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Abstract

The concept of the defect of information of nuclides on
atomic nuclei formation is useuw as a foundation lor a new
version of the nuclide syslematies, which is graphically re-
prescnted in a diagram of the information defect versus the
mass number ot nuclides (i/A diagram). The new systematics
introduces a new genetic line of nuclides (i-lines), besides
those of isotlopes, isolones, isobars, and isodiffercnis. It
emphasizes ibe unity that cxists between the nuclear and
electronic structure, and makes possible the grouping of nuc-
lides in periods both by the magic numbers of protons, oend by
analopgy wilh the Periodic Table of chemical elements, A corre-
lation is demonstralted to exisi between nuclear binding ener-
gy and elcctiron energy for ihe nuclides of the periods lhus
formed.

Introduction

The attemnt to compose a rational systemalics of nuelides
and atomic nuclei, has a leong history, A}l attempts have been
essentially based on systematized empiirical data for the ato-

5]
3 =

mic nuclei (nuelear musscsl , spins, ete.), as well as on

* To whon corresvondence should be addressed,
¥* According to the definition of IUPAY (1956), 1he nuelide
is a certain type of atom,or the atom ol an isotope of a

certain clement,
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the theoretical concepts for atomic nuclei. On the other hand
ihe systematics of nuclides should express visually, and in a
practically convenient form, their grouping in ihese four
kinds of lines: isotopes, with a constant number of protons,
Z; isotones, with a constant number of neutrons, N; isobars,
with a constant mass number, A = N + Z; isodifferents, with a
constant difference in the number of neutrons and protons,

ﬁ =N-2=A- 2Z.

As a result of this, different diagrammatic versions of
the systematics exist, like the so-called Chart of the Nucli-
dess, as well as the version of systematicsq’s similar to it
but based on the relative nuclear charge, Z/A, Another version
of systematics is suggestcd6 in tabular form grouping the nuc-
lides within vertical groups, idenlical to those of the Perio-
dic Table of chemical elcwents, but within periods of diffe-
rent size. In another attempt to tabulate nuclear systematics7
the nuclides having even and odd numbers of protons are grou-
ped separately.

The solution of the problem of the Periodic Table of isoto-
pes is hindered by the lesser degrce in which the periodic
properties of nuclei are manifested in comparison with those
of the chemical elements. The nuclear shell nwdels-12 appears
as the mest natural basis for such a systematization of nucli-
des. The magic numbcrslj'IS, used in this model to denoile the
number of protons or neutlrons, in the differcnt nucleon shells
of the nuclecus, determine the different nuclecar periods. Seve-
ral variants of this kind are suggested for nuclide systema-
tics, proceeding from the periodicity of such nuclear proper-
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ties as binding energy , nuclear spin and magnelic momen-

tumlg, isotope distribution in the Universego, etc,

Alithough best substantiated theoretically, such atlempts
also bave some disadvantages, Firsl of all, ihe principle
chosen for systematization mostly does not cover all nuclides.
The periodicity is manifested in only one "major" nuclide of
the different groupings of nuclides which is a 2 - stable

one with either the greatest stahilitylﬁ-ls or with the grea-

©
test distribution“o. Following this, a diffcrent number of
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isotlopes of diiterent chewmical elewents are included in i nuc-

lide period, rThis violates ine unity which is supposed to
exisl belween tue systematics of nucliaes anu the reriouic
rTable of chemicul elements, Difficulties in the selectlion ol
the "major" isotope arise in some cases. Additional problems
arise wien onc deiines the nuclear perious. Ine latter may
end in a magic number of protons, or neutrons, or o  double
magic number. 1t is also not coupletely clear wheiher tLhe
nuinbers 14 and 28 should be nandled as magic ones. Tuus ilhe
nuwiber of variants possible for the Periodic System ol nuc-
lides is growing. whis nuimber is also large when dealing with
tue systematics not directly constlructed on tie basis ol tie
nuclcon shell concept, rhe lack of a unique solution to the
problem of tue bounds of nuclear periods is again Ulne main
dirficulty hcrch’6'21.

In the present puper we proceed from the point oi view
ithat a genecral systematics should incluuae all the nuclides,
not only their selected representatives, and should also
conserve Llie greatest possible proximity to tue Chartl oi the
puclides and reriodic rable of chemical elements. alternati-
vely, tne systematlics of nuclides ought Lo be constructed on
the basis ol such nuclear properlies wiiich adeguately retilect
the regularities of nucleus siructure, s such proscriics, we
studied the informatlion characteristics ol Lhe atowic nuclei,
recently iutroduceuzz'zs. These are tine information on pro-
ton-ncutron cowposition of nuclei, on nucleon distributlion
over siiclls and subsuells, as well as their derived quantitices
iike the dirferential information characteristics, and ilue
so-calleu defect ol information. One of tihe quantitics under
study was lound to Dbe a suitable criterion for nuclide sysioe-

matization,

pefect of ITnformation ol Nuclecons on :lomic Muclei

LOTERLIOW 58
2, the

structural informalion contuinea in nuclei, wtows or molecu-

22-05,29-3%

les™™ represents Licir statistical characteristices
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depending on tihe degree of complexity or orgunization. this
makes this gquantivy werthwhile from a classificational point
of vicw,

The division of A nucleons in a nucleus into two groups,
Z protons, and N neutrons, can be used for defining the so-
-called inlformation for proton-neutron composition of a nuc-

=
leusz2’2);

Inp = A.dlog,A - Z.logyZ - Nolog, N, bits (1)
When 2 - N = A/2, Inp = A bits, i.e, every nucleon in
symmetrical nuclei, having an egqual number of protons and
neutrons, carries exactly 1 bit information for the proton=-
-neuilron composition of the nucleus, The same guantitly oi this
information is carried by a free nuclcon, since Lhe probabili-
ty of the latter being proton or neutron is 1/2. When # £ N,

m 2 4 x
Inp << A. The difference:

AE. =& =L , bits (2)
is viewed here as a measure of the information for proton-ne-
ulron composition, lost on formation of a nuclecus, because of
the deviation frow tlhe symmetric nucleus with an equal number
of protons and ncutrons., It can be called "defect of infofma-
tion", This quaniity has an analogy with the mass deiect in
nuclei and corrclates with it for isodiiferent groups of nuc-
lide525. The mean defect of information per nuclcon, i, snows
by low many biils the inlormation on proton-neutiron composition,
carried by every nucleon in symmeilric nuclei, is less than the
information of a free nucleon (1 bit). 1t can be calculated by

Lhe equation:

*
AL 1 1
el | =____—(J52 =1 - 2 %)2, bits/nuclcon (3)
A 2 1In 2 A 2 1ln 2

T1 can be scen from eqn.(3) that i depends on the isotopic
nusber 8 , a8 well as on tlhe relative nuclcar charpe Sk, oo
o’
thie nuclei having lhe same relative charge Z/A also have ine

same mean deleect of inrormalion., y dincrcasing Llhe relative
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charge, tile mean defecl of information increases, wien
Z/A= 0,5, and decreases when 4/A < 0,5, When Z/A = 0,5, 1
obtains its minimum value, egual to zero.
Besides the relative charge, the i-quantity is aulse conncei-
ed with the projection of the lotul isctopic s;in of the nuc-
leus, TZ:

T =Z-;—:=——————-=-2£ (%)

From (3) and (4) onc obtains:

T
o z 2
1= g () (5)

Information-rTheoretic variant of the Nuclide Systema-

tics. A Diagraminalic Uxpression.

The diagraumatic expression ol the dependence of the
information defect of a nucleon i on the mass number A is
suggested in tlie present paper as a new variant of nuclide
systiematics, In PIG., 1 a fragmeni of the new systematics is
shown, which includes all known isotopes of tue chemical ele-
ments of period IV. Tt can be scen that the four lines ol
miclides: isotopes, isotones, isobars, and isodifflerents, ap-
pearing in tlhe Chari of Nuclides and the existing systema-
lics, are conserved in the new one, Rach of tiese four lines
of nuclides forms a curve described by an cquationQﬁ of tuc
kind i = f(A), for 4 = const, N = const, A = const, and
P = const, respectively. ne curves ol isolopes represent
parabolas with a left and right branch, and a minimum atl
A = 24. There arce no nuclei wilih a nmegative isotopic numver

aller fn. Yiaus, only tie rignt branch ol each parasola

h9
25 )
remains Lor A>=> 49, and the dependence tends to a linear one
for large muss numbers., The same itolds dvor isotones = tae
lines ol constant number of necutlrons, The isobar linces are
vertical ouncs in whicu Lhe larger the cxcess ol nculrons in
the nueclides, the larger is the deiect ol iniormation in
them, The nuclides baving tue same value os lne isolopic nua-
ber ﬁ Lorm curves, witu lue exception ol tue cuse .Pﬂ Q,
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in wiich o line is formed lying along line abscissa, Tn TG, 1
ithe linces of the mirror nuclei, having isolopic numbers of

the sane value butl different sign,coincide.

Series ol Xuclides with the Same Defect of Information

(11119EEJ;_

The diferentiation of ihe lines of a constant defect of
informalion for proton-neutron composition, i = const, as inde-
pendent grouping of nuclides, is a new clement in the syste-
matics of nuclides, The first line, having i = 0, originates

=

frem the nuclide TH , with a mass number Al = 2%, total isctio-

pic spin projection T, ; = 0, and an isotopic number Jﬁ = 0,
H)

It comprises 30 symmetric nuclei having an equal number of
protons and ncutrons. The remaining linces of nuclides origi-
nate from nuclei, baving mass nunber Al = 272 + ﬁ , wherc

ﬁ = -1 to 10 for the most populated series. T{ the nuclides
incorporated in a certain series with i = consl, are orderecd
according to the incrcase of their mass number, and cnumera-
ted with a serial nuwber k = 1,2,3,..., the following cquati-
ons hold:

(6),

A= chl AL = I(TZ

..
N

,1

j.e, Llhe numbers of each of the series of isodefective nucli-
des have a mass number and total isotlopic spin projection mul-
tiple to the relevant value of the first nuclidve in the series,
The mwost populated lwenty-four lines of isodeircclive micled
are shown in Table i. It can be scen from the table tiat the
line starting Srom ghe (isotope with a magic number ol pro-
tons) has the largest number of nuelides. The series starting
from isotopes having more prolons than ;He becomes smaller
and smailer, being only two-membered lov 4 == 30. Since the ne-
aviest hinown huclide has an alomic number 2 =2 J07 altl pucie)
having 7 =% 5% can be treated as [irsi members of i-lines,
with Lhe exception of those with Lhe laveest excees or dali-
cicney ol neulrons.
Yhe atesic nuclei in Lie syslematlics sugpeslen wre locatled

ot the dinterseclion of five lines: 4 = const, N = consl,
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TABLE 1
Series of nuclides having the same deicet of
information on proton-neutron composition per

nucleon (i-serics of nuclides)

No. [Jirst |Defect | Serial num- |No. | First Defect | Serial num-
of nuc- ol in- | ber of of nuc of in- | ber of
the | lide forma- | nuclides, the | lide Torma nuclides,
sey |in the|tion, k ser | in the | tion, X
ies | series 1.102 ics | series i.102
I 1-30 13 | 120 1,81 1-2,h-11
2| Ju |87 [1-5 1| 13k 0,20 15
(4
3 ;uc 2,91 | 1-4,10,18-20)15 ng 0,72 1-6,8
) 25-51
50 Tui | 1,48 | 1-n,6-29 16 Qgr 2,46 1,4-10
9 2
5| Ose | 0,89 |1-20 17 | 3oxe | 1,23 1-8
s £ 25
6 Sb 0,60 1-10 18 1iNa 1,04 1-7
7 1?3 2,01 |1-2,4,6-18 |19 2oNa 1,71 1-8
s | e Lo, |19 20 ?ZN& 2,49 1,3-68
; 15 . ; 30
9 §N 0,352 |1-7 21 150 1,29 1-6
( 3 34 =
10 ]%N 1,15 |1-11 bz | gev 1,00 1-5
11 1;N 2,26 |1,3,5-12 25 | 3ls 1,52 1-5
1 10 :
14 Zn 0,25 |1-0 an joa 1,63 15
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P=N-1Z = const, A = const, and i = const. the nuclei gene-
sis can be traced from each of these lines, Lach nucleus in the
first four lines can be obtained from the preceding nucleus by
the addition of neutron, proton, deutiron, respectively; and for
isobars - by an electron or positron radiation. A new genectic
Jine is forming in the series of isoderfective nuclei, in which
cach nuclcus is obtained from the preceding one by the additi-
on of the first nucleus in this series, as in ihe following
reactions occurring in ihe stars:

4 4 8
a}le + 2He = ,Dbe .
4 12
3 plle = "¢C %
IEC xS lgc = ?gMg , etc.

Differing from the remaining four lines, the new genelic
line allows considerably heavier nuclci to be used in nuclear
genesis,

The known restrictions for the exothermal reactions of
nuclear fusion in generating nuclei far from tie maximum of
the binding energy curve al %4 = 26, clucidates the lack of

more than two-membered i-lines within ihe range of Z = 3%0-53,

as well as the lack of i-lines for 4 = 53.

Information Defect in the Radioaclive Series of Nuclei ane

Nuclear i'ission ,ieactions

It is of interesl to stiudy nol only the lines of a cons-
tant information defect in IF1G. 1, bul also tnose ol tlne
change in the iniovrmation defect on emission ol alpha and
beta particles of isotopes o1 the natural radioactive series,
yhe actinium series is shown in FIG, 2 wiere lhe nuasber given
far each isotope represents ils wean information defect.

fn lhe case of an alpha emission:

i, A-l,
QX e — 2).0 + Z.-Z\
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Lhe nuclei X and Y are isodillerenl ones, i.e. 'ﬂ =N

= consi. Then Toilowing cqn. (3):
2
i = consl/A

onc should conclude that - emission is accompanicd

by an

increase in the mean information deicct of nuclei.

PTG, 2. Change in tie mean informatlion defcct o
muclides of activiw sevies on Ccudission
oi = ane f-opurticles

ol beta- cemission be consideret:

I



= 183 =

A 0
SR [

The difference in the information delect of the nuclei

i - 4, = (A% 1m 2)'1.(A - 2Z - 1) 795

is positive foripz A = 2 =1, which nolds for all natural
radioactive series. llence, tiie conclusion can be made that

betla-emission is accompunied by & decrease in lhe mean in-

formation veicct ol nuclei,

It can be casily prvoved thal ithe decrease in the inlorwali-
on defect on beta-emission is greater than the corresponding
deiect on alpha-ecwission of luc same isotope., As & resultl tie
last isotope in cach of the naiural radioactlive series has
always a smaller mean information detecl than the initial onc.

The fission 0¥ ueavy nuclei inio lwo paris of compar-
able atousice mases, discovered by llahn and Ctraﬁsmunusy in
1939, can be bandled in a siwilar way. The two nuclear Irag-
menils can have smaller, as well as grealer inforwation defect

iban the initial nucleus:

Whes &+ my 4 o.la
1 ///” %J-l 2/ 9 C
54 Gyl
R y ’
gV T ™" 92
2
i.10%=3,42 3,53 '
8 1;2Xe + 3257 + 2.kn
3,50 2,66

Diaprauws of Tefeet of inforsation vs. 585 Numoer

(i/A - viaprams)

Tn FIGS. 3 and 4 iue dependence is shown of tie deidect o1

information per nucleon, i,on ULhe wmass number A of ihe 17235
known nuclides (cited by Eruvtsqu). The lines o1 o nriniuum
and maxisuaw value oY i for every series wre outlined in lu. 5,

Timiting the region o the known nuclei, The curve of jmin
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720 |.

4

AASS MUMBER, A

Dependence of the maximuw and minimum defcel of
information on tie mass nuuwer A for nuclides
with A = 50 ( o and full Lipesi . 5
line-3 . ; e and dotled ]ine-?.j}-stablc: nuclides,
respeclively).

X and dashed
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h9, . .
after ”?Jn corresponds to the lightest isotope, whilst that

2 01

P pioi PO -
of i after 1451, corresponds tlo the heaviest onc.

‘-)
Tﬁzxfirst part of the i/A diagram, which comprises tie
nuclides up to A = 50, is given separately in FIG. 4. The
lines ol the defect ol information of the heaviest and light-
est isolopes arc given separately in ihis figure duce Lo the
prescuce of a lurgé number of nuclei with a great excess of
neutirons. The line of the lightest isotopes differs from imin
witich coincides with the abscissa, The line of i is not

shown, because of its anomalous character, When Tﬁz mass num-
bers are small ones, the nuclides with a greater number of
protons often appear in this line before those with a smaller
number of protons. lhe line of 2} -stable nuclei is also
given in this figurec.

the i/A diagrum is rather interesting with its ability
to express the major regularities of both nuclear and elec-
ironie periodicity of nuclides, The proton magic numbers 2 = 20,
and Z = 82 correspond to maxima in the curve of the
greatest defect of information, whilsi a peint next Lo a
sharp maximum in ilhis curve relates to the magic number Z = 50,
One might expecet that tihne last maximum would be displaced
from 7 = 51 towards the magic number Z = 50, after the disco-
SUSH' The detect ol informu-
tion on the proton-ncutron composition of cach nucleon is

very of still unknown isotopes of

defined by eqn. (3) as a relative quantity, and for small
values of 4 and A the relative chunges are great. 4s a re-

sult tie i" curve descends steeply and the maxima possible

nax
al the proton magic mumbers 4 = 2, and Z = 8, do notl appear.

(ther features of the i and curves can be asso-

Hax imin
ciated with the features of the electronic structure. Most ol
tiie minima in the curve of the maximum informalion derect
correspond to lhe chewical eclements whose cleciron siclls arc
completely or half populated: nG(Z = 1lu, 18), dlU(Z = 30, 4b,
80), f“(r, = 71); ;;3(7, =15, 33), ﬂS(Z = 25, 75). This remarkab-
le link between nuclear and electironic properties reealls the
similar result of Asunmaa and chsﬂls"is obtained in a L‘F - -
agram, as wetl as to some exienl the resnlts of Znnikoh for

ihe major nuclides in the diagram: relative charge vs, mass
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number,

In addition, « suustantial increase in imin oceurs in
the cases Z = 56— 37 (Kr ——ih), and Z = 54 —55 (Xe —=Csg),
The same holds for the increase in imux for Z = 18 —~— 19
(Ar —X), and, though less expressed, for 4 = 10 —11 (Ne -—Xa),
i.e, again for iwo chemical elements one at the end and the
other at the beginning of the nexl period in the Periodic
Table. The lack of such sharp increase ftor % = 86 —87, i.c.
upon the transition from period VI to pecriod VIT, can be ex-
plained by the large nuwber of s1ill unknown isotopes of the
heavy chiemical elements. 1he transition from period I to pe-
riod IT (7 = 2—73) also does not appear on imax—curve for
the reasons mentioned above for the protion magic numbers
Z =2, and 72 = 8,

One shounld take into account the circumstance that the
zone between the curves of a maximum and minimun dcfect of
information on proton-necutron composition of nuclei will ex-
tend with the discovery of new isotopes of chemical elements,
One ourhtl Lo expect, however, this extension in i/A-diagram
to reflect even better the main regularities in the nuclear

and electronic structure of the atlowms.

Formation of Periods of the Nuclides (Nuclear Periods)

The systematics of the nuclides proposed in the present
paper can be further developed by forming periods of the
nuclides. The i/A diagram, whose fecatures were analysed
above, allows the nuclear perioGs to be formed either on the
basis of the proton mugic number or by analogy with tlhe
periods in I'erieodic Table of the coemical elements. iIn both
cases they are forwmed by the lines of isodiffercnt nuclei,
differing only in the beginning and end oi cach period. when
Lhe periods are limited by the valuces of the proton magic
numbers onc achieves tiie systematlics ol Sclinnle_lS. Iin the
second case seven periods are formeu having respeclively
, &, 8, 18, 18, and 32 nuclides in a given isodifyerent serics
(period VIT is not completed) belween tee isotlopes ol an

alkali metial and a noble gas, The didierence belween lhese
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ability of the nuclear period to be recalised simul taneously

by a large number oi isodiiferent nuclei, completed or not

(Table 2).
TABLE 2
Nuclide periods, analogues of the periods
of chemical clements
No. | Mirst Total Number
of and number | of the
the | last -ﬁ ol iso-| complete |[Complete serics
pe- | nuc~ from till diffe- | series of of isedifie-
riod| lei rents isodiffe- rents
rents
T[4 = Ha| =2 A 6 5 -1,0,1,2,3
1T 3I‘i_10Ne =3 5 9 7 ~-2,-1,0,1,2,3,4
11T lan_laAr -4 6 11 8 -3,=-2,-1,0,1,
2,3,4
IV gk~ sgKr| -3 19 23 6 3,4,5,6,7,8
A 37llb—5,*)£e 3 32 30 13 T358:9,10,13, 18,
' 13,14,15,16,17,
18,19
Vi SSCS—DGRH 13 50 38 5 28,29,30,51,32
VI S?Fr_ 29 58 20 1 50 .J
I1 is s¢en from the table thoat the number oi isodifle-

rent sevies of nuclides inercascs with

the incrcase in the

period number. The same holus for the isotlopic numbcr‘F =

= N

The formuation of periods

- 7.

in the systematics of tlue nue-

liues in o way analogous to the periods in the Yeriodic
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Table of ciremical clements is not o I'ormal procedure. 1t ex-
presscs Lhe fundamicental unity ihat exists belween tue nuc-

lear and eleclronic structlure. It was already sihown acove that
ihe defeect of information of the nuclides, a quantily related Lo
some basic clharacteristics of the nuclear structure like the
nuntber of protons and neutrons, isotlopic numbcr(ﬁ , relative
charge 2/A, total isotopic spin projection Tz, etc. reflectls
also some importanti features of the elecironic silructure oi the
atoms, In support of this point of view four isodifferent serics
of nuclides were Lound to demonstrate a high corrclation betwe-
cen the binding energy of atowic nuclei2 and the total electlron
energy of the chemical elewments of period V, the latter calcula-
ted by the Hartrec-iock methodzb’37(FIG. 5). A detailed siudy

2000 |
8000 |- v s s
4000 | AP .
5000 | e . o 2
. x el 4
s
P i §
& e .
/Qd - ’ - - v
7020 | . B .
8000 | b i B
700 ¥ 27 27) V557] TED

BINDING LHERGY FOI HUCLEl | MEY

FIG., 5. 3inding encrgy of ihe isodilferent nuclei and totai
clectron energy ol the atows of chenical elemenls
ol period V.
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on Lhis correlation for the isodifferent series of the perious
I-VII will be published elsewuerejg.

In conclusion one should emphasize lhat the systematics of
the nuclides proposed in the present paper on the basis of the
diagram of the defectl of information on proton-neutron compo-
sition vs, Llhe mass number of tie nuclides conserves the main
advantages of the existing systematics permitting the predic-
tion of still unknown isotopes, nuclear properties, types of
radiation etc. In addition, this systematics introduces a new
genetic line of nuclides, and combines the basic notlions and
structural elcments of the Chart of the Nuclides and the Pe-
riodic Table of ithe chemical elements. It makes more obvious
the relation belween nuclear and electronic structure, and
indicates some possibilities for correlation between nuclear
and electronic properties.
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