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Nuclide 

 
T1/2 (s) 

 
E  (MeV) 

 
Reaction 

Cross 
section 
(pb) 

290115 ~0.6 9.95 249Bk(48Ca,3n) 0.5 

289114 2.6 9.82 244Pu(48Ca,3n) 1.7-8.0 

288114 0.80 9.94 244Pu(48Ca,4n) 5.3-9.8 

287114 0.48 10.02 242Pu(48Ca,4n) 3.6 

286113 20 9.63 249Bk(48Ca,3n) 0.5 

285113 5.5 9.74 249Bk(48Ca,4n) 1.3 

284113 0.94 9.97 243Am(48Ca,3n) 8.5 

285Cn 29 9.15 244Pu(48Ca,3n) 1.7-8.0 

283Cn 3.8 9.54 244Pu(48Ca,4n) 5.3-9.8 

282Rg 0.5 9.00 249Bk(48Ca,3n) 0.5 

281Rg 26 SF 249Bk(48Ca,4n) 1.3 

280Rg 3.5 9.52-9.87 243Am(48Ca,3n) 8.5 

281Ds 11 SF / 8.73 
(10%) 

244Pu(48Ca,3n) 1.7-8.0 

278Mt 8 9.55 249Bk(48Ca,3n) 0.5 

276Mt 1.6 9.35-9.95 243Am(48Ca,3n) 8.5 

268Db 27 (h) SF 243Am(48Ca,3n) 8.5 
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EXPERIMENT SCHEME 



Dubna Gas Filled 
Recoil Separator

v (A=48) = 0.11 c 

q = 16.5+ 

v (A=288) = 0.017 c 

q = 6.2+  

Experimental Setup 



Chemical Separation of 268Db- 2011 


48Ca + 243Am   

 

                          2005       2011 

 243Am (mg cm-2)         1.2          0.5 

  εtransm.                 0.9          0.4 

______________________________  

  K(Db/Ac)sep.        ---       104-105 

  K(Db/Ac)chem.           104          104   





Lanthanum fluoride radiochemical separation flow chart (4 h)  

Copper foil (~400 mg) 

Dissolution 7.5 ml 8 M HNO3 
175Hf, 92mNb, 177Ta (1 kBq) 

 

Co-precipitation  

of group 4 and 5 elements 

(2 times) 

Remove copper 

Dissolve La(OH)3 

Co-precipitation 
of group 4 elements 

0.5 ml 1 M HF 

0.5 ml 1 M HCl 

3 M HF 

Remove Traces of La, Cu 

La(NO3)3 (0.7 mg La) 

Group 4 Fraction 

Dissolve LaF3  
Group 5 Fraction 
0.5 M HCl / 0.5 M HF 

Adsorption 
Anion Exchange Column 

DOWEX1×8, 6×12 mm 

1 M HF  

Elute Group 4 elements 

Sat. Boric acid 2 M HNO3  

NH4OH 

solution precipitate 

Adsorption 
Cation Exchange Column 

DOWEX50×8, 8×40 mm 

Evaporation (1.5 ml) 

Group 4 sample 

65-70 % Hf 

Evaporation (0.5 ml) 

Group 5 sample 

70 -80 % Nb, 65-75% Ta 

1.5% H2O2 / 1.5 M HNO3  

Elute Group 5 elements 

Poster presentation by Nikolay Aksenov 





Extraction radiochemical separation flow chart (4-5 h)  
Copper foil (400 mg) 

Dissolution 
7.5 ml 8 M HNO3 

175Hf, 92mNb, 177Ta (1 kBq) 
 

 

 
Co-precipitation  

of group 4 and 5 elements 

(2 times) 

Remove copper 

Dissolve La(OH)3 

Extraction 
An(IV) and group 4 and 5 elements  

UTEVA Column (DAAP) 

(Eichrom, 4×75 mm) 

6-8 M HCl 

0.2 ml 9 M HCl 

Remove La  

La(NO3)3 (0.7 mg La) 

Group 4 Fraction (1 ml)  Group 5 Fraction (3 ml) 

NH4OH 

Evaporation 

Group 4 sample 

≈70 %  Hf 

Evaporation 

Group 5 sample 

≈80 % Nb, ≈60% Ta 

5 M HCl Elute Group 4 elements 

8 M HF Elute Group 5 elements Poster presentation by Gospodin Bozhikov 











Results  

№ Tirrad 

hr 

∫  Separation Etop/Ebot + 

n  

(MeV)  

Group  Treg  

(EOB)  

Tmes. 

(total)  

hr  

1 45 6.0·1017  LaF3  10 / 70 + 0  5 6 h 20 m  496  

2 44 6.1·1017  LaF3 --- 240  

3 41 5.7·1017 LaF3 3 / 40 + 2  5 70 h 45 m  480 

4 46 
6.6·1017  

LaF3 
30 / 20 + 1  4 37 hr  

15 / 5 + 1  4 74 h 20m  430 

5 48 7.7·1017  LaF3 --- 240  

6 45 4.0·1017  LaF3 20 / 20 + 2  4 12 hr  760 

7 47 6.7·1017  Extr.C  15 / 3 + 2  4 18 hr  720  

8 46 7.1·1017  Extr.C --- 240  

9 21 3.3·1017  Extr.C --- 240 



10 20 2.6·1017  Extr.C 25 / 10 + 2  4 65 h 30 m  648 

11 44 6.5·1017  Extr.C --- 240  

12 22 3.0·1017  Extr.C --- 240  

15 48 5.5·1017 Extr.C --- 240  

16 43 5.4·1017 Extr.C --- 240  

17 47 6.1·1017 Extr.C --- 240 

18 47 3.4·1017 Extr.C --- 240 

19 24 3.3·1017 Extr.C 57/–_ + 1  5 36 hr 254 

  8.9· 1018  8 

4 gr – 5 

5 gr – 3 





Fluoro complex formation  

of Rf and Db  

Y. Nagame 

for 

JAEA – RIKEN - Niigata Univ. - Osaka Univ. - TMU- 

Kanazawa Univ. - GSI - Mainz Univ. collaboration 

NRC-7, August 25, 2008 

Budapest, Hungary 



1702 cycles of anion-exchange experiments 

 1st effluent of 14 M HF: 6  events 

 2nd effluent of 6 M HNO3/0.015 M HF: 4  events 

Off-line with radiotracers 
92mNb (10.15 d) 
177Ta (56.6 h) 
233Pa (27.0 d) 
 

On-line 
248Cm(19F, 5n)262Db 

Gd(19F, xn)170Ta 

Nb  Ta > Db ≥ Pa in 14 M HF 
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CHEMISTRY of ELEMENT 113 

113 – 7s2 7p1/2 – less reactive 
and more volatile than TL  

 
 

       

-∆Hads (Au): Tl = 240 kJ/mol (S.König) 

                    113 =  158.6  (V. Pershina) 
 
- ∆Hads (inert surf) =  14 kJ/mol  

        



Sublimation enthalpy 
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Chemistry of the Element 113 
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9.63(10) MeV 
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10.81(10) MeV 
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1.3 min 
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1.0 s 

112 ms 

45 ms 
117 

297 249Bk + 48Ca 



25 

 Target  (243Am;  

1.0 mg/cm2) 
SiO2-   
 
800°C 

  (4 ) 

He/Ar (70/30) 

   

CHEMISTRY OF THE  113  ELEMENT 

Au  - 113 
16 pairs 

2.5m 

2 L/min 
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Capillary length from target chamber to detector system is 2.5 m 



27 

16 pairs of gold covered detectors 
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243Am- target  - 1,1 mg cm-2 (natNd -30 µg cm-2)  
 
48Ca  EU-400 = 273 MeV, Emid. target = 248 MeV 

  I ~ 10 eμA 

 

Irradiation  24.03.2010 - 14.04.2010 

 

∫   4.7∙1018 

 

Gas flow rate 2 L∙min-1 

48Ca + 243Am 



29 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

2

4

6

8

10

12

14

16

18

R
el

a
ti

v
e 

a
ct

iv
it

y
, 
%

Detector #

Am-target I

 Ca48Am01.000 - start

 Ca48Am07.007 - integral 1.1x10
18

Hg-185 DISTRIBUTION 



30 

1000 2000 3000 4000 5000 6000 7000 8000 9000

0

50 000

100 000

150 000

200 000

250 000

300 000

350 000

Po-211
At-211

Hg-185

Sum Alpha Am-target I beam-on

Integral 1.2E+18

C
ou

n
t

Energy, keV



31 

115 
288 

113 
284 

9.387 MeV 

Mt 
276 

Rg 
280 

9.504MeV 

0.313 s 

Bh 
272 

SF 

99.9 + 81.1 MeV 

9.05 h 

9.098 MeV 

 15.72 s 

  

Db 
268 

243Am + 48Ca 
3n 

 
 

α2 

α4 

α3 

α5 

α1 

Top 3 

Bot. 3 

Top 3 

DGFRS    25 March 2010 14:25:04 

115 
288 

113 
284 

9.75 MeV 

3.6 s 

Mt 
276 

Rg 
280 

9.71 MeV 

0.72 s 

 Bh 
272 

SF 

TKE = 205(5) MeV 

16 h 

9.02 MeV 

9.8 s 

  

Db 
268 

243Am + 48Ca 
3n 

10.00 MeV 

0.48 s 

α2 

α4 

α3 

α5 

α1 

10.46 MeV 

87 ms 



Thermochromatography of SHE  

4848CaCa

T=35°C
liq. N2

Getter Pump

Sicapent®

Drying-

unit

Recoil-

chamberAerosol filter

+ getter

Buffer

COLD

made by ITE (Poland)

Gas flow

Actinide 

Target
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Sum spectrum    
243 Am + 48 Ca   
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48 

Ca 

Target: ~400  g/cm 
2 

no getter 
Gradient: 31- -98°C 
Exp.time: 15.5 d 



SF 

Db 

268 

108 h 

97 + 21 MeV 

Det. 8b/9t 

Top. 0 

Rg 

280 

α1 9.692 MeV 

Top. 0 

Bot. 0 

9.55 MeV 

Bh 

272 

α2 
Mt 

276 

9.03 MeV 

α3 

0.59 s 

 

1.62 s 

NRandom~0.002 

T=5°C 

T=31°C 

transp  *  deposition  *  det  *  GridTransmiss 

0.5    *   0.95     *   0.567( -SF) *   0.8 

Total efficiency 284113: 0.22 (Nexp = 7 ) 

Nalfa2 Nalfa3 Nalfa4 NSF 

240 286 21208 7 
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Target  249Bk  (0.5 mg·cm-2)    
    natNd  (30 μg·cm-2) 

 
48Ca        Emid. target = 249 MeV 

 I ~ 9 eμA 

 

Irradiation: -  18.04.2010 – 31.05.2010;  

     

    target I - 3.5 1018 ; target II -  5.6 1018     

     

                     9.1·1018     

     

48Ca + 249Bk 
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 Target  (249 Bk;  

0,5 mg/cm2) 
SiO2-   
 
800°C 

  (4 ) 

He/Ar (70/30) 

   

CHEMISTRY OF THE  113  ELEMENT 

Au  - 113 
16 pairs 

2.5m 

1 L/min 
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a). Cumulative alpha spectrum from 16 pairs of detectors        b). Cumulative spectrum of fission fragments from 16 pairs of detectors 
c). Cumulative alpha spectrum from 8th pair of detectors          d). Cumulative spectrum of fission fragments from 8th pair of detectors 
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9.61 MeV



The deposition of 185Hg compared to the deposition of 209At in the 
isothermal detector array at 0°C together with Monte-Carlo simulation 
of the depositions.  
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THANK YOU  

FOR YOUR TIME! 



Mendeleev periodic table of the elements (2011) 


