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Abstract. The International System of Units (SI) is founded on 7 SI base units (meter,
kilogram, second, ampere, kelvin, mole, candela) for 7 base quantities (length, mass,
time, electric current, thermodynamic temperature, amount of substance, luminous
intensity) assumed to be mutually independent. There is a need for a new quantity that
describes the quality or type of the substance. The processing and introduction of this
quantity is investigated. The method of the maximum possible atomic number of
elements in Mendeleev's Periodic Table was used. Here is a proposal of the 8th base
quantity called type of substance and its unit boscovich, B. This quantity cannot be
derived from 7 existing quantities and therefore should be introduced as a separate new
one. It is also explained why the unit boscovich for type of substance is suggested.
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1   Introduction
A quantity is a physical property of a phenomenon, body, or substance that can be
quantified by measurement. Some quantities are obvious, clearly defined, highly
needed and widely used in everyday life; for example, length, mass, time,
thermodynamic temperature. Some other quantities are not so frequent; for example,
electric current, amount of substance, or luminous intensity. There is a need for some
quantities, but they have not been established; for example, for smell, for taste or for
flair. It has been noted that there are other quantities that are not included in the
existing base quantities. These new quantities can become useful in life or science in
the future. One of them is represented in this article called the type of substance, with
new unit (boscovich, B). The measurement is a method for determining quantity,
capacity, or dimension. All systems of measurement use units whose amounts have
been arbitrarily set and agreed upon by a group of people. The steps needed to
introduce the new quantity and unit will be processed here.

1 Author's discovery of structural constant s0 allowed the creation of this article. Namely, the
structural constant s0=8.278 692 517 led to the knowledge of the maximum atomic number,
Zmax=2s0

2=137.073 4996, [1] and Eq. (42) in [2]. This is the basis for recognizing existence
and determining the capacity of quantity which we have called the type of substance.



2   The substance; properties, capacity, dimension and unit

2.1 The form of description of physical properties of the substance

Let's focus here on the physical properties of the substance. The substance is the real
physical matter of which a person or thing consists. The substance here means:

(1) A vacuum (a space empty of matter, which has no substance),
(2) A particle (electron, proton, neutron),
(3) An element (a basic substance that can't be simplified; 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, surrounded by one or more shells of orbiting electrons; 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 (which has no more properties of its constituent atomic parts),
(7) A compound (a molecule that contains more than one element), and
(8) An ion (it is an element, atom, nuclide, molecule or compound, in which the

total number of electrons is not equal to the total number of protons, giving the
element, atom or molecule a net positive or negative electrical charge).

So we determined the quantity called the Type of substance, and marked it with S,
in honor to English radiochemist Frederick Soddy (1877-1956), discoverer of isotopic
nuclides.

The physical properties of this quantity are described by means of three parts. The
first part, a proton part, contains the number of protons in the nucleus (Z, or p). In the
second part, a neutron part, there is the number of neutrons in the nucleus (n). The
third part, a part belonging to electrons, contains the number of electrons in the
atomic shell (e).

2.2 Capacity of the quantity the type of substance

To determine the capacity of the quantity (it is to determine the largest amount or
number that can be held or contained) we need to find out the highest possible atomic
number in the Periodic Table of Elements. According to the research [2, 3, 4, 5], the
highest atomic number Zmax is 2s0

2, where s0 is the structural constant of the atom, it is
s0=8.278 692 517, and Zmax= 137.0735 is related to the fact that no element can form
if its electron travels in the first orbit faster than the speed of light.

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

If we additionally include 1000 more positions for the electrons within the part
belonging to the electrons, then the capacity of type of substance is 1000 1000 Zmax =
137 073 499.584 257 positions. By incorporating molecules and compounds, this number
may be higher. With the now known more than 3180 nuclides, it can be said that quantity
Type of substance is about 0.0023 percent filled.



Table 1. The unit boscovich, B, in relation to the other initial and derived constants.

Quantity Symbol Formula Value Unit
6 initial fundamental constants: 0 p πs ,  c,  e,  m,  m ,

structural constant
0s  aσ Z 8.278 692 517 066 260 1

speed of light; vacuum c c 299 792 458 m/s
elementary charge e e 1.602 176 6208  10-19 As
electron mass m m 9.109 383 56  10-31 kg
proton mass mp mp 1.672 621 898  10-27 kg
Archimedes constant b  arccos(-1) b 3.141 592 653 589 793 b 1

15 (without e 14) constants derived from previous 6:
-1

00 K 0 J 0 B N0B , α ,  α,  μ ,  R ,  A ,  K ,  e A ,  K ,  e, R ,  a , μ ,  μ

boscovich (unit) c B 2
01 / (2 )s 0.007 295 356 163 7514 1

inverse fine-structure
constant  -1 1 / B 137.073 499 584 258 1

fine-structure const.  2
01 / (2 )s 1 B

magnetic constant 0 74  10 12.566 370 614 35  10-7 H/m

electric constant 0 7 21 / (4  10 )c 8.854 187 817 62  10-12 F/m

von Klitzing constant KR 2
0 0cs 2.581 987 123 285  104 

action constant d
0A 2 2

0 0ce s 6.627 883 290 24  10-34 Js

conversion constant 0K 2
0 01 / (2 )ces 1.208 663 875 508  1014 Hz/V

ratio
0

e
A 00

2e KA  2
0 01 / ( )ces 2.417 327 751 017  1014 Hz/V

Josephson constant J 04K K 2
0 02 / ( )ces 4.834 655 502 034  1014 Hz/V

elementary charge e 0 02 /A c e   1.602 176 6208  10-19 As

Rydberg constant R
2 6

0 0/ (8 )m e s 1.09647274840335107 1/m

Bohr radius 0a 2 4
0 0 / (π )e s m 5.294 668 730 599 10-11 m

Bohr magneton B
3 2

0 0

4π
ce s

m

 9.276 547 861 521 10-24 Am2

nuclear magneton N
3 2

0 0

p4π
ce s

m


5.052 165 865 121 10-27 Am2

a. Here  is the structural coefficient of transmission (Lecher's) line representing the electromagnetic
oscillator in an atom, and Z is atomic number [6,7,8,9] (do not replace the structural coefficient with the
structural constant; those are two related but different things;  =s0

2/Z ). b. This formula is derived in [10].
c. As Planck's h is intended to be used to determine the unit of kg, here too, another constant (the structural
constant s0) is used to determine the unit boscovich (B).
d. All calculations are made with the condition that Planck's h = A0. In this case all differences (otherwise
maximal 0.082%) compared to 2014 CODATA disappear [5].



2.3   A dimension and unit of the quantity the type of substance

A dimension of the type of substance is one (it is therefore dimensionless quantity).
The choice of unit as usual can be arbitrarily made. For the unit it is convenient to

choose 1/Zmax. In that case, namely, this unit represents the distance of two
neighboring atoms in the Periodic Table of Elements. That unit we call boscovich, B,
in honor to Roger Joseph Boscovich [Croatian: Ruđer Josip Bošković, born 18 May
1711 in Dubrovnik, Republic of Ragusa (modern-day Croatia) – died 13 February
1787 in Milan, Duchy of Milan (modern-day Italy)]. He was a precursor of atomistic
science in the eighteenth century. Here is 1 B = 1/Zmax = 1/137.073 499 584 = 7.295
356  10-3. This is actually a fine-structure constant, i.e., the unit B =  (see Table 1).

According to the above, the calculation of a Soddy's number is made from the
following formula:

p n e e  1000 n  1 000 000 p
B 1 1 000 1 000 000 1 000 000
S  
    , (1)

S is here Soddy's number, B is a unit boscovich, p is the number of protons in the
nucleus of atoms (known as atomic number Z), n is the number of neutrons in the
nucleus of atoms, e is the number of electrons in the atomic shell.

How the unit boscovich fits with other units and constants can be seen in Table 1.

2.4 A few examples

Each of the more than 137 million positions of the Type of substance is calculated
using Equation (1) and they are shown in Figure 1 and Table 2. The Figure 1 shows
all the elements and their nuclides, while Table 2 contains Soddy's numbers for some
elements, nuclides, molecules, and compounds.

In this way it can be counted with 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 (see Table 3). We suggest accepting it.

3   Here's why the name 'boscovich' was suggested for the unit

It is well known that in his A Theory of Natural Philosophy (or Theory) Boscovich
first came up with the idea that all natural phenomena can be described by one law of
force [11]. This law is depicted by the famous Boscovich's curve (curva
Boscovichiana). This is actually the first unification of all forces, i.e., interactions in
nature so that the contemporary physics program of unification of four fundamental
interactions (gravitation, weak, electromagnetic, strong) has not yet been achieved.
Boscovich considered this to be achieved, and called that "my new world". In analogy
with Copernicus and Copernican turn, some scientist later talked about Boscovich’s
turn [12]. If curves relating to interactions among nucleons, atoms, molecules and the



Fig. 1. The type of substance shown for the case of all known (3 180, all colored) nuclides.
Soddy's number of substances S is calculated by Equation (1), depending on the number of
protons p (abscissa) and the number of neutrons n as well as on the number of electrons e. Then
(divided by boskovich unit B), enter S/B in a place corresponding to the number of neutrons
(ordinates). Colored black positions represent stable nuclides. All the others are unstable
(http://periodictable.com/Isotopes/001.1/index.html, https://en.wikipedia.org/wiki/Table_of_nuclides).

like are compared to Boscovich’s curve in today's science then a striking resemblance
is observed [13].

By allowing more repulsive areas of asymptotic repulsive force in its curve,
Boscovich presented one of the basic ideas of contemporary physics of elemental
particles, i.e., he gave the first model of the “quark confinement” (Theoria, No 518).
This fact is pointed out by American physicist Phillip Rinard [14].

The basic elements of the substance, according to Boscovich's understanding, are
simple, non-dimensional, indivisible, non-extensible, discrete material (physical)
points that represent the center of force - the idea of the fields, Michael Faraday
accepted directly from Boscovich [15]. These Boscovich's "atoms" cannot be
identified with the atoms of today's science but rather with quarks, as Nobel Prize-
winner Leon Lederman has emphasized [16]. Boscovich's "atoms" are not mere
mathematical points but rather the material, physical points endowed with power of
inertia and of Boscovich's attractive and repulsive forces.

From such non-dimensional material points (Latin, puncta materiae), more complex
material structures are built. Boscovich speaks about the particle hierarchy and calls
them the particles of the first, second, third, fourth, fifth ... orders which in nowadays
physics of elementary particles correspond to nucleons (protons and neutrons), atoms,



Table 2. The Soddy's number S for several elements, nuclides and compounds. Each atom,
nuclide, molecule or compound, as complex as it may be, can thus be processed and displayed
unique Soddy's number S or S/B ratio as shown in this Table (1 B=0.007 295 356 163 7514).

p n e S/B SSubstance
Unit 1 1 1 B 1

Vacuum a 0Va 0 0 0 0.000 000 0.000 000 000
Electron 0e 0 0 1 0.000 001 7.29535610-9

Proton 1p 1 0 0 1.000 000 0.007 295 356
Neutron 1n 0 1 0 0.001 000 0.000 007 295
Hydrogen (protium) 1H 1 0 1 1.000 001 0.007 295 363
Hydrogen (deuterium) 2H 1 1 1 1.001 001 0.007 302 658
Hydrogen (tritium) 3H 1 2 1 1.002 001 0.007 309 954
Thulium 169Tm 69 100 69 69.100 069 0.504 109 614
Gold 197Au 79 118 79 79.118 079 0.577 194 565
Oganesson 293Og 118 175 118 118.175 118 0.862 129 575
Oganesson (triple ionized) 293Og 118 175 115 118.175 115 0.862 129 553
The largest atoms (theoretical) 325Xx 137 188 137 137.188 137 1.000 836 321
Water,  H2O, 1H2

16O
2
8

0
8

2
8

10.008 010 0.073 011 997

Sulfuric acid, H2SO4
1H2

34S
16O4

2
16
32

0
18
32

2
16
32

50.050 050 0.365 132 940

Butane, C4H10 , 12C4
1H10

24
10

24
0

24
10

34.024 034 0.248 217 446

Ethyl alcohol, C2H6O 6C2
1H6

16O

12
6
8

12
0
8

12
6
8

26.020 026 0.189 825 357

Glucose, C6H12O6
12C6

1H12
   16O6

36
12
48

36
0

48

36
12
48

96.084 096 0.700 354 848

Sucrose, C12H22O11
12C12
1H22

   16O11

72
22
88

72
0

88

72
22
88

182.160 182 1.328 923 406

Carbamic acid, NH2COOH 15N
1H2
12C
16O
18O
2H

7
2
6
8
8
1

8
0
6
8

10
1

7
2
6
8
8
1

32.033 032 0.233 692 377

a. A vacuum does not have its official abbreviated tag, so, Va, here is an occasional shortcut (mass number
is up to the left).

molecules and even more complex material structures. Thus, the idea of the order or
type of substance is for the first time mentioned in Boscovich's theory of forces and
structure of matter. Particle properties are conditioned by their structure. This idea
was later stressed by chemists J. J. Bercelius, A. M. Butler and A. Crum Brown in the
19th century.



Table 3.  The proposal of SI base units with an added new unit, boscovich (B).

Quantity Sign Dimension Unit
name

Unit
symbol

length l L meter m

mass m M kilogram kg

time t T second s

electric current I I ampere A

thermodynamic temperature T  kelvin K

luminous intensity Iv J candela cd

amount of substance n N mole mol

type of substance S N boscovich B

Let's just mention that Boscovich's theory has anticipated some later results of
science such as the idea of quantization and the Bohr’s model of atom with discrete
paths, elements of theory of relativity, elements of the fractal theory, Big Bang
Theory, [17], etc.

Because of all that, and because of the fact that Boscovich measured the length of
the arc of the meridian between Rome and Rimini, which generally contributed to the
measurements, we suggest that the unit of the physical quantity type of substance be
called "boscovich" in honor of Roger Joseph Boscovich.

4   Conclusion

The knowledge of the atoms' properties in particular the determination of the
maximum atomic number is used here to form new physical quantity, called the Type
of substance. It has been shown that only one constant should be sufficient for the
whole procedure, it is the structural constant of the atom s0. This constant is
theoretically defined and accurately calculated in previously published our articles.
The new quantity includes vacuum, particles, elements, atoms, nuclides, molecule,
compounds and ions; therefore, all known matter.

Proposed and defined unit of Type of substance is 'boscovich', in honor to precursor
of atomistic theory Roger Joseph Boscovich. The amount of 'boscovich' is 1/ (2s0

2).
The sign of new quantity is S, in honor to radiochemist Frederick Soddy. Numerous
examples show the functioning of quantity S and its unit B.

The eighth basic unit is thus ready to occupy its place beside the existing seven.
The article also emphasizes that the 14 constants are derived from the six initial

constants. By introducing the structural constant even 12 constants become
redundant. Since the boscovich unit is also based on the structural constant this
means that it also belongs to redundant constants, but also that it is well-grounded.
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