F K&c zalina a konéi Periocjické tabulka
O objevech a omglech

- ,,Velevdzeny pane!
Dovolte mi, abych Vam predal separdt zpravy, z niz vyplyvd, Ze jsem objevil novy prvek
»germanium®. Nejprve jsem byl toho ndzoru, Ze prvek zapliiuje mezeru mezi antimonem
a vizmutem ve Vasi znamenité predvidaveé sestavené periodické soustavé, ..., ale vsechno
poukazuje na to, Ze mdme co cCinit s eka-siliciem.

Doufdm, Ze Vam budu moci brzy sdélit vice podrobnosti o této zajimavé ldtce; dnes se
omezuji jen na to, Ze Vds zpravuji o velmi pravdépodobném triumfu Vaseho genidlniho
vyzkumu a vyjadtuji Vdm své uzndni a hlubokou tctu.* |

Clemens Winkler,
Freiberg, Sasko, 26. 2. 1886



Fcrio&ickg’ zakon — ned@véra a potvrzeni

Tattamun |

s =

OllKTH CHCTEMBI BJIEMEHTOBS,

[ BA HXB BHOH I XHMMUFTROM S CMULCTHS

Ti=560 Zr=g0 7 = 150,
=51 Bb=g4 Ta~ 162
re52 Mo- 98 W= 184
n= 55 Rb= 1044 Pt= 1074
e= 56 Ra=104.4 Ir= 198
=59 Pl=106.0 04=105,
u= 6314 Ag=10§ Hg- 200
Bow 9.4 Mg 24 Zum 65,2 Od=ii2
Be1l Al=2747=68 Cr=118 Au=1977
C=m2 B1=28 v=70 Sp=uS
Netd Peli dam?5 Bb=it? Bi= ot
O0=138 B=3¢ Bo= 704 Te=1287
F=i C1=35sBr=00 [=127
Li=7 Na= 23 K= 39 Rbw 854 Os= 133 The= 204,
8= 40 Br= 87,0 Ra= 157 Phe 207.
P 45 Com 82
‘ TEr=58 La= 84
7Y¥1=60 Di= 95
TIn= 75sTh= 187

SamMs
[ - -

A Mempemern

~ Ned(véra:
Bunsen a Kopp vs. Volhardt

. Mendelejeff D.: Ann. Chem. Pharm., Suppl. 8, (1871) 133

Pfedpovédi existence a vlastnosti prvku:
Eka-silicium |
Eka-aluminium = Excelentni predpovédi
Eka-bor




Sfalerit (ZnS)

1876,75 g Ga z

* »

aul Emile Lecoq de Boisbaudran
(1838 - 1912)

Vlastnost Eka-aluminium (Ea) Galium

Atomova hmotnost 68 69,72
Hustota [g cm™] 6,0 5,96
Atomovy objem 11,5 11,8
Teplota téni [°C] nizka 29,78
Tvorba kamencii ano ano
Slozeni oxidu Ea,O4 Ga,0;
Hustota oxidu [g cm™] 5,5 3,90
Slozeni chloridu EaCl; GaCls

Teplota varu chloridu [°C] niz8i nezu ZnCl, 201
(230 °C)

Hustota chloridu [g cm™]

Lecoq de Boisbaudran, Chem. News (1875) 294-2

Eka»-aluminium, 1875

Prakopnik spektroskopickych technik
Neveédél o existenci periodické tabulky

Povlak na Zn - vykazoval neznamé cary se spektru

1875, ne€kolik mg GacCl3 z 52 kg rudy, pozdeji 1g
Ga z 300kg rudy, urceni hustoty - 4.7 g/cm3

204 Cerlain Properties of Gallinm. Eae .

Ya Soc, ChimigugmRuss

4-t.3ta

lgmgnts. of asufficient quantity 1 have been unable to analyse it
u,,_ b Grovp, and measure its angles, but its characters appear suffi.
Si P
Es

1z ! ciently distinét to warrant my conviction, subjedt to futare
Zn B 2 As verification. The alam in question is soluble in cold
cd in Sn sh water, but on heating the alum is decomposed, and the
L . 2 liquid becomes turbid. This alum is not decomposed
It must be further remarked that until the discovery of | when heated with water mixed with acetic aeid. It
the periodic law it was impossible to predilt the ex- | orysiallises very readily in cubes and odahedra, pre-
istence of metals still unknown, and to dewermine their | yenting exadlly the aspedt of common alam, and the soku.
propestics, ’ 4 | tion evaporated under the microscope behaves just like
M. Lecoq de Boiskaudran, having applied his new | known alums. The crystals of gallium alom do not ad
methed of spectrum is, announces (Comples | ypon palarised light ‘between two Nicol prisms giving
Rendus, p. 493) the presence, in the blende of Pierrefitte | exiindtion, A small erystal of gallivm alum was kept for
(Pyrences) of a new metal, which he names Gallium. | yome time under a layer of water, and then laid in a
The manner in which it has been discovered, the process | giiphyly d kolution of ja-alumina alum,
of its separation (precipitation by H,S belore Zn), and | [y grey iﬂl’m:diﬂl:])’ therein, and determined the crystal-
certain propertics described (precipitation by BaCOy | fjsation of the liquid, With an excess of ammonia
zﬂ-;b-htyduft iy lt"n‘r:;:ﬁ:"i:f;"‘aﬂi':-;l:ﬁrﬁ:ﬂ'ﬁ\tm::“lc'g- galliun akion behaves like the other salts of this metal
c.), rende: - H e 0
aluminum, 1 further research confirms the Identity of | in"solation: “The vory ‘acid sclotion of GaiChy i pres
the properties just assigned to cka-aluminium with those | ciniiared by yellow iat he iacal solution
of gallium it will be an instrudtive example of the utility | of gallium sulphate is decomposed by the voltaic curren.
nl’\m\l:: 'F:‘llI;dl}t':olI:;v.‘h“ the discovery of cka-silicium. Metallic gallivm l\‘_s dcrlui‘imtl' on |_:;§ platinum p:n:lz \l;hl:th
¥ y 5 v A ositiv
Eswm72(EsDy), whose presumed propertics arc Jaid down covered AL the same time with a whitish fim, formed
o Lobes Aunalen; Soppl —br?( il p- 273 will -ogn,b; by a pellicle which is easily detached from the platinum,
c tle_- t shou C'Wi- R‘ ;5!“' ially along with | 304 which is insoluble in a large excess of ammonia,
arsenic and titanium.—Comptes Rendus, In a first operation 16 milligrammes of gallium were
deposited in four and a half hours on a platinum foil of
about 185 square m.m. surface : the surface of the posi.
ON CERTAIN PROPERTIES OF GALLIUM, | tve electrode was 877 square mm. The battery was
composed of five bichromate pairs (zincs =17x 10 c.m.)
By M. LECOQ DE DOISBAUDRAN. conneéted for tension. The specimen laid before the
—_ Academy weighs 34 milligrms., and was depoaited in
| five hours forty minutes upon a surface of about
123 to 124 square m.m. The positive eledrode
‘wat 877 square m.m. The current was fornished by
| ten bichromate elements, of the same size as above men-
tioned, and connedled for tension. Eledirolytic gallium
forms a very adhesive layer; it is hard, and polishes very
badly when rubbed with an agate burnisher. A better
polish is acquircd by strong pressure with the agate bur-
[ nisher. The metal acquires then much lustre, and seems

iilg, 47) by considering its luil which I believe to be ammonia-gallic alum. For want
i
1
I

ArTra attempte, which the rarity of the material in ques-
tion has rendered long and lab v pre the
salts of gallium so pure as to give with the speQiroscope,
beside 3 magnificent spectium of gallium, mesely feeble
traces of the zinc rays, Zna 14462 and Zny 150'05. Such
a proportion of zinc is far below the limit of sens yof
ordinary feagenis. S

On examining the properties of pure salts of gallium 1
observed certain deviati L ions p
when gallium is mixed with much zinc. This is not sur.
prising, but will require new researches, with which I shall
occupy mysell when [ have recruited my stock of gallium,
which has been pletel by the experiments
described below. After referring to the properties of a | crystals. Gallium deposited on a sheet of platinum does
mixture of gallium and zinc, as described in Comples | not become notably o sed on washing with cold or
Rendns, September, 1875, p. 495 (and in the Cuemicar | boiling water,” nor when dricd in the open air at tempera.
News, vol. xxxii., p- 15911 author then proceeds to give | tures borderin upon 200" [t decomposes water acidu-
the reactions of pure gallivm i— lated with hydrochloric acid when cold, and more rapidly

The ele@tric spedirum of chloride of gallium, slightly | when hot, with a brisk evolution of hydrogen. The salts

whiter than platinum. When the elediric current is daly
regulated gallium presents a fine matt surface, of silvery
whiteness, finely granulated, and seattered over with
small brilliant points, which the microscope shows to be




I~ ka-bor, 1879

~ Lars Fredrik Nilson
(1840 -1899)

{ 642)

CHIMIE, — Sur l‘_]'ll!erbine, terre nouvelle de M. Marignac. Note
de M. L.-F. Niuson, présentée par M. Berthelot.

n Upsal, 12 mars 187g.

» On sait combien a été utile, pour la connaissance des métaux de la
gadolinite, 'observation faite il y a vingt ans, par M. Berlin, des décom-
positions différentes qu’éprouvent les azoltates par une élévation de tem-
pérature : elle vient encore d’enrichir la Science de nouveaux résultats.
M. Berlin lui-méme est parvenu, en appliquant cette observation, a obte-
nir la terre blanche yttria parfaitement purifiée de la terre rose qui y a été
découverte en 1843 par Mosander; depuis, MM. Bahr et Bunsen, et plus
tard M. Héglund, sont arrivés & purifier la terre rose de I'ytiria. Enfin,
récemment, M. Marignac a découvert que cette terre rose, qu'on avait ap-
pelée jusqu'ici erbine, n’était qu'un mélange de deux terres distinctes :
'une, d'un rose pur, présentant des bandes d'absorption marquées, I'er-
bine; I'autre, blanche, 4 laquelle il donne le nom d'ytierbine, La quantité
de ce corns nouveau dont il disnosait était tron faihle nour nermettre de

Prof. analytické chemie
Vyzkumy o sloZeni pad a vzacnych zemin

Euxenit, gadolinit (yterbit)

Nilson -2 g Sc,0,, v Cistém stavu az 1937

cka-bér (Eb) — skandium (Sc)

atomovi
vaha

chemické:

‘Vlastnosti

44
Eb,0, bude zdsadit&jsi nez

| oxidy yttrin nebo hoi¢iku,

nebude rozpustny:
v hydroxidech, je otizka,
zda se bude rozklddat

| v piitomnosti chloridu

amonndho

44,906

S¢,0, je zisaditéjii nez
oxidy yttria nebo hotdiku,
neni rozpustny

v hydroxidech

a nerozklddd so

v pfritomnosti chloridu
amonného

Mendélejey

soli bezbarvé, budou
tvorit zelatinézni
srazeniny s roztoky
hydroxidu draselného a
uhli¢itanu sodnc¢ho

xoli nebudou snadno
krystalizovat z roztoku

| uhli¢itany nebudou

rozpustné ve vodd
podvojné sirany
s alkalickymi kovy

| nebudou pravdépodobn®

vytvifet kamence

nebude patené objeven

spektroskopicky

soli jsou bezbarvé,

s roztoky

l|_\'llruxi11u draselného o
uhli¢itanu sodného tvofi
zelatindzni sraZeniny
siran krystalizuje

velmi téZee z roztoku
uhli¢itan je nerozpustny
ve voda

podvojné sirany
nevytvireji kamence

nebylo objeveno
spektroskopicky

Nilson L. F., "Sur I'ytterbine, terre nouvelle de M. Marignac". Comptes Rendus. 88 (1879) 642-647




Eka»ﬁilicium, 1886

Prof. chemické technologie a analytické chemie ve Freibergu

Argyrodit (ddl Himelfirst u Freibergu) - Ag,GeS,

Ag a S zjisténé analyzou = 93% materialu
Umisténi v tabulce: Mendélejev: eka-kadmium
Meyer: eka-silicium

60, Clemens Winkler: Germanium, Ge, ein neues, micht-
metsliisches Element.

(Eingegangen am 8. Februar: mitgeth. in der Sitzung von Hrn. A. Pinner)

Im Sommer des Jahres 1885 zeigte sich auf »Himmelsfirst Fund-

grube« bei Freiberg ein reiches Silbererz von ungewGhnlichem An-

1 sehen, in welchem A. Weisbach eine neue Mineralspecies erkannte,

Clemens A' Wlnkler die er »Argyrodite bepannte. Th. Richter unterwl;rf das Mineral

einer vorldufigen Untersuchung vor dem Lithrohre und fand darin als

(1 838 —_ 1904) Hauptbestandtheile Schwefel und Silber, aulserdem aber counstatirte er

das Vorhandensein einer geringen Menge Quecksilber, was insofern

auffallend und interessant ist, als dieses Metall sich®auf den Freiberger
Erzgingen bisher noch niemals gezeigt hat,

Vlastnost Eka-silicium (Es) Germanium Bei der von mir vorgenommenen Analyse des Minerals ergab

. sich, dass der gedachte Quecksilbergehalt nicht mehr als 0.21 pCt.
Atomova hmmfl ost 72 72,60 betriigt; ausserdem wurden im Argyrodit, je nach der Reinheit des
Hustota [g cm™] 5,5 5,35 angewandten Materials, 75 bis 75 pCt. Silber and 17 bis 18 pCt.
Atomovy objem 13 13.57 Schwefel, sowie sehr geringe Mengen Eisen und Spuren von Arsen

. gefunden. So oft und so sorgfiltig aber die Analyse auch durch-
Teplota tani [°C] gefiihrt werden mochte, immer schloss sie mit einem etwa 6 bis 7 pCt,
Tvorba kamencil betn-;getlxden Verluste ab, oh"ne‘dass es nach "dem iiblichen Gange der
.. qualitativen Untersuchung méglich gewesen wiire, den fehlenden Kirper
Slozeni oxidu EsO, GeO, zu entdecken. b
Hustota oxidu [g cm'3] 47 423" Nach n_lehrwﬁchentlichem, miibevollem S-nch‘eu kann ich heute. mit & - "? -

Bestimmtheit aussprechen, dass der Argyrodit ein neues, dem Antimon "

Slozeni chloridu EsCly GeCly sehr iihnliches, aber von diesem doch scharf unterschiedenes Element
Teplota varu chloridu [°C] ~ 100 83 enthiilt, welchem der Name »Germaniume beigelegt werden mége. v w
Die Ausfindigmachung desselben brachte nun deshalb grosse Schwierig- !
. keiten und peinigende Zweifel mit sich, weil die den Argyrodit be-
Hustota chloridu [g cm™) 1,9 (0 °C) 1,88 (20 °C) gleitenden Mineralien Arsen und Antimon enthielten, die bei ibrer

Aehnlichkeit mit dem Germanium und beim vollstindigen Mangel an

Winkler C., Berichte der Deutschen Chemischen Gesellschaft. 19 (1886) 210-211




Feriodické tabulka - rozsiteni

Tattamun IV

s 5 |
ONHTH CHCTEMbI BAEMEHTOBD,

[ BA HXB BHOH I XHMMUFTROM S CMULCTHS

Ti=560 Zr=g0 7 = 150,
V=85 Ny=g4 Toa~ 142
Cr=52 No-98 W= 184
Mn= 55 Rb= 1044 Pt=10%4
Fe=56 Ra=104.4 Ir= 198

Ak

Ni=Qa= 50 Pl=106.6 04=108,
He=1 Ou= 634 Ag=108§ Hg~- 200
Bow 9.4 Mg 24 Zum 65,2 Od=ii2
Be1l Al=2747=68 Cr=118 Au=1977
C=m2 B1=28 v=70 Sp=uS
Netd Peli dam?5 Bb=it? Bi= ot
O0=138 B=3¢ Bo= 704 Te=1287
F=19 ©€1=35sBr=80 I=i27
L1=7 Na= 23 K=39 Rb= 854 Os= 133 Tl= 204.
Ca= 40 Sr= 87,6 Ra= 137 Pb- 207.
T 45 Com 82
‘ TEr=58 La= 84
7Y¥1=60 Di= 95
TIn= 75sTh= 187

A Mempemern

X

Neddvéra: Objevy, 55 prvki
Bunsen a Kopp vs. Volhardt

Mendelejeff D.: Ann. Chem. Pharm., Suppl. 8, (1871) 133

comsl 2 3 4 SONENNE 5 9 10 11 12480008 15 1&,!17.

2

He

Prfedpovédi existence a vlastnosti prvku: ..r_—‘g— e K
HAEEHEBHE

e = T% FlERIEEREEE 2 E] =] ] E
Eka'SIIlC"Jm E.ﬁﬁﬂ@”_ﬁ]ﬂﬁ s2 s3]l 54
Eka-aluminium = Excelentni predpovédi EEE@EIEH AEE
IIHHEII.WWﬁ

Eka-bor

59 61 62 63 65 67 70 | 71
= Pr Pm Eu Gd Tb Ho Tm Yb j{ Lu
< 92 96 || 97 9? 100 101(]102 |} 103

U Cm|| Bk || C Fm ||Md )| No || Lr




Feriodické tabulka - rozsiteni

Tatbanne IV

|
Ol b TH CHCTEMbI BJAEMEHTOBD,

OCHOBAHHIN KA KX b ATCMHOMDb BHOS i XHNWIFCKOM D CROLCTEN

Ti=560 Zr=g0 7 = 150,
Va5 Ny=gq To- 182
Cr=52 No-98 W= 184
Mn= 55 Rb= 1044 Pt=10%4
Fe=56 Ra=104.4 Ir= 198
Ni=Qa= 50 Pl=106.6 04=108,
H=1 Ou= 614 Ag=108 Hg= 200
Bow 9.4 Mg~ 24 Zu= 853 Cd=112
Be1l Al=2747=68 Cr=118 Au=1977
C=m2 B1=28 v=70 Sp=uS
Neid Pedi ha=75 Sb=i22 Bi— ot
O0=138 B=3¢ Bo= 704 Te=1287
F=19 ©€1=35sBr=80 I=i27
Li=7 Na= 23 K=3% Rb= 854 Cs=133 Tl= 204.
Ca= 40 Sr= 87,6 Ra= 137 Pb- 207.

Ak

| inns 18 skupina — vzdcné plyny

Pin= 75sTh= 1187

A Mempemern

* Nedvéra: Objevy 55 prvkd
Bunsen a Kopp vs. Volhardt

Mendelejeff D.: Ann. Chem. Pharm., Suppl. 8, (1871) 133 cist 2 3« NURME o5 0 u it s i

+
1 2
. . o a8 He
Predpovédi existence a vlastnosti prvku: : HREHANE
3 HEERIIE
g T 5 4 HIEERRARAEEREEEIIE
Eka'SIIlC"Jm s |8 E.ﬁﬁﬂﬂ..lgg 2kl
Eka-aluminium = Excelentni predpovédi Y BRiOBEEHEHEENN AR E
7 & 1 109(1110}{ 111|112 1 11411115 116‘71 7H118
Eka-bSr | )i e o e e e e
— A EFEEREEEEEERE R
ARRRRRRBRREERAREE



Fcriodické tabulka - helium :

“¥

18.8.1868  Jules Janssen linie 587.49 nm ve spektru chromosféry slunce (sodik)

20.10.1868 Norman Lockyer jedna se o prvek ve slunci neznamy na zemi - Helium

1881  Luigi Palmieri stejné linie v materialu vysublimovaném pfi erupci Vesuvu

“26.3. 1895  William Ramsay izoloval Helium z uranové rudy cleveitu

Luigi Palmieri

Lo (1807-1896
William Ramsay 2

C‘fﬁi 1916) He 11 12 13 14 15 1649 2

2 IIITF?H_ 2
3 "1“1“ AREEIIE

36
Kr

54
Xe

Sun

« [ 2]z [2][%][2 25 26 27 28 29 3031 |[32 |[33 |[ 34

Ca || Sc Ti || V| Cr Mn Fe Co NI Cu Zn || Ga || Ge || As || Se

¢ m 39| |40 42 43 45 45 47 48 so 51 52
7 N ; . Y| |zr Mo Tc Rh Pd A Cd Te

: ' 5[ s6|[571*[72][731[74|[z51[ z6 |[ 77 |[ 78 |[ 79 818283 84} 86

¢ EEEHMI ARIE

JUIeS Janssen 7 88 |[ 89| *[104][105][106][107 18 109 10 utlfz2)rs)1ia][11s]f116]f 17 {118

r || Ra || Ac Rf [|Db || Sg || Bh Rg [| Cn || Nh || FI Mc | 1% §| Og

W

~

"

62 || 63 || 64 || 65 67 || 68 69 70 f§ 71
Sm|| Eu |[Gd || Tb Ho || Er Yb | Lu
9? 1 102|103
€ No || Lr

Norman Lockyer
(1836-1920) (1824-1907) :




< Fcriodické tabulka - argon

' 1882  J.W. Strutt (lord Rayleigh) anomalie v hustoté dusiku ze vzduchu
19.4.1894 Ramsay vyslovuje domnénku o novém plynu, pokusy o izolaci

{;
- 4.8.1894 Uspésna izolace malého mnozstvi plynu
o n Crooks — spektrum neodpovida
znameé latce

it //z[ /m/fJ/
Studoval slozeni vzduchu Henry Cavendis
1/125 jiny neznamy plyn (1731-1810)
18 >
7 Ar TI 12 S <15 16‘1 :
IIEI i
HEERIDE

w

36

S

25 26 27 28 29 30 31 3213 34
Mn Fe Co NI Cu Zn Ga Ge || As || Se
43 45 46 47 48 51 || 52
IEHHEIIISb i

75 76 77 78 79 81 % 83 | 84 86
Re Os Ir Pt Au TI Bi || Po | Rn
107 8 109 1 U ‘I ‘J 1 2 1 3 1 11 IIG 1 118
Bh M % il Og
9

Kr

54
Xe

W

~

- William Ramsay John William Strutt

(1852-1916) (1842-1919) EEI@I AR

3 96 97 9 'I 102 (103
C Bk C No [| Lr




: Feriodické tabulka - argon

- 13.8.1894 7préva British Academy of the Advancement of Science

~ 31.1.1895  Strutt, Ramsay oznameni o objevu nového prvku - argon

¢
]

P

o - January 31, 1895,
1

e (In the Theatre of the University of London.)

 J

'_ The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

A List of the Presents received was laid on the table, and thanks

ordered for them.

The following Papers were read :—

[. “Argon, a New Constituent of the Atmosphere.” By
Lorp Ravreich, Sec. R.S., and WiLniay Rawsay, FLR.S
Professor of Chemistry, University College, London.
Received January 31, 1895. -

(Abstract.)

I. Density of Nitrogen from Various Sou !

18 ‘

In a former paper® it has been hhl)\\ n that nit T

from chemical (,um]muuawm abdut 3~ pu cent. fighle Ar Bloste EENR 15, S

pheric nitrogen.’ H
e

The mean numbers for l= rhts of gas contained in vue | 10
el were s ol :—* [Lf IIII A8
EHEOEEHE

2 [l 26 27 28 29 30 31 32 (133 || 34 (| BS || 36
Sc T| V Cr i‘ Fe Co NI Cu Zn Ga Ge || As || Se r | Kr
39 40 42 45 46 47 48 51 || 52 3 il 54
Sr r M Rh Pd Cd Shbfl Te fl I
30

w'“\n

From nitri 1‘9

From nitrou
'rom amnbor

Xe
or Ill e[ e
William Ramsay John William Strutt o, B9, ik 5 0 3 5 2 G
| . R EERE T
- 1842-1919)
(1852-1916) (184 REEREEE I mREE

% Rn,lelgh “On an Anomul

—




Fcriodické tabulka - argon

- Kam s nim? Mezi chldér a draslik, ale v tabulce nebylo misto
) Draslik by byl lehci nez argon

&1 Mendélejev — Ar = N3

o '13398 Ramsay argon — draslik = analogie teluru a jodu

NP 1904
Chemie — W. Ramsay
Fyzika — J.W. Strutt

18 “[

/

o MR TREN SR Ar 1 12 13 4 15 oM ;
LY

7
...N .
.E v

Si P

+1
1

34
Se

52
Te

:Po‘

@ || —u W | | LRy
*

- William Ramsay John William Strutt
(1852-1916) (1842-1919)




Fcriodické tabulka - vzacné Plﬂﬂﬂ

- He a Ar - podobné fyzikalni i chemické vlastnosti, patfi do stejné skupiny

: Musi existovat dalSi podobné prvky i .

'i:._1895 - 1898 experimentovani s plyny uvolnénymi z minerdlt a meteoritl "o

e Ié:co 1898 William Hampson (1854-1926) - zkapalnény vzduch
3.6.1898 |3<? Patent zr. 1895

TR ST 10 “1lnaul? s[5 I 5 16?‘1

He

IIII i

N Ne

HHEHIE
Si

'°\n
23

w

s

W

2
M Kr
i :
T

75 76 77 78 79 81 % 8 | 84

Re Os Ir Pt Au TI | Po || Rn
107 8 109 1 U 'I ‘J 1 2 1 3 1 11 IIG 1 118
Bh M Lv || 7% § Og
Np

~

- William Ramsay Morris W. Travers
(1852-1916) (1872-1961)

Ar
5 26 27 28 29 30 31 3213 34
n Fe Co NI Cu Zn Ga Ge As || Se
Xe
62 6 65 67 71
EHIHI I

36
45 46 47 48 51 || 52
Rh Pd A Cd Sb || Te
3 86
Bi
3 96 97 9 1 102 (103
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Fcriodické tabulka - vzacné Plﬂﬂﬂ

a
& He a Ar — podobné fyzikalni i chemické vlastnosti, patfi do stejné skupiny
: Musi existovat dalSi podobné prvky iy
i‘.._18‘95 - 1898 experimentovani s plyny uvolnénymi z minerdlt a meteorit( P
e Ié:co 1898 William Hampson (1854-1926) - zkapalnény vzduch
3.6.1898 |3<? Patent zr. 1895
13.6.1898 Ill?e %

5 6 TR ST 10 “11naSlZ SRS AT 5 16?:‘1

He

HEHBE

N 0] Ne

14 5 ][ 16 18

S| P S Ar

22 || 23 || 24 || 25 26 27 28 29 30 31 32 (] 3 34 36

Ti || V|| Cr||Mn Fe Co NI Cu Zn Ga Ge || As || Se Kr
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- He a Ar - podobné fyzikalni i chemické vlastnosti, patfi do stejné skupiny
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Fcriodické tabulka - (/lran

24. zari 1789 prednaska na Pruské akademii v Berliné

Klaproth, M. H. (1789). "Chemische Untersuchung des Uranits, einer
neuentdeckten metallischen Substanz". Chemische Annalen. 2: 387-403 /

Izolace ze smolince - uranit

Uran
(W.Herschel)

1841 -izolace kovového uranu

Péligot, E.-M. (18.42). "Recher_ches Sur L'Uranium". Martin Heinrich Klaproth
Annales de chimie et de physique. 5 (5): 5-47 .
(1743 -1817)
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e Kvantovani ¢asu
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e Uran je nestabilni, vznika z jesté tézsich
HHEHA

1789 — 1940 64 novych prvkd, Zadny tézsi nez uran
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1789 — 1940 64 novych prvkd, Zadny tézsi nez uran
Existuji viibec tézsi prvky?

Kvéten 1934 ,,Periodickd soustava prvku a jeji mezery*

Uran - podatecni clanek radioaktivni Fady
velka zivotnost
relativné casty vyskyt
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Nevysvétlitelny puvod protaktinia

Novy prvek bude podobny rheniu

Odhadoval az 1% v jachymovském smolinci

115 mg Cervené soli — atomova vaha 240 - bohemium (Bo)

Koblic, Odolen. Chemiker Zeitung. 58 (1934) 683

|. Noddack
Analyza vzorku od Koblice = smés soli wolframu a vanadu

odéln K\(h).b.lic Klaproth 1789 1940 McMillan

(1897-1959) 92 | [ 93| Abelson
»Ing. Odolen Koblic, ..., ktery v pripise Chem.Ztg. =~ * ° | R Np 1201301 s 16 417 S8

1
HEe ’
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:
ndrokoval objev noveho prvku bohemia (pof. ¢. 93) 2 [
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Era jaderné fyziky
Unor 1934 F. Joliot, I. Curier - objev umélé radioaktivity (bombardovani Al a ¢asticemi

~ Cerven 1934 E. Fermi Bombardovani uranu neutrony
. L

B8 4 In s B p 23993AO

ausonium
B zaric s periodou 13 min

Fermi E.:,,Possible Production of Elements of Atomic Number Higher than 92,
Nature 133 (1934) 898
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Era jaderné fyziky

Unor 1934 F. Joliot, I. Curier - objev umélé radioaktivity (bombardovani Al a ¢asticemi)

~ Cerven 1934 E. Fermi Bombardovani uranu neutrony

rjl 2
28U 4 In —» 20 ' 3993AO

ausonium
B zaric s periodou 13 min

Fermi E.:,,Possible Production of Elements of Atomic Number Highér than 92“,
Nature 133 (1934) 898

l. Noddack Klaproth 1789 1940 McMillan
92 93 | Abelson

Kritika vylu€ovaci metody
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Enrico Fermi Pb 2 HHHE
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Stépeni uranu @ = vice velkych zlomkd, ale ;
technecium nikoli téch, s nimiz ozareny ,
. Noddack, "Uber das Element 93,, Prvek sousedi.

Zeitschrift flir Angewandte Chemie. 47 (37) (1934) 653-655.
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Bombardovani uranu
energetickymi neutrony

B
2'33U 1+ Un 2'WU Q'W'Np s EEEPU
23 min 2.355 days

cyklotron, Lawrence Radiation Laboratory,
Separace neznamého zarice University of California, Berkeley,
Problém s predikci chemického chovani (neodpovidalo Re ani

vzacnym zeminam S
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Bombardovani uranu
energetickymi neutrony

B
2'33U 1+ Un 2'WU Q'W'Np s Z'WPU
23 min 2.355 days

cyklotron, Lawrence Radiation Laboratory,
Separace neznamého zarice University of California, Berkeley,
Problém s predikci chemického chovani (neodpovidalo Re ani

e G vzacnym zeminam) '
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Seaborg, GT: ,,Die neuen elemente neptunium, plutonium, americium ERREREEEREE ]
und curium*, Zeitschrift Fur Naturforschung 1(1946) 543-544 AR EREREEEEE S
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23 min 2.355 days
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Fcriodické tabulka - transurany

28.11.2016
1999 Lawrence Berkeley National Laboratory 1808 (Oganesson)

gh r 2L 293 1
:E+ ::.z Pb—' 1-1oog+ -,n
Nepodarilo se prokazat dalSim experimentem

Ninov V. "Observation of Superheavy Nuclei Produced in the Reaction of
86Kr with 2°8Pb". Physical Review Letters. 83 (6) (1999) 1104-1107

! Yuri Oganessian
2006 Spojeny ustav jadernych vyzkumu v Dubné a (14. 4.1933)

Lawrence Berkeley National Laboratory

249 43 294 '1
gu:)Cf‘]' 2CC3 11::;09'1' Q 118

294 | | Og

0.89 ms

10.16 MeV,
2% A
‘ n’
; Oganessian Yu. et al. "Synthesis of the isotopes of elements .

118 and 116 in the 249Cf and 245Cm + 48Ca fusion reactions".
Physical Review C. 74 (4) (9 October 2006) 044602 30
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Half Life (s)
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Fcriodické tabulka ~ ma horni mez?

Problém stability

r Bi
- T u
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Atomic Number

Most stable isotopes of superheavy elements (Z = 104)

Element #

Rutherfordium
Dubnium
Seaborgium
Bohrium
Hassium
Meitnerium
Darmstadtium
Roentgenium
Copernicium
Mihonium
Flerovium
Moscovium
Livermarium
Tennessine

Oganesson

Atomic .

number

104
105
106
107
108
109
110
m

12
13
114
15
116
17
118

Most

stable #
isotope
26TRf
2880p
2685
270gHd]
289g
2TEptl=]

281nglel

282 glellal

2850 el
286l
289F) (=]
290 cl=]
282 \e]
2847g[El

2840 glelli]

Publications
-

[22)123]

13h
124d

14 min(23]

1 min
9.7 sl28
4553
127 s
1.7 min
28s
95s
19s
650 ms
57 ms
51 ms

690 ps

Halfifel=

25h
1.1d

5 min
3.8 min
1653
Ts
14 s
1.6 min
32s
7s
24s
410 ms
80 ms
70ms
1.15ms

NUBASE 2016 _
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’ Problém stability

Most stable isotopes of superheavy elements (Z = 104)

Bi st Most Half lifel"]
omic
105 Element 4 « | stable % | pyplications | NUBASE 2016
number ; e * . *
isotope [32)[23] [24]
1021 L Rutherfordium | 104 267Rf 13h 25h
Dubnium 105 268D 12d 1.1d
1017 ™y Seaborgium | 106 2693g 14 minl22] 5 min
q L
- Bohrium 107 270gplal | 1 min 3.8 min
w Cp - ;
-Er " Nl T Hassium 108 M55 |7 sl 165
107 S ;
5 i P2 Meitnerium 109 28yl (455 7s
m
E Ra Bl Darmstadtium | 110 281pslel (1275 145
10°- P Tl 282R=lal
m Roentgenium | 111 282Rglellal | 1.7 min 1.6 min
Es
Fiipa Copemicium | 112 2BEcplel | 285 32s
R p—
0% At \ ik ag Nihonium 113 286Npisl | 955 7s
] - o
Fr i"égggcﬂh Flerovium 114 2E9F=NT 198 24s
Fht - .
10.000 3 Moscovium 115 2%0pclel | 650 ms 410 ms
g Livermorium | 116 283 yle] 57 ms 80 ms
0.001 = ) ) ) ) ) ) Og Tennessine | 117 2947glel | 51 ms 70 ms
50 60 70 80 o 100 110 120 Oganesson 118 2940g[52[i: 690 ps 115 ms

Atomic Number

: 4 ’ ’ IZOtOp t1/2
Matematicky model jadernych slupek

Magicka disla: 2, 8, 20, 82, 126, 184
*9Pb 3.25h

aria Goeppert Mayer ;, Goeppert-Mayer (June 1949). "On Closed Shells in Nuclei. II".
(1906 —1972) Physical Review. 75 (12): 1969-1970
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’ Problém stability

Most stable isotopes of superheavy elements (Z = 104)

Bi Most Half-ifel]
Atomi
1078 - Element ¢ " i | stable ¢  puplications | NUBASE 2016
number ; R + . ¥
isotope [32][33] [34]
102" - Rutherfordium | 104 TR 13h 25h
Dubnium 105 2880p 12d 11d
| 1071 ™y Seaborgium | 106 2685q 14 min[32] 5 min
Py Bohrium 107 270gnldl | 1 min 3.8 min
.Eu Cm 96 1
— 1 Np Hassium 108 269Hg 9.7 sl38l 168
.E 10 [ Tc - .
3 Fa Meitnerium 108 27Etlelfl | 455 7s
= ! :
k- B Bt Darmstadtium | 110 281pglel | 127 s 145
10%+ Pm T A oo o~
Roentgenium | 111 282Rgl=lal | 1.7 min 1.6 min
Copernicium | 112 285Cnlel (28s 32s
5 . :
10 At Nihonium 113 288pl=l | 955 7s
Fr Flerovium 114 289F|lelh] | 19 24s
10.000 - Moscovium | 115 280cl=l | 650 ms 410 ms
Livermorium | 116 233 yle] 57 ms 80ms
0.001 L L L L L L L Tennessine | 117 2947g]e] 51 ms 70 ms
50 60 70 80 a0 100 110 120 -
Oganesson | 118 2840gl=lil | GO0 ps 118 ms -

Atomic Number

lzotop ) -

Matematicky model jadernych slupek - ’
s, Pb 1035 - 109 |et
Magicka disla: 2, 8, 20, 82, 126, 184

*9Pb 3.25h

O. Haxel, J.H.D. Jensen, H. Suess, Hans (June 1949). ""On the "Magic :

Numbers" in Nuclear Structure". Physical Review. 75 (11): 1766

aria Goeppert Mayer ;, Goeppert-Mayer (June 1949). "On Closed Shells in Nuclei. II".
(1906 —1972) Physical Review. 75 (12): 1969-1970
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[leplogu4eckan CHCTEMA 3NEMEHTOEL MO FPYINaME H PAJAMS.

Fr'PYMNIUbB 3AEMEHTOB B
b I 1] I ¥ ¥ ¥l Vo Vi

19,9 203,08 24,36 . 22,08
Ap Y Bagy Cras- Tu- Bams - Map- ihe K Hux-
i " sim L pons, 5 "

L b LTI ERIL
Fe Co Ni (Cu)

peuid, 5if sexid
Ru Rh Pd (Ag)
.7 1050 106,6

. Ag | cd In én .S.I: ‘I‘é |

- [l

- Ul iLis-
mifl. mR TEEL
O0s Jr Pt (Au)
191 193 194,38

- m -

endélejev D.: Popytka chimiceskogo ponimanija mirovogo efira, (1905)

,--- probleskovaly mi myslenky o tom, Ze drive nez
vodik Ize ocCekdvat prvky, které maji atomovou vdhu
mensi nez 1, ale neodvazoval jsem se vyslovovat se v tom
smyslu, protoze slo o dohady, a zvldsté proto, Ze jsem se
tehdy strezil pokazit dojem predklddané nové soustavy

Ochotné bych jesté pomilcel, ale uz pfede mnou nejsou
léta na rozmysleni a neni moznost pokracovat v
pokusech, a proto se rozhoduji vylozit problém v jeho
nezralé podobé ... “

y corronium 0.17(0.4)
X newtonium 0.000 001

Snaha o zachovani svétového etheru -
hypotetické prostredi, ve kterém se Sifi
elektromagnetické zareni
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[ I
- H , He
e ——— e
B I | I Tr W T R E ® s K »
Wl L _} " s | o N ] - 1wl ---Je vSak tfeba poznamenat, ze v nasem
H,‘ . N | ot | s | 7| s a |t systému vlevo od vodiku je stdle volny prostor
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Fig. 6. Periodieches System des Verfassers.
EZweites Stadium: Die seltenen Erdmetalle sind abgetrennt.

ndreas von Antropoff, Eine Neue Form des Periodischen Systems der Elementen’.
eitschrift flir Angewandte Chemie 39, pp. 722-725, 1926
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THE DISCOVERY OF SUPPOSED NEW ELEMENTS:
TWO CENTURIES OF ERRORS

By V., KARPENKOF

Amownc those features of the chemical elements with which the history of chemistry is con-
cerned are their discoveries, which have in many cases been preceded by unsuccessiul
attempts to produce them, or even followed by fruitless efforts to reproduce them. The
latter is so often the case with those spurious elements, the acceptance of whose existence
may have lasted for several weeks to tens of vears. Here it might be said that the term Y i
“spurious element” is not in every case the most suitable one; non-existent elements, such Far b L A

as “"gnomium” or “"kosmium”’, etc., may well be called "spurious”, but others which do not i -
pxist but are a mixture of two existing elements would be better termed “erroneouzly dis- E L E M E N | S
covered elements”, eg. didymium (praseodymium and necdymium). For the sake of

simplicity, the term “spurious element” will be adopted for all these cases; they are entirely
the result of errors in chemical analysis.

200 ohlasenych objev(, které nebyly potvrzeny
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Bohuslav Brauner — Didymin = praseodym+neodym
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Fcriodické tabulka - co zavérem

e 150 let existence

e 118 prvkl zarazenych do systému

e ca 200 mylnych objevl

e Poslednivyraznd zména v roce 1945 (G. Seaborg - aktinoidy/transurany)




Feriodické tabulka - co zavé&rem
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Grafické vyjadreni ma stovky provedeni
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systém, 1947
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model, 1925 https://www.meta-synthesis.com/ ;
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e 150 let existence

e 118 prvk(l zarazenych do systému
e ca 200 mylnych objevl

e Posledni vyraznd zména v roce 1945 (G. Seaborg — aktinoidy/transurany)
e Grafické vyjadfeni ma stovky provedeni

e Budou se do tabulky zarazovat exotické atomy?

Hadronové atomy

. i Q anti-proton
“exotic” (kaonic) hydrogen Electron
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& b Mionium (Mu) p-Ps 0.124 ns Antivodik (H)
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e 150 let existence

e 118 prvkl zarazenych do systému

e ca 200 mylnych objevl
e Poslednivyraznd zména v roce 1945 (G. Seaborg - aktinoidy/transurany)
e Grafické vyjadfeni ma stovky provedeni

e Budou se do tabulky zarazovat exotické atomy?

e Ucebnilatka a pomucka
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