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2vveoplo oty Karlsruhe
3 —5/09/1860

* [Ipwto 01EBVEC GUVEIPLO Xnuelag
* ZexoBoplotTnkov KATmS 01 EVVOLEC ATOUO Kot LOPLOo
* OpicOnkav Ta a.W. Ko €.W.



Stanislao Cannizzaro
1826 — 1910

* YVYKEVIPWOGE TNV
gpyaocio Tov Avogadro

e ¢ ..The different
guantities of the same
element contained In
different molecules are
all whole multiples of
one and the same
quantity, which always
being entire, has the
right to be called an
atom . ..”




Alexandre-Emile Béguyer de Chancourtois
1820 —1886

* 1862: 01 1010TNTEC TOV
GTOLYELMV EIVUL TTEPTOOIKT)

_ | GLVOPTNGT TOL a.W.
il * Mikpn avoyvmpion
. 7  [Ipdtn oymuotikn
katdtaén, “Vis Tellurique”
* Agv EhoPe vToOyy YMUIKEC
OULOLOTNTEC
o YvumeptEdaPe pilec

L ‘/




VIS TELLURIQUE

CLASSEMENT NATUR

SYSTEME DE CLASS

VIS TELLURIQUE

CLASSEMENT NATUREL DES CORPS SIMPLES OU RADICAUX

obtenu ou moyen d'un
SYSTEME DE CLASSIFICATION HELICOIDAL ET NUMERIQUE
oor A.E. BEGUYER oe CHANCOURTOIS

Atvovtog Faraday Lecture to 1889,
o Mendeleev oyolioce apvnTikd
VTO TO TEPLOOTKO GUGTILLAL.

A.E. Béguyer De Chancourtois,

Vis Tellurique: Classement naturel des corps simples ou radicaux, obtenu
au moyen d’un systéme de classification hélicoidale et numérique,
Comptes Rendus de L’Academie, 54, 757-761, 840-843, 967971, 1862.




John Alexander Reina Newlands
1837 — 1898

* A&V GLUUETELYE OTNV
Karlsruhe

* 1863: mpoPreyn

aAKoAiov pe a.w. 163,

GTOLYELO EVOLAUEGO TOV
Ir, Rh

* 1864: onuocicvon
OEVTEPOV GUGTNUATOC




Group I. Metals of the alkalies :—Lithium, 7 ; sodium,

- i ; idi - i ; thal- - . . .
]zfm':ﬂ}}::,ifsmm' 39; rubidium, 85; emsium, 123; tha Member of a group One element immediately  Difference

The relation among the equivalents of this group (see
Cuemicar News, January 1o, 1863) may, perhaps, be
most simply stated as follows :— ) - .
1 of lithium + 1 of potassium = 2 of sodium. Magnesium 24 Calcium 40 16
I o + 2 T = 1 of rubidium.

1
= " + 3 " - i t— Oxygen 16 Sulphur 32 16 1
1

X » + 4 ” = 163, the equivalentof a § 1 :¢hiym 7 Sodium 23 16
metal not yet discovered.

1 + 5 s -I- 1 of lh;“'“mM Carbon 12 Silicon 28 16 1
Grou II. Metals of the salkaline earths :—Magnesium, : . - : :
19+ Ga1£,um' 20 strontium, 43-8; barium, 68°s. Fluorine 19 Chlorine 355 16.5 1.031
ba:{::l n?.us group, strontium is the mean cf calcium and Nitrogen 14 Phosphorus 31 17 1.062

Group III. Metals of the earths:—Beryllium, 6:9;
aluminium, 13'7; zircommum, 33'6; cerium, 47; lantha-
nium, 47 ; didymium, 48 ; thorium, 59°6.

Aluminium equals two of beryllium, or one-third of the Lowest Term
sum of beryllium and zirconium. (Aluminium also is one- ; g 117 = Mg 2
half of manganese, which, with iron and chromium, forms
sesquioxides, isomorphous, with alumina.) . +16

1 of zirconium + 1 of aluminium == 1 of cerium. : +:(7;
+ 2 == 1 of thorium. ; 116.5
Lmut‘namum aud didymium are identical with cerium, or 3 i +16 K 39
nearly so. . L +16 Ca 40
Group IV. Metals whose protoxides are isomorphous - Mo 96
. with magnesia :—Magnesium, 12; chromium, 267 ; man- : Pd 1065
ganese, 27'6 ; iron, 28 ; cobalt, 29°5 ; nickel, 29°5; copper, ) ) )
317; sine, 32°6; cadmium, 56, - Relations Between Equivalents, Chemical News, 10,
etween magnesium and cadmium, t‘t&e e:f(trlmmmcs of
this group, zinc is the mean. Cobalt and nickel are iden- L
tin::al.g Between cobalt and zine, copper is the mean. Iron 59 60; 1864
is one-half of cadmium. Between iron and chromium,
manganese is the mean,

Group V.—Fluorine, 19; chlorine, 35'5; bromine, 80;
iodine, 127.

In this group bromine is the mean between chlorine and
iodine,

Group VI.—Oxygen, 8; sulphur, 16; sclenium, 39'5;
tellurium, 64°z.

In this group selenium is the mean between sulphur and
tellurium,

Group VIIL.—Nitrogen, 14; phosphorus, 31; arsenie,
753 osmium, 99*6; antimony, 120'3; bismuth, 213.

having lowest equivalent  above the preceding one H=10=16

Si 28
P 31
S 32
Cl 355

o

On Relations among Equivalents, Chemical News, 10,
Avavoua, On Relations among the 94-95 1864

Equivalents, Chemical News, 7, 70-72, 1863
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Chemical News, 13, 113-114, 1866

* 65 ototyeia, apiBunon katd adEov a.Ww.

* €V £TVYE KOAANC OTTOO0YNG

* 1 AVOKAALYT) TV ELYEVOV OEPIOV TOV OIKOIMGCE

* 0 Mendeleev Bempnoe T cvvelcPopd Tov peyoldTepN ATd
tov Lothar Meyer

* BpaPeio Davy 1887



William Odling
1829 — 1921

* 1864: onuoocicvon ue 57
amo ta 60 yvoota otoryEld

* AoVAgye aveCaptnTo omo
tov Newlands

* AWTIOTMGE TEPLOOIKOTNTA
LE olopopd a.w. 16

* Aly®PLoUOS OPIGUEVOV
oTolyElwV ne Paon tic
otpopéc ota a.W. (Zn, Cd
nali, yopiotd o MQ)




Ro 104 Pt 197
Ru 104 Ir 197
Pd 106+5 Os 199 0 C
....... H 1 " ” Ag 108 Au 196°5 he 2 de
o g Zn 65 Cd 112 Hg 200 ......,
....... L 7 i # s T1 203 N N
G 9 " " " PO 0T o
B 1| Al ors | . U 120 2 ' C CIC
C 12 |- S 28 " B Mhkiaive s ~
N 14 31 As T5 Sb 122 Bi 210
0 16 | 8 82 Be: 79-5 | “Te 120 .cfeoenin Oroup
....... F 19 Cl 3855 Br 80 I 127 £
....... Na 23 | K 39 Eb 85 Cs 133 b 01110
Mg 24 Ca 40 S 875 | Ba 137.. IR L 0Q CQ
Ti 50 Zr 895 | Ta 138 Th 231-5
Z Ce 92 ;s C
Cr 525 Mo 96 (V 187, harfe
F Mu 55 \w 18t
Fe 56 0 a
1 Co 59
Ni 59 9 .
\ Cu 63°5
O e Proportic DEers O eme
Quarte 0 0 eNCe 04 043 304



Gustavus Detlef Hinrichs
1836 — 1923

* Melétnoe ta
OTTOTEAEGLLOLTO, TMV
Kirchoff kot Bunsen

* YVVEOEGE TIC LOVPEC

YPOLUEC OTO POGLLOTO LUE
TO d.W.

* 20VoEoT a.W. UE TIC
olotdocelc: A=ax b xc

* H/2 o¢ Baoikn povdda




G.D. Hinrichs,
Programm der
Atomechanik oder
die Chemie eine
Mechanik de
Pantome, Augustus
Hageboek, lowa
City, 1A,

1867




Julius Lothar Meyer
1830 — 1895

* Emnpedotnke and tov
Cannizzaro: “The scales fell
from my eyes and my doubts
disappeared and were
replaced by a feeling of quiet
certainty.”

* 1862: oto BiBAio Tov, 28
oTOLYELN KT AVEOV a.W.

* 1864: onuocicvon dpOpov ue
28 otoryeio (0p1lovTIEC
OYEGELC)



4 werthig 3 werthig 2 werthig 1 werthig 1 werthig 2 werthig
—— — — - Li = 7.03 (Be = 9.37)
Differenz = —— —— 16.02 (14.7)
C=120 N=14.04 0 =16.00 Fl1 =19.0 Na = 23.05 Mg = 24.0
Differenz = 16.5 16.96 16.07 16.46 16.08 16.0
51 =285 P=310 5=3207 L"-"l=35_4ﬁ K= 139.13 Ca = 40.0
Diferenz = | 5 = 4a.55 44.0 16.7 44,51 46.3 47.6
As =750 Se = 78.8 Br =7997 Rb= 854 Sr = 87.6
Differenz = | 821 = 44.55 45.6 49.5 468 47.6 49.5
Sn=117.4 5b=120.5 Te=1283 1=126.8 Cs =133.0 Ba =137.1
Ditferenz = 894=2x447 BT4=2x43"7 —_ (71 =2 x 35.5) ——
Pb = 207.0 Bi = 208.0 — n - (Tl =2047) —-—ﬁ

* Katdraén pe Ppaon 1o 6BEvoc
o Xnuikég Ko puotkeg 1010tnteg (m.y. Te, 1)

* [IpoPAeyn Ge

J. Lothar Meyer, Die modernen Thoerien und ihre Bedeutung fiir die chemische

Statisik, Breslau (Wroclaw), 1864




Aldypo o aToUKoU OYKOL — ATOUKOU Bapoug

J. Lothar Meyer, Die Natur der Chemischen Elemente als Function ihrer
Atomgewichte, Annalen der Chemie, Supplementband, 7, 354-364, 1870. Redrawn
by T. Bayley, Philosophical Magazine, 13, 26-37, 1882




JimuTpuit IBanoBu4y MeHencen
Dmitri Ivanovich Mendeleev
1834 — 1907

Apxucoc TOCIVOUNGE TO
otolyeio ue faon to
c0Evoc
* EvAvTioC 6TIC TPLAOEC
* F, (Rb, Cs, Tm)

* XPNGIUOTOINGE TO. a.W.
tov Cannizzaro

* Agv gtvon EexdBapo To
TG CEKIVNGE v
CKEPTETOL
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17 dePpovapiov 1869

*TOTMGE Ko OEVELUE
200 avtitomo Tov
GLOTNUATOC TOV

[IpoéPAeye “many yet
unknown elements e.g.
elements analogous to
aluminum and silicon
with a.w. 65 — 75”



K = 39 Rb = 85 Cs = 133 — —
Ca = 40 9r = B7 Ba = 137 — —
— Yt = B87pPDi = 1387| Er = 1787 -
Ti = 487 | &r = 90 | Co = 1407|?7La = 1807 | Th = 281
V = 5l Nb = 94 -— Ta = 182 —
Cr = 52 | Mo = 9§ — W = 184 | U = 240
Mn= 55 — — — -
Fe = 60 | Ru = 104 — Qs = 1957 —
Typische Elemente Co = 59 Rh = 104 - Ir = 197 -
——— e — Ni = 59 | Pd = 106 — Pt = 1987 i
H =1 | 1a = 7 Na = 73 Cu = 63 Ag = 108 - A = 199¢ —_
Be = 94 Mg = 24 o= 65 | Cd =112 — Hg= 200 | = —
B =11 Al = 27,3 - In =113 — Tl = ?EH'. —_—
C =12 81 = 28 —_ Su = 118 — I'bt = 207 _
N = 14 I = 31 As = 75 | 8b = 122 - Bi = 108 —
0O = 106 38 = 12 Sy = 78 Te = 1257 -— -_— —
| Fo= 19 Cl = 353 Br = 80 J =127 - — —

D.l. Mendeleev, Sootnoshenie svoistv s atomnym vesom elementov,
Zhurnal Russkeo Fiziko-Khimicheskoe Obshchesty, 1, 60—77, 1869




Mendeleev’s Spiral Table of 1869

Cu Rb Ag Cs
63.4 85.4 108 133
Zn Sr

Zr

23 Avyovotov 1869

D.l. Mendeleev, Zhurnal Russkeo Fiziko-Khimicheskoe
Obshchestvo, 1, 60—77, 1869



MENDELEEFF'S TABLE [.—I1B7T.

GrROUPIV.| GROUP V. |GROUP VI. (GROUP VIIL,
Seres. GroUFP I. | Grovp I1. [GroUP IIL RH,. RH,. RHa. RH. Groupr VIII.
R".ID' RO. R'JDE‘ F.D-;. R:Uﬁ. RDT Rgﬂ}q RD""
I - H=:
2 sssssss|Li=7 Be=n.4 B=r1 C=12 N=r14 D=16 F=19
3 orennas Na=23 Mg=24| Al=27.3 Si=z8| P=31 S=32 Cl=355
G srevens | K=39 Ca—y0 —=yy Ti=48 Y=s1 cr=sz Mn=j55 Fe=:s56, Ce=359
| Ni=s9, Cu=t3
LR (Cu=43) Zn=>%45 — =53 —=2| As=75 Se=78 Br=54}_
6 +si00ev.|Rb=E5 Sr=iy ? Y=388 Zr=o0 Nbh=o4 Mo=qg6 —=100 Ru=1g4, Rh=r104
P’d=[ﬂ5, Ag‘::nﬂ
T oo (Ag=I108) Cd=r112 In=I113 Sn=r118 Sbh=r1z2 Te=r125 I=127!
|
8 .. « |Cs=133 Ba=157 ['Di=138 |1 Ce=140 | i
9 T TR e ----! LN
I
IO ssansase ? Er=178 ' La—18n |Ta=182 iW:rEq Os=195, In=197
Pt=198, Au=199
Il eveeves [Au=109) Hg=200 Ti=z204 Pb=207 Bi=z08
!
IZ » . Th=231 U=z40

Estestvennaya sistema elementov i primenie ee k ukazaniyu svoistv neotkrytykh

elementov, Zhurnal Russkeo Fiziko-Khimicheskoe Obshchestvo, 3, 25-56, 1871.




even elements

Ir Iir Iv v

Be B C N

even elements odd elements

[ I 11 Iv vV VI VII VIII [ I I v v

Mg Al 51 P
K Ca 1 V Cr Mn Fe Co N1 Zn Ga
Rb Sr Nb Mo — Ru Rh Pd Cd In Sn Sb

Cs Ba
— : Os Ir Pt Hg TI Pb D

Redrawn from D.l. Mendeleev, Chemical News, 40, 231-232, 231




Antonius van den Broek
1870 — 1926

1913: mpoteve Ta
GTOYELD VAL
KOTOTAGGOVTOL LUE
Bdomn to mupnviko
TOVC POPTIO




Henry Gwyn Jeffreys Moseley
1887 — 1915

H cvyvotta tov K-

YPOLUU®DV GTO QAGLLOL

KaOe oTOorYEIOD

. OVOAOYM LE TO

* 1eTply®VO TOV

OKEPAULOV TOV

| avTioToyyel otn Oéon

B 70V oToyEiov GTOV
IL.II.




g Longest lived isotopes
y. of transuranium elements

MEeEAAOV ()

Q¢ 10 1970: Z,,,, =108

* Apyéc 1970: mpoPArEpOnke
otofepotnta Yo Z=114 kot
N=184

Superheavy elements:

)
L]
5
3
2
-
m
I

t;/, = NAkia Tov GOUTAVTOC

Decay by losing
alpha particles

94 98 102 106 110
Atomic number
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Periodic Table 1-172 18 Orbitals

2
He

10
Ne
18
Ar

21 1 22123124 )125)126)27)28]129] 30 36
SclTiJ] V]ICr|Mn]Fe]lCo]lNiJCul]lZn Kr

390140 | 41 | 42 143144454647 ] 48 54
Y | Zr {[INb|Mo| Tc JRuJRh ]| Pd | Ag | Cd Xe

72173747576 17778 79|80 86
T fHf JTa] W]Re|Os| Ir | Pt | Au] Hg i Rn

89- 106107108109 110¢111
Rf | Db ] Sg | Bh | Hs f|Mt | Ds | Rg | Cn

1s

2s2p

3 4 5 6 7 8 9 10 11 12 3s3p

4s3d4p

5s4d5p

6s5d6p

117118 ] 7s6d7p

158‘159 160‘161‘162‘163 171‘172 8s7d8p

9s9p

124 11251126 § 127 1128129 131 § 132133 134135)136§137|138
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