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Introduction: periodic table of elements

Grcimp—}; 2 3 4 5 9 10 11 12 13 14 15 16 17 18
1 [ (KE 2
H He
) 3 || 4 Nh 5 6 7 8 9 (|10
Li || Be — B[ CI|[N]J O]l F ||Ne
nihonium

3 11|12 13 (| 14 (|15 (| 16 || 17 || 18
Na [ Mg Al || Si || P S || Cl || Ar
4 (19| 20 || 21 22 1123 || 24 || 25 (|26 (| 27 | 28 | 29 [[ 30 |[ 31 || 32 (|33 || 34 || 35| 36
K || Ca || Sc Ti || V|| Cr|{Mn]|| Fe||Co|| Ni||Cuf|Zn||Ga]||Ge]||As]||Se]||Br||Kr
5 |37 38 || 39 40 (41 (|| 42 || 43 || 44 || 45 || 46 || 47 (| 48 || 49 || 50 || 51 ([ 52 || 53 || 54
RB[| Sr || Y Zr [[Nb||Mo|[ Tc ||Ru[[Rh || Pd|[|Ag||{Cd || In ||Sn|[[Sb||Te || I || Xe
6 |55]| 56 || 57 721173 || 74 || 75 || 76 78 [1 79 (180 || 81 || 82 (| 83 [| 84 || 85 || 86
Cs || Ba || La Hf || Ta [| W [| Re || Os Pt ||Au|[Hg|| Tl [[ Pb || Bi [| Po || At || Rn
7 | 87| 88 || 89 |*[104|[105|[106||107|[108]|109||110||111||112(|113||114([115((116|[117|[118
Fr || Ra || Ac Rf |[Db || Sg || Bh || Hs || Mt||Ds||Rg || Cn |[|Nh|| FI [[Mc|| Lv [ Ts ||Og

58 [[ 59 || 60 || 61 |[62 || 63 || 64| 65| 66 || 67 || 68 |[|69 || 70|| 71

Ce || Pr [[Nd||Pm||Sm || Eu || Gd || Tb || Dy [|Ho || Er || Tm || Yb || Lu

90 1 91 1192|193 [194 (195|196 (|97 (|98 (|99 ([{100{[101{[102{]|103

Th||Pa|l U |[Np||Pul|[Am||Cm|| Bk || Cf [| Es ||Fm |[[Md]||No || Lr




the original periodic table by Mendeleev (1869)

Ann. Suppl. 8, 133 (1871).

Gruppe 1 | Gruppe 2 | Gruppe 3 | Cruppe 4 | Gruppe 5 | Gruppe 6 | Gruppe 7 | Gruppe 8
Reihen — - — RH, RH; RH:2 RH —_—
R, 0 RO R; 01 RO, R, O3 RO R; 02 ROy
1 H=1
2 Li=7 Be=9.4 B=11 C=12 N=14 0=16 F=19
3 Na=23 Mg=24 Al=27.3 5i=28 P=31 5=232 Cl=35.5
4 K=39 Ca=40 ~=44 Ti=48 V=51 Cr=52 Mn=55 Fe=56 Co=59
Ni=5%9 Cu=63
5 (Cu=63) Zn=65 -=68 -=72 As=75 Se=78 Br=80
& Rb=85 Sc=87 7Yt=88 Zr=90 Nb=94 Mo=96 -=100 Ru=1C4 Rh=104
Pd=106 Ag=108
7 (Ag=108) Cd=112 In=113 Sn=118 Sb=122 Te=125 J=127
8 | Ce=133 Ba=137 7Di=138 7Ce=140 — — - —_— — -
9 (=) - - - - ~ -
10 — - 7TEr=178 7La=180 Ta=182 W=184 —_ 0s=195 Ir=197
. Pt=198 Au=1993
11 [Au=199) Hg=200 T1=204 Pb=207 Bi=208 —_ —
12 — sz — t Th=231 —_ | U=240 - _ - = =

L




the original periodic table by Mendeleev

Ann. Suppl. 8, 133 (1871).

Predictions of unknown elements

Gruppe 1 | Gruppe 2 | Gruppe 3 | Cruppe 4 | Gruppe 5 | Gruppe 6 | Gruppe 7 | Gruppe 8
Reihen —_— - — RH, RH;: RH» RH -
R,0 RO R, 03 RO; R, 03 RO; R; 04 RO,

1 H=1

2 Li=7 Be=9.4 B=11 C=12 N=14 0=16 F=19

3 Na=23 Mg=24 Al=27.3 5i=28 P=31 5=32 Cl=35.5

4 K=39 Ca=40 ~z24] Ti=48 V=51 Cr=52 Mn=55 Fe=56 Co=59

5 (Cu=63)]  2Zn=65 | C_ -=6841C_ -=72| As=75 Se=78 Hesgg{ A R¢ Aaed

6 Rb=85 Sr=87 71:33 Zr=90 ?S\ Nb=94 Mo=96 -=2100 Ruz104 Bhz104

7 (Ag=108) Cd=112 In=113 Sn=11 Sb=122 Te=125 J=127

8 | Cs=133 Ba=137 ?Di=138 7Ca=140 — - - _ = = -

g (=) = o = = e

10 — - 7TEr=178 7La=180 a=182 W=184 —_ Os;lg?g%’rzggf{gg

11 [Au=199) Hg=200 T1=204 Ph=207 Bi=208 —_ —

2 | — -/ — | Th=231 | — U=240 — - — - -

/

a discovery of Galium
(1874)

\

a discovery of Germanium

(1879)



[ Who invented the periodic table in the present form (the long form)?]

T Y. Maeno, K. Hagino, and T. Ishiguro, e
4 : : 5|6l 71 81 9|10
> J[&] Found. of Chem. 23, 201 (2021) rEER
3 12 13 (114 (|15 16 || 17 || 18
Mg Al ll Si || P S || Cl || Ar
4 20 (] 21 22 |23 (|24 (125 (|26 || 27 || 28 || 29 || 30 || 31 || 32 || 33 || 34 || 35 || 36
. Ca || Sc T ||V |[Cr|{Mn|| Fe||Cof[Ni|[Cu||Zn||Ga]||Ge]||As]||Se]||Br[|Kr
5 38 || 39 40 (41 1142|143 (|44 || 4> (|46 (|47 || 48 |49 || 50 || 531 ]| 32 || 53 || 54
Sr || Y Zr ||Nb[[Mo|| Tc ||Ru|[Rh |[|Pd ||Ag||Cd || In ||Sn|{Sb || Te ||l I || Xe
6 6 || 57T (7213 || 74| IS|| 6|77 || 78| 79| 80 (|81 |f82]| 83| 84 ||85]|| 86
. Ba || La Hf || Ta || W |[Re [[Os || Ir || Pt [|Au||Hg || TI || Pb || Bi || Po ||l At || Rn
7 88 || 89 | *|104(|105(| 106|107 {108 (109|(110](111]{112||113(|114[|115}|116||117](118
Ra ||Ac |[*| Rf ||Db || Sqg || Bh ||Hs || Mt || Ds||Rg||Cn || Nh|| FI |[Mc|| Lv || Ts || Og

1581|591 6061|6263 64 65 66](67]||68]| 69| 70|71

Ce || Pr [|Nd|[Pm|[Sm || Eu || Gd [| Tb ol Er [[Tm || Yb || Lu

1901191 1(92((93 (|94 95|96 || 97 9? 99 |{100({101(|102(|103

T Pa|l U ||Np||Pu|[/Am||{Cm|| Bk || Cf || Es ||[Fm |[|Md || No || Lr

Alfred Werner (1905)

a chemist of Univ. Zurich, Switzerland
1913: the first Nobel prize in Inorganic Chenistry
(BRRREAO/\EBREOEE AR LZORIRE)




Any improvements?

N

—

1) why In separated tables?

2
He
o . 1) why are there such gaps? o R SRS
12 14 (| 15 || 16 || 17 || 18
M Si P S || CI || Ar
20 |21 221123 (|24 |25 (] 26 || 27 || 28 32 1133 || 34| 35| 36
Ca [JSc Ti || V || Cr|[Mn]|Fe || Co|[| Ni Ge || As || Se || Br || Kr
38 | 3940 || 41 |[42 || 43 |[44 || 45 || 46 50 [{ 51 || 52 || 53 || 54
Sri{l Y | ™Nr |[|Nb|[Mo]| Tc ||Ru || Rh || Pd Sn||Sb|[Te|| I || Xe
56 [| 57 72 \_7rg\ 14 (75 (| 76 || 77 || 78 82 (| 83 || 84 || 85 || 86
Ba || La Hf | W || Re||Os|| Ir || Pt Tl || Pb || Bi || Po || At || Rn
88 || 89 | *|104||105|[106{{107|[108|[109|{110][111][112N113|[114]|[115][116|[117]|[118
Ra || Ac Rf || Db || Sg [[Bh || Hs || Mt || Ds || Rg || Cn |\Nh || FI |[Mc|| Lv || Ts || Og
3 \

58 || 59 |[60 |61 ] 6241631/ 641|[65]66|[67|f68|l69]70]|71

< Ce || Pr ||Nd|[Pm]||Sm|[ku || Gd || Tb || Dy Er [|Tm || Yb || Lu

Qﬂ 91 (192193 || 94 || 95 \91%\ 9 9? 99\(| 100 10‘1 102{]103

T Pa ||l U ||Np||Pu[|Am||Cm{{ B Ct || Es\|Fm|{Md]|| No|| Lr

1) why are similar elements separated?

another example: Ti-Sn




the original periodic table by Mendeleev

Ann. Suppl. 8, 133 (1871).

Gruppe 1 | Gruppe 2 | Gruppe 3 | Cruppe 4 | Gruppe 5 | Gruppe 6 | Gruppe 7 | Gruppe 8
Reihen —_— - — RH, RH;: RH» RH -
R;0 RO R; O3 RO, R; 03 RO, Rz 0+ ROy
1 H=1
2 Li=7 Be=9.4 B=11 C=12 N=14 0=16 F=19
3 Na=23 Mg=24 Al=27.3 5i=28 P=31 5=232 Cl=35.5
4 K=39 (ca=40 ~=244 <@ V=51 Cr=52 Mn=55 Fe=56_Co=59 .
5 (Cu=63) Zn=65 -=68 -=72 As=75 Se=78 Br=8C
& Rb=85 Sc=87 7Yt=88 Zr=90 Nb=94 Mo=96 -=100 Ru=104 Rh=104
7 (ag=108)| (Td=1i2) 1In=113 | (En=118) Sb=122| Te=125 Rl | o e e AR
8 | Cs=133 Ba=137 ?Di=138 7Ca=140 — - - _ = = -
9 (=) - & - = = =
10 — - 7TEr=178 7La=180 Ta=182 W=184 —_ 0s=195 Ir=197
. Pt=198 Au=1993
11 [BAu=199) Hg=200 T1=204 Pb=207 Bi=208 —_ —
12 —_ — — b Th=231 —_ | U=240 - _— = =

L




Elementouch

The three problems are all
resolved /

nc;h ..E;
Elementouch

Y. Maeno, Butsuri 57, 681 (2002) (in Japanese)
Y. Maeno, K.Hagino, T. Ishiguro,
Found. of Chem. 23, 201 (2021)



Elementouch

The three problems are all
resolved /

Elementouch

Y. Maeno, Butsuri 57, 681 (2002) (in Japanese)
Y. Maeno, K.Hagino, T. Ishiguro,
Found. of Chem. 23, 201 (2021)



https://ss.scphys.kyoto-u.ac.jp/elementouch/images/illustration/

Quantum Materials Lab., Kyoto University




Kyoto-U. coop

towel T-shirt



Elementouch

The three problems are all
resolved /

P
Elementouch

pictures from
Quantum Materials Lab.,
Kyoto University



the origin of periodicity noble gas
(shell closures)

periodic table of elements

111213141516l 71819l10l11|12[13[14

electrons g7¢

51 6
All Si
1314 | -
Zn|Ga|Ge
30| 31|32
Cd| In | Sn
48 | 49 | 50

Ha| TI [Pb
80 | 51| 82

Cn iﬁi Fi
11241130114

b|Dy|Ho| Er |Tm|Yb|Lu
2] 66|67 )68 1697071
K

Cf|Es|Fm|Md|No| Lr
|so|oo|o1]92]|93|o4a]|95]96]97]|9s]|99]|100]|101|102]103

saseb alel
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Nuclear Shell Structures spin-orbit interaction
82

Magic Numbers lhu%
2,8, 20,28, 50, 82, 126 ; 2d,, 2812
12g5/2
Shell Model 50 72
gy
(40) %plﬂ
D3
it
28
115,
20 14y,
S112
5/2
8
Mayer Jensen llpuz
Nobel Foundation archive 2 P32

Nobel prize in Physics (1963) : Isy)



One-neutron separation energy

18

16 | [k,
l‘l I\I '\I \5 I"“. \

14 ‘ll‘l"l\l {

L
12 |
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6 |
4 1 N=126
? 7 —
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o
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Atomic number, 2

r-process nucleosynthesis (waiting point nuclei)

T 1 ] 1 I 1 T A 1 T | O 1 L4 1
100F b wd '\ B decay =
v - process nuclides -

s* - process path

- -

CHART OF THE NUCLIDES

Superhe,
Elem,

Transuranium

Elemens _"
e’ 7 14

Stable Spherical
Shell
Elemens = 5

208Pb
Spherical
Shell

Proton number

i

Sea of Instability

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Neutron number



nuclear chart

gy
\Memmv " ,‘.f-:.:'é E"h :
Maeno-san

(cond-mat.)

Can one create a nuclear | §




Nuclear Periodic Table

Mapping a 2D nuclear chart onto a 1D table

v' consider protons to make a correspondence to PT of elements
v How to deal with neutrons?

— Select the most ‘typical’ nucleus for each element

* the largest abundance
* the longest lifetime (if no stable nucleus)



Nuclear Periodic Table

proton
magic
82 J
1h11/23s ¥
25, 77172 s-shell mp | H [He
12d5/2 112
g7 -shell LiiBe| BYCYN|] O
50 lo P = 3|lafs|e|7]s]_
92 od- FINeINa Mgl A sif P scifAr| K|cal
(40) 2P sd-shell mp 9 11011112 |13 |14 [15|16 |17 |18 | 19] 20| 2
2D3 f »Scﬂvcrmﬁ“FecuNia
115, 712 21|22 (23|24 25|26 |27]28)&
28 Cu)Zn)|Ga)Ge|As|Se|Br| Kr [Rb|Sr| Y [Zr]2
11, pfg m |2 30 |31 32|33 |34 |35 |36 |37 |38 |39]a0]c=
20 1d -shell Nb|/Mo] }Ru}Rh P&@ﬁ In | Sn g-
32 a1 | 42 44 | 45| 46 | 47 | a8 | 49] 50 %
281/2 b |
1ds, R R [ [, R
8 Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh
1 B0 101 102 103 104 105 106 107 108 109 110 111 112 113
Pin
1p;3)

Isy)




Nuclear Periodic Table

proton

magic

Shape and stability .'

Stable  Unstable

s-shell H | He

- Nb Nh - 112

Spherical 41 113 p_She” » Lr"'. Eé‘ﬁ Eﬁ‘" C“'.I NIO
Deformed m 3 adll B 617)18 ——
3)| mp | F|Ne|Na|Mg| AIYsi| P| s |ci{Ar| K[cCa|g
\ j 9 11011112 |13 |14 [15|16 |17 |18 | 19] 20| 2
f.,mp Sc| Ti| V |Cr|mMn{Fe|Co|Ni -
. 21 (22| 23|24 25|26 |27)28]&
v deformed nuclei Cu)|Zn)Ga)|Ge|As)Se|Br| Kr [Rb|Sr| Y [Zr|2
. round square 29 [30[31[32)|33|34|35|36|37|38|39]40 c
Nb|{Mo| |Ru}Rh|Pd|Ag]|cCdy|In|Sn]z
- 41 |42| |44|45)46|47|48]|4a9]s0]3

v" unstable nuclei

. Fm Md No' Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh
‘Wwhite letters 100 101 102 103 104 105 106 107 108 109 110 111 112 113




Nuclear Periodic Table @ version with proton magic nuclei
at the center

a pedagogical significance

. to familiarize nuclear phsyics Bel B)
d
I:Iim.,lllr _LC\" FH' NE?' Na Ma’_ﬁj\'a
| 6 | g 10|11 |12 |13 ]| 14
Urnsiablc PY sYcrAr Ti|Vv|Cr
15 | 16 |17 | 18 22 123 | 24
E Mn| Fe[Co zn“c;&c;&aé‘sﬂ
26 | 27 30 (313233 | 34
) BrY{ Kr [Rb|Sr| Y R
35136 ) 37|38 ] 39 45
Pd|Ag{cd] In
46 | 47 | 48 | 49

Po At Rn Fr Ra' Ac' ‘Pa’

84 85 8 87 B8 B89 91

Rf Db Sg Bh Hs Mt Ds |Rg Cn |Nh [FI Mc Lv Ts Og
104 105 106 107 108 108 110 (111 112 113 114 115 116 117 118

! |

deformed spherical deformed



a 3D nuclear periodic table

Nuclear Periodic Table “Nucletouch”

S _

~ N - S

o)~ \ | N ~

) PUAm' Cnr IS A b TP,
UAm Cm' Bk’ Cf' Es Fm Md No Lr R}
a 96 97 98 99 100 101 102 103 14




a 3D nuclear periodic table
“Nucletouch”

A FATTIT A

Nuclear Periodic Table

RF#%DBEIRE TR D A ER) [ECFTRTONYAH KW [
- W H HE' No.
_1_’7U? Ja: - 1 2 1s 202375

BB - BRI — (AR LW Be| BYC|NJoO . 2
3|als5|6|7]s Ne)
F YNeYNa\Mg) Al sif P sYcI{Ar| K [ca e ape25-3da
g |10 |11 [12 |13l14l15] 18 1?_\ 18 | 19 | 20 o
Sc| Ti |V [CriMnY Fe| Coj Ni b
R TEE |21 ]22]23)|24 25|26 2728 L e
. N culzn\Galcelasyse BryKr|RE[Sr| Y |zr] £ % |L oo
113 29 |30 |31 32|33 | 34| 35|36 |37 | 38 | 39 |40 ig = |
[ [ DA AqY A 1)
4 Mo Te RuRh{Pd|Ag|Cd] In §Sn [
i |42 | 43 45 | 46 | a7 | a8 | 49 i ez
Ir [Pt {Au[Hg| TI (% 4do* 50 B
77 i
E—
Lr-‘ Rf-‘ Db‘ Sg‘ Bh HS r\dt ae% 6h g+ ofzt T j3n
103 104 105 106 107 108 109 a :
:mﬁr:litﬂ l'Ji&}i"L \h?‘;lv\ 5f,5-',!‘|“4p BFYEFSR | www.jps.orjp
Xel|Cs
54 | 55 170
Po At Rn Fr Md No Lr
84 85 86 87 101 102 103
dlf Nuclear Periodic Table
S|P 9 Nuclerouch_ -

a paper pattern (B2#K) available at a Supplemental Material page
In the JPS web site



a 3D nuclear periodic table

Nuclear Periodic Table “Nucletouch”

BHREI55 [LARER]

E ﬁ‘ %ﬁ-%’ﬂ = O

—21—X >HEIT

[TUON—=Y —xX] TERCHDOFTLHEAE, HiNY —RR-HRHP
R BORESH o 5
NoHCKMe GU3NKU NpeacTaBUIn HOBYIO

2020/04/22 23:41 nepuoanyeckKytro Ta6nuu.y 3NIeMeHTOB

19:34 27.05.2020 & 58122

BAZFRR. .5 0.

by EH Yr— FE-&8 BE EyxA ¥-—Svhbh Fo/035- E

FiUVWVERIRE ZE ok, BFBoMEE2RE

2020/5/3f1 | BAEFEFE T

¢wrE Qe @ (] %

REPARZORIFFIERIR S FETE— IR, BEFEOMEEEHOH DT <X
WREHIREEZE LIS, EROBHEERN o= LENEEZ S DICET
" . oo NpeACTaBUNV NEPUOANHECKYIO TaB/INLY SN1EMEHTOB, KOTOpas B OT/NYME OT
T. FTUWEERRdTTEROREF RO EZ M BDICEX 3, TabnunLel MeHaeneeBa, re 3a OCHOBY B3SiThl 371E€KTPOHbI B aTOME, OCHOBaHa Ha

© PoTo : Kyoto University/Yoshiteru Maeno/Kouichi Hagino

MOCKBA, 27 masa — PUA HoBocTu. YueHble n3 KnoTtckoro yHueepcuteTa



a magical coincidence Y. Maeno, K. Hagino, and T. Ishiguro,
) Found. of Chem. 23, 201 (2021)

nuclear periodic table

periodic table of elements 2,
5 6 7 8 9 || 10
B C N O F [| Ne
1 14 |15 (| 16 || 17 || 18
A Si P S Cl || Ar
28 1129|130 (131 (| 32|33 || 34| 35]| 36
Ni || Cu || Zn || Ga || Ge || As || Se || Br || Kr
46 || 47 (| 48 || 49 § 50 (g 51 || 52 || 53 || 54
Pd||Ag|[Cd || In ‘ Sn |jI1Sb|[Te || I || Xe
/8 || 79 1] 80 || 81 ‘ 82 [§ 83 || 84 || 85 | 86
Pt [[Au|[{Hg|| TI §l Pb |} Bi || Po || At || Rn
1100111 {{112(|113 K114 (0115 116(|117|[ 118
Ds|[Rg||Cn ||Nh | FIl fMc]|| Lv || Ts || Og
Po At Rn
64 || 65 || 66 || 67 || 68 || 69 || 70 (| 71 84 85 86
Gd [[ Tb || Dy ||Ho || Er {|Tm || Yb || Lu Ds Rg Cn Nh Fl Mc Lv Ts Og
96 QZ 9? 99 |[100/1101|{102(]103 110 111 (112 113 114 115 116 117 118
Cm|| B C Es [[Fm || M No || Lr e — e —
the nuclear magic numbers are there a magical coincidence which
In the same column! can be recognized only after

(the same elements around them) making a nuclear periodic table



Summary

Nucletouch: a 3D nuclear periodic table

> a convenient tool to familiarize
nuclear physics

v magic numbers

v" nuclear deformation

v" nuclear stability

v' similarities and differenes between

atoms and nuclel
good for 1st year students at universities
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