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1. Mendeleev’s periodic law and table of the Periodic Table
of Chemical Elements

2. Long-form periodic tables

@ Are there any rooms for further improvements ?

3. Elementouch

@ Bridging the gap between the long and short tables
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1869
Mendeleev's Tabelle I |

Mendeleev wrote in his diary:
"I saw in a dream a table
where all the elements fell into
place as required. Awakening,
| immediately wrote it down on
a piece of paper.”

Ti==50 fr= 00 T =140

Y =51 Bhe= 04 Ta=182
Cr=>52 Mo= 96 W =186

Mn==>5b5 Lh = 1044 Pt=1974

+ Ve sm i R == 1041 Ir=19%
Ni={Cop=>59 Pd= 1064 Os=19

H=1 Cu=0634 Ag=103

Be — 9.4 ﬂi =24 . 2 ﬁﬂ_ll
Bl = 274 @ r— 114 £
— = 2% =11
C=12 Si b;;__}} '/J b.9.

N =14 P=ul A=
O=15 B2 Br=7194  Te=12
F—=19 Cl=1355 DBre==80 J=12

Li=7 Na=23 K—=3 Ib=854 Cs—=132 'l‘1=.--2m
Ca e= 01 Sr==5876 Ba=137 Pb =207

g 1 p— L =194
MWt = 0 T —195
Hn == 75,6 Th=1157

Mendeleev predicted several
undiscovered elements

and their properties based on his
“Periodic Law”
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Mendeleev’s short-period table

1871 Mendeleev's Tabelle Il

Ann. Suppl. 8, 133 (1871).

Gruppe 1 | Grupps 2 | Gruppe 3 | Gruppe 4 | Gruppe 5 | Gruppe b ' Gruppe 7 | Gruppe 8
Reihen - - - RH,y RE; R, RH -
R, 0 RO R, 04 RO, R, 04 RO4 Ry 0s ROy
[ H=1
2 Li=? Be=9,4 | B=|1 ¢=12 N=14 0=16 F=19
3 Na=23 Mg=24 | Al=27.3 5i=28 P=31 §=32 | Cl=35.5
| K=39 Ca=40 244 Ti=48 V=51 Cr=52 Mn=55 Fe=55 Co=59
e 1=59 Cy=63
5 (cus63)|  n=65 | @=g8| ©-z12|  e=75|  Ses78 |  Brego
& = z = =9 Mo=95 -=100 Ru=104 Rh=104
g Rp=85 Sr=87 7Yt=88 Zr=90 Nb=94 ¢ RS Ag g
7 (Ag=108)| Cd=172 In=113 Sn=118 Sb=122 | Te=125 J=127
B | Cs=133 Ba=137 i=138 | 7Ce=140 = = - - — -
; (=) - - - - ~ -
- - = = < 2 - 0s5=195 Tr=197
10 ' 78r=178 | TLa=180 | Ta ‘IIBZ W=184 sPt=198rAu=199
1 {Bu=199)| Hg=200| T1=204| Pb=207; Bi=208 - -
12 - - - | Th=231 - | U=240 - - - = =

Predictions of
unknown elements
and successive
findings enhanced
Mendeleev’'s fame.

@ Sc(1879)
® Ga (1875)
® Ge (1886)

Several scientists proposed periodic TABLES based on atomic weights.

It was Mendeleev who first proposed the periodic table based on periodic LAW,

and made specific predictions.




Mendeleev’s Shot-Period table
and the modern Long-Period form

Mendeleev’s periodic

table

PERIODIC SYSTEM OF THE ELEMENTS IN GROUPS AND SERIES.
P " GROUTS 0 SLENZNTS 1 2 3 4 5 6 7 8 Q |10 [ 11 [ 1213|1415 |16 |17 |18
Elo | 1 | |m 1w | v, vi|vn| v ‘H A[5
Hydro{ | TJ@'E TG
gen
Li = Bl =) T = = = = sLi |4Be 5B |sC | 7N [0 | sF |1oNe
- ' oar.  [Niro- Jors-  froe- UFL <UL wWE | Rk | ER | BE | 0E | R
i tal 1i Boron L, i
um um um 0 gen rine
Li |B B |C o |F :
2% 108 o1 1o 130 eos 1800 hiso HINja %Mg 1%&' 14 Si 1|5‘P 18 g 1;_0| LeAr
o e B F S H % dien —oh [ TR | VY | WA | R
199| 92305 248 970 284| 810, 3208 8545 10 K QOCa 31 Ga 3,}%979 3 As|2:50|3Br gejKr
[— — 1 o S s t - | -
e [ b BE fm GRS AL mgh fAuota| L) | eF | Ly | BE (IR
4fAr |E |ca |[Sc i |v |Cr [Mn |Fe CoNi(Cu) 37Rb | 23 0r 508n |518b[5:Te| 53] |54Xe
88 foRl WOl {41 WS B4 oRL SO 1869 80 59 e A X |7FE| 0l | a0 [Fe
1 ™ jom| meslom|  seslc| olam|  mine . —
5 &u 2zn| oa As| Se| Br 55 0s |56 Ba 22Pb | ¢aBi [s1Po|s: At |¢Rn
! s orer 00 WY | W T SRR $ | ¥R [ROzoL|7ReFy | SEw
4 g;%- “E::; ‘m"é; ii}‘: E‘% |§:".: “ﬁ&*i‘%ﬁ'{m Fr | Ra 11ﬁFI 11:Mo neLv|117Ts | 1120g
= = 14 =i i
Ol |Be lite o |ioe Bis laee 1017 1080 108:5 595 |5v94 A | FAR | ME [T [
Bl . T Antl. Tellu.
er| mium dlum| Tia mony| rlum Todine
q AE In 8n 8b Te I
107 L 1124] 1140 1190] 12000 127 127
TN
8 |Xe Cs Ba |Ln Ce — - = ARV ol ==
a8 1329 [1s74 [189 |[140
s — — — —_— — _— _—
BT ¥ Lter- ‘Tan- ‘Tung- Os- Irl- Plati-
a miom 2 [
wil= = = “b" - fra |W |- |Os Ir Bt (Au)
i 183 (184 191 193 1949
Goid|  Mer ““, Leaa| B |
Pb| Bi| —| — o - B
AR : Who first invented this type
i | The- Um- .
Im: riom wium
12 — — |Rd |—- Th — o
24 | 232 239 o 0 ’)
—— of the perlodlc table”
R | R.O | RO | R,0,| RO, | R,O, | RO, | RO, | RO,
RIGHER GASEOUS HYDROGEN COMPOUNDS
| |___|___|RH,|RH |RH | RH | |




Q: Who first invented A- Alfred Werner
the modern long-period '
J )L} — (1905)

periodic table?
(Univ. Zurich, Switzerland)

1913: The first Nobel prize in Inorganic Chemistry;
Coordination theory, Werner complexes

. —— - e — ———

H . He
u - BB C N O F N
Na Mg Al Si 1=- 8 Cl A
K Ca S Ti V Cr Mn Fe Co Mi LT; Ga Ge As 5S¢ Br Er
I:h' Sr b ' ?.':.' N:n M_u-__ltu BEh Pd Ag Cd ,!I:u. Sn 8b Te ) ;E:-
Ca Ba La Ce MNd Pr “ ...-:_E-n Eu Gd Th Ho Br Tu Y ... .o. Ta W ... 0Os ;r Ft Au Hg TI Pb Bi |
R Lo TH o wan awd aos i T il s _.Fu:__ waw www snm ans aee wes sew sos ase vod FINE TNE TEE sus nee

Fioure B.—WERNER'S PERIODIC TABLE

@ | hope that Werner’s name is properly recognized
as the inventor of the modern periodic table.



Q: Who invented a periodic table with the
rare-earth elements separated at the bottom?

‘A: Von Paul Pfeiffer (Karlsruhe) (1920) /N 77—

mH??fi 153201 Pfeiffer: Die Befruchtung der Chemie durch die Rontgenstrahlenphysik. 991
Periodisches System der Elemente.

1| ‘ | 2°
H . He

I,OOSI 4,00
3 4 5 67| 8] 9] 10
Li | Be| B | C N o F Ne

6,9+ 9,1 : 11,0 12,0014,01 16,00!. 19,0 | 202
n| 1213 il 18] 17| 18

Na - - Mg, Al Si | P! S | C| Ar

23,00 124,32, 27,1 283 i3l.04‘ 32,06 136,46 | 39,88

19 120 |21 | 22 | 23| 20 | 25 |26 |27 98 29 30 31 32,3/ 3 |35 | 3 : ,
K [Ca |Se| Ti | V  Cr Mo Fe | Co, Ni' Cu Zn Ga Ge As | Se | Br | Kr Pfeiffer’s
39,10 40,07 [ 44,1 | 48,1 | 51,0 | 520 ;54,93 | 55,84 | 58,97 | 58,68' 63,57 65.37) 69,9 72,5 7496 792 79,92 82,92 | -
. ' | p— - — . e nNname IS even
37 |38 |39 40 | 41| 42| 43| M | 45 |46 | 47 48 |49 30 |51 | 52 | 53 | 54
Rb | St | Y | Zr | Nb|Mo| — | Ru | Rh | Pd | Ag Cd / In  Sn | Sb| Te | J | Xe less
8545|8763 88,7 | 906 | 935 | 96,0 101,7| 1029/ 106,7(107,88 112,4 1148 118,7 1202 127,5 126,92] 130,2 ized
55 | 56 | 57| 38 2 w | 1| w5 6| 7m|w| ™ |s0 8 |s2 83| 818 | 86 recognized.
Cs [Ba | La| Co | Ta| W| — ! Os| Ir [Pt | Au /Hg | TL|Pb | Bi | Po | — | Nt
132,81|137,37) 139,0{140,25 | 181,53 | 184,0 190,9 | 193,1 | 195,2| 197,2 | 200,6| 204,0{207,20 208,0(210,0) 222,0
87 |88 | 89! 90 | 91 | o2 I P
— !Ra [Ac | Th | Pa | U
1226,0 | (226)] 232,15 | (230) | 288,2
5 | 60 | 61 6263‘64 65 | 66 | 67 |68 69|70 |7 |
Prl Nd | — Sm | Eu | Gd | Tb | Dy | Ho | Er ! Tu | Yb ! Lu Ct
v 140.9!: 144,3 i 150,4 | 152,01 157,3 159,2;: 162,56 163,5i ]67.7i 168.5 173,5! 175,5| ?




Werner-Pfeiffer's Periodic Table (long-period table) ‘

Tl 2314567 (891011213 14[15[16/17 |18

1 H 2He
i NI
sLi |4Be sB | ¢C | 7N | 80 | sF |1o0Ne
UFDh XYM, WE R | ER | B | vE |27

5P | 168 [ 1701 | 1sAr
V| B | IEE |7l

1 As|318e | 5Br [ Kr
bE | tLv | BF PUI

518b |52 Te| 53] [54Xe

TR T | AFH | SR
33Bi |54 Po|ss At [ssRn

E 272 [RO= 4| 7245F 2 [ SEL

115ch 16Lv|17Ts | 1120g
] 1t =L LIS
L/b. l:f'jh d,ﬂj\z T |

7Ho | esEr [esTm| 0 Y0 | 41 Ly
]

ATk

Alfred Werner
57La 5200 | 2Pr [cNd ¢!
7 ¥

(U ZUf‘lCh, I Sm/63Eu [64Gd | o5 Tp |66 Dy |5
s ,1. I d) sk [won | 358 |#avs : BEY Beon] R iz nmwn sl vy | B ieFos
witzerian 89%6 wTh ?DE% gl ggglf egébe gé?

ul

by

M|ss Om | 278Kk | 26CF |99 Es 100 Fmitos Md |02 No w0z Lr
ER 5y 255 |Famn| g | |8 7%’1?1 ’é"’o% o | o

Widely used world-wide for more than 100 years.

Invented by Werner in 1905 and
iImproved by Pfeiffer in 1920.



@® Any rooms for further improvements? 8

Werner-Pfeiffer’s Periodic Table @ Why are there such gaps,,J

/

T2 134|567 /|8]F9 10/11 12//{ 14115116 17|18
rH 2He
K& AT L
sLi |«Be sB [¢C | 7N [ 30 | sF [1oNe
UFDh (<UL WE| 7R | R | BR | E |13
11Na 12ME LSfJ 4Si [ 5P | 168 | 17Cl | 12Ar
Y74 391 om0 | BE | B (A
19K 200&’ ) 21 Ga 3,;5/579 1 As| 145 |33Br |Kr
D4 | AL funk|2ef | E& |t | 2R (U
77Rb %83," .49[n 08n [518b|52Te| 53] |54Xe
eson A8y roonn| 23 |FAR T | 30E (SR
55 0s |56 Ba |°L° 51T |&2Pb | 52Bi |2 Po| 25 At [26Rn

Weriner 0k | T4 AL | gh | EAFR [ROSVL| 7R | S
877_Er 5 Ra 2 MJENUPL Hiﬂ HﬁjMG neLv|117Ts | 1120g
— B | TR jz n
941, |59 ¢ | 693 | WO |7 PERE
57La |5:Ce @Pg 60N |6;E5" 5 .8m G:EUED” aénud 65 Th ??QV 57Ho | ez Er |62 Tm }OYR 71 Lu
SR |09 h | 445 (#3490 £5], PRUTL Fan | 2yl PEos| SR [l amiean wan | TE Y AT
1 : 0

\
Aﬁc %0 Th |2 } o |91'0 |94Pu 5?;71 5Cm|97Bk | 230f |22 Es o0 Fmiios Md 102 Noy10a L
2Ok = I | | T } = Wb | 7422 el | A AN (B
/ Lo (2857 | o5y | Fay U Z0E | 22y sl g | s | Y 1S | el (R

(" )
@ Why should they be in ® Why are similar elements separated?

? :
a separate table: Ca-cd Ti- 2‘
SmCao, - y

Nd,Fe,,B (high-tech magnet)




| Invented a new periodic table to solve these
problems: “Elementouch” 2001

The three problems are all
resolved /

. 15— ‘.:-
aCf o8 =5

Elementouch




Periodic law
IS recovered

lonic tendencies:

Properties
of elements
In compounds

£ 3.2 AvFV—T70RMK G Ann Suppl, 8,133 (1871))

10

Gruppe Gruppe
Reihen = =
R,0 RO
1 51|
2 |Li=7 Be=9.4
3 Na=23 | Mg=24
4 |K=39 (@ao
5 (Cuz63)|  Zn=65
6 | Rb=85 Sr=87
7 (Ag=108) 12
8 | Cs=133 | Ba=137
9 (=) ==
10 - -
1 (hu=199)|  Hg=200
12 - -

Tuppe

R; 04

B=11
Al=27.3
-3
=258
7¥t=88
In=113
7Di=138
7Ec=178
T1=204

ruppe 4 [Gruppe 5 | Gruppe 6 | Gruppe 7 | Gruppe B
RHy RH; RHs RH =
RO, Y. R,0; RO; R; 04 RO,
€=12 N=14 0=16 F=19
51=28 P=31 52321 Cl=35.5
8 V=51 Cr=52 Mn=55 Fe=56 Lo0=59
N1=59 Cu=63
-z72 As=75 Se=78 Br=80
Zr=90 Nb=94 Mo=96 -=100 Ru=104 Rh=104
Pd=106 Ag=108
Sn=118 Sb=122 Te=125 J=127
Ce=140 - - - ~_— = -
7La=180 | Taz182 W=184 - 0s=195 Tr=197
Pt=198 Au=19%
Ph=207 Bi=208 - -
Th=231 - U=240 — _—_ =

+3 ions




] ) . .
A: How can Mendeleev’s periodic law be reproduced 11
with a 3-tube helical periodic table?
. 7 = 15 "
A: lonic tendencies (“valency”) repeat among three blocks.
£ Group IUPAC since 1988 3(4|5|6|7|8]|9]|10[11[12[13]|14]|15|16[17]|18]| 1| 2
3 notations [ Chem. Abs. Serv. until 1986|I1IB |IVB | VB | viB |viB| vl [ viir | viir | 1B [HIB | INA [IVA| VA | VIA [viIA|[viiA] 1A | IA
S T (He)
He| Li [Be
p 2| 3] 4
d B|C|N|O|F|Ne|NalMg
56| 7|8[9]10]11]12
f Al[Si|P|S|CI|Ar|] K |Ca
13|14 15|16 [17] 18] 19| 20
Sc|Ti| V|Cr{Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr|Rb| Sr
21| 2223|2425 26|27 | 28|29 |30[31[32]|33]|34[35]36] 37|38
Y [Zr [Nb|Mo| Tc|Ru|Rh|Pd|Ag|Cd| In |Sn|Sb|Te| | | Xe|Cs|Ba
191202122 23]|24)|25)|26|27|28[29|30|31|32|39|40|41|42|43|44|45|46|47|48|49]|50|51|52|53|54] 55| 56
La|[Ce| Pr|Nd|Pm|Sm|Eu|{Gd| Tb|Dy|Ho| Er |Tm|Yb|Lu| Hf [Ta| W |Re|Os| Ir | Pt |Au|(Hg| Tl [Pb| Bi [Po| At|Rn| Fr |Ra
57|58 |59|60|61|62|63|64|65|66|67|68|69|70|71|72|73|74|75|76|77|78|79|80|81]|82|83[84]|85]86]|87]|ss
Ac|Th|Pa| U |Np|Pu|Am|Cm|Bk| Cf | Es |[Fm|Md|No| Lr | Rf |Db|Sg|Bh|Hs| Mt|Ds|Rg|Cn|Nh| FI [Mc| Lv|Ts|Og 119l 120
89/90|91|92|93|94|95| 96|97 |98 |99 |100]{101[102|103[104|105|106[107|108|109|110[111[112]|113|114|115][ 116|117 118
+3 | +4 (+2)| +3 | +4 (+1)] 2| +3 | +4 +1 ]| +2
l )
1
f-block elements
d-block elements s- AND p-block
g
*f\ ¢
BEBER elements
BRI STR



Comparison among previous helical periodic tables and Elementouch

12
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Maeno 2001
(Elementouch)

Shaltenbrand 1920
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TV series [ COHARTE! |
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Globe and Elementouch

16

wTe Dy yHe

Cm Bk pCf yEs (Fm uMd ule jule

w2019

HHE B0

Conventional periodic table

Is like a world map.

Elementouch
IS like a globe !

A new world map ?



Elementouch

1. Mendeleev’s periodic system |2$I|9:;% ; _
@ Periodic law was the core of his invention. e
lil_zl:t% }E—F‘ ZS.‘ n i_.
-x?.:,L,—;Jp:w;mx-m — EUTSUZRI
2. Werner (1905) invented R

the modern long-period table

@® Mendeleev-Werner’s periodic table

3. Elementouch

@ Bridging the gap
between the long and short tables

Japanese counterpart
of “Physics Today”



YouTube:
“Science News Network Vol. 427 (SNN42)

Our laboratory HP:
http://www.ss.scphys.kyoto-u.ac.jp/elementouch/index.html

Thank you!

18



Origin of the discontinuity:
different electron orbitals

The orbital wave functions

//Qi

L
HR

Electron shells

K shell : 1s
L shell : 2s, 2p
M shell : 3s, 3p,(3d)

N

shell :(4s,Jp, 4d, 4

4s is occupied before 3d
(origin of discontinuity).




Electron shells &FD7% (H'<)

Why is Werner’s table in this particular form?

Bohr's model of atoms

energy: E, oc —-1
n

Principal quantum number (£ = F%)
n=1 2, 3, 4, b,..
Electron shells (E¥%
K, L, M, N, O,.
Number of electrons (& ?Hﬂ@y&)
2, 8,18, 32,580, ..




3D Periodic Table of the Elements: Elementouch

sp orbn‘als

d orbitals

9)

electron
sub-shells f orbitals

21



Elementouch on a T-Shirt

"a new world map” ?
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