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Abstract

The three positron based chemical entities, ana®gmhydrogen atom, hydrogen
molecule and hydride, are drawing increasing atiann the literature. While a lot is
known about the binding energies, not much is knatut the radii of the atoms and
ions and bond lengths and structures of thesecegntities. This article brings for the
first time exact values of these structural prapsnivhich are comparable with known
data. It is hoped that the results will be of Helpa better understanding and further

development of the chemistry and physics of thestiecompounds and of their
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possible role as intermediates in chemical andfaxt&l processes.

Subject terms: Chemical physics, Physical chemigtigmic physics, Nuclear physics,

Structural chemistry
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Positronium (Ps), dipositronium (Bsnd positronium hydride (PsH), based on positron,
an antimatter, have drawn considerable interestdant literature. To cite a few, s€e.
Several years ago, the author had propbte, since a neutron9rand a proton (f)
decay by emitting an electron{and a positron (¢ respectively, an (&) pair, now
known as positronium, could be the intermediaterwieutrons and protons fuse
together to form atomic nuclei. At distancesd@of the order of 1&°m, the (&") pair
annihilates releasing two gamma photons of enengy, = 0.511 Mev each. This article
brings for the first time the structures of the abexotic chemical entities based on
exact atomic radii. It is hoped that the result e of help for a better understanding
and further development of the chemistry and ptsysichese short lived compounds
and of their possible yet undiscovered importatd as intermediates in chemical and
interfacial processes, nucleosynthesis, and biopélys

Positronium atom? is a positron (8 bound to an electron et a distance of the
order of 10°°m as in a hydrogen atom, H in which a proto) {p bound to an electron
(€) at the distance of the Bohr radiug,(a 0.5 x 10°m). Dipositronium (P35 is a
molecule consisting of a pair of positronium atctftike H, where a pair of ([&)
combine to form the molecular hydrogen. Positroniwdride (PsH) is a diatomic

molecule*®”’

which can be completely or partially covalentamic. Considered here are

the ionization energy, Bohr radius and bond lengthtke above, based on exact atomic

and ionic radii evaluated here for the first tinTehe observed bond lengths of PsH are

comparable with the corresponding sums of the iant atomic radii obtained here.
The ionization energy, Bohr radius and reduneds relation for Ps can be

considered simild?*°to that for H. The ground state energy,£ek (Where }; is the

ionization potential and e is the elementary cegrBohr radius, a(which is the
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distance between the electron and proton) ancetheced mas$i red = MeMp+/(Me-+
mp+) (Where ng.and my. are masses of the electron and proton respecyj\aetly related

as follows!t*?

En = (1/2)(€/xan) = (1/2)nred0ic)” = ey (1a-c)

where,x = 41%y, the atomic unit of permittivitygo, the electric constant, the fine

structure constant, h, the Planck constant arttecspeed of light in vacuum. On using

the latest value¥ of the physical constants, it follows that

HHrea = 0.910442 x 18' kg 2)
En = (1/2)nred0C)? = 2.178686 x 18°J (3)

In = By/e = 13.5983 V (4)
aq = (1/2)(ekly) = 0.5295 x 18°m = 0.05295 nm. (5)

Bohr radius (g) was shown to be the sum of two Golden sectigrsaad & p+
pertaining to the electron and protbff: In equation (1c),d = (Ip+ + le)/2 where } =
e/(kan p+) and k. = -e/fan e) are the components of the ionization potentiad, & .and

au p+, are sections ofigertaining to (p) and (6 respectively. Thus,

Ih = (1/2)(ekan) = (1/2)(ek)[(1/am,p+) - (L/ane))] (6a,b)
Uay = (Uaips) - (Uane); 84 = et aups 7a(b)

(aH,e/aH,m)2 - (Aelanp) =1 (8
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On combining equations (7a & b), one obtainsa¢ign (8), which is a Golden
quadratic equation, whose positive rootyig/p+ = ¢ = (572 +1)/2 = 1.618034.., the
Golden ratio, a mathematical const&tithis shows Nature's unique construction of the
atom, that a is divided at the Golden point at the point ofcélieal neutrality B, into
the two Golden sectionsy g and & p+ pertaining to the electron and proton. These

Golden sections are given by,

e = alo = 0.3272 x 18°M; a1 p+ = ailo” = ayele = 0.2022 x 18%m (9a,b)

Figure 1la shows the hydrogen atom, with the twdesrof radii a..and & p+
pertaining to the electron and proton.
In the case of positronium, Ps, which consi$@n electron and a positron, equations

similar to those for H hold, but with the reducedsst**ups req= me/2,

Ups red= MeMe/(Me+ + Me) = Mu/2 = 4.554691 x 16'kg. (10)
Eps= (1/2)ups ref0C)* = 1.089945 x 18" J (11)
lps= Epde = 6.803 V (12)
aps = (1/2)(eklpgd = 1.0583 x 18° m = 0.10583 nm 13)

The value of dsis the same as that, 6.803 V}irf:>and as~ 2a. as reported if.
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Bohr radius (g) of positronium is likewise the sum of the two Gah sectionsgge-
and as e+ pertaining to the electron and positron. The Golsiections of & (= &s e+t

aps.e) give the radii of eand é in Ps as in the case of H,

aps,e+= pd @ = 0.4042 X 10° M; @se.= pd@= 0.6541 x 13°m (14)

Figure 2a shows the positronium with the two csaéradii @se.and ase+pertaining to
the electron and positron.

As in the case of the hydrogen moleculg, Where a proton and an electron occupy
the opposite corners™? (see Figure 1b) of a square, dipositronium, Ean be
considered as a square with an electron and positrt@pposite corners as in Figure 2b.
The length of the covalent bond in the idolecule, d(H-H), (see Figure 1c) is equal to
the diagonal of the square with the Bohr radigs, @s a sid® and the covalent radids,

Rn = d(H-H)/2, as given by,

d(H-H) = 2?5 4, = 0.07488 nm (15)

Ry = 0.03744 nm (16)

The Golden sections of d(H-H) give the caticama anionic radfi*?of the ionic
resonance form3of H, (see Figure 1d)
d(H-H) = d(H) + d(H) = 0.07488 nm a7)

d(H") = d(H-H)i¢? = 2"%a ¢+ = 0.02860 nm (18)
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d(H) = d(H-H)kp = 2%a .= 0.04628 nm (19)

The covalent bond length, d(Ps-Ps) af & similarly be obtained as the diagonal of

a square withgpsas the sides (see Figures 2b,c),

d(Ps-Ps) = Pag ps= 0.1497 nm (20)

Rps= d(Ps-Ps)/2 = 0.07485 nm (22)

where the two electrons and two positrons areeabfiposite corners of the square. This
bond length (see Figure 2c) is nearly 2d(H-H). Taealent radius, R (see Figure 2c)
is comparable with half the diameter, 0.159 nm regubin?

As in the case of hydrogen, the Golden sectidrgkPs-Ps) give the radii of the cation

Ps and anion Pgsee Figure 2d),

d(Ps-Ps) = d(P$+ d(P$) = 0.1497 nm (22)
d(PS) = d(Ps-Ps)f = 2"%aps e+= 0.0572 nm (23)
d(Ps) = d(Ps-Ps}p = 2%aps c.= 0.0925 nm (24)

The bond length of positronium hydride, PsH consting of a positronium ion or
atom and a hydrogen atom or ion depends on the passible forms.In,* PsH is
considered as an atom and not molecule. Howevere sn PsH there are two distinct

positive nuclei (a positron and a proton) sharlmgtivo electrons, here it is considered
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as a molecule. Four of the possible bond lengtaimdd as the sums of the radii are

given below (see Figures 3 a -d) as examples:

d(PSH) = d(P$) + d(H) = 0.0572 + 0.0462 = 0.103 nm (25)
d(PsH) = d(Ps) + d(H) = 0.075 + 0.037 = 0.112 nm. (26)
d(PSH") = d(P$) + d(H") = 0.0925 + 0.0286 = 0.121 nm. (27)
d(PsH") = d(P9) + d(H) = 0.0925 + 0.0462 = 0.139 nm (28)

In the above, (PB), (PSH™) and (PH") are completely ionic bonds and PsH is a
completely covalent bond. The bond length dPs= 0.121 nm in equation (27), is
close to the electron-proton distance, 2g31a 0.122 nm irf,and that of d(Psl’) of
equation (28) corresponds to the positron-protstadce, 0.14 nm ihFor a comparison

of the above bond lengths with those of many hysrjcded®'®

Summary

This work presents for the first time exact valoéghe radii, bond lengths, dimensions
and structures of positronium, dipositronium andiponium hydride at the atomic level
and it is hoped that this will be of fundamentdphe the study of these exotic atoms
and molecules consisting of antimatter and thesspate role as important short lived

intermediates in chemical, biochemical and nugeacesses
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Legendsfor Figures.

Figure 1. Hydrogen (H). a) H =p"; separated by Bohr radiussjaThe blue and pink
circles have the radiiza. and @ . respectively and the Golden point (point of eleelr
neutrality, R) is marked by the arrow, b) a pair ofg{@ forming H, as a square of side
au, €) H, molecule with bond length d(H-H) 22 and d) d(H-H) = d(H + d(H"). The
blue and pink circles have the radii d(ldnd d(H) respectively, and the Golden point is

marked by the arrow.

Figure 2. Positronium (Ps). a) Ps Z& separated by Bohr radius{a 2a,). The blue
and pink circles have the radigsa.-and ase+respectively and the Golden point (point of
electrical neutrality, §) is marked by the arrow, b) a pair ofe(¢ forming Ps, as a
square of sidera c) Ps molecule with bond length d(Ps-Ps) **2ssand d) d(Ps-Ps) =
d(Ps) + d(P$). The blue and pink circles have the radii d(Bad d(P¥ respectively,

and the Golden point is marked by the arrow.

Figure 3. Positronium hydride. a) R4, b) PsH and c¢) Rs”, where the cation Psind
anion Psare from Fig. 2d and the cation; Bind anion, Hare from Fig. 1d. The bond
lengths are sums of the radii of the adjacent atomisns: a) d(P$4) = 0.103 nm, b)

d(PsH) = 0.112 nm. c¢) d(P$) = 0.121 nm and d) d(P$) = 0.139 nm.
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