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Abstract. When the 14 lanthanides are scheduled in 14 groups of Periodic system of chemical elements 

(PSE) (Rakočević, 1991), in accordance to Mendeleyev’s original manuscript tables, then they reveal 

some very specific arithmetic regularities within the PSE, which analogously correspond to the arithmetic 

regularities of the genetic code (GC). At the same time, among other correspondances, appears also a 

correspondance between the distribution of codons in the Genetic Code Table (GCT) and the distribution 

of chemical elements in PSE, in terms of their even/odd parity, and stability / instability of their isotopes 

occurring in the nature. 

 

1. Introduction 

      V. Shcherbak, a pioneer of research of the genetic code arithmetics, showed that a specific 

classification of the canonical amino acids (AAs) in the genetic code (GC) is followed by 

arithmetical regularities, ended with words: "The physical nature of such a phenomenon is so far 

not clear" (Shcherbak, 1993). Similarly said A. Verkhovod in his work on the same subject, 

published a few months after: "The nature of these mechanisms is presently unknown" 

(Verkhovod, 1994). Now, more than two decades later, this phenomenon has not become clearer, 

and therefore it makes sense to deal with it again. In order to answer these two questions, it must 

be, as the first step, observed that there are some analogies between arithmetics of genetic code 

and the arithmetics of the periodic system of chemical elements (PSE). This fact is associated 

with a prediction (prediction 1):
1
 It might be that these analogies contain a deeper connection 

between two said arithmetics (and algebra too) – of the genetic code and the periodic system.  

      On some other similar investigations about arithmetic properties of GC one can see next 

works (Shcherbak, 1994-2008; Castro-Chavez, 2010, 2011; Damjanović, 1998-2006; Dlyasin, 

1998; Dragovich, 2006-2012; Koruga, 1992; Madox, 1992, 1994; Mišić, 2011; Negadi, 2009-

2014; Qiu and Zhu, 2000; Raković, 2008; Sukhodolec, 1985; Wohlin, 2015; Yang, 2004; 

Rakočević, 1988-2014). 

 

 

                                                           
1
 This prediction is actually a part of a wider and more complete hypothesis (hypothetical standpoint): The simplest 

and unique chemical structures are accompanied with the simplest and unique arithmetical and / or algebraic 

structures, through specific relations of accordance, correspondence and balance. 

mailto:mirkovmile@mts.rs
mailto:mirkovmiloje@gmail.com
http://www.rakocevcode.rs/
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2. Results  

      The reason why it has not been possible to wiev the possible analogies between arithmetics 

of GC and arithmetics of PSE, lies in the fact that (by current paradigm in the chemistry) all 14 

lanthanides are placed in the third group, at the same position where the lanthanum, contrary to 

Mendeleyev’s opinion that every element in the PSE must have its own position (Box 1). The 

problem is also actual, because a few months ago IUPAC (International Union of Pure and 

Applied Chemistry) has launched a new research project which should determine whether 

Lanthanum with atomic number 57, or the last lanthanide, Lutetium, with atomic number 71, 

must be placed in the formal Table of PSE (see Appendix A). 

 

Box 1. Mendeleyev’s Tables 

In the book of B.M. Kedrov (Kedrov, 1977, p. 188) is shown a variant of Mendeleyev’s Periodic Table 

(Table 16 in the said book, p. 188)), in which Mendeleyev did not formally indicate the groups, but it is 

directly evident that each element occupies one position. In this Table, Lanthanum is located in the third 

group, and it is followed in the fourth group by Cerium; followed by another 13 elements in which two 

elements (Pm & Lu) were not known during  Mendeleyev’s lifetime. (Some Mendeleyev’s manuscript 

tables see in our website: www.rakocevcode. rs)   

      Following Mendeleyev’s methodology, it is possible to show that the 14 lanthanides require 

expansion of the PSE into 14 groups, and together with zeroth group there are 15 groups in total 

(see Table 1, Box 2 and Survey 1). If we take in account this arrangement, it will be easy to 

recognize not only arithmetic but also some algebraic regularities in PSE (arithmetic-algebraic 

scenario: Survey 2). 

      Table 1 (in relation to Survey 1)
2
 shows that for [(s & p), d, f] elements,

3
 to the border of the 

stability in PSE (to the Po-84), we have 8 times the pattern 5-3-1; then 2 times 0-3-1 and 4 times 

0-0-1. All together 9-4-1 elements: 9 elements 8 times; 4 elements 2 times and 1 element 4 times; 

the patterns 9-4-1 and 8-4-2 as arithmetical expressions:  

   

        3
2 

– 2
2 

– 1
2   

/  2
3 
– 2

2 
– 2

1
   ..................................................................  (1) 

  

        3
1 

– 2
1 

– 1
1  

/  1
3 

– 1
2 
– 1

1
   ...................................................................  (2) 

 

[The expression in Solution (1) is related to the number of chemical elements in Table 1, and in Solution 

(2) to triad, diad, monad and their number, respectively, in Table 2 and Table 4. In addition, one must 

                                                           
2
 One must compare Table 1 with Table 2, related to PSE; and Table 1 (through Survey 1) with Table 3, related to 

Genetic code. 
3
 The chemical elements of s & p types we will consider (within this paper) as „intransitive elements“; then the 

elements of d type as „the first transitive elements“ and, finaly, the elemets of f  type „the second transitive 

elements“. 
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here notice that Solution (2) follows from Solution (1) as a previous step in exponentiation, valid for the 

first three natural numbers.] 

 

Box 2. PSE as a three-forth dimensional system? 

In a previous work (Rakočević, 1991) we put forward the hypothesis that the PSE of short periods, with a 

total of eight groups, corresponds with the Boolean cube, and PSE of large periods, of 16 groups, with 

Boolean hypercube. The role of the 16
th
 group in a cyclic closure, "plays" either zeroth or the first group.

4
 

It is also known that Mendeleyev was entered the elements of the first group – copper, silver and gold – 

really twice, at the beginning and at the end of the PSE (Kedrov, 1977, p. 128, photocopy XII).]    

  

      Two arithmetic expressions, given in solution (1) are, in fact, the first cases of triplets set in 

the series of natural numbers, and of the corresponding triplets within a geometric progression 

with the number 2 as the quotient. These triplets are in relation to the Pythagorean triplet 3-4-5 

(Table B.1 in Appendix B), with validity of two key Mendeleyevian  principles – the principle of 

continuity and the principle of minimum changes. Moreover, the determination with respect to 

these two principles shows that Plato’s quadruplet 3-4-5-6 is also included (Table B.1 and Box 

3). On the other hand Plato’s quadruplet 3-4-5-6 exists in the arithmetic-algebraic scenario, in 

Survey 2, by which scenario is determined the structure of the genetic code (Table 3) as well as 

the structure of PSE, as it is presented in Survey 1. (See two rows at the top of Survey 2, left and 

right.) Although herein are the squares of numbers 3, 4, 5 and 6, indirectly, be sure there is a 

correspondance with the cubes of these numbers (again through the Mendeleyevian two key 

principles: continuity and minimum change) which is the essence of Plato's Law, namely that the 

sum of the cubes of numbers 3, 4 and 5 equals the cube of the number 6.  

 

Box 3. Some facts 

      The number of atoms in 64 codons of GC corresponds with the sequence of numbers 3-4-5-6 in 

several different ways. First, there is the fact that in the two inner columns of GCT as well as in two outer 

columns there are 3456 atoms; the same regularity applies to the rows. On the other hand, “the number of 

atoms within the 32 codons, coding for AAs in class II, equals 3456. ... By this the difference 3456 – 

2222 = 1234  shows that the number of atoms within the codons is greater for 2222 than the number of 

nucleons within corresponding amino acid molecules“ (Rakočević, 2006, Tab. 7, row f).
5
 

        

       

 

 

                                                           
4
 “This paper, in fact deals with this very topic: the chemical code, built on the very principles mentioned and in 

complete accordance with the genetic code. Such a surprisingly simple model at the same time represents ... the cube 

– hypercube” (Rakočević, 1991, p. 1) 
5
 The word is about class II of amino acids handled by the second class of the enzymes aminoacyl-tRNA  

synthetases:  F 165 + S 105 + P 115 + T 119 + A 89 + H 155 + N 132 + K 146 + D 133 + G 75 = 1234 nucleons. 

(About two classes of AAs in relation to two classes of enzymes aminoacyl-tRNA synthetases, see in: Wetzel, 1985 

and Rakočević, 1997b.) (Cf. Table 4.) 
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Survey 1. Distribution of isotopes within PSE  
 

(1) Group I:  

{[3Li (2+0)], [11Na (1)] & [19K (2+1)], [37Rb (1+1)], [55Cs (1)]} 

{[29Cu (2+0)], [47Ag (2+0)], [79Au (1)]}   

{[69Tm (1)]} 

(2) Group II:  

{[4Be (1)], [12Mg (3+0)] & [20Ca (5+1)], [38Sr (4+0)], [56Ba (6+1)]} 

{[30Zn (5+0)], [48Cd (6+2)], [80Hg (7+0)]}  

{[70Yb(7+0)]}  

(3) Group III:  

{[5B (2+0)], [13Al (1)] & [31Ga (2+0)], [49In (1+1)], [81Tl (2+0)]} 

{[21Sc (1)], [39Y(1)], [57La (1+1)]}  

{[71Lu (1+1)]} 

(4) Group IV:  

{[6C (2+0)], [14Si (3+0)] & [32Ge (4+1)], [50Sn (9+1)], [82Pb (4+0)]} 

{[22Ti (5+0)], [40Zr (4+1)], [72Hf (5+1)]}  

{[58Ce (4+0)]} 

(5) Group V: 

{[7N (2+0)], [15P (1)] & [33As (1)], [51Sb (2+0)], [83Bi (1?)]} 

{[23Va (1+1)], [41Nb (1)], [73Ta (2+0)]}  

{[59Pr (1)]} 

(6) Group VI:  

{[8O (3+0)], [16S (4+0)] & [34Se (5+1)], [52Te (6+2)], [84Po (0+0)]} 

{[24Cr (4+0)], [42Mo (6+1)], [74W (4+1)]} 

{[60Nd (5+2)]} 

(7) Group VII:  

{[1H(2+0)], [9F(1)], [17Cl (2+0)] & [35Br (2+0)], [53I(1)]} 

{[25Mn (1)], [43Tc (0+0)], [75Re (1+1)]} 

{[61Pm (0+0)]} 

(8) Groups 0+VIII: 

{[2He (2+0)], [10Ne(3+0)], [18Ar (3+0)] & [36Kr (6+0)], [54Xe (8+1)]} 

{[26Fe(4+0)], [44Ru (7+0)], [76Os (6+1)]} 

{[62Sm (5+2)]} 
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(9) Group IX:  

{—,  —,  — ,  —,   —}  

{[27Co (1)], [45Rh (1], [77Ir (2+0)]}  

{[63Eu (1+1)]} 

(10) Group X:  

{—,  —,  — ,  —,   —} 

{[28Ni (5+0)], [46Pd (6+0)], [78Pt (5+1)]} 

{[64Gd (6+1)]} 

(11) Group XI:  

{—,  —,  — ,  —,   —} 

{— ,  —,   —}  

[65Tb (1]} 

(12) Group XII:  

{—,  —,  — ,  —,   —}  

{— ,  —,   —}  

{[66Dy (7+0)]} 

(13) Group XIII: 

{—,  —,  — ,  —,   —}  

{— ,  —,   —}  

{[67Ho (1)]} 

(14) Group XIV:  

{—,  —,  — ,  —,   —} 

{— ,  —,   —}  

{[68Er (6+0)]}   

 

Explanation of Survey 1 

I. In front of the sign "+" is the number of stable, while behind the "+" the number of unstable primordial 

isotopes. 

II. The order within the groups: first come intransitive elements (s or p),
6
 then the first transitive (d), and 

finally the second transitive (f). With dark shadow tones are designated the stable elements (a total of 36: 

13 odd in odd groups and 23 even in even groups); with light tones are unstable elements
7
 (a total of 25: 8 

odd in odd groups, and 17 even in even groups). Unshaded are 20 stable "monoisotopic" elements (19 odd 

in odd groups, and 1 even in the even group, Be, in the second one); also unshaded are 3 radioactive 

elements (Tc, Pm, Po).
8  

                                                           
6
 In front of the sign '&' are elements of the short periods, followed by elements of large periods. 

7
 Under “unstable elements” we mean those elements, which in addition to the stable, also have unstable primordial 

isotopes. 
8
 “... it is sensible to speak about the chemical code in connection with the genetic code. There are certain aspects of 

correspondence and coherence of the two codes: (I) within the genetic code there are exactly 61 codon situations 
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III. The presented structure of PSE is characterized by the following regularities: 

1. Odd groups contain odd, and even groups contain even elements; 

2. Elements of odd groups have 2 or less stable isotopes; 

3. Elements of even groups, in short periods have 4 or less, while in large periods 

      have 4 or more stable isotopes; 

4. Elements of short periods have only stable isotopes (maximum of 0 unstable primordial isotopes); 

5. Elements of the odd groups of large periods have a maximum of 1 unstable primordial isotope; 

6. Elements of even groups of large periods have a maximum of 2 unstable primordial isotopes.
9
 

    

Survey 2  Survey 3 

y1 - x1 = 32 
y1 + x1 = 52 

 
x1 = 8 

y1 = 17 
 

 
y2 - x2 = 42 
y2 + x2 = 62 

 
x2 = 10 
y2 = 26 

 

26         = 26 
26 + 16 = 42 
42 + 17 = 59   
59 + 18 = 77 

 

   16 +17 + 18 = Z 
    Z = 51 
    Z = Y/4 

26 + 42 + 59 + 77 = Y 
Y = 204 
Y/4 = 51 

y1 - x1 = 91 
y1 + x1 = 251 

 
x1 = 8 

y1 = 17 
 

 
y2 - x2 = 101 
y2 + x2 = 361 

 
x2 = 13 
y2 = 23 

 

Remark 1. The system of two linear 

equations, as a model and scenario for 

PSE and GC is given in Survey 2, but a 

unique system of the number of atoms 

within side chains of 20 AAs is given in 

Survey 3. Explanation of the connection 

between two systems is given in the text. 

 

 

 

 

                                                                                                                                                                                           
(„stable“ aggregations) with amino acid corresponding meaning, plus 3 breaks in that meaning (3 "stop" codons), 

plus 20 non-codon situations (20 protein amino acids); (II) within the chemical code there are exactly 61 situations 

(in the form of “stable” aggregations) which have multi-isotope meaning, plus 3 breaks in stable isotopy (3 "stop" 

situations: Tc, Pm, Po), plus 20 non-isotope situations (20 "mono isotope" elements). Thus, altogether there are 84 

entities within each: within the genetic, and within the chemical code too. This is the very topic: the chemical code, 

built on the very principles mentioned and in complete accordance with the genetic code” (Rakočevič, 1997a, p. 

111).  
9
 Possible exceptions to the above regularities can be expected in 4-6 points; on the one hand, depending on the 

criterion of definition of the notion primordial; on the other hand as a possible exception from a general trend in 

evolution of the matter of the universe. In such situations, in all three maxima the regularities mean - in most cases 

the solutions are 0, 1, 2, respectively. 
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      Survey 2 contains two key results of this research. The solutions of the system of two linear 

equations (in the top of shaded part of Table) appear to be in a full accordance with the 

distribution of codons in the genetic code through a coding  for 2-4-6-8 amino acids (Table 3): 

the 25 codons encode the amino acids of less complexity (2 + 4 AAs), which have only carbon 

and hydrogen (glycine – only hydrogen!) in the side chain; and 36 codons encode the AAs of 

greater complexity (6 + 8 AAs) which have, except C and H, some other elements (N , O or S).  

      The number of codons for encoding less complex AAs corresponds to the solutions of the 

first linear equation (x1 = 8 and y1 = 17): Two nonstandard hydrocarbon AAs (GP) are encoded 

with 8, and four standard hydrocarbon AAs (ALVI) with 17 codons. On the other hand, the 

number of codons for encoding more complex AAs corresponds to the solutions of the second 

linear equation (x2 = 10 and y2 = 26): six AAs (CMFYWH) which do not have a functional 

group from the "head" in the side chain, are encoded with 10, and the eight AAs (STDENQKR), 

which in the side chain ("body") have functional groups from the "head",
10

 are encoded with 26 

codons (cf. Figure B.1 in Appendix B, in relation to Survey 3).  

       

 

Table 1. Periodic system of chemical elements with lanthanides in 14 groups (Table 4.2 in: Rakočević, 1991, 

or Table 18 in: Rakočević, 1997c).  

                                                           
10

 “The principle of systemic self-related and self-similar organization: The ‘‘head’’ of an AA in relation to the first 

possible ‘‘organic’’ molecule—methane; the functional groups within AAs side chains in relation to functional 

groups within the AA ‘‘head’’, and between themselves...” (Rakočević, 2004a, p. 231). [On the similarity and self-

similarity, see also in Section 3.2.] 
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Explanation of Table 1: From first to the eighth group are realized the elements correspondingly with 

the first member of the first mathematical expression in Solution (1), in the form of (5 + 3 + 1): 5 

intransitive elements (s or p), 3 first transitive elements (d) and 1 second transitive element (f). In the final 

(eighth) case, the zeroth group has the status of eight groups, with 5 intransitive elements. [The group of 

noble gases has zeroth group status in terms of chemical reactivity, and the status of eighth group in terms 

of filling the orbitals by electrons.] After eight groups are realized the elements, ending with the tenth 

group, corresponding to the second member of the mathematical expression in Solution (1), in the form of 

(3 + 1): 3 first transitive elements (d) and 1 second transitive element (f). Finally, after tenth group, 

followed the groups: XI, XII, XIII and XIV, each with one "second transitive" element (f) correspondent 

with the third member of the mathematical expression, given in Solution (1). Notice that the first three 

periods are single, each with a single row; fourth and fifth are doublets, each with two rows; sixth period 

is threefold, has three rows. 
 

 

 
 
Table 2. Periodic system of chemical elements with 6 groups (Table 4.1 in: Rakočević, 1991, or Table 20 in: 

Rakočević, 1997c). All isotopes (indicated in the brackets) are naturally occurring, stable plus unstable 

primordial. The exception is polonium with the number of end nuclides, as a result of radioactive decay of its 

isotopes existing in the nature in trace amounts, or synthesized: Pb-204, Pb-205, Pb-206, Bi-208, Bi-209. (This 

6-groups PSE cf. with the first Mendeleyev’s Table of PSE, with 6 groups, March 13, 1869, in: Kedrov, 1977, 

p. 128, photocopy II; also in: Mendelejeff, 1869, reprinted in 1970). [Note: The arrangement in Table 1 

corresponds to the PSE, constituted of 14 groups and 6 periods, and the arrangement given here corresponds to 

PSE, constituted of  6 groups of  and 14 periods. These two PSEs are in correspondance with each other: odd 

elements in odd groups, and even element in even groups – in both systems. According to our prediction 

(prediction 2) are not possible two other analogous expressions, that would provide the same kind of 

correspondance from the aspect of odd/even parity.] 
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      And now we go on the PSE. The solutions of the system of two linear equations (in the lower 

shaded part of Survey 2) are in an almost wholly accordance with the distribution of chemical 

elements (in terms of stability/instability and odd/even parity) into periods and groups (Box 4). 

From a total of 61 multi-isotope elements the 25, except stable, possess unstable primordial 

isotopes (light shaded tones in Survey 1); and 36 multi-isotope elements possess only stable 

elements (they do not have unstable primordial isotopes) (dark shaded tones in Survey 1). 

          Further distributions are carried out through distinctions into odd and even elements – the  

odd elements within the odd groups and the even elements within the even groups, in both cases 

in accordance with the model (the shaded part, down, in Survey 2). In accordance with the 

solutions of the first linear equations of (x1 = 8 and y1 = 17), 8 unstable elements are within the 

odd, and 17 within the even groups. On the other hand, according to the solutions  of the second 

linear equation (x2 = 13 and y2 = 23), 13 stable elements are in odd and 23 stable elements in 

even groups (Box 5). [Under the notion "unstable" we mean the chemical element, which in 

addition to stable isotopes, have at least one unstable primordial isotope.] 

 

 

1st 
2nd letter 

3rd 
U C A G 

U 

UUU 

UUC 

uua 

uug 

F 

 

L  

UCU 

UCC 

UCA 

UCG 

S  

UAU 

UAC 

UAA 

UAG 

Y 

 

CT 

UGU 

UGC 

UGA 

UGG 

C 

 

CT 

W 

U 

C 

A 

G 

C 

cuu 

cuc 

cua 

cug 

L 

ccu 

ccc 

cca 

ccg 

P 

CAU 

CAC 

CAA 

CAG 

H  

 

Q  

CGU 

CGC 

CGA 

CGG 

R 

U 

C 

A 

G 

A 

auu 

auc 

aua 
AUG 

 

I 

 

M  

ACU 

ACC 

ACA 

ACG 

T  

AAU 

AAC 

AAA 

AAG 

N 

  

K  

AGU 

AGC 

AGA 

AGG 

S  
 

R  

U 

C 

A 

G 

G 

guu 

guc 

gua 

gug 

V  

gcu 

gcc 

gca 

gcg 

A  

GAU 

GAC 

GAA 

GAG 

D 

 

E  

ggu 

ggc 

gga 

ggg 

G  

U 

C 

A 

G 

 
Table 3. The standard Genetic Code Table with a new designation of codon distributions into four diversity 

types of amino acids: first type (GP), the codons in small non-bolding letters; second type (ALVI), the codons 

in small bolding letters; third type (CMFYWH), the codons in large letters and light shadow tones; fourth type 

(STDENQKR), the codons in large letters and dark shadow tones. The three codons which are cross out, are 

the "stop" codons (after: Rakočević, 2011b, Table. 6, p. 829).  
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Box 4. Hidden accordances with the model  

Relevant literature states that three of ten stable isotopes of  Tin, potentially three are radioactive, but 

have not been observed to decay. According to our prediction (prediction 3), this statement will prove 

accurate at least for one of the said three isotopes.
11

 In addition, one of the seven stable isotopes of 

Gadolinium (Gd-152) we took to be unstable with a half-life decay  of (1.08 × 10 exp 14) years, while the 

isotope (Gd-160) with a half-life decay of (> 1.3 × 10 exp 21) remained in a stable status. Overall, we 

marked the isotopic state of Gadolinium (6+1). And these are only two of our interventions in relation to 

the IUPAC document, which are as follows from the above, also consistent with the understanding of 

isotopy in current Chemistry.
12

  

 

Box 5. Simple arithmetics of balances 

The sum 7 + 7 = 14 refers to the number of odd plus even groups.
13

  The sum 42 + 42 = 84 refers to the 

number of elements in odd  plus even groups, up to the limit of stability, to Polonium, Po. In odd-

numbered groups, there are 21 + 19 + 2 = 42 elements, where the 21 refers to the sum of 8 unstable and 

13 stable elements; The 19 refers to monoisotopic elements, and 2 refers to two radioactive elements, Pm 

and Tc. Within the even-numbered groups there are 40 + 1 + 1 = 42 elements, where the 40 refers to the 

sum of 17 unstable and 23 stable  elements; the first 1 to the monoisotopic beryllium
14

, and the other 1 to 

the radioactive element Polonium. 

 

                                                           
11

 This one isotope actually has been identified as Sn-124, because in IUPAC sources indicated its half-life decay as  

(> 1 × 10 exp 17) years. 
12

 In IUPAC document  – IUPAC Project 2007-038-3-200, "Development of an isotopic periodic table for the 

educational community" (October 1, 2013 www.ciaaw.org), for Europium was indicated the state (2 + 0), what 

means that both its isotopes are stable. However, in "New interactive, electronic version of the IUPAC Periodic 

Table of the Elements and Isotopes" it is modified so that now it is EU-151 (1 + 1), as it is in our system, in Surv. 1. 

13
 In this arithmetics zeroth group is taken to be in the eight groups. (Noble gases make the zeroth group in terms of 

chemical reactivity, while the eighth group in terms of electron filling of orbitals.) 
14

 There is 19 + 1 of monoisotopic elements, in two ways: first, the 19 odd-numbered and one even (Be), and the 

other way - 19 stable and one metastable (Bi). Namely, bismuth (Bi) has no stable isotopes, but does have one very 

long-lived isotope. Although bismuth-209 is now known to be unstable, it has classically been considered to be a 

"stable" isotope because it has a half-life of over 1.9×10 exp 19 years. Analogously is with canonical AAs: 19+1, 

where “1” is for glycine, which is only and one without carbon in side chain. On the other hand we have 19 +1 once 

more where “1” refers to proline which no possess primary but secondary amino acid group within the “head”.  
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Monad Diad Triad 

G   01 C  05 S  05 T  08 P  08 N  08 

A   04 V  10 E  10 Q  11 M  11 H  11 

D   07 L  13 I   13    

F   14 Y  15 K  15    

R   17   

W  18  

 

Table 4. The number of atoms in the canonical AAs (in their side chains). Monad – the numbers  that appear at 

once; diad – twice, and triad – three times. Dark tones – amino acids handled by enzymes of class I aminoacyl-

tRNA synthetases; light tones – amino acids handled by enzymes of class II aminoacyl-tRNA synthetases (cf. 

footnote 5). Notice a corresondance with PSE in Table 2 and with the mathematical expression in Solution (2).  

1 2 3   

 

Table 5.1. The relationships within the atom 

number arrangement in Table 4; the  

corresondance with the mathematical 

expression in Solution (2) is self-evident. On 

the other hand, it was agreed with а specific 

algorithm which corresponds with 

Generalized Golden Mean (GGM), through 

"metallic means family", for q = 2, 6, 12, 20, 

... (Rakočević, 2004b, p. 97).  

01 05 08     3 

04 10 11     3 

07 13         2 

14 15      2 

17       1 

18       1 

6 4 2 (12) 

6 8 6 (20)  

 

Additional explanation of Table 5.1: The numbers belonging to GGM series, generated from the 

choices of number-patterns in Table 5.1, appear in two means: q1 = 2, 6, 12 and q2 = 20. For q1, as 

follows: With first choice there are  2 number-patterns: 18 & 17;  with the second choice there are  6 

number-patterns: (18 & 17) + [(14 & 07) + (13 & 15)]; with third choice there are  12 number-patterns: 

(18 & 17) + [(14 & 07) + (13 & 15)] + [(04 & 01) + (05 & 10) + (08 & 11)]. With third choice there are 

all number-patterns for the number of atoms within amino acid molecules (side chains) (12 patterns). 

Within these 12 patterns there are 20 numbers (q2=20) which means the number of 20 AAs, with number 

of atoms within 20 amino acids (Table 4). By all this, one must notice a regularity, valid for the GGM 

series, expressed in Solution (3) and related to Solution (4).
15

  

                                                           
15

 Number of atoms in the solution (4) corresponds to the number of atoms in Table 4, increased in each of the 20 

cases for 9 atoms, how many are in the "head" of amino acid [cf. Solutions (5 – 8)]. [Note 1: Тhe referent functional 

groups in the head of each of the 20 AAs are those that are found in solution (7), including the "head" of proline, 

where the primary amino group has also to be a check point, not secondary amino group; Note 2: Тhe equation in the 

solution (4) is an example of self-similarity: in two inner groups, with 10 AAs, there are 204 atoms as in 20 side 



12 

 

     At the end of the presentation of research results, once again we return to the genetic code. 

We look at Table 4 and Table 5.1, in relation to Solution (3). The algorithm for selection of 

numbers in Table 5.1, going from bottom to top is as follows: in the first step were selected 2 

numbers going up, and the numbers 0 going sideways; in a second step: 2 vs 2; third step: 2 vs 4 

(Table 5.1); in the fourth step would be 2 vs 6 (Table 5.2), etc.
16

 In Table 6 follow the ratio of the 

number of unique patterns and all patterns
17

: in the zeroth step is realized number 0; in the first 

step number 2, in the second step number 6, in the third step, the number 12 and so on. As can be 

seen from Table 6, in comparison with the Solution (3), there is only one case in the same order 

(in the order of selection), in 3rd row of Table 6, there are two neighbor numbers (12 & 20), 

which is also the case in the genetic code – 12 unique patterns of number of atoms in the amino 

acid molecules, and 20 total patterns, corresponding to the number of amino acid molecules. 

 

      1 2 3 4    Table 5.2 The arrangement which 

is outside from the Generalized 

Golden Mean (GGM). It is self-

evident that forth step, in relation 

to Table 4, Table 5.1 and Solution 

(3), is not possible, conserning to 

GGM series. Namely, it is a reality 

that two sums, 12 and 20 in Table 

5.1, belong to the GGM series in 

Solution (3), while from this Table 

only 20, but no 40. 

 

X2Y2 X4Y4 X6Y6 X8Y8     4 

X1Y1 X3Y3 X5Y5 X7Y7      4 

01 05 08         3 

04 10 11      3 

07 13          2 

14 15       2 

17        1 

18        1 

8 6 4 2 (20) 

8 12 12 8 (40) 

 

                                                                                                                                                                                           
chains. On the other hand, in two outer  groups, also with 10 amino acids, there are 180 atoms as in 20 amino acid 

heads.] 
16

 The validity of two Mendeleyev’s principles (continuity and minimum changes), as well as the principle of self-

similarity, here are either directly or indirectly, clearly visible. 
17

 In the unique patterns all numbers are different, as is found in Table 5.1, in the quantities given in the column "a" 

of Table 6. When it says "all patterns" it is meant that all doublets are taken into account twice, and all triplets three 

times , as in Table 4. (For example, all the numbers in the column "Diad" of Table 4 are included at twice, and in the 

column "Triad" by three times. The number of these patterns, including singlets from the column "Monad", we 

found in column "b" of Table 6. 
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0 2 6 12 20    30 ... 
 ....  (3)             2              4              6              8             10 

 

 

[GP (27) + ALVI (76) + CMFYWH (128) + STDENQKR 153) = 204 + 180 
 ....  (4)       2                    4               6                           8               

 

 

 

n a b c  Table 6. The values for the “q” in square 

equation of Generalized Golden Mean, 

expressed through "metallic means 

family", q = 2, 6, 12, 20, ... (Rakočević, 

2004b, p. 97) („a“ column). This series 

corresponds to the choices of unique 

number-patterns for atom number in 

amino acid molecules (Table 5.1). The 

next column („b“), represents  total 

number of number-patterns valid for 

atom number in amino acid molecules. 

The column „c“ is the difference (a – b). 

At the beginning is „n“ as the ordinal 

number. 

    
(0) 0 0  

   2 

(1) 2 2  

   6 

(2) 6 8  

   12 

(3) 12 20  

   20 

(4) 20 40  

   30 

(5) 30 70  

...    

 

3. Discussion 

      For discussion of the results obtained, it is necessary to go from the current understanding 

and comprehension of isotopy in the current Chemistry, and hence we quote the comment of 

IUPAC, supplied with the official "Periodic Table of Isotopes": 

„Standard atomic weights are the best estimates by IUPAC of atomic weights that are found in 

normal materials, which are terrestrial materials that are reasonably possible sources for elements 

and their compounds in commerce, industry, or science. They are determined using all stable 

isotopes and selected radioactive isotopes (having relatively long half-lives and characteristic 

terrestrial isotopic compositions).
18

 Isotopes are considered stable (non-radioactive) if evidence 

for radioactive decay has not been detected experimentally“ (IUPAC Project 2007-038-3-200, 

"Development of an isotopic periodic table for the educational community", October 1, 2013, 

www.ciaaw.org) (our footnote and italics).  

                                                           
18

 Hence, it is unexpected that the molecular mass of canonical amino acids is an integer for any individual molecule 

or groups of molecules. However, such a trend, the trend toward the integer molecular masses of significant classes 

of AAs, exists (cf. the next footnote).  

http://www.ciaaw.org/


14 

 

      It is understood that the discussion of isotopes of chemical elements within the scientific 

community, that belongs to Planet Earth, is strictly limited to Planet Earth, because that is what 

we do know and what is confirmed by experiments. However, if it is possible to find a 

theoretical model, an arithmetic-algebraic scenario, that is, at a given moment of evolution of 

scientific knowledge, agrees one hundred percent agree with the distribution of chemical 

elements in the PSE, in terms of odd-even parity of elements and their isotopes stability 

(moreover, agrees with corresponding distributions in the GC), then it should be that this model 

is valid for the whole universe, due to the fact that the content of the universe consists of one and 

the same type of chemical elements and their isotopes. If that is so, then it makes sense to put 

additional questions - what could mean the agreement of the presented model with experimental 

facts. It is possible that there will be readers (and scientists in general, which are at least 

indirectly in this paper) that will be considered that consent is merely a coincidence and nothing 

more. But it would then go down to all other approvals teoriskih models with experimental facts 

must be put into question, including the model PSE Mendeleyev, contained in a publicly 

available publication and / or in manuscript legacy. 

      However, to those who doubt something should be given to the right. And "something" is 

what we find in the above comment of IUPAC, where it says that, in addition to stable isotopes 

at stake and "selected radioactive isotopes having relatively long half-lives ..."  And it means that 

in the future may be some changes, (cf. Note on the Europium in Box 4). In such a situation, our 

ideal theoretical model (Survey 2) should be understood as "found systemical-systemic trend" in 

the evolution of the universe, in terms of its chemical content.
19

 

3.1. One more complete understanding of the periodic system 

      For a more complete understanding of the PSE shown in Table 1, in the form of 6 periods 

and 14 groups, it is necessary to include a specific variant of PSE which is inversely related, in 

the sense that it consists of 14 periods and the 6 groups (Table 2). 

      The arrangement of elements in the PSE in Table 2 is such that the odd elements are in odd 

and even in even groups, in the same way as in the PSE presented in Table 1. From this it 

follows that the same regularities, indicated in the explanations on Survey 1 ( section III), are 

valid for both PSE, in Table 1 as well as Table 2. In addition, here we also find additional 

regularities. To those it is necessary to detect that the arrangement of the PSE in Table 2 can be 

read in two ways: first, as indicated (monad, diad and triad of columns, i.e. groups), and second, 

as odd and even groups (I, II, III, IV, V, VI). Correspondent comparisons
20

 show that the trend in 

differences, in the number of naturaly occurring isotopes, is such, that these differences, in 10 or 

more cases (from total 14),  is less than 2. A maximum of two times, there are differences of 2 or 

3 isotopes. After our prediction (Prediction 4) further researches will show that these differences, 

                                                           
19

 The situation is, mutatis mutandis, analogous to the trend of reaching the integer of molecular masses within five 

significant classes of canonical amino acids: DNAL-RFPI-KYTM-HWSC-EQGV → 485.49 – 585.70 – 595.71 – 

585.64 – 485.50  → 485 – 586 – 596 – 586 – 485 (Rakočević, 2004a, Tab. 1, p. 223). 
20

 The left column of diad vs right column; left column of triad vs right; then, the first column vs third, the second vs 

fourt etc. 
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within the frame of the set {0, 1, 2, 3} do not mean anything other than the determination of 

these differences by logical square.
21

 

3.2. The filling of digit positions similar to that of orbitals 

      From Table 5.1 it is self-evident that here we have two solutions: the number of molecules-

patterns in 20 canonical AAs is 6-4-2 as the sum of number-patterns in monad-diad-triad; on the 

other hand real sum of amino acid molecules is 6+8+6 = 20. The pattern „686“ corresponds to 

the number 686 in decimal numbering system, which number also appers to be the number of 

protons in 20 amino acids (within their side chans), what means a similarity and self-similarity 

(as it said in footnote 10).
22

 If we exclude the number of hydrogen atoms, that is hydrogen 

protons (58 + 59 = 117) of all 20 side chains, then remain 569 protons + 569 neutrons. At the 

same time, from Sukhodolets' system (Table 7 in this paper in relation to Table 7, p. 830 in 

Rakočević, 2011b) follow a symmetrical division of AAs into two sub-classes with 58 and 59 

hydrogen atoms, respectively. Moreover, the quantities of "58" and "59" in the set of all atoms 

(H, C, O, S) within 23 amino acids (side chains) in standard GCT, are the key determinant of 

amino acid classification in terms of their positions in GCT.
23

  

                                                           
21

 “The genetic code is an example of the Boolean logical square-cube-hypercube, realized through four nucleotide 

molecules: U(00), C(01), A(10), G(11); or, realized through the four rosettes (classes of the codons) on the binary 

code tree” (Rakočević, 1997a, p. 111).  
22

 Shcherbak, 1994, p 476: "The laws of additive-position notation of numbers... have analogies with quantum 

physics"; Rakočević, 1997c, p. 7: “Once the binary values for the four bases are determined, it is then possible to 

determine even the binary values for the codons, and finally for the amino acids ... With the calculated binary values 

for the amino acids we then find that the codon assignment to amino acids is such that the separation of the codons 

in the codon "space" strictly corresponds to the separation of the amino acids in the amino acid "space", and do so 

analogous to the key quantum model (the magnetic quantum number): -3, -2, -1, 0, +1, +2, +3 (cf. Table 4.1 in 

Rakočević, 1994, p. 56)”; Wohlin, 2015, p. 95: “The distribution of codons in the nearly universal genetic code is 

along discussed issue. At the atomic level, the numeral series 2x
2
 (x=5-0) lies behind electron shells and orbitals. 

Numeral series appear in formulas for spectral lines of hydrogen.The question here was if some similar scheme 

could be found in the geneticcode”  
23

 “Amino acids in four squares in the corners as in the center of GCT have 61 atoms in AA side chains [(F 14+L 

13+V 10+G 01+W 18+C 05 = 61); (P 08+T 08 + K 15 + N 08 + Q 11 + H 11 = 61)]. In relation to the diagonal F-G, 

in GCT, there are 58 and 59 atoms, respectively; on the left: LCU 13 + IAU 13 + MAU 11+ AGC 04 + DGA 07 + EGA 10 = 

58, and on the right: SUC 05 + YUA 15 + RCG 17 + SAG 05 + RAG 17 = 59. These quantities (58 and 59) are the same as 

the quantities of hydrogen atoms in Sukhodolets’ system (what is a further self-similarity): 58 in two inner and 59 

hydrogen atoms in two outer rows (Rakočević, 2011b, Tab.7, p. 830, in relation to Sukhodolets, 1985)  (Notice that 

58 + 59 = 117 is total number of hydrogen atoms in 20 canonical AAs of GC, within their side chains, what is the 

self-similarity once more.)” (Rakočević, 2014, p. 210). [Two additional comments: 1. One must here notice the next 

complementarity: LCU/SUC + (IAU+MAU)/YUA + AGC/ RCG + (DGA+EGA)/(SAG+RAG); 2. The number of 61 atoms in 

both said areas corresponds to the number of 61 amino acid coding codons.] 
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3.3. A scenario for a unification of chemical and mathematical uniqueness
24

  

 

The simplest chemical elements as nonmetal atoms, in the PSE, are: 

H, C, N, O   .......................................................................................    (5) 

 

Their simplest compounds are methane, ammonia, water and carbon monoxide:  

CH4, NH3, H2O, CO  .........................................................................    (6) 

 

Their functional groups are:  

CH + NH2, + OH + CO  = 9 atoms ...................................................    (7) 

The first possible organic molecule, which unifies all these groups  

is the simplest possible amino acid, glycine. 

Then, we ask the Shcherbak’s “mathematical trace” for nucleon number in 9 atoms: 

CH 13 + NH2 16 + OH 17 + CO 28 = 74 (2 x 37)  ............................   (8) 

So much, in fact, there are nucleons in the "head" of amino acid (35 protons and 39 neutrons). 

3.4. The hidden arithmetic-algebraic balances 

      Except all balances in relation to “Prime quantum 037” one must notice also the balances 

within “starting” atoms in the building of the life, in relation to the number of proton and 

neutron, respectively [Solution (1) in Section 3.3]: H (1+0), C (6+6), N (7 + 7), O (8 + 8). And 

though one would have thought that hydrogen corrupts balance, the number of hydrogen atoms 

in molecules of canonical AAs is such that it strictly corresponds to the set of natural numbers 

(Table 7); On the other hand, the number of carbon atoms is determined by the golden ratio 

(Yang, 2000); and entire GC, over the set of all atoms, is determined by the golden mean, 

through generating the CIPS – Cyclic Invariant Periodic System of canonical, i.e. protein amino 

acids, an analog to Mendeleyev’s PSE (Rakočević, 1998b, 2011). 

3.5. The hypothesis on determination by golden mean 

      It is directly evident to each reader (who understands the basic scientific issues of GC as well 

as PSE) that key result of this research – the analogies of distribution of codons and distribution 

of chemical elements – is not expected in terms of the current paradigm in science, because at the 

first glance in the question are two completely disparate processes. However, the fact that the 

                                                           
24

 This is a chemical way to the Shcherbak’s arithmetical "Prime quantum 037”. 
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PSE as well as GC are determined by Golden Mean (GM)
25

, our prediction (prediction 5) is that 

future researches will show that in fact this is the reason that arithmetic-algebraic scenario of 

genetic code (presented in several places in this paper) appears to be an expression of the same, 

or near to be the same arithmetic-algebraic scenario valid for periodic system of chemical 

elements.
26

 By this, in the question is such an understanding of "Golden Mean", which (GM) 

corresponds with all aspects of Generalised Golden Mean (additional Note in footnote 26), with 

Shcherbak’s "pure arithmetic information"
27

  as well as the Wheeler’s maxim – "every it from 

bit.“
28

  

                          

Table 7. “The Sukhodolets’ Table: the number of hydrogen atoms (n) within amino acid molecules, in relation 

to natural numbers series: 5, (6), 7, 8, 9, 10, 11, 12, 13, 14 (Sukhodolets, 1985). First letter plus second letter 

equals a codon root. The codon root plus third letter equals a complete codon.” (Taken from: Sukhodolets, 

1985 with a translation from Russian, and in relation to Rakočević, 2011b, Table 7, p. 830). 

                                                           
25

 About Golden mean in periodic system, see in: Luchinskiy & Trifonov, 1981; Rakočević, 1998a. About Golden 

mean in GC see in: Rakočević, 1998b, 2014. 
26

 PSE exists in a direct correspondence with the series of natural numbers, GC also (through codons sequence on 

the binary tree, as it is presented in Rakočević, 1998b); and three forms of generalizations of Golden mean 

correspond with the series of natural numbers at the same time. [Note: first form of generalization by Stakhov, 1989 

through the exponentiation of the members of series of natural numbers; second one by Spinadel, 1999 and by 

Rakočević, 2004b, in both cases through “the family of metallic means”; and third form by Rakočević, 2004b, 

through the square root of the members of the series of odd numbers.] 
27

 „Chemical evolution, no matter how long it took, could not possibly have stumbled on the arithmetical language 

and initialized the decimalization of the genetic code. Physics and chemistry can neither make such abstractions nor 

fit the genetic code out with them. It seems that the genetic code appeared as pure information like arithmetic did“ 

(Shcherbak, 2008, p. 154, in paper “The Arithmetical Origin of the Genetic Code”). 
28

 J.A. Weeler (1990): “Every physical quantity, every it, derives its ultimate significance from bits, binary yes-or-no 

indications, a conclusion which we epitomize in the phrase, it from bit.”  
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4. Conclusion 

      Regardless of whether the analogies of GC arithmetics and the arithmetics of PSE are 

determined by Golden mean, or otherwise, it is certain that such a relationship (analogy) exists, 

in accordance with facts presented in this paper. From this follows that the proposition contained 

in the title of this paper, is proved. On the other hand, presented strict and unique arithmetic-

algebraic regularities favor our hypothesis that the genetic code was prebiotic complete 

(Rakocevic, 2004a). 
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Appendix A.  “Project Details The constitution of group 3 of the periodic table” (Original text from 

IUPAC document) 

“Project No.: 2015-039-2-200; Start Date: 18 December 2015; Division Name: Inorganic Chemistry 

Division; Division No.: 200  

Objective 

This project will deliver a recommendation in favor of the composition of group 3 of the periodic table as 

consisting either of 

1. the elements Sc, Y, Lu and Lr, or 

2. the elements Sc, Y, La and Ac. 

The task group does not intend to recommend the use of a 32-column periodic table or an 18-column. 

This choice which is a matter of convention, rather than a scientific one, should be left to individual 

authors and educators. The task group will only concern itselve with the constitution of group 3. Once this 

is established, one is free to represent the periodic table in an 18 or 32 column format. 

Description 

The question of precisely which elements should be placed in group 3 of the periodic table has been 

debated from time to time with apparently no resolution up to this point. This question has also received a 

recent impetus from several science news articles following an article in NatureÂ magazine in which the 

measurement of the ionization energy of the element lawrencium was reported for the first time. 

We believe that this question is of considerable importance for chemists, physicists as well as students of 

the subject. Students and instructors are typically puzzled by the fact that published periodic tables show 

variation in the way that group 3 of the periodic table is displayed. The aim of the project is to assemble a 

task group to make a recommendation to IUPAC regarding the membership of group 3 of the periodic 

table. 

Various forms of evidence have been put forward in support of each version of group 3. In the basis of 

this evidence arguments have been proposed while appealing to chemical as well as physical properties, 
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spectral characteristics of the elements and criteria concerning the electronic configurations of their 

atoms. The task force will aim to evaluate all this evidence in order to reach a conclusion that 

encompasses these different approaches. 

Progress 

March 2016 – Project announcement published in Chem. Int. March 2016, p. 22; 

http://dx.doi.org/10.1515/ci-2016-0213  

Page last updated 19 March 2016” 

(Original text from IUPAC document) 

 

Appendix B.   Some arithmetical and chemical regularities 

 

02 + 12 + 22 / 20 + 21 + 22  0 + 1 + 4   / 1 + 2 + 4 

           

12 + 22 + 32 / 21 + 22 + 23  1 + 4 + 9    / 2 + 4 + 8 

           

22 + 32 + 42 / 22 + 23 + 24  4 + 9 + 16    / 4 + 8 + 16 

           

32 + 42 + 52 / 23 + 24 + 25  (9 + 16 + 25  / 8 + 16 + 32) 

           

42 + 52 + 62 / 24 + 25 + 26  (16 + 25 + 36    / 16 + 32 + 64) 

           

52 + 62 + 72 / 25 + 26 + 27  25 + 36 + 49  / 32 + 64 + 128 

           

62 + 72 + 82 / 26 + 27 + 28  36 + 49 + 64  / 64 + 128 + 256 

           

72 + 82 + 92 / 27 + 28 + 29  49 + 64 + 81  / 128 + 256 + 512 

 . . .          

 
Table B.1. Natural numbers occurring triplets (as squares) in relation to two key Mendeleyevian 

principles, the principle of continuity and the principle of minimum change. On the left: a specific 

"mirrored" mapping; on the right: the results of exponentiation. The triplets of natural numbers, presented 

in this Table are in relation to the Pythagorean triplet 3-4-5, with validity of two said and key 

Mendeleyevian  principles. Moreover, the determination with respect to these two principles shows that 

Plato’s quadruplet 3-4-5-6 is also included (bold numbers in this Table). On the other hand Plato’s 

quadruplet 3-4-5-6 exists in the arithmetic-algebraic scenario, in Survey 2, by which scenario is 

determined the structure of the genetic code (Table 3) as well as the structure of PSE, as it is presented in 

Survey 2 (down), in relation to Survey 1. In addition, here one must notice that the squares of numbers 3, 

4, 5 and 6, indirectly correspond with the cubes of these numbers (again through the Mendeleyevian two 

key principles) which is the essence of Plato's Law, namely that the sum of the cubes of numbers 3, 4 and 

5 equals the cube of number 6.  

 

http://dx.doi.org/10.1515/ci-2016-0213
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 ...           

(-2) ...         ... -22 

(-1) -21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 

(0) -10 -09 -08 -07 -06 -05 -04 -03 -02 -01 00 

(1) 01 02 03 04 05 06 07 08 09 10 11 

(2) 12 13 14 15 16 17 18 19 20 21 22 

(3) 23 24 25 26 27 28 29 30 31 32 33 

(4) 34 35 36 37 38 39 40 41 42 43 44 

(5) 45 46 47 48 49 50 51 52 53 54 55 

(6) 56 57 58 59 60 5B 62 63 64 65 66 

(7) 67 68 69 70 71 72 6D 74 75 76 77 

(8) 78 79 80 81 82 83 84 7F 86 87 88 

(9) 89 90 91 92 93 94 95 96 97 98 99 

(A) A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 AA 

(B) B1 B2 B3 B4 B5 B6 B7 B8 B9 BA BB 

  

Figure B.1. The Table of minimal adding in decimal numbering system. A specific arrangement of 

natural numbers in decimal numbering system, going from 01 to 11 and so on, with Shcherbak’s 

"simulation" analogs (13, 25, 37, 49 ...) within the first diagonal (after: Rakočević, 2011b, Table 4, p. 

826). [Additional comment: The Shcherbak’s "simulation" analogs (13, 25, 37, 49 ...) we can find, in this 

paper, as the last row in Table B.3, for q = 4, 7, 10, 13, ..., respectively; however, here we have the same 

digits “within the first diagonal”, but for q = 10 in all steps.]   
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      G S       

     P   T      

    A     D     

    L       E    

    V         N   

  I         Q   

   C       K    

    M     R     

     F   H      

      Y W       

              
(G, P)  (A, L, V, I)  (C, M, F, Y, W, H)  (R, K, Q, N, E, D, T, S) 

 

Figure B.2. Four diversity types of protein amino acids in a linear arrangement in form of the sequence  

2-4-6-8 and in a circular arrangement, in form of the sequence 5-5-5-5. From the sequence5-5-5-5 it is 

possible a new arrangement in form of the sequence 4-4-4-4-4 as in system presented in Figure B.3. If the 

first diagonal neighbor of the number 26 (in arrangement, presented in Figure B.1), the number 16, is 

added to the number 26 and its two followers (17 and 18) are successively added to the obtained result, 

we get the results as in Survey 3: with three addings (16 +17 +18 = 51 = Z) we obtained three new results, 

and with the inclusion of the initial number 26 – four results. Their sum is 204 (26 + 42 + 59 + 77 = 204 = 

Y = 4Z), exactly four times greater than the sum of the three addings (16+17+18 = 51 = Z). But this 

connection of two equalities is a single and unique case in the entire system of numbers within Figure 

B.1, in other words within the set of natural numbers. The uniqueness of the number 26 is expressed not 

only through the difference 26 - 10 = 16, but also through the sum 26 + 10 = 36, where number 36, as the 

second diagonal neighbor of the number 26, appears to be the member of a unique pair 25-36; unique case 

in the entire system of numbers within Figure B.1, and that means within the set of natural numbers. 

Namely, the numbers 25 and 36 are neighbors in third column of Figure B.1 with a difference of 11 as in 

all other cases, in all columns. But their square roots, as integers, appear to be also neighbors, and that is 

the said uniqueness. [Note: Number 37 is a determinant of the number of nucleons (Shcherbak, 1994, 

Figure 1), and the number 26 a determinant of the number of atoms in the canonical amino acids (Figure 

B.3 in relation to Survey 3.]  
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Figure B.3. A specific classification of amino acids 

which follow from four diversity types [Figure B.2 

in relation to Solution (4)]. In the shadow space 

there are 20 AAs with atom number in molecules 

side chains. Within two inner and two outer 

columns there are 102 ± 1 atoms. Within two 

halves of shadow spaces (light and dark) there is 

also a specific balance: 102 ± 00 atoms. All amino 

acid sequences are of the growing series from the 

aspect of number of atoms; all but one, in which Q-

11 precedes V-10, because different stereochemical 

types have been distinguished: NQ belongs to 

alanine but V-I to valine type. (About four 

stereochemical types see in: Popov, 1989 and 

Rakočević & Jokić, 1996.) 

 

This Figure was taken from (Rakočević, 2011b, Figure 3, p. 828). Through a purely chemical analysis it 

is possible to find such an arrangement of protein amino acids that fully corresponds to the observed 

arithmetical regularities, related to the uniqueness of number 26. [Notice that number 26 is a neighbor 

member of the pair 26-37 in Figure B.1, where the number 37 is Shcherbak’s “Prime quantum”.] Namely, 

Figure B.3 shows an arrangement of AAs (in the 4 x 5 system), with the number of atoms as in Survey 

(3). This arrangement follows from a classification and systematization of 20 protein AAs into four 

diversity types, as it is shown in Figure B.2: first row in Figure B.3 comes from the vertical line of the 

circular model in Figure B.2; fourth row from the horizontal line; second row from four middle points of 

circular model; third row make two left and two right AAs in relation to two middle points (M & D); 

finally, fifth row make two left and two right AAs in relation to two middle points (A & R). By this, each 

sequence in Figure B.3 is arranged by the size of molecules, i.e. by the number of atoms in the side 

chains,  going from left to right; and the order of sequences is determined by the size of the first amino 

acid molecule in the sequence. Only with such a precise and strictly regulated system can we get the 

desired result, the sequence 26-42-59-77, signifying the number of atoms in the four columns of AAs, in 

their side chains [cf. Figure B.1, Survey (3) and Figures B.2 & B.3].  

 

 
 

Figure B.4. This arrangement is a variant of the 

arrangement given in Figure B.3. Here again we have a 

new “Cyclic Invariant Periodic System (CIPS) of 

canonical AAs” (Table 3 in Rakočević, 2009 and 

Figure 6 in Rakočević, 2011b). Five sequences are not 

listed according to the size of the first amino acid in the 

sequence, but whole system is "mapped" from the 

circular structure of the system in Figure 2. By this 

there are some correspondances between rows and 

columns [(37 & 47 vs 77), (39 vs 59), (42 vs 42), then 

(26 x 2 = 52; 52 vs 42)], all analogous to orbital filling 

within atoms in PSE. 
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         (1 x 68) (2 x 68)    
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P 08 H 11 L 13 K 15 47 

N 08 Q 11 V 10 I 13 42 

    26     42     59     77  

              16           17          18  

         (1 x 68) (2 x 68)  
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If we designate the first CIPS, presented in mentioned previous work as CIPS-1, this one we will denote 

as CIPS-2: 

 

CIPS-1 (in letters): {FY (AL (DE (GV [ST/CM] PI) NQ) KR) HW} 

CIPS-2 (in letters): {GS-YW (CT-EF [AR-DM] PH-LK) NQ-VI} 

 

 

CIPS-1 (in words):  

{2 aromatic (2 aliphatic (2 carboxylic (2 simpler non-alanine type  

[O-chalcogene AAs / S-chalcogene AAs] 

2 more complex non-alanine type) 2 carboxylic derivatives) 2 aliphatic N-derivatives) 2 heteroarmatic} 

 

CIPS-2 (in words):  

{2+2 in vertical line (2 left+2 right in relation to middle line D-M  

[2+2 in middle POINTS, AR+ DM] 

2 left +2 right to midlle line A-R)  

2+2 in horizontal line) } 

 

[Note: Within CIPS-1 there are four AAs of non-alanine stereochemical type (GP + VI), the rest of 16 

AAs are of alanine stereochemical type (for details see in Rakočević & Jokić, 1996).] 

 

 

*** 

 

REFERENCES 

 

Castro-Chavez, F. (2010) The rules of variation: amino acid exchange according to the rotating circular 

genetic code, J. Theor. Biol. 264, 711-721. 

Castro-Chavez, F. (2011) The Quantum Workings of the Rotating 64-Grid Genetic Code, 

Neuroquantology 9 (4), 728–746. 

Damjanović, Z. (1998) Logic core of genetic code, Glasnik Sect. Nat. Sci. Montenegrin Acad. Sci. Art 

(CANU) 12, 5-8.  

Damjanović, Z.M., Rakočević, M.M. (2006) Genetic Code: A new understanding of codon – amino acid 

assignment, arXiv:q-bio/0611033v1 [q-bio.OT].  

Damjanović, Z.M., Rakočević, M. M. (2005) Genetic code: an alternative model of translation. Annals of 

New York Academy of Sciences, 1048, 517-523. 

Dlyasin, G.G. (1998) Azbuka Germesa Trismegista, ili molekulyarnaya tainopis’ myshleniya, Belye 

Al’vy, Moskva. 

Dragovich, B., Dragovich, A. ( 2006) A p-Adic Model of DNA Sequence and Genetic Code, arXiv:q-

bio/0607018v1 [q-bio.GN].  



24 

 

Dragovich B, Dragovich A. p-Adic modeling of the genome and the genetic code. The Computer Journal 

2010; 53 (4): 432-441, 2010. 

Dragovich, B. (2009) Genetic Code and Number Theory, arXiv:0911.4014v1 [q-bio.OT]  

Dragovich, B. (2012) p-Adic Structure of the Genetic Code, arXiv:1202.2353 [q-bio.OT]. 

Henderson, W., McIndoe, JS. (2005) Mass Spectrometry of Inorganic, Coordination and Organometallic 

Compounds: Tools – Techniques – Tips, John Wiley & Sons 

Kedrov, BM. (1977) Predictions of Mendeleev in atomism – unknown Elements, Atomizdat, Moscow. 

(Б.М. Кедров, Прогнозы Д. И. Менделеева в атомистике – неизвестные елементи, Атомиздат, 1977, 

Москва);  

Koruga, D.L. (1992). Neuromolecular Computing. Nanobiology, 1, 5-24. 

Luchinskiy, G.P. & Trifonov, D.N. (1981) Some problems of classification of chemical elements and the 

structure of periodic system of elements, in: The lerning of periodicity - the hystory and the 

contemporaryty, Edit. D.N. Trifonov, Nauka, Moskva (in Russian). 

Maddox, J. (1992) New dimension for Mendeleev, Nature, 356, p. 13. 

Maddox, J. (1994) The genetic code by numbers, Nature 367, p. 111. 

Mendelejeff, D.I. Zeitschrift für Chemie 12, 405-6 (1869). Reprinted in David M. Knight, ed., Classical 

Scientific Papers--Chemistry, Second Series, 1970; translation from German by Carmen Giunta. 

Mišić, N.Ž. (2011) Nested numeric/geometric/arithmetic properties of shCherbak’s prime quantum 037 as 

a base of (biological) coding/computing, Neuroquantology 9(4), 702–715.  

Negadi, T. (2009) The genetic code degeneracy and the amino acids chemical composition are connected, 

Neuroquantology, Vol. 7, 1, 181-187; arXiv:0903.4131v1 [q-bio.OT]. 

Négadi, T. (2011) The Multiplet Structure of the Genetic Code, from One and Small Number, 

Neuroquantology 9(4), 767–771. 

Negadi, T. (2014) The genetic code invariance: when Euler and Fibonacci meet, Symmetry: Culture and 

Science, Vol.25, No.3, 145-288, 2014; arXiv:1406.6092v1 [q-bio.OT]. 

Popov, E.M. (1989) Strukturnaya organizaciya belkov (in Russian), Nauka, Moscow. 

Qiu, Y., Zhu, L. (2000) The rearranged genetic code and its implications in evolution and biochemistry, 

Biosystems, Volume 56, Issues 2-3, May 2000, Pages 139-144. 

Rakočević M.M. (1988) Three-dimensional model of the genetic code. Acta biologiae et madicinae 

experimentalis, 13, 109-116. 

Rakočević, M.M. (1991) The coherence of the chemical and genetic code, Proceedings of Faculty of 

science (former:  Faculty of phylosophy), Chemistry Section, 2, 1-29, Niš. 

Rakočević, M. M. (1994). Logic of the Genetic Code (in English), Naučna knjiga, Belgrade. 

(http://www.rakocevcode.rs) 

Rakočević, M.M. (1997a) The universal consciousness as a universal comprehension of the universal 

code, in: Brain and Consciousness – Proceedings of the First Annual ECPD International Symposium on 

Scientific Bases of Consciousness, 22-23 September 1997, Belgrade, Yugoslavia, pp. 107-114. Publisher: 

European Centre for Peace and Development (ECPD) of the United Nations, University for Peace, 

Belgrade. (Available on the Internet.) 



25 

 

Rakočević, M.M. (1997b) Two classes of the amino acyl-tRNA synthetases in correspondance with the 

Codon path cube, Bull. Math. Biol. 59, 645-648. 

Rakočević, MM (1997c) Genetic code as a unique system, SKC, Niš and Bina, Beograd, Serbia. 

(http://www.rakocevcode.rs) 

Rakočević, M.M. (1998a) The harmony of periodic system of chemical elements, Flogiston, 7, 169-183 

(in Serbian with an extended English summary). 

Rakočević, M.M. (1998b) The genetic code as a Golden mean determined system, Biosystems, 46, 283-

291. 

Rakočević, M. M., (1998c). Whole-number relations between protein amino acids and their biosynthetic 

precursors, J. Theor. Biol. 191, 463 – 465 

Rakočević, M. M. (2000) The factors of the classification of protein amino acids, Glasnik of the Section 

of Natural Sciences of Montenegrin Academy of Sciences and art (CANU), 13, 273-294. 

(qbio.BM/0611004.) 

Rakočević, M.M. (2004a) A harmonic structure of the genetic code, J. Theor. Biol. 229, 221 – 234. 

Rakočević, M.M. (2004b) Further Generalization of Golden Mean in Relation to Euler’s “Divine” 

Equation, FME Transactions, Vol. 32, No 2, 2004 (FME = Faculty of mechanical engineering, of the 

University of Belgrade) (also in: arXiv:math/0611095 [math.GM]) 

Rakočević, M.M. (2006) Genetic Code as a Harmonic System, arXiv:q-bio/0610044 [q-bio.OT]. 

Rakočević, M.M. (2009) Genetic Code: The unity of the stereochemical determinism and pure chance, 

arXiv:0904.1161 [q-bio.BM]. 

Rakočević, M.M. (2011a) Genetic Code: Four Diversity Types of Protein Amino Acids, 

arXiv:1107.1998v2 [q-bio.OT]. 

Rakočević, M.M. (2011b) Genetic code as a coherent system. Neuroquantology 9 (4), 821–841;  

Rakočević, M. M. (2014) Golden and harmonic mean in the genetic code, Proceedings of the 2nd 

International Conference “Theoretical Approaches to BioInformation Systems” (TABIS 2013), 

September 17 – 22, 2013 Belgrade. 

Rakočević, M.M., Jokić, A. (1996) Four stereochemical types of protein amino acids: synchronic 

determination with chemical characteristics, atom and nucleon number. J. Theor. Biol. 183, 345– 349.  

Raković, D. (2008) Fundamentals of Biophysics, 3rd ed, IASC & IEFPG, Belgrade (in Serbian). 

Shcherbak, V. I. (1993)  Twenty canonical amino acids of the genetic code: the arithmetical regularities. 

Part I. J Theor. Biol. 162, 399-401.  

Shcherbak, V. I. (2003) Arithmetic inside the universal genetic code, Biosystems 70, 187-209.  

Shcherbak, V.I. (1994) Sixty-four triplets and 20 canonical amino acids of the genetic code: the 

arithmetical regularities. Part II, J. Theor. Biol., 166, 475-477. 

Shcherbak, V.I. (2008) The arithmetical origin of the genetic code, in: The Codes of Life, Springer, 

Berlin. 

Spinadel, V.W. de. (1999) The family of metallic means, Visual Mathematics,1, No. 3, 1999. 

http//members.tripod.com/vismath1/spinadel/. 

Stakhov, A. P. (1989) The Golden section in measurem. theory, Computers Math. Applic., 17, 613-638. 



26 

 

Sukhodolec, V.V. (1985) Smisl geneticheskogo koda: rekonstrukciya etapa predbiologicheskoy evolucii, 

Genetika, XXI, 10, 1589-1599. [Суходолец, В.В. (1985) Смысл генетическово кода: реконструкция 

этапа предбиологической эволюции, Генетика, XXI, 10, 1589 – 1599.] 

Van Nostrand’s (1983) Scientific Encyclopedia, 6
th
 Ed, New York. 

Verkhovod, A.B. (1994) Alphanumerical Divisions of the Universal Genetic Code: New Divisions Reveal 

New Balances. J. Theor. Biol. 170, 327-330. 

Wheeler, J. A. (1990) Information, physics, quantum: The search for links, In W. H. Zurek, ed., 

Complexity, Entropy, and the Physics of Information, Addison-Wesley, Redwood City, CA, 1990. 

Wetzel, R. (1995) Evolution of the Aminoacyl-tRNA Synthetases and the Origin of the Genetic Code. J. 

Mol. Evol. 40, 545-550. 

Wohlin, Åsa  (2015) Numeral series hidden in the distribution of atomic mass of amino acids to codon 

domains in the genetic code, Journal of Theoretical Biology, 369, 95–109. 

Yang, C. M. (2004)  On the 28-Gon Symmetry Inherent in the Genetic Code Intertwined with Aminoacyl-

tRNA Synthetases—The Lucas Series, Bulletin of Mathematical Biology,  66, 1241–1257. 
 


