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Abstract: - In the material world there is a great need for measuring different physical quantities. We measure 

for example seven basic quantity; the mass (kg), the length (m), the time (s), the electric current(A), the 

thermodynamic temperature (K), the luminous intensity (cd) and the amount of substance (mole). All these 

units are connected with the atoms or the fields. Particular attention in the article is devoted to differences in 

empirical, chemical and molecular formulas, and the different properties of the substances they represent, 

resulting inthe need for more detailed differentiation. Therefore, we say that each of them describes different 

type of substance. When such a notion of a type of substance is introduced, which presents a certain physical 

quantity, it is necessary to ask the question of their measurement as each physical quantity must be measurable. 

Therefore, the physical quantity of a substance must also have its own name, its amount and its metering unit. 

The article deals with  a measurement system for the type of substance, based on protons, neutrons and 

electrons, and a  measurement unit is introduced, boscovich (B). The name for the unit comes from a 

mathematician, astronomer, geodesist, physicist, philosopher, Jesuit Roger Joseph Boscovich and the name for 

type of substance S, comes from the radio chemist Frederic Soddy. For example, ethanol (chemical formula 

C2H6O and its molecular formula C2H5OH) can be expressed as S = 26.0020 0026 0033 B, while dimethylether 

(the same chemical formula C2H6O as ethanol and its molecular formula CH3OCH3) as S = 26.0020 0026 0044 

B. The formula for the calculation of the type of substance S is presented. 
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1.  Introduction 

Substances, i.e., particles, elements, atoms, nuclides, 
and molecules, compounds, and ions, as well as alive 
and non-living matter, have tens of millions of 
shapes and properties. Some of the substances are 
waiting to be discovered. A substance is generally 
made of atoms. There has been considerable research 
on atoms and their functioning, core, stability, and 
properties of emission and absorption of radiation. 
Special attention has been devoted to 
electromagnetic energy within an atom. Through 
these study approaches, possible explanation for 
quantization of atoms has been presented [1,2]. That 
is, the stable states of an atom occur only when two 
types of periodic processes are harmonized; one is 
the oscillation of electromagnetic energy in the atom, 
and the second is the rotational movement of the 
electron in the same atom. 

Furthermore, it was found that the electromagnetic 
energy in an atom can be described using a 
transmission line, for example Lecher's line. An 
important constant was discovered in this way, the 
value of which depended only on the structure and 
parameters of the Lecher line and, in turn, the 

structure and parameters of the atom itself. 
Therefore, this constant is called the structural 
constant of the atom and denoted as s0. Its value is 
obtained [3-9] by measuring, when it was found that 
lead (82Pb) is the last stable element, and bismuth 
(83Bi) is the first unstable element, and after the 
calculation of phase velocity of the electromagnetic 
wave in the atom [6]; then also in another way by 
calculation from data of National Institute of 
Standards and Technology U.S. Department of 
Commerce (NIST), The structural constant s0 is a 
non-dimensional fundamental constant. Thirteen 
other constants are derived from s0 and from five 
other constants. Here we connect one more 
quantities with structural constant s0 , boscovich  B 
=1/ (2 s0

2 ) 0 ; in the future it will show that maybe 
even kelvin (K) is associated with the structural 
constant if somebody proves; the triple point of 

water is exactly 4 s0
2  K. 

 Despite the redundancy of B it is suitable for the 
unit of type of substance. Although the previous 
theoretical results are impressive, their applications 
need to be discussed. 

  



Therefore, all elements of the periodic table must be 
between zero and Zmax . If Soddy's number of 
substance needs to be measured, then the measuring 
unit imposes itself through the following analogy. 
That is, if there are for example N equidistant points 
on any line l, the distance between two adjacent 
points is l /N [m]. Likewise, if in any given time t, N 
events occur evenly then the time interval between 
two adjacent events is equal to t/ N [s]. In fact, if the 
entire periodic table, i.e., 100% of all elements, 
which can be represented by number 1, contains in 
terms of their classification Zmax equal elements, the 
"numerical distance" of these elements is equal max 
1/ Z . Since the choice of the unit is arbitrary, this 
"numerical distance" we choose as a unit of the 
physical quantity the type of substance. Therefore, 
max 1/ Zmax  = 1 (2 s0

2)  = boscovich = B = 0.007 295 
357 2330 is valid. 

Each physical quantity is visualized and evaluated by 
a common method. Therefore, each quantity has its 
own name, notation, dimension, unit, and unit 
symbol. Without expressing measurement 
uncertainty, each quantity is expressed using its own 
notation, numerical value, and unit. For example, the 
current passing through a heater is I = 4.35 A, where 
I is the notation of the physical quantity of electric 
current, 4.35 is the numerical value of this quantity 
expressed in the unit "ampere", A; it will heat the 
room to a thermodynamic temperature of  T = 293.16 
K. The aim of this work is to determine, by 
introducing a new unit, a way of expressing all 
substances in nature in the same way as with any 
other physical quantity. For this purpose, a factor f is 
introduced such that the numerical value of any 
substance is expressed as a function f(p,n,e): S = 
f(p,n,e) [B], where p, n, and e are the numbers of 
protons, neutrons and electrons in the substance, 
respectively. The function f, therefore, represents the 
numerical value of the physical quantity type of 
substance expressed in the unit "boscovich", B. 

 

2.  Methodology 

2.1 Description of Physical Properties of the 
Substance 

To achieve the aim of this study, a mixed concepts is 
considered, which includes the concepts of both 
nuclear physics (isotopes, protons) and chemistry 
(ions, molecules and compounds). Substance is the 
real physical matter that constitutes a living 
organism or a non-living thing. The following 
substances are considered in this study: 

 (1) A vacuum (a space empty of matter, which has 
no substance or all substances are removed), 

 (2) A particle (including electron, proton, and 
neutron) 

(3) An element (the basic substance that cannot be 
simplified further; hydrogen, oxygen, etc.), 

 (4) An atom (the smallest unit of an element, having 
all the characteristics of that element and consisting 
of a very small and dense central nucleus containing 
protons and neutrons, around which one or more 
electrons orbit; atoms remain undivided in chemical 
reactions except for the donation, acceptance, or 
exchange of valence electrons), 

 (5) A nuclide (which may be isotopic nuclides, with 
the same atomic number Z; isobaric nuclides, with 
the same mass number M; or isotonic nuclides, with 
the same difference between the mass number and 
the atomic number, M − Z), 

(6) A molecule (whose properties vary from its 
constituent atomic parts), 

 (7) A compound (a molecule that contains more 
than one element), and 

 (8) An ion (an element, atom, nuclide, molecule, or 
compound in which the total number of electrons is 
not equal to the total number of protons, giving a net 
positive or negative electrical charge to the ion) 

So, we determined the quantity called type of 
substance, and denoted it as S, in honor of the 
English radiochemist Frederick Soddy (1877– 1956), 
who discovered isotopic nuclides. The physical 
properties of the quantity type of substance are 
described in terms of mainly three parts: a proton 
part (the number of protons in the nucleus of an 
atom, Z or p); a neutron part (the number of neutrons 
in the nucleus, n), and an electron part (the number 
of electrons in the atomic shell, e). Other parts are 
also possible when the uniqueness of the mark needs 
to be ensured, so not to repeat two or more identical 
Soddy's numbers. 

 

2.2 Capacity of the Quantity the  Type of 
Substance 

To determine the capacity of the quantity (that is, the 
largest amount or number that the quantity can hold), 
we first find the highest possible atomic number in 
the periodic table of elements. According to 
literature [1-10], the highest atomic number Zmax is s 
2 s0

2, where s0 is the structural constant of the atom; 
s0= 8.278 691 910, which results in Zmax = 2 s0

2 = 
137.0734794824. It is related to the fact that no 
element can form if its electron travels in the first 
orbit faster than the speed of light. Without the first 
orbit, it is not possible to form the rest, even the 
atom itself. 



If we include 1000 positions for the neutrons within 
the neutron part, then the capacity of the type of 

substance is Zmax  103 . The number 103 = 1000 is 
chosen because not only is it easier to count and 
remember but also practical as it covers all the 
existing elements. If, for heavy elements, the limit of 
1000 neutrons was exceeded, then the system would 
shift to a larger number, say 104, and again 
everything else in the approach remains unchanged. 

If we additionally include 1000 more positions for 
the electrons within the part belonging to the 
electrons, then the capacity of the type of substance 

is Zmax 103 103 = 137,073,479.4824 positions. The 
reason for considering 1000 positions of electrons is 
the same as mentioned above for the neutrons. 

For molecules and compounds, this number will be 
much larger. The present concept has no theoretical 
limitations on the number of positions it may 
contain. 

The periodic table is basically built on protons (p). It 
covers about a hundred different positions 

(maximum 2 s0
2  137). Here, therefore, we discuss 

two properties, namely, category (i.e., protons, 
neutrons, and electrons) and the number of different 
positions (137, 1000, 104 , 105 , or million, and so 
further). Consider a system that consists of the two 
components, i.e., the category and the number of 

positions; for example S [(p, n, e), 103 103 103 ] = 
S(3,109 ), which means that the system embraces 
three particles (protons, neutrons, electrons) and has 
109 positions. In the initial version of the approach 
discussed here, we only considered protons and 
neutrons in a system [8, 9]. Theoretically, such a 
system covers (103 x103 )=106 positions and is 
described as the system S(2,106 ), as explained 
above. Later, in addition to the protons and neutrons, 
we introduced electrons. The system then moved 
from category 2 to category 3, e.g., S(3,109 ) [10]. 
With 1000 positions for each of the particles, the 

theoretical amount is 103 103 103 = 109 (one 
billion) positions. By the same principle, it is 
possible to keep the same category of system and 
increase the number of positions for each particle 
from 103 to 104 . Thus, we obtain the system 
S(3,1012) in which we follow protons, neutrons and 

electrons, and include 104 104 104 = 1012 positions. 
If we include any additional particle or property, the 
system category changes and the number of positions 
is maintained or increased, thereby obtaining the 
system S(4,1012) or S(4,1016) .In any case, the system 
is built so as to never transmit the numbers from one 
part to another, for example, from the electron part to 
the neutron part. 

 

2.3 Dimensions and Unit of the  Type of 
Substance 

A dimension of the type of substance is “one”; it is 
therefore a dimensionless quantity. The choice of the 
unit as usual can be made arbitrarily. As previously 
described for the unit, it is convenient to choose 1/ 
Zmax. This unit represents the “numerical distance” of 
two neighbouring atoms in the periodic table of 
elements. That unit we call boscovich, B, is in 
honour of Roger Joseph Boscovich [Croatian: Rudjer 
Josip Bošković, born on May 18, 1711, in 
Dubrovnik, Republic of Ragusa (modern-day 
Croatia); died on February 13, 1787, in Milan, 
Duchy of Milan (modern-day Italy)]. He was a 
precursor of atomistic science in the eighteenth 
century. Here, 1 B = 1/ Zmax = 1/137.07347948240 = 

7.2953572330  10-3. This is actually a fine-structure 

constant, i.e., the unit B = . Boscovich, in his 
book A Theory of Natural Philosophy (first edition, 
Vienna, 1758), first used the term the type of 
substance, referring to the various substantial forms 
(for example: “…different substantial forms for 
different species", page 97, point 106, 
https://archive.org/details/theoryofnaturalp00bosc 
rich) [11,12]. 

Accordingly, Soddy's number is calculated as 
follows in Fig.1 

 

 

Fig. 1. Type of substance shown in the case of all 
(presently) known nuclides (more than 3180, coloured). 
Soddy's number of the substance, S, is calculated 
depending on the number of protons (p, abscissa), 
neutrons (n), and electrons (e) 

 

S is a sign of a physical quantity the type of 
substance, which we call Soddy's number; B is the 
unit boscovich; 

D is a distinguishing number, i.e., a mathematical 
construct, introduced here to distinguish Soddy's 
numbers in the case of the same number of protons, 



neutrons and electrons in different molecules, 
compounds, or ions. D can be formed with the same 
purpose in many different ways, and N is the number 
of different entities (vacuum, particles, elements, 
atoms, nuclides, molecules, compounds, or ions) 
involved in the observed case. 

 All so far said is equally valid for antimatter, with 

the conditions p=|p|, n=|n|, e=|e|, and D=|D|. 
With antimatter, the number of elements is doubled 
(for matter is 2 s0

2, for antimatter it is also 2 s0
2, i.e., 

total is 4s0
2 = 274.15), whereas the radiation 

(thermodynamics) does not differ. This means that 
the number of sources of radiation is doubled in 
relation to the matter. According to 
https://www.britannica.com/science/kelvin the triple 
point of water is 273.16 K. 

This number, 273.16, compared to 4s0
2 = 274.15 

differs by 0.36%. This resemblance of two numbers 
deserves to be explored in the future. 

The factors 104 , 108 and 1012 may be different, 
which is primarily dependent on the fact that 
transference of numbers from one part to another is 
not permissible, for example, from the electron part 
to the neutron part. 

 

3.  Results and Discussion 
 

Within the periodic table, more than 137 million 
different positions of the physical quantity, type of 
substance, is not expected from practical viewpoint. 
Theoretical restriction, however, does not exist. For 
different molecules and compounds, this number is 
not limited, both theoretically and practically. All the 
positions of the type of substance can be calculated u 
and some of the results are shown in Fig. 1. 

Fig. 1 show all the elements of the periodic table of 
elements and their nuclides. Type of substance 
shown in the case of all (presently) known nuclides 
(more than 3180, coloured). Soddy's number of the 
substance, S, is calculated, depending on the number 
of protons (p, abscissa), neutrons (n), and electrons 
(e). Only black positions represent stable nuclides. 

In this way, any substance can be evaluated and 
described in terms of type of substance as with any 
other measurable quantity. The type of substance 
thus becomes a new physical quantity with the unit 
boscovich. For now this unit is only a proposal. 

 

4.  Conclusion 
 

Research on atoms and knowledge of the maximum 
atomic number, induced the introduction of the type 

of substance as a new physical quantity; its unit is 
boscovich, B, and is given by fraction 1/ Zmax of the 
mathematically highest atomic number Zmax = 2 s0

2= 
137.0734794824; therefore, B = 0.0072953572330. 
This allows all existing substances (ranging from 
vacuum, elemental particles, chemical elements, 
nuclides, molecules, compounds, to ions) to be 
expressed as with any other physical quantity. It 
means any value of a physical quantity is expressed 
as a comparison to a  unit of that quantity. In our 
case, the physical quantity type of substance S is 
expressed as the product of a numerical factor f and 

unit boscovich, B; S = f B. Factor f represents the 
numerical value of the physical quantity type of 
substance, it is the function f(p,n,e) = p/100 +n/104 
+e/108 +D/1012, where p, n, and e are the numbers of 
protons, neutrons, and electrons in the observed 
substance, respectively, and D is a distinguishing 
number, i.e., a mathematical construct, introduced 
here to distinguish Soddy's numbers S in the case of 
the same number of protons, neutrons, and electrons 
in different molecules, compounds, or ions. The 
number D can be formed in several different ways, 
and here one of them is shown. The factors 104 , 108 
or 1012 in the previous function may be different if it 
is needed, primarily to avoid transference between 
parts of numbers belonging to electrons, neutrons or 
protons. 

Since the unit boscovich cannot be expressed with 
the help of other seven basic units, a table with eight 
basic units is proposed; m, kg, s, A, K, cd, mol, and 
B. 
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