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Periodicka tabulka prvku

1.A VIIILA
1 2
H 1A IHH1LLA IVA VA VLA VIILA He
3 4 5 6 7 8 9 10
Li Be B C N (@) F Ne
11 12 V| |B 13 14 15 16 17 18
Na | M3l ve VB viB: : 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti \V Cr Fe | Co| Ni |Cu|l Zn | Ga ]| Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Prirodni‘
B Transuranovée

B Transaktin(o)idy




Technecium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Techneuum (1)

A T druh zatfeni

90 59s B*, vy

91 3,3m B*, v

92 4,4m EZ, B,y

93m |43 m I.T. 88 %, EZ 18 %

94 293 m EZ 89 %, B* 11 %, y

94m |53 m EZ 34 %, B* 34 %, vy

95 20,0 h EZ, vy

9%5m |61d EZ 95 %, B* 0,42 %,
.T.4%

96 4,35d EZ, vy

96 52 m I.T., B* 0,01 %

97 2,6-10a | EZ

97m |91d I.T.

98 42-10°a | B,y

druh zafeni
99 2,12-105a B~ (o107 = 6,2 %)
99m | 6,049 h I.T. (E, = 140 keV)
100 |[15,8s B,y
101 (140m B,y
102 |5s B
103 [50s B,y
104 |18 m B,y
105 |[7,7m By
106 | 37s B ?
107 | 29s B ?
108 |[5,0s B,y
109 |14s B
110 {0,835 B,y




Technecium (2)
T, =2250°C T, =4700°C

097¢ & 9Nb & 9Mo

Techneciovy generator:
s8Mo(n 7)Mo L T LT T

U( f) 66 h
n
RS




Technecium (3)

Disproporcionace:
3TcV — 2Tc!V + TeV!!
3TcV! — TclV + 2TcV!

Tc, 0, Tck, TcCl,
TcO, Tck. TcOCl,
Tc,S, TcO4F TcO,CI

TcS, TcOF,

TcBr,
TcOBr,

TcO,



Extrakce Tc

¢inidlo D prostiedi
pyridin 180 1M NaOH

TBP 44 0,5 M H,SO,
TOPO 41 0,5M H,SO,
cyklohexanon | 93 0,5M H,SO,
cyklohexanol 36 0,5M H,SO,
HIPK 33 0,5M H,SO,
TOA 110 0,5M H,SO,
TOA 580 1M HCI

¢inidlo Kex prostiedi
{Ph,As*,CI} | 3-10° kys. alk.; chloroform




Promethium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Promethlum (1)

druh zareni
152 [6,5m B
153 |[55m B
154 | 25m B

A T druh zareni

141 22m B* 57 %, EZ43 %

142 40 s B*95%,EZ5%

143 0,73 a EZ

144 0,96 a EZ

145 17,7 a EZ

145 |16d B

146 |4,4a B

WD |262a | 224keV
Zadnay,c=24%

148 |54d B

148m | 41,8 d B 93 %, IL.T.7%

149) |53,1h |B

150 [2,68h [P

151) |278h |p




Promethium (2)
T+ =1080°C p=7,26 g/lcm?

Predpovéd’: BRAUNER 1902
Objev: MARINSKY, GLENDENINOVA, a CORRYEL 1945

Elementarni: PmF, + Li (vakuum)

PmClI, Pm,O, PmM(NO,), Pm(OH),
PmBr,

Pml,



Astat

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Astat (1)

A T druh zareni T druh zareni
200 |0,9m a 213 | kr. o

201 |15m a, EZ 214 | ~2-10%s | 0 99 %

202 |3,0m EZ 88 %, o 12 % 215 | 10%s o

203 |74m EZ 86 %, o 14 %

204 |93m  |EZ955%, 04,52 % 216 | ~3:10%s | 097 %

204 |- : 217 03235 |a

205 |262m |EZ82%, al18%

206 [328m |EZ12%, 088 % 218 [15-2s |o>99 %, B
207 |1,8h EZ 90 %, o 10 %

208 |6.3h E7 219 |0,9m a~97%, B ~3%
209 |55h EZ 95 %, 0.5 %

210 |8,3h EZ 99 %, 0 0,17 %

211 |721h  |EZ59,1%, «a40,9%

212 10,30s a

212m | 0,12 s a, B, EZ




Astat (2)

,,astatos* (fecky) — nestaly

CORSON, MacKENZIE a SEGRE — 1940
209Bj(q,2n)21L At Ea =28 MeV

KARLIK a BERNERT — 1943
jej nalezli v prirodé
-1; 0; 1; V; (VII)



Astat (3)

T, ~299°C T, ~411°C
At, — CCl,, CoH,

1. At HALt Agl(At) TH(AY)
+V:  ox.: AtVOy
+:  At* TI(A1),Cr,0, Cs(At),PW,,0,,,:nH,0
v H* — S2- (Pb, Po, Bi, Ag)
[At'CL,]; [At'"'CI,]- - sorpce na anexech




Francium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Francium

1)

A druh zareni
221 (48 m o
222 148 m B >99 %

a 0,01-0,1%
223 |22 m 1,15 MeV B~
AcK a~4-103 %
224 | 2m ?

A T druh zafeni

204 120s a

205 [ 3,7s o

206 |[158s o

207 | 19s a

208 | 37s a

209 |[55s o

210 (2,6 m a

211 (3,1m o

212 119,3m EZ 56 %, a 44 %
213 | 34s EZ0,5%, a>99 %
214 | kr. o

218 |5103s |a

219 (0,025 o

220 | 27,55 o




Francium (2)

PEREYOVA (1939)

226Ra(n’y)227Ra i 227AC

Cs

41 m

Fr

140/

227Th 18,2 d
= 223R4

223Fr (ACK)/B'

Rb

22 m

Cs

Fr




Polonium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Polonium

(1)

A druh zareni
204 |3,6h EZ>99 %, 00,6 %
205 [1,8h EZ>99 %, 00,07 %
206 (8,8d EZ 95 %
a5 %, vy
207 |5,7h EZ 99 %
a~0,01%,y
208 [2,93a EZ ~ 0,006 %
a, Y
209 |103a EZ 0,5 %
a>99 %, v

A T druh zareni

193 | kr. o

194 10,55 o

195 |3s o

195m | 1,4 s o

196 |65 o

197 |52s o

197m | 25s o

198 |1,7m a>34%

199 |5m =Z297,3%,a2,7%
199m | 4,2 m EZ 74 %, a.26 %
200 [10,5m |EZ88%,al12%
201 (151m |EZ988%,al1,1%
201m | 8,9 m =297 %, a3 %
202 |45m EZ 98 %, a2 %
203 [42m EZ>99 %, 00,02 %




Polonium (2)

A T druh zareni

210 |RaF |[138,4d a, 0,8 MeV vy (0,0011 %)
211 [ AcC’ | 0,525 a, 0,57 MeV v (0,5 %)
211m 25S a, Y

212 | ThC” |3,04-107s |a

212m 45s o

213 42-10%s o

214 |RaC’ | 1,64-10%s |a,0,8MeVy (0,014 %)
215 | AcA |1,778:103s | a

216 | ThA |0,145s a

217 <10s o

218 3,05 m o




Polonium (3)
209Bij(n,y)?1°Bi(RaE) B, 210P01g—8’, d

+VI.  [PoVIO,Cl,]%; PoO;; s. PbTeO,; K, TeO,-3H,0
+1V:  PoO(OH), + 20H- — Po0O,* + 2H,0

v H*: P00, — Po(OH);* — PoO?" — Po**
+II:  PoS
T:=254°C T,=949°C p=9,2¢g/lcm?



Polonium (4)

PoO PoF, Po(SO,), nH,0  PbPo Po;N,
PoO, PoCl, 2P00,-SO, HgPo PoS
Po(OH), PoCl, 2P00, Se0, ZnPo
PoO(OH), PoBr,  2Po0O,-H;PO, NiPo
Pol, Po(10,), H,Po T;=-36°C
[PoX:]" P00, nHNO, T, =37°C

[PoX¢]*




LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Radon (1)

A T druh zareni

222 |3,8229d | E, =5,49 MeV A 202 -224 (— 222 a,221 — B)
E, = 0,510 MeV (0,07 %)

220 |55,3s E, =0,550 MeV (0,07 %) _ o

(Tn) TT - '71 C

219 |45 E, = 0,401 MeV (5 %) Ty =-618°C

(An)

RNF, (RnF, + H,0 — Rn + 1/20, + 2HF)
Rn + 2CIF — RnF, + Cl,

KLATHRATY: Rn-6H,0
Rn-2C¢H:OH




Radon (2)

Rozpoustédlo [Rn]v kapaliné
[Rn] v plynné fazi
18 °C 0°C -18 °C

voda 0,285 0,52 -
aceton 6,30 7,99 10,8
anilin 3,80 4,43 -
benzen 12,12 - -
CS, 23,14 33,4 50,3
CHCl, 15,08 20,5 28,5
Et,O 15,08 20,9 29,1
octan ethylnaty 7,35 9,41 13,6
EtOH 6,17 8,28 11,4
glycerin 0,21 - -
hexan 16,56 23,4 35,2
toluen 13,24 18,4 27,0
xylen 12,75 - -




Radium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Radlum (1)

A druh zareni

213 2,7 m o

219 10-3s o

220 0,023s |«

221 30s o

222 38s o

223 (AcX) 11,435d |«

224 (ThX) 3,64d o

225 14,8 d B

226 1602 a E, = 4,48 MeV (95 %)
4,60 MeV

E, = 0,186 MeV (4 %)

0,26 MeV (0,007 %)
0,42 MeV (2-10* %

227 41,2 m B

228 (MsTh,) [ 6,7 a B

229 Kr. [B]

230 1h B




Radium (2)

T, = 700-960 °C Ty, = 1140 °C p =5,5g/cm3

3Ra0O + 2Al — 3Ra + Al,O,
RaO RaF, RaSO, Ra(NO,), Ra(N,),
Ra(OH), Ral, RaCO, RaS

RaCl,-:2H,0 RaCrO,

RaBr,-2H,0

RaSO, + 2C — RaS + 2CO,

JACHYMOV 1906 — 1913 7,3 g
1906 — 1940 ~ 100 g

DOWEX50, EDTA, HCit, HLact, a-HIM  Ra:Ba > 1:4900

EXTRAKCE 0,IM TBP + 0,IM HTTAv CCl,, pH =8
(pH =5 -Ac, Th, Po, Bi, Tl, Pb, Rn)

ORGANISMUS — max 0,1 ug
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Radiwn aad ‘Rad.'\o- Active Substances.

-~ RADIUM =~

The follawing can be had by return af past.
PITCHBLENDE, direct from Jonchimsthal, very o
radio-active, Erom ij- to 30/ per piece.
ITACOLOMITE, or flexible sandstone. 16/- io 25/ ..
: per plece (very rarej,
KUNZITE, 1/- per gramme.  Selected, clear, 2/-.
SPARTEITE {s¢ * Naruse " 81/8/04, fol. 528), 2/- and upwards.
CHLOROPHANE, 3/- and upwards. BARIUM PLATINO CYANIDE IN
LARGE CRYSTALS in course of manufactore. (Ouvszs Booes.)
ZINC SULPHIDE, Phosphorescing s beauiiful Green, 3/6 per tube,
" ™ - ” Yeliow, 2/6 ,,
CALCIUM SULPHIDE . Violet, 1} .
. RADIO-ACTIVE RESIDUE from which Radium is mede; very scarce, 2. per tube.
POLONIUM SULPHIDE, in tubes ol cne gramme, 23/
on Bismuth Rod or Dise .. .- 28/
" on Copper " b e . 25/

RADIO-ACTIVE SCREENS (Witlemite). 64, per sq.inch, Plat Bar. Uyan Sereen,
¢d. per sy. inch.
{Zinc. Sulph.), 10 x 10 cm. 7/6.

”

SAMARSKITE, * THORITE, BLACK and YELLOW
CARNOTITE, ARRBRENITE, WUCKITT,
EUXENITE, ORANGITE, . URANITE,
URACONITE, AUTUNITE, :  FERGUSSONIT,
BROGGERITE, ALVITE, :  FORBERITE,
SIPILITE, ¢  URAN GLIMMER, @ CHALCOLITE, &«

RADIOMETERS, ELECTROSCOPES, SPINTHARISCOPES,
VACUUM TUBES.

All may be had at reasonable prices.
Professional Men, Universities, Schoots, &s., allowed special terms.

OUR NEWLY INVENTED THORIUM INHALERS MAY BE HAD ON HIRE.

ARMBRECHT, NELSON & CO.,

T4 & 73, DUKE ST., GROSVENOR SQ., LONDON, W.

o . Telspbons . ORRRANLD 4942,

N B.—We have reseived & consignment of the New Zealand Vegetable Caterpillar;
it is from 2 to 3 inches long, with a stem showing frnatification growing out of ita head.
Belentific name of the insect is Hepialus virescens: the name of the fungus is Sphoric
Robertsiang.  Hpeclinens may be had from 108 to 41/-, nceording to quality and size.

TERMS, CASH WITH OR/DER,

Goods may be returned if not approved of, when money will be refunded.

TWO0 SPACIOUS DARK ROOMS TO SHOW RADIUM ACTIVITY.

—_— RADIUM-OPIL.OSSINGICN =—
voor Drink- en Badkuren,

[. Aqua Radium Sol. bestendig radioactief.
1 Carton met 3 fleschjes a 20 gr. Activiteit 116000 Volt 1000 Mache-eenheden [ 160

II. Radium-water, genomen uit den emanator :

Voor een drinkkuur gedurende een maand. 25—
let, water uit den emanate ot dagelijks getapt en denzelfden dag gedronken worder

Yoor BADEN:
Aqua Rad. Sol. eveneens bestendig radioactief.

1 Carton a 1 fleseh a 200 gr. Activiteit 350000 Volt 3000 Mache-eenheden f 2580

AIIEIM

RADIUK -EMANATIE
DRINKKUUR

Dosis voor esn dayg
BESTENDIGE gt
Y2 (i d Migemeine Radium Aktien-Gesellschaft
GEGARANDEERD sy
BRUINL, CHARLOTTENBURG, 31 -PETERSBUNG, ZUMCH
* U SCHWEIZERIS(HE
RADIOGEN-

-GESELLSCHAFT

)

AN edoh wel meNstsaaed
3 a5 enonertd A E\STR T,

Meet-Instrumenten.

Meet-[nstrument naar Exceres viRING met alle benoodigdheden, verpakt

in reiskist zijn bij ons verkri Prijs » 100.—
Spintariscopen (Instrum an Loupe en Radiumwijzer, die de werking

der Radiumstralen duideljjk aangeven) s 30—

Onderzoekingen.,

Het onderzoeken van bronnen, bront ls, radiumhoudende ertsen enz., wordt
in ons Laboratorium of op d zelf n. Zoo werden de bronnen in IJverdom,
ap de Mont Pélérin bij \ in Graubiinden, Romerbad in Zofingen, Aarau enz.
gemeten, die gedeeltelijk zcer ctief bevonden werden



QQdeponeerd Handelsmerk ,,ALLRADIUM”

Allgemeine
Radium
AD.

AMSTER D A M
BERLIJN, BRUSSEL, LONDEN, ST. PETERSBURG, ZURICH, PARIJS, MADRID.
Agentschappen: BOLOGNA, MILAAN, BUDAPEST, HELSINGFORS,
STOCKHOLM, WEENEN, KOPENHAGEN BATAVIA.
Instituut voor Radium Therapie, WIESBADEN, Frankfurterstrasse 34
onder Geneeskundig toezicht van Sanitétsrat Dr, Maijer,
Instituut voor Radium Therapie , Allradium”, BUDAPEST Elisabethring 51
onder Geneeskundig toezicht van Dr. Vandor.
Instituut voor Radium Therapie , Allradium”, DEN HAAG Bazarstraat 8
onder Geneeskundig toezicht van Dr. Baéza,
Eerste Radiumpolikliniek, BERLIN W, Steglitzer Strasse 19.

A
Als het nieuwste op het gebied der moderne therapie is het ons gelukt

nauwkeurig gedoseerde, bestendig radioactieve

Radium-()plossingen

samen te stellen.
Aqua Radium Sol. wordt op grond van talrijke wetenschappelijke werken uit Universiteits-
klinieken en Ziekenhuizen voorgeschriven bij:

|. Chronische en subakute Gewrichtsrheumatiek, Spierrheumatiek en
alle vormen van Arthritiden,
Il. Jicht.
Ill. Neuralgieén, vooral Ischias.
IV. Lancineerende Pijnen bij Tabes.
V. Catarrhale aandoeningen der Ademhalingsorganen, evenals der
voorhoofd- en kaakholten.
V. Chronische Vrouwenziekten.
VIi. Etteringen en Ontstekingen.

Onze praeparaten zijn verkrijebaar bij alle apothekers en grossiers en bij
DE ALGEMEENE RADIUM MAATSCHAPPIJ, Keizersgracht 369, Amsterdam,
Telefoon 6095.

Door deze prijscourant vervallen alle vorige.

PRIJS-COURANT.

Radivum Puar:

1 mgr. zuiver Radium-Bromide, gegarandeerd gehalte van 90 %/, tegen marktprijs
(momenteel [ 220)
De huurprijs van 1 mgr. Radium per mauand bedraagt . p : ; f 16.50 Vrijblijrend
Het vervaardigen van alle soorten Radium-praeparaten geschiedt in den Kkortst
mogelijken tijd.

Radinm Schlamm .. Allradium”.

Kistje Radium-Schlamm voor het bereiden van 5 KG. anngemaakte Schlamm  f  2.50
1

—

1 » L iy n o w g £ » .I.ﬂa » n » » 50
Bij groote hoeveelheden (voor Ziekenhuizen en Sanatoria):

1 Zak, voor het bereiden van 75 K. aangemaakte Schlamm . . : ; . 25.—

Loo iy, » » 130, » » o celiems i dlien

NRadium=Compressen ., Allradiam”.

1 Compres A (voor vinger en polsgewricht, grootie 12 X 15 ¢M.). i sl
1 Carton, inhoudende 5 Compressen A ; . 450
1 Comprea B (voor elleboog, knie en enkel, gtootle 24K 15 e'\l % g Re—
1 Carton, inhoudende 5 Cumprpv'-wl B i 3 ; : i o BT
1 Compre; C: (voor rug, schouder enz., rruulte 38 X 15 c‘v[) o e
1 Carton, inhoudende 5 Compressen O i o : Ay
5 Stuks Compressen D (speciaal voor uoghehandellr;: gromte X 10 cM) . Sen )

I. Kleine bandage, voorzien van hospitaallinnen (behoorende bij Compres A) . i 3:50
li. Middelsoort haudane, voorzien van hospitaallinnen (behoorende bij Compres B) 176
[IL Groote bandage, 2 i . B - C) b B

Radjum-.&nnpullen LAllradinm”.
Deze Ampullen bevatten een onoploshaar Radiumzout {engeveer 2 ¢M.® vloeistof).

Iedere Ampul is voldoende voor 2 inspuitingen en wordt voornamelijk bij Kanker,
Sarkomen enz. aangewend.

1 Ampul A (ea. 0.01 mgr. Radivm bevattend) . i . ; ; : . f b=
1 doosje 4 5 ampullen. : 5 ik ; w 27—
1 Ampul B (ca: 0.05 mgr. Radmm bemtlu\di ; - : 5 ; : v 30—
1 doosje & 5 ampullen. : : : ; , o . 135.—

Badium-lnjecties in Phiolen & 2 M. ,,Allradium”.

Volgens advies van Dr. Guozext in 8 verschillende sterkten, opgelost in eene
physiologische oplossing van keukenzout.

Deze injecties naar Dr. Guozest worden aangewend voor de plaatselijke behandeling
van doer jicht en arthritis aangedane gewrichten ter versterking van inhalatie of drinkkuur.

De ziektehaard en zijne umm\inf wordt om den anderen dag ingespoten met 1—3
Ampullen naar gelang van de ziekle tot totaal 10—30 Ampullen.

De sterkte der Ampullen moet verband houden met de hevigheid van de ziekte en

de gevoeligheid van den patient.
1 st. lcart.abst.

1. Oplossing (activiteit 116000 Volt 1600 Mache-eenheden [ 6.50
11 , ¥ 232000 2000 % 10.50
ML b . 514000 4600 3 o o1 ED

Radinm-~drinkapparaat ..Allea’.

Klein ap paraat, voore igen gebruik, gegarandeerde radioactiviteit gedurende 10 jaren.
Capaciteit 1000 M. E. per dag 1 kuren per dag . : - . ¢ ; » 100.—
g e Rin e e i S
" 3000 , . . e e e e e e

(Bovengenoemde prijzem zijn vrijblijvend).
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Drinkapparaat voor Ziekenhuizen

&

Drinkapparaat voor privégebruik Inhalati aal voor privé

Inhalatieapparaat voor privigebruik



Aktin(o)idy

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Lns vs. Ans (1)
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Lns vs. Ans (2)
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Lns vs. Ans (3)

o - W 'ﬁh R Y 6d Fu
P {\ | ’\ :
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L 1 1 1 1
- KMeFm Es Cf Bk Cm - Am
ann
P "|’i

log aktivily

LR B TTIH]

10 20 30 40 50 60 70 80

objem eludtu



Lns vs. Ans (4)

atomove ¢islo kanthanid

X W R e Y

Y & 6 65 o #

ool

w!|

-§ | <Hanthanidy ,

e @L "

~a 3

3 90 bt

= “Yaktinidy
g1

L) 97
00/ ’1'{"L‘91511L
7

atormove ci'slo aktmidd




Lns vs. Ans (5)

Iontové poméry lanthanidovych a aktinidovych 1ontu

ion A ion A ion A
Last 1,061 Ac3 1,11 - -
Cedt 1,034 [Th3*/ /1,08/ Th4 0,99
Pr3+ 1,013 [Pa3*/ /1,05/ Patt 0,96
Nds3* 0,995 U3+ 1,03 U 0,93
Pm3* 0,979 Np3* 1,01 Np** 0,92
Sm?s* 0,964 Pust 1,00 Put 0,90
Eus* 0,950 Ams* 0,99 Am4 0,89

A=1010m
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Lns vs. Ans (6)

& .

g J

Ru
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e Ia c . ’3/‘ VAN By Am
[la Sn P  BINP \
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] Y e : ' "Ra
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Lns vs. Ans (7)

Aktinidy Lanthanidy
Ac | /gRn/ + 6d17s? La I, Xel + 5d16s?
Th | /gRn/ + 6d?7s? Ce I, Xel + 4f26s?
Pa | /gRn/+5f26d7s?> | Pr I, Xel + 413652
U lgsRN/ + 5f36d17s? | Nd I, Xel + 44652
Np | /gRn/ + 5f*6d!7s?> | Pm I, Xel + 415652
Pu | /gRn/ + 56752 Sm I, Xel + 415652
Am | [ggRn/ + 5f7752 Eu I, Xel + 417652
Cm | /gRn/ + 5f’6d'7s?> | Gd I, Xel + 4f75d16s?
Bk | /gRn/ +5f86d7s2 | Tb I, Xel + 419652
lgsRN/ + 519752
Cf | /gRn/ + 5f107g? Dy I, Xel + 4f106s?
Es lgsRN/ + 5f117s? Ho I, Xel + 4F116s2
Fm | /gsRn/ + 5f127s? Er I, Xel + 4f126s?
Md | /ggRn/ + 5f137s2 Tm | /g, Xel + 413652
No | /gRn/ + 5f147s2 Yb I, Xel + 4f146s?
Lr lgsRN/ +5f146d17s? | Lu Is,Xel + 4f145d16s2

I,Hel = 1s?

/,oNe/ = /,He/l + 2522p°

[1gArl = [,jNe/ + 3523p°®

I36Kr/ = [ gArl + 4523d194pb

I, Xel = [3Kr/ + 5524d105p°
IggRN/ = [, Xel + 65°5d104f146p°



Lns vs. Ans (8)

prvek | p[g/cm3] | T;[°C] prvek | p[g/cm3] | T;[°C]
Ti 4,4 1800 Cr 6,9 1920
Zr 6,5 1860 Mo 10,2 2622
Hf 13,3 2230 W 19,3 3380
Th 11,7 1827 U 18,9 1133




Lns vs. Ans (9)

ionizac¢ni ioniza¢ni ionizacni

prvek | potencial | prvek | potencidl | prvek | potencial
[V] [V] [V]
T 6,81 Cr 6,71 Al 5,95
Hf 7,3 W 7,6 Sc 6,7
Th 5,7 U 5,7 Y 6,5
La 5,5
AcC 5,5




LnsaAnsv PTP (1)

| ol v | v v | v Vil 0
o | Cs | Ba |[La]| [HA | [Ta] | W] | [Re] | [Os] | [] | [P
Aul | [Hgl | TI | Pb | Bi | Po | At
, | Fr | Ra |[ACT| [RM | [Ha] | [Sg] | [BN] | [Hs] | [Md] | [Ds]
Rol [cnp | 13| ;1 | 115 | v | 117
104 — 121 ,,TRANSAKTINOIDY* [ ] prvky vedlejSich skupin
(6d, 7p, 8s)
| ol v | v v | v Vil 0

8 é}j ﬁg 5[31322%1]1 [Elkgf{ [155] | [156] | [157] | [158] | [159] | [160]

[161] | [162] | 163 | 164 | 165 | 166 | 167

*) 122 — 153 ,SUPERAKTINOIDY* (5g, 6f) (18+14)
154 — 168 ,TRANSSUPERAKTINOIDY* (7d, 8p)

(Vypocty elektronove konfigurace: 5g az od Z=126)




LnsaAnsv PTP (2)

Lanthanidy

La | Ce Pr-/ Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb

3 |34(34] 3 | 3 |203)]23)] 3 |(34] 3| 3|3 ]3] 3

AKktinidy

Ac | Th | Pa U Np | Pu | Am [ Cm | Bk | Cf | Es | Fm | Md | No
3.4 | 3(4)|(3)4

3 | 4 | 45) g @7 65? T (3)4 |(3)4 @2’4 2,3 | 2(3)| 2(3)|(2)3

O - Nejstalejsi mocenstvi

- nheobvyklé nebo nestale mocenstvi




Aktintum

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Aktinium (1)

A T druh zareni

221 |0,1s o

222 |55s o

223 |2,2m a99%,EZ1%

224 |1 29h a 10 %, EZ 90 %

225 |10d o

226 |29h B 80 %

229 |66m | B

230 |<1m |p

231 |15m |p

227 | 22a B-98,8 %, a 1,2 %

228 |6,13h | B




Aktinium (2)

226Ra (n’y) 227Ra41_2 227AC[ (r6]’2Y8228AC6_§ ﬁZSTh]

T:=1050°C T,,=3300 °C
1950 FRIED, ZACHARIASEN, HAGERAN
m~10pnug

AcF, Ac(OH), AcPO,-2H,0 KAc(SO,),
AcOF Ac,0, Ac(C,0,),

AcCl, AcC,S,

AcOCl

AcBr

AcOBr

Acl,

AcOl



extrakce [%]

=
o
o

Aktinium

Th Po Bi TI"Pp

SO

>
S O
I

NS
© O
I I

(@)

A

A A




Thorium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Thorium (1)

A T druh zareni

223 |[~09s o

224 | ~1s o

225 [8,0m a 90 %, EZ 10 %
226 (30,9 m o

227 |18,17d o

228 |191a o

229 | 7340 a o

230 |[8,0-10%a |«

231 |26,64h B

232 | 1,39-10%a |a (+ T >10%a)
233 22,12 m B

234 |24,10d B

235 |7,1m B




Thorium (2)

T:=1750°C T,, = 3000 - 4000 °C p=115¢g/cm3

Thotit — ThSIO,
Thorogummit
Thorianit — ThO,

232Th (n ,Y)ngTh _ 233 U

ThO, + 2Ca — Th + 2Ca0
4AI(BH,), + 3ThF, — 3Th(BH,), + 4AIF,

EXTRAKCE: ]

C,Hy0-(CH,-CH,0),-C,Hq (pentaether) | ¢ HNO,

H,.C s - -

1 &> C=HC-CO-CH, (mesityloxid) NH,NO3; LINO,
3

TBP; c(HNO,) > 5M
MIBK; c(HNO,) = 1-3M; Ca(NO,),, Mg(NO,),, AI(NO,),
HTTA v benzenu (0,25 M); pH = 1-2




Analyticka chemie Th (1)

LA

= ThF, X ZrF?

(COOH),  Th(C,0,)2:6H,0 + (NH,),C,0, — Th(C,0,),*
(NH,)CO;  — Th(CO;), — (NH,),[Th(CO3),]

KIO, — KIO;-4Th(105)-18H,0

H,PO, — Th,(PO,),, Th(HPO,),-H,O, Th(HPO,),-H;PO,
CrO,% — Th(CrQ,),-3H,0

H,SeO, — d¢leni od Be

org. — Kyselina jantarova, kyselina m-nitrobenzoova, ...



Analyticka chemie Th (2)

KVALITA OH

MORIN: /@C_E—OH
(pentahydroxyflavon) o o—c,_

HO OH

THORIN:
(thoron) kyselina 1-(o-arzofenylazo)-2-naftol-3,6-disulfonova)
(dvojsodna siil)

AsO,H, HO O;H

©r (0)

SO,H



Analyticka chemie Th (3)

ARSENAZO I:
kyselina 2-(1,8-dihydroxy-3,6-disulfo-2- naftylazo) fenylarsemcna
AsO;H,
OO0
HSO, SO,H
ARSENAZO II:
H ASO H ASO3 OH
*N‘N“N‘“*
A HSO, SO,H
ARSENAZO lII: ASOH, ASO.H,

G



Analyticka chemie Th (4)

KVANTITA
Alizarin-S:
O OH

OH

SO,H
O



Protaktinium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Protaktinium (1)

A T druh zareni

225 |25 o

226 |1,8m o

227 [383m | a85%,EZ15%
228 | 22h o2 %, EZ 98 %
229 (1,5 o 1%, EZ 99 %
230 |17,7d EZ 85 %, - 15 %
231 [34310%a |a

232 [1,39d B

233 |27,0d B

?S;) 67h B

?Sf(g' 1,175m |, IP

235 [237m |

237 |1l m B




Protaktinium (2)
T+=1560°C p=11,5g/cm?

1918 HAHN, MEITNEROVA
SODDY, CRANSTON

1913 — ,,BREVIUM* FAJANS
230Th(= Iocj(n,y)bBlTh B 231pg 232Th(n,y)233Th _I - 233pg zg’dmu

75,6 h
LPROTAKTINICNANY*“ = TERNARNI OXIDY (taveni s alkdliemi)
MePaO, PaGeO, Pa0O,-27a,0x
Me,PaO, [ Me=Li, Na Rb, K PaSiO,
Me,PaO, .
[PaF,]*~

PaO,(OH),Cl>#¥2  x=0,1,2

y=0—-4

z=0—>28

X+y+z<8



pav oy Protaktini um (3)

(Pa(OH);")

Pa(OH),*

% 4
100 -

50 -




Protaktinium (4)

Pa,O: PaF: PaF, PaH,
PaO, PaCl. PaCl, PaN,
Pa,0:'nH,O PaBr. K,PaF, PaC

Pal. NH,PaF Pa,04-3H,0
CHLORFOSFONAZO ll11I:
kyselina 2,7-bis-(4-chloro-2- fosfobenzenazo) -1,8-dihydroxynaftaen-
3,6-disulfonova PO,H PO;H

C|_@—3N_N @@ N_N—@-

HSO,



Protaktinium (5)

ﬂZr a — 9mol/L HCI + 0,004mol/L HF
_a | b —9mol/L HCI + 0,18mol/L HF
| |
Nb M 100
L B LI LA 80 -
20 60 100 140180 200V 50 -
40-
20—

I
0 2 4 6 8 10 c(HNO,)



ELSON Separace Pa (1)

aq. (Pa
/Qieni HNO, q. (Pa)

FAINO),
nerozpustny zbytek vyluh PH

(50-80 % Pa) /e\xtiakce U / Q(trakce DIPC
a

ag.  org. U g.  org. (Pa)
(20-50 % Pa) reextrakce
0)
extrakce TBP /TNO% R0,
ad. org.
ag. org. (Pa) iPav(U,Ca)
+ F, reextrakce NH,N Og}extrakce
N HNO, Et,0
ag. (Pa) Dorg.
LF ag. (Pa) org. (V)

!



ELSON pokraCovani Separace Pa‘ (2)

aq}(Pa)
+H,C,0,

|Ca(U) aq.(Pa)

/+\T‘ANIN

a0.  |Pa-------mmmmooo-

+ HNO,
extrakce DIPK

ag. org. (Pa)
reextrakce

SN

ag. org.




Uran

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Uran (1)

A pf. zastoupeni | T druh zafeni Ter

227 1,3 m o

228 9,3m a 80 %, EZ 20 %

229 o8 m a 20 %, EZ 80 %

230 20,8 d o

231 4,2d a6-10°%, EZ>99 %

232 73,6 a o 8-1013 a
233 1,62:-10°a | o

234 (Ull) |0,0057 % 2,48-10°a |a 2-10'% a
235(AcU) | 0,7204 % 7,1-108a  |a 2-1017 a
236 2,39-107a | o 2:10% a
237 6,75d B

238(Ul) 99,2739 % 4,51-10%a | o 10% a
239 23,54 m B

240 14,1 h B




Uran (2)
roztok U

2U3 + 2H* — 2U* + H,

roztok UV K = 17-108
2U0,* + 4H* «— U0, + U* + 2H,0

Hydrolyza:
0,02mol/L roztok Uv......... pH=1,3
um........ pH =13
UO,%......pH=1,3
= 0,21

UV: UV H,0 o UOH)% + H*

R K=1,1:10°
Uo,%: 2UO,* +H, O<—>U Oz + 2H*

=5-10°
UOZ“‘+U022++HO<—>U3082++2H+ (1,5<pH<4)



uoé-szo: [

Uran (3)

|

O O

Z
N
o

U

O\\ /

UF; — fialovocerveny: 2UF, + H, — 2UF; + 2HF

UF, + Al — UF, + AIF

T>1000°C 4UF, — 3UF, + U

. . row 4 o) IV
UF, — zeleny: sraZzeni roztokt U™ s, o

UF. — bily

UO, + 4HF — UF, + 2H,0

U,k Uk —temna -

™ UF, + UF,

UF, — bezbarvy, sublimace 56,6 °C



UO; w55 350 UO,F 22W UF

UBOS
HFl3OO °C

+UF,

HF

250 400°C UF 550 °C UOZ

UF, + 2H,0 — UO,F, + 4HF




Uran (5)

550 °C
UCI; — Cerveny v zeleny 2UCl, + H, — UCl; + 2HCI

350 °C
UH, + 3HCI = UCl, + 3H,

400 °C
3UCI, + Al — 3UCI,; + AlCl,
UCI, — zeleny, chlorace UO, (hexachlorpropen CCI=CCI-CCl,)
UCI; — ¢erveno-hnédy

UCI, — €erny, nestaly



Analyticka chemie U

PAN: 1-(2-pyridylazo)-2-naftol @

(@y=r0)

REDUKTOMETRIE.

570 nm

5U% + 2MnO, + 2H,0 — 5UO,%** + 2Mn#* + 4H*

KOMPLEXOMETRIE:

U* +H,Y — UY + 4H*

SRAZENI:

[UO,(SCN);]" + methylviolet'... spaleni 500°C

ANEXY: S [%)]

)

Vi
IV

15 c(HCI) [mol/L]



Neptunium

1.A VIIILA
1 2

H 1A IHH1LLA IVA VA VLA VIILA He
3 4 5 6 7 8 9 10
Li Be B C N (@) F Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti \V Cr Fe | Co| Ni |Cu|l Zn | Ga ]| Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82

Pb

Aktin(o)idy

B Transuranovée

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Prirodni‘




Neptunium (1)

A T druh zateni priprava

229 [4,0m a, EZ 233U(p,5n)

230 |4,6m EZ 97 %, 0.3 % 233U (p,4n)

231 |50m EZ 99 %, o. 1 % 235J(d,6n)

232 |13m EZ 235(d,5n)

233 |35m EZ>99 % 233U(d,2n); 23*U(d,3n)
234 | 4,4d EZ>99 %, 0.<0,1%, B | 35U(d,3n)

235 1396,1d EZ>99%,0<103% |2%U(d,2n)

236 |>5000a |p 238U(d,4n)

236m | 22 h B~ 52 %, EZ 48 % 235(d,n)

237 |[2,14-10%a | a 238U(n,2n); > Np(n,y)?
238 |2,1d B 23'Np(n,y)

239 |2,35d B 238(n,y) 220U L5

240 |67 m B 238U(a,pn)

240m | 7,5 m B 238y B,

241 |16 m B 238 (a1, p)




Neptunium (2)
1940 McMILLAN, ABELSON
238U(n’y)239g3%n?39|\|p ﬂﬁ-d (239Py)
WAHL, SEABORG, G. T.

238(, 2n)237u6 i d237Np2 N ?_())6 a(233Pu — 4n+1 1)

(235U(n,'Y)236U(n,’Y)237 68 d237Np) (O 1 % 239Pu)



Neptunium (3)

T+=637°C T, =3902 °C p =19,5 g/cm3
NpO, NpF, NaCl, NpBr, Np(NO,),
NpO, NpF, NpOCI NpBr, NpO,NO,
NP,Os KNp,Fq NpCl, Npl; NpPO,(NO;),
NpO,-2H,0 NpF, NpOCl,

(T =53 °C)
Np(HPO,), Na[NpO,(CH;COO0);]  NpHj;; NpSI,
Np(105), Me,'Np,O; NpC, NP,S;



Plutonium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Plutonium (1)

A T druh zateni priprava

232 |36m EZ 98 %, o 2 % 233U (0,5n)

233 |20m EZ 99 %, o 1 % 233U (01,4n)

234 |9,0h EZ 94 %, o 6 % 233U (01, 3N)

235 | 26m EZ>99%, 3-103% | 235U(0,4n)

236 |2,85a a, (Tsg=3,5-10° a) 235U(a1,3N)

237 |4563d |EZ a3,3-103% 235J(01,2)

238 | 86,4a a 23TNp(n,y)2%eNpL>
239 |24360a | 238U (n,y)2NpL>
240 |6580a o, (T = 1,210 a) 239Pu(n,y)

241 |14,1a B >99%, 0.2,3-103% | 240Pu(n,y)

242 13,87-10°a | o, (Tgg=7,1-1019a) 241Pu(n,y)

243 | 4,96 h B 242Py(n,y)

244 8281072 | a, (Te =2,5-1010 ) ZE GESNZEINANN
245 |105h B 24517 B 245N B
246 |10,85h | B 2461y B, 246N\ B




Plutonium (2)

T:=639,5°C T, =3235°C p =19,816 g/cm?

1940 SEABORG, McMILLAN, KENNEDY, WAHL
238(d,2n)BENp 57, 28Pu g , (334U — 4n+2)

1941 KENNEDY, SEABORG, SEGRE, WAHL
238 (n,y)2%0U, 3%’m 239N Zg;dzsgpumg%ﬁ (25U > 4n+3)

MANHATTAN PLUTONIUM PROJECT (Hanford)
2,77 ug Puo,!!!



TR o

{oedils 5

Hanford reprocessing plant 1960




Plutonium (3)

PuO PuF, (T,, = 62,3 °C) Pu(SO,),

Pu(OH);-nH,0 PuO,F,

Pu(OH), O. 0O PuCl, PuBr,

Pu(Q,), | pu| PuOCl Pul,

07 0

PU(10.), KPu'[Fe'(CN).]-7H,0 (NH,),Pu,O,

Pu(HPO,), nH,0O Pu,'V[Fe'"(CN)ql, PuC; Pu,C,
(PuvO,),[Fe"(CN)s],  PuN
P,0CrO,-2H,0 PuSi; Pu,Si,; PusSi,

Pu(MoO,), PuS; Pu,0O,S; ...



1V

VI

Hydrolyza Pu

Put + H,0 — Pu(OH),* + H* c¢(H*) <0,3N

PuO,?* + H,O — PuO,(OH)* + H*
PuO,(OH)* + H,0O — PuO,(OH), + H*
PuO,(OH), + H,O — PuO,(OH); + H*

Pu3* + H,0 — PU(OH)?* + H*

PUO,%* + H,0 — PUO,OH + H*



Radionuklidove zdroje energie

Loading Cover

Fueling End Cap (Al 2219, Al Bellows MinK Insulati
Al 2219-T852 1Nk tnsulation

1100, Tantalum, SS 304L Bl Haynes 25 { . E 1400

Metal Plate) \ fragres2) Forging) 4 :

Cooling Tubes (Al
6063-T4 Machined
Fittings, B0B1-T4
Tubing, 316L to Al 6064
Bi-metal fittings)

GPHS Interface Plate
(FWPF 3-D CC)

Heat Source
Liner (Haynes 25)
Aptek 2711

Thermoelectric YWhite

Getter (Zr housed in & Thermal

Pd) Coating
Mink Insulation GPHS Module
(TE 1400} Stack (GFE)
Mircotherm

Insulation

{Super G)

Fin (Al

Heat Distribution B063-TB)

Block (Poco
Graphite AXF-501)

Heat Source Getter

{Zr housed in Zirconia C|OM

& Haynes 25 retainer
secured with P/Rd wire)

GPHS Interface

Plate (FWPF 3-D CC) Mounting End Cover
(Al 2219-TB52 Forging)

Multi-Mission Radioisotope Thermoelectric Generator
Powered by Pu-238 dioxide GPHS modules (8 modules, 4 PuO, tablets per module, iridium
casing). Generate about 2 kW thermal power.
Use PbTe/TAGS thermocouples. Designed to produce 125W electrical power (100W after
14 years. Mass 43 kg — about 2.8 We/kg

MinK Insulation
(TE 1400)



Radionuklidov¢ zdroje energie
GPHS-RTG

Aluminum Outer Active Cooling Svstem
Cooline Tubes Shell ASS(.‘]T[bl}' (ACS) \Llllll()ld
Heat Source Pressure

General Purpose

Gas Management Heat Source (GPHS) Relief Device

Support
PI Assembly

,_' f S X _-;‘A_===—wi:_. = — =S =5 '
d,;,-“' ~ ® ¢ o v a A e es sle \d‘-\':

AEALE L 7'_——“—"‘ ' - :
(\““‘ 0¢v!1v-vvvro ‘

—— =
‘.

1,2____—_ ~

B e — —_———————

iy . | Midspan Heat
Rf(x}\olounlmg Multi-Foil Silicon-Germanium Source Support
Flange k=20l (S1-Ge) Unicouple
Insulation

GPHS = General Purpose heating Source. Vykon az 285 W,. Velké laboratote pro pruzkum
vnéjSiho vesmiru (sonda Galileo, Ulysses, Cassini, New Horizons). Si/Ge termoclanky.



Radionuklidove zdroje energle

Plutonium Powered Pacemaker (1974)

Powered by thermoelectric batteries
containing 2 to 4 curies of plutonium-
238 (88 year half-life). In 2003, there
have between still 50 and 100 people
in the US with nuclear powered
pacemakers.

Titanium case, electronics embedded
in epoxy.

Designed to withstand any credible
event including gunshots and
cremation.

Dose rates at the surface of the
pacemaker are approximately 5 to 15
mrem per hour from the emitted
gamma rays and neutrons. The whole
body exposure is estimated to be
approximately 0.1 rem per year to the
patient and approximately 7.5 mrem
per year to the patient's spouse.




Americium

1.A VIIILA
1 2

H 1A IHH1LLA IVA VA VLA VIILA He
3 4 5 6 7 8 9 10
Li Be B C N (@) F Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti \V Cr Fe | Co| Ni |Cu|l Zn | Ga ]| Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82

Pb

Aktin(o)idy

B Transuranovée

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Prirodni‘




Americium (1)

A T druh zateni priprava

237 |1,3h EZ 5103 % 239py(d,4n)

238 1,86 h EZ, 0<510%% 239U(p,2n); 2’Np(a,3n)
239 |12,1h |EZ, a510%% 29cmE4

240 |2,12d EZ, a2-10% % 239py(d,n)

241 | 433a o 241py B,

242 | 16,0 h EZ 17 %, p-83 % 241Am(n,y)

242m, | 144 a IP, 0 0,5 % 241Am(n,y)

243 | 7370a |o 222 Am(n,y); 243Pu-t
244 10,1 h B 243Am(n,y)

244m, | 26 m B “SAm(n,y)

245 [2,08h |B 245py B,

246 40 m B 244Py(3He,p)

246m | 25m B 246py B

247 |24m B- 244Pu(o.,p)




Americium (2)
T:=1176 °C T, =~2067 °C p=11,7 g/cm3

1944 SEABORG, JAMES, MORGAN

238 241 241
U(o,n) Pul_ir Am o

21Am(n,y)22Am m, ¢ _f,h242pu(n’y)24spu5 _%)h243 Am &3 )
AmO, AmF, Am,(C,0,), AmH,
Am,0O, AmF, AmPO, Am,H,c
Am(OH), AmCl, KAmM(SO,),-2H,0  Am,S,
Am(OH), AmBr, KAmMO,F,
Aml, KAmMO,CO,

AmMOCI NaAmO,(CH,COO0),



Redox vlastnosti U-Am

l,; Fe3*; MnO,; Ce*

vzdusSny O2 | v
U 1 - > U AV UV€ UVI
Zn + HCI Hg-katoda Hg-katoda
vzdusny O, horka HNO, / Cl,; BrO3
Np||| >|\Ip|\/< Np\. NpV'
Hg-katoda; Zn Fe?*; SO, SnCl,; NH, NH,
Br,; MnO, HNO; (90°C) MnO4 BrO;; Cr
Pullt —— py'v P Pu
SO,; Zn; NHZ-NHzT
SO,
NaCIlO + K,CO,
S,0%
Am!! Am!V AmV—=—AmV!

t |

Fez*




Disproporcionace Pu, Np, Am
PU(V)  2Pu,0% + 4H* « Pu** + PuO,2* + 2H,0
PuO,* + Pu#* < PuO,?* + Pu3*K = 8,5 (0,5mol/L HCI)
PuO,* + Pu3* + 4H* « 2Pu* + 2H,0

Pu(lV)  3Pu* + 2H,0 < 2Pu3* + PuO,* + 4H*
Np(V)  -viz Pu(V), pouze v H,SO,

AM(V)  3AMO,* + 4H* <> Am3* + 2AmO,2* + 2H,0

Pi.: Pu'v v 0,5mol/L HCI:
27,2% Pu'l: 58.4 % Pu'V: 13,6 % PuV!: 0,75 % PuV



Technologickeé schéma ,,PUREXU*

Second uranium

Scrub
HN_03

U Strip

H,0

Ly

Eurge tanﬁ B
lvent

it b Pll:nsc; ;'p 3 t?t gp
Solvent to
issolver I b
lytion | o g
e E 2 £
Feed  |—f B . :
U,PuF Ps. c
c £
HNO3.Na NO| s : g e
e v u s a H,0
18P _ o 2|LIBP] | E g ﬁ:wmtc
Solvent o a o Evaporator '
First cycle ]
Serub | u Strip | Solyent to
"N01 HNO4 H,0 recovery v
: P 0
Pu E c Hj ?7'
Profv_ﬂ_ ,g 5 £ 8 Hold up
> : S % r - tank
T | g .g €l Purified
v [ ) u o| UProduct
' 7 5 Pu o
Waste acld rr‘u Product
to recovery Waste acld

Second plutonium to recovery

cycle

ey

Extraction column

1

Stripping column

Solvent

to
recovery

—» H

to wnste

&

Waste acid

to recovery

o Product}

Evaporator

-

Figuro 2.7. Flowsheot of tho Purex process.



Déleni a izolace transplutoniovych prvku

; . R e SR
i » Ho D Té 6d Eu 4 .
:’ﬁh’ﬁ' N w0t Am §
e c o
L \
g 5 Wody :
k. 3 _
5 /0 B =
E ’ # 2 Rl
k b 1 1 1 1 t\§ | . Pm
Bf  AMiFm Es Cf B Cm - Am S 0 i
5 b L?(\\{n“,“, 'f‘u‘ ﬂ ﬂ
o RER
SE
E 40 : - BT 9 S '
; AR T
E /f/ In b %obem qluaty
10 20 30 40 50 60 70 80 Vzajemna separace An od Ln na
objem eludtu ménici aniontl

Elu¢ni kiivky An a Ln z katexu pomoci a-HIM



Nova extrakcni ¢inidla

Y‘@r

R M

) I
= hr_r,. M M “|

General structure of bis-triazinyl-
pyridines —
the so-called BTPs (R=alkyl, aryl)

OO

N

General structure of 2,
2'-bipyridine

x Yl 5 ‘*\—{‘ \
N /—N N:Q___ ) H/,N_-___ N= \{N\TM
~ |~ TICD
A Noy A~ PP NN
C2-BTBP C4-BTBP
4o \_ m R
AN Dl S SN
Pt N~ ' N
e Ve W "o l\/\/’\ /JJN N TN
/-f,f"'\-\. T
C5-BTBP Ce-BTBP
7 N_ 7\

AT
Al
I|I I|I- _J:,N
~™
|

\ \
M 4<¢"4N\.\,f- A{\

] ]
N B _-'" > A
M -
\

CyMe,-BTBP

The molecular structures of bis-triazinyl-bipyridine —
BTBP ligands




Curium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Curium

A T druh zateni priprava

243 |35a o 239py(d,4n)

244 | 19a o Viz nize

245 [8265a | 239y (n,y)8

246 |5-10%3a |a 239Pu(n,y)’; 2%8U(n,y)®
247 | 1,6-10"a |« 238U(n,y)?

248 |3,84-105a | a 238U(n,y)%; 252Cf %

A=238-251, 3 =249, 251
239PU(,)22Cm ot |

E. =32-44 MeV

1944 SEABORG, JAMES, MORGAN
21Am(n,y)22Am D B 242cm (16_§ )2 101 Bq'mg! !

16'h

239py(n,y)* 243Py 5_% 243Am(n,y)24Am Eﬁ;mzm(;m (T,, =19 a)



Berkelium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Berkelium

A T

druh zareni

priprava
247 |1,3810%a | a 244Cm(q,p); 247Cf B>
248 |9a o 246Cm(a.,pn)
248m | 23,7 h B- 70 %, EZ 30 % 248Cm(d,2n)
249 [320d B> 99 % 239Py(n,y)L0

A=240-251,p3 =248 -251

1949 THOMPSEN,GHORSO, SEABORG

241 Am(a,2n)243BK (

45h)




Kalifornium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Kallfornlum (1)

A | T druh zafeni priprava

245 144 m | EZ66 %, a 34 % 248Cm(a,n)

249 | 470a |« 1,5-10°a 239Pu(n,y)to
2509,3a |« 1,5-10% a 239Pu(n,y)t
2511900a |a 239Pu(n,y)*?

252 (26a |0, SF32%* 85,5a 239pu(n,y)ts
253118,1d |p,08 % 239Pu(n,y)4

254 160,5d |SF a0,3% 55d 239Pu(n,y)®; exploze

*2,3-109n-stmg (8,7-10° tepelnych, 108 rychlych. 8,4-10%rezonan¢nich)

A =239 - 256, B~ = 253 — 255
1950 THOMPSGN, STREET, GHIORSO, SEABORG
242Cm(a, n)245Cf4f)m (241Cm)



Kalifornium (2)

Cf,O, — zluty CfOBr

Cf ) — t€kave CfO,

CfF, Cf,S;

CfBr, CfO, 1/2(Cf,0,+0,)
Cfl, CfF,

CfOF



Einsteinium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: ‘ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe
55 56 72 73 74 82
Pb

Lanthan(o)idy

Aktin(o)idy

B Transuranoveé

B Transaktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘




Einsteinium

A T druh zateni Ter

253 |20,47d a 6-10% a
254 | 275,7d a >25-107 a
255 (39,8d B~ 91 %, a 9% 2440 a

A =243 - 256 , B~ = 255, 256, 254m

1952 termojaderna exploze — ATOL BIKINI — ,, MIKE*
v produktech — 253Es; 255Fm 238 (xn) X
,,odtajnéno* az 1965

1954 GHIORSO, ROSSI, HARVEY, CHOPPIN
239Pu(n,y)14 253ES

1954 GHIORSO, ROSSI, HARVEY, THOMPSON
238 (14NS*, xn yp)  246Es

T+=860+50°C EsCl, EsOCI



Metody ptipravy TAn (1)
1. XEL&)Y &=p,dat..  &=n —BERKLEY

2. X(,5&)Y j§1ehké(Be, C,N, O, Ne) — DUBNA

stredni (Ca, Cr, Fe)
&7k (Pb, U) } DARMSTADT

3. X(n,y)Y,(n,y)Y,(ny)Ys ... X=Pu,... ¢t=10%-10%
4, X(xn,y) Xe<l117>



Metody pripravy TAN (2)

Fm TB' >
ES p—— ]Iaa
Cf T
o 1]

Cm —

an L L]

Pu .)])]iil)

230 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257
(ny; B x(nf Y, 3 ..)




. Metody pripravy TAN (3), ., ,
ES 2 4
Cf PO SV S S
Bk 4
cm I I
Am 4
Pu A A 4 A A
Np
U

@
238 240 245 250 255 258
PF.- 2381J + 150 —> 2530 ﬁ) %53Np B 253Cf ﬁ) 253 g

Z\Zl‘@

238 + 1711 —> 2551 ﬂ) 255Np T 255ES ﬁ) 255E )

Z\:L'@



Fermium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Fermium

A T druh zafeni Ter piiprava
255 (20,1 h o n

257 1100,5d | a, SF 100 a n
A=242 - 259 B~ = zadné !!!

1952 | MIKE*“ #°Fm

1954 a) THOMPSON, GHIORSO, HARVEY, CHOPPIN
252+...Cf(n,y)253Cf B 253E5(n,y)254Es B> 254Fm
b) ATTERLING, FORSLING, HOLM, MELANDER, ASTROM

238U + 1606+ N 250Fm + 4n



Mendelevium

1.A VIIILA
1 2

H 1A IHH1LLA IVA VA VLA VIILA He
3 4 5 6 7 8 9 10
Li Be B C N (@) F Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti \V Cr Fe | Co| Ni |Cu|l Zn | Ga ]| Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Prirodni‘

B Transuranovée

B Transaktin(o)idy




Mendelevium

A T druh zafeni priprava
258 | 56 d a 255Es(a,N)
A=247-239 o, EZ (259 = SF)

Nelze pripravit pomoci (n,y)* !!! (nebot’ Fm nema )

GHIORSO, HARVEY, CHOPPIN, THOMPSON, SEABORG

1955

253E (g, n)256Md7EZ 256F Sk

N” = 10°% atomi

160 m

N=N"cIt

— N=1 I

...V praxi 3 experimenty — 5 atomil...

11 stalejsi nez Eu"!

BaSO, — separace
JONESUV REDUKTOR (Zn(Hg) v HCI)

c=1mb
t=10%s (~ 3k)

| =10 q-cm™@-st

1l ex. HDEHP v TBP
Il neex.



Mendelevium

Aqua regia .
Helium ions Separation | Radioactivity

Target ’ column | measurement

Gold

catcher C-’v’: 99

foil f,‘-fj-

= -00 00
Gold —
253 %6
'S ?2r ks ' C/
2 ol
9
g, _ Fm
8 RFr
> m
‘N 0
R « o
~ 17T
§
& 2
Y T T 1 _!_‘_\’t‘

0 5 1w 15 20 25 30 35 40 45
a:(y/tzm a/aﬂfu




Nobelium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Nobelium (Joliotium)

A |T druh zareni piiprava produk¢ni rychlost

255 |3,1m |a61,4%, EZ38,6% |29Cf(12C;02n)55No | 100 atomiv/h

259 [1,00h | a 78 %, EZ 22 % 248Cm(*80;a3n)?%*°No | n* 102 atomi/m

A =250 - 259

1957 244Cm + 13C4 5, 51283Ng (T, ~ 10 m)

1958 Berkeley (GHIORSO et al.) 244246Cm + 12C" — 254No(?)
Dubna (FLEROV et al.) %41Pu + 1605 — 253.2%4No(?)

1967 — GHIORSO et al.

1971 identifikace... K= x-ray 2°*Fm v koincidenci s a %°No

- 600 V —

12C

il 246CmNi

» 440

LN
<. .) 35S

I—>-4OOV

250F - qHiB



| awrentium

LA VIILA
1 2
Holna LA IVA VA VIAVILA He
3 4 5 6 7 8 9 10
Li | Be Blcl|IN|[oO]| F|Ne
11 12 13 14 15 16 17 18
Na | M3l ve VB viB: : \ 8 ng| M| S|P S [CA
19 20 21 22 23 24 27 28 29 30 31 32 33 34 35 36
K | Ca| Sc Ti V Cr Fe | Co Ni | Cul Zn | Ga | Ge | As | Se Br | Kr
37 38 39 40 41 42 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo Sn Te | Xe

55 56 72 73 74

82
Pb

Lanthan(o)idy
Aktin(o)idy

mm Umélé cisuranoveé (mimo fady)
B Cisuranové / ,,Piirodni‘

B Transuranoveé

B Transaktin(o)idy




Lawrentium =.o.LawreNcE)

A |T druh zareni piiprava produk¢ni rychlost
256 [28s | 249Cf(11B;4n)2%6Lr 10 atomi / 3 m
260 |3 m o 248Cm(1°0;3n)*°Lr | 1atom/10m
A =253 -260
1961 GHIORSO, SIKKELAND, LARSH, LATIMER (Berkeley)
Cf + 10113 —, 257 Lw — Lr (IUPAC)
< ... CfNi
Né((;)AE ‘ 257) : *<\|‘<_1011|3 '|'1/2 =8+25s (’)I)
<_‘ | ‘ 5 : i E(x — 8,6 MeV
Do D Dy Dy D vy
< 000 Cu

1965-1967  Dubna 2>-257Lr (T, ?1)
1971 Berkeley 255-280 r
28Cm + UN  24Cf+ 0B — 2571 (T,,=0,69)
246Cm + 15N 249Cf+ 1C — 258 (T,,, = 4,3 9)
1961 — Spatné A (=258)




| awrentium

DETECTOR

CATCHER

ION BEAM

TARGET

ION COLLECTOR

TARGET / tr'-‘-]_

He FLOW 1000n/s

%ae Q DETECTOR
S——
CATCHER




