protons 1 2 3 4 5 6
neutrons 9] 2 4 5 5o0r6 6
Well depth (eV) 13.6 54.4 122 218 340 490
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Energy ratio = 36

Figure 1b. IONIZATION: Histogram of energies to remove “deepest” electrons.



Note: There is no mathematical pattern for electron ionization energies in relation to
the supposed number of neutrons in the atom. This suggests that neutrons — whatever
their properties - do not reside in the nucleus, where their mass would contribute to
the nature of the nuclear Potential Energy Well.

We continue by analysing the differing ionization energies for each “level” of
electrons for the first twelve elements, where the electrons are ejected one-by-one:
(The main excitation levels for Hydrogen and Helium are also shown.)

Element H He Li Be B C N (e} FI Ne Na Mg
No of protons 1 2 3 4 5 6 7 8 9 10 11 12
-1.51
-3.40 -4.60
Energy (eV) -13.60 -24.60 -5.39 -9.30 -8.30 -11.26  -14.53 -13.62 -17.42 -21.56 -5.14 -7.65

-54.40 -75.60 -18.21 -25.15 -24.38 -29.60 -35.12 -34.97 -40.96 -47.29 -15.04
-122.45 -153.90 -37.93 -47.89 -47.45 -54.93 -62.71 -63.45 -71.64 -80.14
-217.70 -259.40 -64.49 -77.47 -77.41 -87.14 -97.11 -98.91  -109.24
-340.20 -392.08 -97.89 -113.90 -114.20 -126.20 -138.40 -141.26

-489.98 -552.10 -138.10 -157.20 -157.90 -172.20 -186.50

-667.03 -739.30 -185.20 -207.30 -208.50 -224.94

-871.40 -953.90 -239.10 -264.20 -265.90

-1103.00 -1196.00 -299.90 -327.95

-1362.14 -1465.00 -367.53

-1648.66 -1761.80

-1962.61

Figure 2a. IONIZATION - Table of energies to remove electrons.
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Figure 2b. IONIZATION - Histogram of energies to remove electrons.



We use the mathematical relationship that the “depth” of an electron in the atomic
Potential Energy Well is proportional to the square root of the energy required to
remove the electron:

Element H He Li Be B C N o Fl Ne Na Mg

-1.23

-1.84 -2.14
depth proportional to -3.69 -4.96 -2.32 -3.05 -2.88 -3.36 -3.81 -3.69 -4.17 -4.64 -2.27 -2.77
square root of energy -7.38 -8.69 -4.27 -5.01 -4.94 -5.44 -5.93 -5.91 -6.40 -6.88 -3.88
-11.07  -12.41 -6.16 -6.92 -6.89 -7.41 -7.92 -7.97 -8.46 -8.95
-14.75 -16.11 -8.03 -8.80 -8.80 -9.33 -9.85 -9.95 -10.45
-18.44 -19.80 -9.89 -10.67 -10.69 -11.23 -11.76 -11.89
-22.14 -23.50 -11.75 -12.54 -12.57 -13.12 -13.66
-25.83 -27.19 -13.61 -14.40 -14.44 -15.00
-29.52 -30.89 -15.46 -16.25 -16.31
-33.21 -3458 -17.32 -18.11

© Copyright: Brian Strom 2017 -36.91 -38.28 -19.17
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Figure 3a. IONIZATION - Table of electron “depths” ( oc square root of energy)

il He| ul Bell B|| élI 4‘| llll ﬂ‘l 'ﬂl' I

'IAI
o & o

© Copyright: Brian Strom 2017

Figure 3b. IONIZATION - Histogram of electron “depths” ( oc square root of energy)




We observe that the depth of the atomic Potential Energy Well is directly proportional
to the number of protons in the nucleus. Dividing the electron depths by the number
of protons in the nucleus, we can see the comparative depths, as though each nucleus
contained one proton only:

Element H He Li Be B C N (o] Fl Ne Na Mg
-1.23
-1.84 -1.07
depth of electron -369 -248 077 -0.76 -058 -056 -054 -046 -0.46 -046 -0.21 -0.23
(per proton) -369 -290 -1.07 -100 -082 -0.78 -0.74 -0.66 -0.64 -0.63 -0.32

-3.69 -310 -1.23 -115 -098 -093 -088 -0.80 -0.77 -0.75
-3.69 -322 -134 -126 -1.10 -1.04 -099 -090 -0.87

-369 -330 -1.41 -133 -119 -1.12 -1.07 -0.99

-3.69 -3.36 -1.47 -139 -126 -1.19 -114

-3.69 -340 -151 -144 -131 -1.25

-3.69 -343 -155 -1.48 -1.36

-3.69 -3.46 -1.57 -1.51

© Copyright: Brian Strom 2017 -3.69 -3.48 -1.60
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Figure 4a. IONIZATION: Table of electron depths per proton.
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Figure 4b. IONIZATION: Histogram of electron depths per proton.



Normalizing the electron depths to give a unitary comparison:

Element H He Li Be B C N (@) Fl Ne Na Mg
-0.33
-0.50 -0.29
Electron depths -1.00 -0.67 -0.21 -0.21 -0.16  -0.15 -0.15 -0.13 -0.13 -0.13 -0.06 -0.06
per proton -1.00 -0.79 -0.29 -0.27 -0.22 -0.21 -0.20 -0.18 -0.127 -0.17  -0.09
(normalized) -1.00 -0.84 -0.33 -0.31 -0.27 -0.25 -0.24 -0.22 -0.21 -0.20

-1.00 -0.87 -0.36 -0.34  -0.30 -0.28 -0.27 -0.25 -0.24
-1.00 -0.89 -0.38 -0.36 -0.32 -0.30 -0.29 -0.27

-1.00 -0.91 -0.40 -0.38 -0.34 -0.32 -0.31

-1.00 -0.92 -0.41 -0.39 -0.36 -0.34

-1.00 -0.93 -0.42 -0.40 -0.37

-1.00 -0.94 -0.43 -0.41

© Copyright: Brian Strom 2017 -1.00 -0.94 -0.43
-1.00 -0.95
-1.00

Figure 5a. IONIZATION: Table of electron depths per proton — normalized.
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Figure 5b. IONIZATION: Histogram of electron depths per proton — normalized.




ATOMIC SPECTRA:

We use the experimentally observed spectral emission line wavelengths from the
official data published by the National Institute of Standards and Technology [2].
(An example of the Dataset is shown in Annex 2.)

We believe these spectral emission lines occur when electrons fall into the atom,
collide with another electron, and emit photons. The frequency (and energy) of the

spectral emission is inversely proportional to the emission wavelength.

We analyze the spectral lines for the first 12 elements, plus Uranium:

0.0

o

m
Na

.
o m

-10.00
-20.00

PPEFT

-30.00

v NHHWH‘””ﬂ’!"”"' per

-40.00

-50.00

-60.00
-70.00

Figure 6a. SPECTRA: energy of electron fall.

The “depths” the electrons fall into the atomic Potential Energy Well are proportional
to the square root of the emission energies:
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ANALYSIS:

We analyze the dataset of ionization energies for electrons being ejected from the
atom, and conclude that the “depth” of the three-dimensional atomic Potential Energy
Well is dependent on the number of protons in the atom. As proton numbers increase,
the depth of the Potential Energy Well increases in direct proportion.

Note: At least for the lighter elements, the characteristics of the atomic Potential
Energy Well do not appear to be dependent on the number of neutrons in the atom.

For the spectral emissions dataset, we envision electrons “falling” into the three-
dimensional Potential Energy Well of the atom. The further an electron falls, the
more energetic is its spectral emission.

Both the ionization energy, and the spectral emission energy, are proportional to the
square of the depth of the electron in the Potential Energy Well.

Comparison with multi-layered ball:

We consider the energy levels for a “multi-layered ball” of spherical objects in a 3-
dimensional Potential Energy Well:

The closest a sphere can sit next to the centre of the Potential Energy Well is adjacent
to the centre, at sphere radius r.

For 2 spheres sitting side-by-side, the distance from their centres to the centre of the
Potential Energy Well will also be sphere radius 1r.

For 3 identical spheres in a flat plane, the equilibrium position for each sphere will be
for its centre to be 1.155 r from the centre of the Potential Energy Well (Figure 7).

We consider the numerous energy levels as more spheres are added. The energy steps
become smaller as the number of spheres increases.



For three spheres

AD =
AE

cos 30

AE = 1.155 AD

Figure 7. Dimensions for three close-packed electrons.

Identification of patterns:

We compare the ionization electron depths and the mathematics for spheres in a
Potential Energy Well and identify the similarities. We conclude that electrons
simply fill the three-dimensional atomic Potential Energy Well around the nucleus,
layer by layer.

Dividing the electron depths by the number of protons in the nucleus shows the
normalized depths the electrons fall. This suggest we can place electron centres at
each position. (Figure 8.)

For the lighter elements, the electrons appear to be loosely-packed. For Hydrogen, it
is relatively easy for an incoming electron to fall through the loosely-packed
electrons to the lower levels in the atom, even to the lowest level alongside the
nucleus.

For the heavier atoms, the electrons are more tightly-packed, so electrons falling into
the Potential Energy Well will travel through fewer layers of electrons before
colliding with one of them.

For the elements with more protons and a deeper Potential Energy Well, the second
layer electron energy level is seen to become asymptotically closer to the 1.155 r
position.



IONIZATION: electron depths per proton - normalized.

Nucleus: zero energy level

Figure 8. The Al envisions electrons at each energy point.

Symmetry:

The underlying structure and symmetry of the nucleus will be different for each
element, depending on the number of protons. Consequently, the symmetry of the
“ball” of electrons surrounding the nucleus will be slightly different for each element.

For heavier atoms with more protons, there will be more layers of electrons. For an
atom with a nucleus having a symmetrical arrangement of protons, as in the noble
gases, the electron layers also appear to be more symmetrical, requiring higher
ionization energies to remove electrons.

The force on the falling electron will be much greater for the heavier elements with
more protons in the nucleus, but the distance the electron falls is shorter in the
heavier atoms because the existing electrons are more tightly-packed.



CONCLUSIONS:

The analysis of electron ionization and emission data indicates that the depth of the
atomic Potential Energy Well is dependent on the number of protons in the atom.

At least for the lighter elements, the characteristics of the atomic Potential Energy
Well do not appear to be dependent on the number of neutrons in the atom.

We propose that electrons simply fill the three-dimensional Potential Energy Well
around the atomic nucleus, layer by layer, without the need for unexplained electron
orbits as required for the Bohr atomic model.

We envision that electrons are larger than we presently imagine.

The image of the Hydrogen atom is a small cluster of electrons surrounding a nucleus
of one proton:

Figure 9. Hydrogen atom.

The image of the Carbon atom is a larger cluster of electrons surrounding a nucleus
of 6 protons. The volume of the three-dimensional atomic Potential Energy Well is
larger than for Hydrogen and, therefore, the number of electrons sitting in the
Potential Energy Well is greater.



Figure 10. Carbon atom.
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Figure 11. Models of Atomic Structure.
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ANNEX 1. Ionization Energies in the Compendium of Chemical Terminology:

IONIZATION POTENTIALS®

Spectrum

Z Element

o om Voo Vi vi vm x X x1 X Xmo XV xv XVI XV xvit XIX XX XX
1H 13.598
2 He 24587 54416
3L 5392 75638 122451

< 4Be 932 18211 153893 217.713

5B 8298 25154 37930 259368 340217
6cC 11260 24383 47887 64492 392077 489.981
7N 1453 29601 47448 TIA2 97888 552057 667.029
80 13618 35.116 54934 77412 11389 138116 739315 871387
9F 17422 34970 62707 87138 114240 IS7.161 185.182 953.886 1103.089
10 Ne 2564 40962 6345 9711 12621 IST93 20727 239.09 1195797 1362164
11 Na 5139 471286 7164 9891 13839 17215 20847 26418 29987 1465.091 1648.659
12 Mg 7.646 15035 80143 10924 14126 18650 22494 26500 32795 36753 1761.802 1962.613
13 Al 5986 18828 28447 11999 15371 19047 24143 28459 33021  398.57 442,07 2085.983 2304.080
14si BISI 16345 3349  45.141 16677 20505 24652 30317 3ISLI0 40143 47606 52350 2437.676 2673.108
15 P 10486 19725 3018 5137 65.003 23043 26322 30941 373 42450  479.57 56041 61185 2816943 3069762
16 10360 2333 3483 4730 7268  $8.049 25093 IM23 37910  47.00  S04T8  S6A65 65163  TOT.14  3223.836 3494.099
ma 12967 2381 3961 5346 678 9803 114193 3B2W 40005 45562 52926  S9I9T  656.60 74974  809.30 3658425 3946.193
18 Ar 15759 27.629 4074 5981 75.02 91007 124319 143456 42244 47868  SIBIS 61824 68609 ISST3 85475 918 410778 4426114
9K 4341 31625 4572 6091 8266 1000 11756 15486 175814 S3.44 56413 62909 71402  TSN.13  86L77 968 1034 4610.955 4933.931
0 Ca 6113 11871 50908 67.00 8441 10878 1277 14724 18854 201270 59125 65639 72603 81661 89512 9% 1087 NS 5129045 5469.738
21 Se 654 1280 2476 7347 966 111 1380 187 18002 2532 249832 63589 75547 82979 92600
2T 682 1358 27491 43266 9922 11936 1408 1685 1932 2191 26523 291497 76733 86133 94036
BV 674 1465 29310 46707 6523 12802 15017 1737 2058 2305 25504 0825 336267 89558  974.02
2% cr 6766 1650 30.96 4901 693  90.56 161 1847 2093 2044 2708 2980 355 38430 1010.64
25 Mn 7435 15640 33667 SL2 724 95 11927 19646 2218 2483 2860 3144 336 404 4353 11362
2 Fe 7870 1618 30651 S48 750 99 125 15106 23504 261 2904 3308  36L0 3922 457 4995 12661
27 co 786 1706 3NS50 513 795 102 129 157 18613 276 305 36 B an aas si2 S68 14020
2 Ni 7635 18168 3517 549 755 108 133 12 193 245 w2 3 384 40 64 499 ST 0712 1547
2 Cu 7726 20292 3683 552 799 103 139 16 19 22 266 88 401 a5 a4 520 557 63 61 1698
3 9394 171964 39722 594 826 108 134 1% 203 28 274 3108 4197 454 490 542 5719 619 98 78 1856
31 Ga 599 2051 3071
32 Ge 789 1593 42 4571 935
3 As 981 18633 28351 503 €6 1276
34 5 9752 2119 30820 42944 683 8170 1554
35 Br 1814 218 36 473 597 886 1030 1928
36 Kr 13.999 24359 3695 525 647 785 110 126 23039
37 Rb 417 2128 a0 526 700 84 92 136 150 2.1
38 0 5695 11030 436 57 76 08 106 1223 162 m 4.1
el 638 1224 2052 618 7.0 930 16 129 14652 191 206 3740
0z 684 1313 299 3434 815
at Ny 688 1432 2504 383 5055 1026 125
42 Mo 709 1615 2716 464 612 68 1268 153
T 728 1526 54
44 R 737 1676 2847
a5 Rh 746 1808 3106
46 Pa 834 1943 293
47 A 757 2149 3483

Figure 11. Ionization: Compendium of Chemical Terminology



ANNEX 2. Spectral emission lines for Hydrogen in the National Institute of
Standards and Technology - Basic Atomic Spectroscopic Data.

HYDROGEN Spectral energy
proportional
Spectral to inverse of
Intensity Wavelength wavelength

15 926.2256 -10.39
20 930.7482 -10.37
30 937.8034 -10.33
50 949.743 -10.26
100 972.5367 -10.14
300 1025.7222 -0.87
1000 1215.66824 -9.07
500 1215.67364 -9.07
5 3835.384 -5.11
6 3889.049 -5.07
8 3970.072 -5.02
15 4101.74 -4.94
30 4340.462 -4.80
30 4861.2786 -4.54
10 4861.287 -4.54
60 4861.3615 -4.54
90 6562.711 -3.90
30 6562.7248 -3.90
180 6562.8518 -3.90
5 9545.97 -3.24
7 10049.4 -3.15
12 10938.1 -3.02
20 12818.07 -2.79
40 18751.01 -2.31
5 21655.3 -2.15
8 26251.5 -1.95
15 40511.6 -1.57
4 46525.1 -1.47
6 74578 -1.16
3 123685 -0.90

Figure 12. Spectral emission lines for Hydrogen.
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