Sorry Bohr, Ground State Energy of Hydrogen AtorNdd Negative
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Abstract

The negative energy of the hydrogen atom ensuorg Bohr's theory has been
widely accepted for over a century. However, thespnt author considered it strange
and came to the conclusion about ten years agat tisah fact positive and is the
electromagnetic energy of a condenser with unitggsof opposite sign at a
distance of Bohr radius. This resulted in the firgdihat the latter is divided at the
point of electrical neutrality into two Golden secis pertaining to the electron and
proton and enabled establishing the ‘additivitgtoimic and or ionic radii' rule in

bond lengths in the atomic structures of molecules.
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1. Introduction

Bohr's atomic theory had its centennial recently Algeneral introduction to the
Bohr's model of the hydrogen atom can be foun@al]]. Basically, this model
treats the ground state ionization energy) @& the sum of the kinetic energy of the
electron of mass gin an orbit with velocity v at a distance of theHBoadius (g )

from the proton and the coulombic/potential eneagyghown,



En = (1/2)mv? - €/Kas n = - €/2Kag 1 (1)

In EQ. (1), e is the charge ardis the electrical permittivity of vacuum.

Note that although the absolute value of trergynhas been found correct, the
energy is negative. As 75% of the Universe consikbtg/drogen [2c], this implies
that the energy of the Universe is dominantly negatHowever, the concept of
negative energy has remained [3, 4], althoughstdeen pointed out as a flaw in the
Bohr model as e.g. in [5]. In the book by Rigde] fie can see that models after
models have come and gone, but hydrogen contilouasaze scientists. The present

author's contribution to this field [7 - 9] is angd in the sections below.

2. Bohr's ground state energy of H-atom reinterpreg¢d

On rewriting Eq. (1) in the following way,

En = (1/2)(€/kag ) = (1/2)(é/Cs 1) (2a)

CsH =KagH bj2

where G 4 is the capacity, fecan be considered [7 - 9] as the electromagnetic
energy of a condenser [10] with two unit opposliarges separated by the Bohr
radius. The energy is thus positive.

The ionization potentialylis given by,

Iy = Evle = (1/2)(ekag 1) 3



On consideringd as the difference in absolute potentials of tleetebn and proton

at the distance of the Bohr radius from each othgr,(3) can be written as [7 - 9],

In = (1/2)(ekae n = (1/2)(ek)[(Vap+) - (1/a)] (4)

where @ 4 = g++ @&, lp+ = (1/2)(ekay+) and b. = (1/2)(-ekas). From Eq. (4) one

gets the relation,

(Lasn) = 1@+ a) = (VUa) - (L/a) %)

On multiplying throughout by.aand writing in terms of the ratio,d&,+), one

obtains,

(8elaps)’ - (laps) -1=0 (6)

Eq. (6) is the Golden quadratic equation sinceatstive root is the Golden ratig)(

(@ H/ae) = (@laps) = (1 + 5'9/2 = 1.618... % 7)

. = an/pand g, = a Hqf (8)

It was thus found for the first time [7 - 9ptithe Bohr radius is divided at the
Golden point into two Golden sections, ag:. pertaining to the electron and proton,
and that their ratio i, a mathematical constant, which appears in maogtapeous
creations in the Universe [11]. Therefore, the ai®m@ unique construction of

Nature!



Since the capacitygy = Kag 4, on using Eqg. (5), one obtains,

(1/Cap) = U(Gos+ Co) = (L/Cps) - (1/Ge) (9)

where G. =Kae. = Ggu/@and G+ =Kap+ = Can/¢f are the capacities of the electron
and proton respectively and are the Golden sectbtiwe capacity of the atomic

condenser, g = Kag h.

3. Confirmation of the above interpretation

The next step was to check whether the divisia@Bohr radius into two sections
pertaining to the electron and proton makes sélrfss.was done [7 - 9] as follows.
The bond length d(HH) = 0.74 A in the hydrogeolecule [12] is the diagonal,
2Y2a¢ 1, of a square with the Bohr radius as a side. Sinedatter is divided into two

Golden sections, d(HH) also has two Golden sectidft$) = d(HH)k = 2%, =
0.28 A and d(H = d(HH)kp = 2"%a./@= 0.46 A. The ions Hand H correspond to
the resonance forms in the HH molecule [12]. It wamazing to find that for the
bond lengths of partially ionic hydrogen halide (HXnds, Pauling [12] suggests
empirically the value, 0.28 A as the radius of HisTproves that d(F and therefore
- are correct. Moreover, on subtracting 8(Hom the observed values of d(HX),
the covalent radii, d(X) = d(XX)/2 were obtainedid shows that the 'covalent and
ionic radii are additive'. Figs. 1 and 2 show theous radii and distances of
significance in the H atom and lrholecule.

Similarly, it was found [7 - 9] that, the obged bond lengths d(MH) of alkali

metal (M) hydrides were the sums of dftand d(M) = d(MM)/¢?, the Golden ratio

based cationic radii of alkali metals, where d(M&l}he edge length in the bcc



a) 2H (atoms)

RH,out = @ H + Ae- = Ap++ 2ae- d(HH+) =2agH+ Qe d(H+H+) =2agH =
= mB,H = 0856A = 2RHyout - ae- = 1.385A 2RH'0ut - 2ae- = 1.058A

ApH = Ae + Ap+ = 0.529A, ae. = agy /¢ = 0.327A, ap: = ap /¢” = 0.202A
asH = Bohr radius ; Ruut = outer radius; @= 1.618.. (Golden ratio)

Fig.1. Two Hydrogen atoms (H,H), Hknd (HeH") ions. The radii and various

distances shown in the diagrams are drawn to scalere related to.

c) (H'H)ip d) (H'HH"

a) Hz (molecule) ,  b) (HH)jp

P
d(HH)C - 2d(H)c - lezaB,H - d(H+H_)ip f
=d(H") + d(H") = 0.748A; covalent
bond (subs: c), ion pair (subs: ip)

Ripout = d(HH)jp + d(H) d(H™H") = 2d(H"H);p + d(H)
=0.748 + 0.462 = 1.21A = 2Ripout - d(H") = 1.958A

d(HH)¢ = 2d(H)c = 0.748A; d(H") = d(HH)./¢ = 2"%a.. = 0.462A, d(H") = d(HH)./¢’ = 2"?a,+ = 0.286A.
(H™H)ip (resonance ion pair); R ipouw (outer radius of the ion pair) = @d(H H)res

Fig. 2. Hydrogen molecule @) resonance ion pair (H)i,, and the (FHH") triple
ion. The radii and various distances shown in fhgrdms are drawn to scale and are

related tog.

lattice of the metals. Therefore, the ionic charaft2] of the MH bond is due to'H
and M. Moreover, the 'ionic radii are additive'. Furthem subtracting the cationic

radii, d(M") from the observed crystal ionic distances in lakalides, d(MX), it was
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Fig. 3. Bond lengths d(MX) = d(M + d(X) in alkali halide crystals, for M = Li, Na,
K, Rb, Cs; X = Cl, Br, I; d(MF) = d(¥) + d(F). lonic radii, d(M) = d(MM)/¢? and

d(X") = d(XX)/¢p, wherep =1.618.. Data in [8].

a great surprise to obtain [7 - 9] exactly §(X d(XX)/@, which is the anionic radii
of halogen atoms. This showed that Pauling's [a&jus ratio corrections are not
necessary to account for the crystal ionic distan@dkali halides. Note that the
‘Golden ratio based ionic radii are additive'. 5&g 3, which shows the radii in
alkali halides for the data in [8].

During the last ten years, over twenty contiins were made to justify the above

reinterpretation of Bohr's equation without the ateége sign. These are listed in [13].



It is therefore concluded here that Eq. (2) with plositive sign for the energy is

correct and hence the title of the paper.
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