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‚ · ³± Ì ¨§ÊÎ¥´¨Ö Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤μ²£μ¦¨¢ÊÐ¨Ì ¨§μÉμ¶μ¢ Db ³¥Éμ¤ ³¨
¢μ¤´μ° Ì¨³¨¨ · §· ¡μÉ ´  ³¥Éμ¤¨±  ± É¨μ´μμ¡³¥´´μ£μ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢
£·Ê¶¶Ò 5 ¨ μÉ¤¥²¥´¨Ö ¨Ì μÉ Zr, Hf ¨ ² ´É ´μ¨¤μ¢ ¸ ¶μ³μÐÓÕ · §¡ ¢²¥´´ÒÌ
HCl/HF · ¸É¢μ·μ¢. ˆ¸Ìμ¤Ö ¨§ ·¥§Ê²ÓÉ Éμ¢ · ¡μÉÒ, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ ¸²¥¤ÊÕ-
ÐÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Ê¸Éμ°Î¨¢μ¸É¨ ËÉμ·¨¤´ÒÌ ±μ³¶²¥±¸μ¢ Ô²¥³¥´Éμ¢ £·Ê¶¶
4 ¨ 5: Nb ≈ �  > Zr > Hf > Ta. ‚ Í¥²μ³ ¶μ¢¥¤¥´¨¥ ¨§ÊÎ ¥³ÒÌ Ô²¥³¥´-
Éμ¢ ¢ Ê± § ´´ÒÌ ¸·¥¤ Ì Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¶·μ¢¥¤¥´´ÒÌ · ´¥¥
¨¸¸²¥¤μ¢ ´¨° ¨ É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Tereshatov E. E. et al. P6-2007-136
Cation Exchange Separation of the Group 5 Elements

In the framework of the investigation of chemical properties of long-lived Db
isotopes by means of liquid chemistry methods the procedure of cation exchange
separation of the group 5 elements and their isolation from Zr, Hf and lantanides
by diluted HCl/HF solutions has been developed. Based on the derived data, it
is possible to suggest the following order of stability of 
uoride complexes of the
elements of groups 4 and 5: Nb ≈ �  > Zr > Hf > Ta. The order of the complex
formation is in agreement with earlier investigations and theoretical predictions.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¢ ¶·μ£· ³³¥ ¸¨´É¥§  ´μ¢ÒÌ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢
	¥·¨μ¤¨Î¥¸±μ° É ¡²¨ÍÒ „. ˆ.Œ¥´¤¥²¥¥¢  μ¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¢μ¶·μ-
¸ ³ Ì¨³¨Î¥¸±μ° ¨¤¥´É¨Ë¨± Í¨¨ ¨ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ É· ´¸ ±É¨-
´μ¨¤´ÒÌ Ô²¥³¥´Éμ¢ (’��). �É´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨¥ ¢·¥³¥´  ¦¨§´¨ ¸¨´É¥§¨-
·μ¢ ´´ÒÌ ¢ ·¥ ±Í¨ÖÌ ¸ 48‘  ´μ¢ÒÌ ´Ê±²¨¤μ¢ ¨ ¶·μ¤Ê±Éμ¢ ¨Ì · ¸¶ ¤  ¢¶¥·¢Ò¥
μÉ±·Ò¢ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ´¥ Éμ²Ó±μ ¢ ·¥¦¨³¥ on-line
(´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶·¨ ´¥¶·¥·Ò¢´μ³ ¢Ò¤¥²¥´¨¨ ¶·μ-
¤Ê±Éμ¢ ·¥ ±Í¨°), ´μ ¨ ¢ off-line ·¥¦¨³¥ (μÉ´μ¸¨É¥²Ó´μ ¤²¨É¥²Ó´μ¥ μ¡²ÊÎ¥´¨¥
³¨Ï¥´¥° ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¢Ò¤¥²¥´¨¥³ ¨¸¸²¥¤Ê¥³ÒÌ ´Ê±²¨¤μ¢). 	¥·¢Ò° É ±μ°
Ô±¸¶¥·¨³¥´É ¶μ Ì¨³¨Î¥¸±μ° ¨¤¥´É¨Ë¨± Í¨¨ Db ± ± ±μ´¥Î´μ£μ ¶·μ¤Ê±É  · ¸-
¶ ¤  Ô²¥³¥´É  115 ¡Ò² ¶·μ¢¥¤¥´ ¢ ‹Ÿ� ¢ 2004 £. [1, 2].

ˆ§μÉμ¶ 115-£μ Ô²¥³¥´É  ¸ ³ ¸¸μ¢Ò³ Î¨¸²μ³ 288 ¢¶¥·¢Ò¥ ¡Ò² ¸¨´É¥§¨-
·μ¢ ´ ¢ Ë¨§¨Î¥¸±μ³ Ô±¸¶¥·¨³¥´É¥ (¨¸¶μ²Ó§μ¢ ²¸Ö £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · -
Éμ· ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨°)  ¢Éμ· ³¨ [3] ¢ ·¥ ±Í¨¨ 48‘a + 243Am →288115 +
3n. �´ ¨¸¶ÒÉÒ¢ ² ¶ÖÉÓ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ α-· ¸¶ ¤μ¢, ±μÉμ·Ò¥ μ± ´Î¨¢ ²¨¸Ó
¸¶μ´É ´´Ò³ ¤¥²¥´¨¥³ 268Db (·¨¸. 1). ‘Ê³³ ·´μ¥ ¢·¥³Ö ¶ÖÉ¨ α-¶¥·¥Ìμ¤μ¢
¸μ¸É ¢²Ö²μ μ±μ²μ 20 ¸. 	¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ±μ´¥Î´μ£μ Ö¤·  Å 268Db, μ¶·¥-
¤¥²¥´´Ò° ¶μ É·¥³ ´ ¡²Õ¤ ¥³Ò³ ¢ Í¨É¨·Ê¥³μ° · ¡μÉ¥ ¸μ¡ÒÉ¨Ö³, ¸μ¸É ¢²Ö²
16+19

−6 Î.
‚ Ìμ¤¥ Ì¨³¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É  ¡Ò²μ § ·¥£¨¸É·¨·μ¢ ´μ 15 ¸μ¡ÒÉ¨°

¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö 268Db. ˆ§ ¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ¡Ò² ÊÉμÎ-
´¥´ ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  268Db Å T1/2 = 29 Î, μ¶·¥¤¥²¥´Ò Ô´¥·£¨¨ μ¸±μ²±μ¢
¤¥²¥´¨Ö ¨ ³´μ¦¥¸É¢¥´´μ¸ÉÓ Ô³¨¸¸¨¨ ´¥°É·μ´μ¢ ¶·¨ ¤¥²¥´¨¨ [4]. ‚ Í¥²μ³
¤ ´´Ò¥ ®Ì¨³¨Î¥¸±μ£μ¯ Ô±¸¶¥·¨³¥´É  Ö¢¨²¨¸Ó ´¥§ ¢¨¸¨³Ò³ ¤μ± § É¥²Ó¸É¢μ³
¸¨´É¥§  115-£μ, · ¢´μ ± ± ¨ 113-£μ Ô²¥³¥´Éμ¢ ¢ ·¥ ±Í¨¨ 48‘  + 243Am.

„²Ö ¤ ²Ó´¥°Ï¥£μ · §¢¨É¨Ö ÔÉ¨Ì · ¡μÉ ¢Ò§Ò¢ ¥É ´¥¸μ³´¥´´Ò° ¨´É¥·¥¸ ¶μ-
¸É ´μ¢±  off-line Ô±¸¶¥·¨³¥´Éμ¢ ´¥ Éμ²Ó±μ ¤²Ö Ì¨³¨Î¥¸±μ° ¨¤¥´É¨Ë¨± Í¨¨,
´μ ¨ ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Db. 	·¨ ÔÉμ³ ¶·¥¤¸É ¢²Ö-
¥É¸Ö Í¥²¥¸μμ¡· §´Ò³ ¨¸¶μ²Ó§μ¢ ÉÓ ³¥Éμ¤¨±Ê ¶μ²ÊÎ¥´¨Ö ¤μ²£μ¦¨¢ÊÐ¥£μ ¨§μ-
Éμ¶  268Db,  ´ ²μ£¨Î´ÊÕ μ¶¨¸ ´´μ° ¢ · ¡μÉ¥ [1]. �  ¶μ¸²¥¤ÊÕÐ¨Ì ¸É ¤¨ÖÌ
´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ¡μ²¥¥ ¸¥²¥±É¨¢´Ò¥ ³¥Éμ¤¨±¨, ±μÉμ·Ò¥ ¶μ§¢μ²¨²¨
¡Ò ¶·μ¢μ¤¨ÉÓ ´¥ Éμ²Ó±μ ¢Ò¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5, ´μ ¨ ¨Ì · §¤¥²¥´¨¥
¢´ÊÉ·¨ £·Ê¶¶Ò, ÎÉμ ¥¸É¥¸É¢¥´´μ Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¸²μ¦´μ° § ¤ Î¥°. � §· ¡μÉ±¥

1



�¨¸. 1. –¥¶μÎ±  · ¸¶ ¤  288115, ´ ¡²Õ¤ ¥³ Ö ¸ ¶μ³μÐÓÕ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· 
(‹Ÿ�) ¢ ·¥ ±Í¨¨ 243Am + 48Ca [3]

³¥Éμ¤¨±¨ ± É¨μ´μμ¡³¥´´μ£μ ¢Ò¤¥²¥´¨Ö ¨ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¨
¶μ¸¢ÖÐ¥´μ ´ ¸ÉμÖÐ¥¥ ¸μμ¡Ð¥´¨¥.

	·¨ · §· ¡μÉ±¥ ³¥Éμ¤¨±¨ ÊÎ¨ÉÒ¢ ²¨ ·¥§Ê²ÓÉ ÉÒ on-line Ô±¸¶¥·¨³¥´Éμ¢
¶μ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤Ê¡´¨Ö.

’ ±, ¢ · ¡μÉ Ì [5Ä9] ¨§ÊÎ ² ¸Ó Ô±¸É· ±Í¨Ö Nb, Ta, Pa ¨ Db ¨§ · ¸É¢μ·μ¢
£ ²μ£¥´μ¢μ¤μ·μ¤´ÒÌ ±¨¸²μÉ (HF, HCl, HBr)  ²¨Ë É¨Î¥¸±¨³¨  ³¨´ ³¨. �Ò²μ
¶μ± § ´μ, ÎÉμ Ê¸Éμ°Î¨¢μ¸ÉÓ ±μ³¶²¥±¸´ÒÌ ¸μ¥¤¨´¥´¨° Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 5 ¸
£ ²μ£¥´¨¤´Ò³¨ ²¨£ ´¤ ³¨ Ê³¥´ÓÏ ¥É¸Ö ¢ ·Ö¤Ê F− > Cl− > Br−. ’¥³ ´¥
³¥´¥¥, ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ´¥ ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ μ¤´μ§´ Î´Ò° ¢Ò¢μ¤ μ
¶·μÎ´μ¸É¨ £ ²μ£¥´¨¤´ÒÌ ±μ³¶²¥±¸μ¢ Db ¶μ ¸· ¢´¥´¨Õ ¸ ±μ³¶²¥±¸ ³¨ ¥£μ
£μ³μ²μ£μ¢ Nb ¨ Ta ¨ ¶¸¥¢¤μ£μ³μ²μ£  � .

‚ · ¡μÉ Ì [10, 11] ¨¸¸²¥¤μ¢ ²¨¸Ó £¨¤·μ²¨§ ¨ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨¥ Ô²¥-
³¥´Éμ¢ £·Ê¶¶Ò 5 (Nb, Ta ¨ � ) ¢ · ¸É¢μ· Ì £ ²μ£¥´μ¢μ¤μ·μ¤´ÒÌ ±¨¸²μÉ. �¢-
Éμ· ³¨ ´  μ¸´μ¢ ´¨¨ É¥μ·¥É¨Î¥¸±¨Ì ±¢ ´Éμ¢μÌ¨³¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ¸¤¥² ´μ
¶·¥¤¶μ²μ¦¥´¨¥ μ Éμ³, ÎÉμ £¨¤·μ²¨§ ¨§³¥´Ö¥É¸Ö ¢ ·Ö¤Ê Ta > Db > Nb > Pa,
  ±μ³¶²¥±¸μμ¡· §μ¢ ´¨¥ ¸ £ ²μ£¥´¨¤-¨μ´ ³¨ ± ± ±μ´±Ê·¨·ÊÕÐ¨° ¶·μÍ¥¸¸ Å
¢ μ¡· É´μ³ ¶μ·Ö¤±¥ Pa >> Nb > Db > Ta.

ˆ¸¸²¥¤μ¢ ´¨¥ ¸μ·¡Í¨¨ Ô²¥³¥´Éμ¢ £·Ê¶¶ 4 ¨ 5 ´   ´¨μ´¨É¥ ¨§ ËÉμ·¨¤-
´ÒÌ ¸·¥¤ ¶·μ¢μ¤¨²μ¸Ó ¢ · ¡μÉ Ì [12, 13]. �¢Éμ· ³¨ [12] ¶μ± § ´μ, ÎÉμ ¢
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Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ±μ´Í¥´É· Í¨° ¶² ¢¨±μ¢μ° ±¨¸²μÉÒ  ¤¸μ·¡Í¨μ´´ Ö ¸¶μ-
¸μ¡´μ¸ÉÓ Ô²¥³¥´Éμ¢ ÔÉ¨Ì £·Ê¶¶ Ê³¥´ÓÏ ¥É¸Ö ¢ ·Ö¤Ê Ta > Hf ≈ Zr > Pa,   ¶·¨
±μ´Í¥´É· Í¨¨ HF ´¨¦¥ 0,3 Œ Å Ta > Hf ≈ Zr > Pa > Nb [13].

‚ · ¡μÉ Ì [14, 15] ¶·μ¢μ¤¨²μ¸Ó ¨¸¸²¥¤μ¢ ´¨¥ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨Ö Ô²¥-
³¥´Éμ¢ £·Ê¶¶ 4 ¨ 5 ¢ ¢μ¤´ÒÌ · ¸É¢μ· Ì ¶² ¢¨±μ¢μ° ±¨¸²μÉÒ · §²¨Î´μ° ±μ´-
Í¥´É· Í¨¨. �¢Éμ· ³¨ ¡Ò²μ μ¡´ ·Ê¦¥´μ, ÎÉμ ¢ · ¸É¢μ· Ì · §¡ ¢²¥´´μ° ËÉμ-
·¨¸Éμ¢μ¤μ·μ¤´μ° ±¨¸²μÉÒ Zr μ¡· §Ê¥É ±μ³¶²¥±¸Ò, ±μÉμ·Ò¥ ¸μ·¡¨·ÊÕÉ¸Ö ´ 
± É¨μ´μμ¡³¥´´μ° ¸³μ²¥. ‚ Éμ ¦¥ ¢·¥³Ö μÉ·¨Í É¥²Ó´μ § ·Ö¦¥´´Ò¥ ±μ³¶²¥±¸Ò
´¨μ¡¨Ö μ¸É ÕÉ¸Ö ¢ · ¸É¢μ·¥. 	μ± § ´μ, ÎÉμ ¢ · ¸É¢μ· Ì 0,1 Œ HCl, ¸μ¤¥·¦ -
Ð¨Ì HF ¸ ±μ´Í¥´É· Í¨¥° 10−3 Ä 10−5 Œ, Nb μ¡· §Ê¥É  ´¨μ´´Ò¥ ËÉμ·¨¤´Ò¥
±μ³¶²¥±¸Ò,   ¶·¨ ¡μ²¥¥ ´¨§±¨Ì ±μ´Í¥´É· Í¨ÖÌ HF (< 5 · 10−4 Œ) ´¨μ¡¨°
´ Î¨´ ¥É μ¡· §μ¢Ò¢ ÉÓ ´¥°É· ²Ó´Ò¥ ¨ ± É¨μ´´Ò¥ ±μ³¶²¥±¸Ò.

ˆ§ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ´ ¨¡μ²Ó-
Ï¥£μ μÉ²¨Î¨Ö ¢ ¶μ¢¥¤¥´¨¨ Ô²¥³¥´Éμ¢ £·Ê¶¶ 4 ¨ 5 ³μ¦´μ μ¦¨¤ ÉÓ ¢ · §¡ ¢²¥´-
´ÒÌ HCl/HF · ¸É¢μ· Ì.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

„²Ö · §· ¡μÉ±¨ ³¥Éμ¤¨±¨ Ì¨³¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¡¥§´μ-
¸¨É¥²Ó´Ò¥ É· ¸¸¥·Ò ¢ ·¥ ±Í¨ÖÌ (α, xn), (n, γ) ¨ · ¸Ð¥¶²¥´¨Ö (p; xn, yp, f )
´  Í¨±²μÉ·μ´¥ “-200, ³¨±·μÉ·μ´¥ Œ’-25 (‹Ÿ�, �ˆŸˆ) ¨ ¸¨´Ì·μÍ¨±²μÉ·μ´¥
®”¯ (‹Ÿ	 �ˆŸˆ) ¸μμÉ¢¥É¸É¢¥´´μ. • · ±É¥·¨¸É¨±¨ ¨ ³¥Éμ¤Ò ¶μ²ÊÎ¥´¨Ö ¨§μ-
Éμ¶μ¢ Ô²¥³¥´Éμ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

Š· É±μ¥ μ¶¨¸ ´¨¥ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ · ¡μÉ¥ · ¤¨μ¨§μÉμ¶μ¢

ˆ§μÉμ¶ �¥ ±Í¨Ö ¶μ²ÊÎ¥´¨Ö �¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ 
233Pa 232Th (n; γ)233Th →233Pa 27,0 ¸ÊÉ
92mNb natY (α; xn) 92mNb 10,15 ¸ÊÉ
177Ta natLu (α; xn)177Ta 56,6 Î
88Zr natSr (α; xn)88Zr 83,4 ¸ÊÉ
175Hf natYb (α; xn)175Hf 70 ¸ÊÉ
87mSr natRb (α; xn)87Y →87mSr 2,81 Î
173Lu natTa (p; xn, yp, f ) 173Lu 1,37 £

•¨³¨Î¥¸±μ¥ ¢Ò¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ Pa, Nb ¨ Ta ¶·μ¢μ¤¨²μ¸Ó ¶μ ¸²¥¤ÊÕÐ¨³
³¥Éμ¤¨± ³.
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�μ²ÊÎ¥´¨¥ 233Pa. � ¡μ· Éμ·¨¥¢ÒÌ Ëμ²Ó£ · §²¨Î´μ° Éμ²Ð¨´Ò ¨ μ¡Ð¥°
³ ¸¸μ° 0,9 £ ¶μ³¥Ð ²¨ ¢ Í¨²¨´¤·¨Î¥¸±¨° ¶² ¸É³ ¸¸μ¢Ò° ±μ´É¥°´¥· ¨ μ¡²Ê-
Î ²¨ É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ U-Be ±μ´¢¥·Éμ·  ³¨±·μÉ·μ´ 
Œ’-25 (¶μÉμ± ´¥°É·μ´μ¢ Å 108 ´/¸³2· ¸) ¢ É¥Î¥´¨¥ 10 Î. 	μ μ±μ´Î ´¨¨ μ¡²Ê-
Î¥´¨Ö Ëμ²Ó£¨ ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥Î¥´¨¥ 3 ¸ÊÉ ¨ · ¸É¢μ·Ö²¨ ¢ 10 ³² 11,3 Œ HCl
¸ ¤μ¡ ¢²¥´¨¥³ 1Ä2 ± ¶¥²Ó 2 Œ HF (¤²Ö Ê²ÊÎÏ¥´¨Ö · ¸É¢μ·¥´¨Ö). 	μ²ÊÎ¥´´Ò°
· ¸É¢μ· ¶·μ¶Ê¸± ²¨ Î¥·¥§  ´¨μ´μμ¡³¥´´ÊÕ ±μ²μ´±Ê (8 × 40 ³³) ¸μ ¸³μ²μ°
AG 1 × 8 (100Ä200 ³¥Ï). 	μ¸²¥ Î¥£μ ±μ²μ´±Ê ¶·μ³Ò¢ ²¨ 9 ³² 8 Œ HCl ¨
Ô²Õ¨·μ¢ ²¨ �  6 ³² 2 Œ HCl. ‘É¥¶¥´Ó ¢Ò¤¥²¥´¨Ö �  ¸μ¸É ¢¨²  ∼ 95%.

�μ²ÊÎ¥´¨¥ 92mNb (177Ta). �   ²Õ³¨´¨¥¢ÊÕ ¶μ¤²μ¦±Ê ´ ´μ¸¨²¨ ´¨-
É· É ¨ÉÉ·¨Ö (´¨É· É ²ÕÉ¥Í¨Ö) ¨ ¶·μ± ²¨¢ ²¨. �¡· §μ¢ ¢Ï¨°¸Ö μ±¸¨¤ Y2O3

(Lu2O3) ³ ¸¸μ° 100Ä130 ³£/10 ¸³2 μ¡²ÊÎ ²¨ ´  Ê¸±μ·¨É¥²¥ “-200 α-Î ¸É¨Í ³¨
¸ Ô´¥·£¨¥° 32Ä33 ŒÔ‚ ¢ É¥Î¥´¨¥ 10 Î (6 Î) ¶·¨ ¸·¥¤´¥³ Éμ±¥ 10 ³±� (7 ³±�).
	μ μ±μ´Î ´¨¨ μ¡²ÊÎ¥´¨Ö ¶μ¤²μ¦±Ê ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥Î¥´¨¥ 100 Î. ‡ É¥³
μ¡²ÊÎ¥´´Ò° ¸²μ° μ±¸¨¤  · ¸É¢μ·Ö²¨ ¢ 10 ³² ±μ´Í¥´É·¨·μ¢ ´´μ° HNO3. 	μ-
²ÊÎ¥´´Ò° · ¸É¢μ· Ê¶ ·¨¢ ²¨ ¤μ¸ÊÌ  ¨ · ¸É¢μ·Ö²¨ ¸ÊÌμ° μ¸É Éμ± ¢  §μÉ´μ°
±¨¸²μÉ¥ ¸ ¤μ¡ ¢²¥´¨¥³ HF ¤²Ö μ¸ ¦¤¥´¨Ö YF3 (LuF3) É ±, ÎÉμ¡Ò ±μ´¥Î´Ò°
¸μ¸É ¢ ¸³¥¸¨ ¸μμÉ¢¥É¸É¢μ¢ ² 0,5 MHNO3/1Ä1,5 M HF. 	μ¸²¥ ÔÉμ£μ ¶·μ¢μ¤¨²¨
Í¥´É·¨ËÊ£¨·μ¢ ´¨¥ · ¸É¢μ·  ¢ É¥Î¥´¨¥ ¶ÖÉ¨ ³¨´ÊÉ (4000 μ¡/³¨´). 	μ²ÊÎ¥´-
´Ò° ¶μ¸²¥ Í¥´É·¨ËÊ£¨·μ¢ ´¨Ö · ¸É¢μ· μÉ¤¥²Ö²¨ ¤¥± ´É Í¨¥° ¸ ¶μ¸²¥¤ÊÕÐ¨³
Ê¶ ·¨¢ ´¨¥³ ¤μ¸ÊÌ . ‘ÊÌμ° μ¸É Éμ± · ¸É¢μ·Ö²¨ ¢ 100 ³±² 3 Œ HF ¨ ¶·μ-
¶Ê¸± ²¨ ¶μ²ÊÎ¥´´Ò° · ¸É¢μ· Î¥·¥§  ´¨μ´μμ¡³¥´´ÊÕ ±μ²μ´±Ê (2 × 50 ³³) ¸μ
¸³μ²μ° Dowex 1 × 8 (200Ä400 ³¥Ï). �²Õ¨·μ¢ ´¨¥ Nb (Ta) ¶·μ¢μ¤¨²¨ · ¸-
É¢μ·μ³ 0,5 M HNO3 / 1,5 % H2�2.

	μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ³¥Éμ¤¨± ¢Ò¤¥²¥´¨Ö Lu, Zr, Hf ¨ Sr ¶·¨¢¥¤¥´μ ¢
· ¡μÉ Ì [2, 16, 17].

�¥μ¡Ìμ¤¨³Ò¥ ¤²Ö Ô±¸¶¥·¨³¥´É  · ¸É¢μ·Ò, ¸μ¤¥·¦ Ð¨¥ · ¤¨μ ±É¨¢´Ò¥
¨§μÉμ¶Ò, ¸³¥Ï¨¢ ²¨, ¤μ¡ ¢²Ö²¨ 1 ³±£ ´μ¸¨É¥²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ Ô²¥³¥´É  ¨
1 ³£ La (¢ Ëμ·³¥ La(NO3)3). Šμ²¨Î¥¸É¢μ ¨¸¶μ²Ó§Ê¥³μ£μ ² ´É ´  μ¶·¥¤¥²Ö²μ¸Ó
³¥Éμ¤¨±μ° μÉ¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° μÉ ³ É¥·¨ ²  ¸¡μ·´¨± , μ¶¨¸ ´´μ°
¢ · ¡μÉ¥ [1]. 	μ²ÊÎ¥´´Ò° · ¸É¢μ· ¶¥·¥Ê¶ ·¨¢ ²¨ ¸ ´¥¸±μ²Ó±¨³¨ ± ¶²Ö³¨
Í ·¸±μ° ¢μ¤±¨ ¨ Ê¶ ·¨¢ ²¨ ¤μ¸ÊÌ .

‘ÊÌμ° μ¸É Éμ± · ¸É¢μ·Ö²¨ ¢ 0,5 ³² 0,2 M HCl. 	μ²ÊÎ¥´´Ò° · ¸É¢μ·
¢´μ¸¨²¨ ¢ ±μ²μ´±Ê (6 · 30 ³³) ¸μ ¸³μ²μ° Dowex 50 × 8 (100Ä200 ³¥Ï). � §-
¤¥²Ö¥³Ò¥ Ô²¥³¥´ÉÒ Ô²Õ¨·μ¢ ²¨ · ¸É¢μ· ³¨ ³¨´¥· ²Ó´ÒÌ ±¨¸²μÉ · §²¨Î´ÒÌ
±μ´Í¥´É· Í¨°. ”· ±Í¨¨ Ô²¥³¥´Éμ¢  ´ ²¨§¨·μ¢ ²¨ ´  γ-¸¶¥±É·μ³¥É·¥ ¸ Ge-
¤¥É¥±Éμ·μ³ (ORTEC) ¶μ ¸É ´¤ ·É´μ° ³¥Éμ¤¨±¥.

‚Ò¡μ· Ê¸²μ¢¨° ¸μ·¡Í¨¨ ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éμ¢ ´  ± É¨μ´μμ¡³¥´´μ°
¸³μ²¥ (0,2 Œ HCl) ¡Ò² ¸¤¥² ´ ´  μ¸´μ¢ ´¨¨ μÍ¥´μÎ´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´-
´ÒÌ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò ®Speciation¯ (IUPAC SC-Database/Academic Soft-
ware) [18].
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	¥·¢Ò° Ô±¸¶¥·¨³¥´É ¶μ ¨§ÊÎ¥´¨Õ ¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö Ô²¥³¥´Éμ¢
£·Ê¶¶ 4 ¨ 5 ¢±²ÕÎ ² ¢ ¸¥¡Ö ± É¨μ´μμ¡³¥´´μ¥ · §¤¥²¥´¨¥ Nb, Zr, Hf ¨ Lu ´ 
¸³μ²¥ Dowex 50 × 8 (·¨¸. 2). 	¥·¢Ò³ Ô²Õ¨·μ¢ ²¨ ´¨μ¡¨° ¸³¥¸ÓÕ · ¸É¢μ·μ¢
0,2 Œ HCl / 5 · 10−4 Œ HF, ¤ ²¥¥ Ô²¥³¥´ÉÒ £·Ê¶¶Ò 4 (Zr ¨ Hf) Å 0, 2 Œ
HCl / 2 · 10−3 Œ HF ¨, ´ ±μ´¥Í, Lu Å 6 Œ HCl. Š·μ³¥ Éμ£μ, ¸²¥¤Ê¥É μ¡· -
É¨ÉÓ ¢´¨³ ´¨¥ ´  μÉ¤¥²¥´¨¥ Nb μÉ Zr ¨ Hf, ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¤μ± §Ò¢ ¥É
¶· ¢¨²Ó´μ¸ÉÓ ¶μ¤Ìμ¤  ¶·¨ ¢Ò¡μ·¥ ´ Î ²Ó´ÒÌ Ê¸²μ¢¨° · §¤¥²¥´¨Ö. 	μ¢¥¤¥´¨¥
· §¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ ¶μ¤É¢¥·¦¤ ¥É ·¥§Ê²ÓÉ ÉÒ ¶μ on-line · §¤¥²¥´¨Õ Nb ¨
Zr ´  Ê¸É ´μ¢±¥ SISAK, ¸μμ¡Ð¥´´Ò¥ ¢ · ¡μÉ¥ [14]. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ¨ ÉμÉ
Ë ±É, ÎÉμ ±μÔËË¨Í¨¥´É · §¤¥²¥´¨Ö Zr ¨ Hf ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ (αZr/Hf ≈ 1, 1),  
¸É ²μ ¡ÒÉÓ, ¢ ¶μ¤μ¡´ÒÌ Ê¸²μ¢¨ÖÌ ¢μ§³μ¦´μ · §¤¥²¥´¨¥ ÔÉ¨Ì Ô²¥³¥´Éμ¢. ’ ±¦¥
Ê¤ ²μ¸Ó μÉ¤¥²¨ÉÓ Ë· ±Í¨¨ Ô²¥³¥´Éμ¢ £·Ê¶¶ 4 ¨ 5 μÉ  ±É¨´μ¨¤μ¢, ¢ ± Î¥¸É¢¥
£μ³μ²μ£μ¢ ±μÉμ·ÒÌ ¨¸¶μ²Ó§μ¢ ²¸Ö ¸ ³Ò° ÉÖ¦¥²Ò° ² ´É ´μ¨¤ Lu.

�¨¸. 2. Š É¨μ´μμ¡³¥´´μ¥ · §¤¥²¥´¨¥ Nb, Zr, Hf ¨ Lu (Dowex 50 × 8, 100Ä200 ³¥Ï,
6 × 30 ³³)

�  ¸²¥¤ÊÕÐ¥³ ÔÉ ¶¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶·¥¤¸É ¢²Ö²μ ¨´É¥·¥¸ ¨§ÊÎ¥´¨¥ ¶μ¢¥-
¤¥´¨Ö ¢ ¢Ò¡· ´´ÒÌ Ê¸²μ¢¨ÖÌ �  (¶¸¥¢¤μ£μ³μ²μ£  Db) ¨ Ta. 	μ³¨³μ ÔÉμ£μ, ¢
· §¤¥²Ö¥³ÊÕ ¸³¥¸Ó ¡Ò² ¢´¥¸¥´ ¨§μÉμ¶ 87mSr, Ö¢²ÖÕÐ¨°¸Ö ¶μ ¸¢μ¥³Ê Ì¨³¨Î¥-
¸±μ³Ê ¶μ¢¥¤¥´¨Õ  ´ ²μ£μ³ No, ±μÉμ·Ò° ³μ¦¥É μ¡· §μ¢ ÉÓ¸Ö ¶μ ¸²¥¤ÊÕÐ¥°
·¥ ±Í¨¨: Db Ô.§.−−→ Rf α−→ No. �¥§Ê²ÓÉ ÉÒ · §¤¥²¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3.
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	·μÉ ±É¨´¨° Ô²Õ¨·μ¢ ²¨ ¸³¥¸ÓÕ · ¸É¢μ·μ¢ 0,2 Œ HCl / 7, 5 · 10−4 Œ HF,
¤ ²¥¥ Ô²¥³¥´ÉÒ £·Ê¶¶Ò 4 (Í¨·±μ´¨° ¨ £ Ë´¨°) Å 0,2 Œ HCl / 5 · 10−3 Œ HF,
É ´É ² Å 1 Œ HF, ¸É·μ´Í¨° Å 2 Œ HNO3 ¨, ´ ±μ´¥Í, ²ÕÉ¥Í¨° Å 6 Œ HCl.

�¨¸. 3. Š É¨μ´μμ¡³¥´´μ¥ · §¤¥²¥´¨¥ Pa, Zr, Hf, Ta, Sr ¨ Lu (Dowex 50 × 8, 100Ä
200 ³¥Ï, 6 × 30 ³³)

	·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¶μ²μ¦¥´¨¥ É ´É ²  ´  Ì·μ³ Éμ£· ³³¥, ¶μ¸±μ²Ó±Ê
μ´ ¢Ò³Ò¢ ¥É¸Ö ¶μ¸²¥ Ô²¥³¥´Éμ¢ £·Ê¶¶Ò 4. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥
μ¡· §μ¢ ´¨Ö μ¤¨´ ±μ¢ÒÌ É¨¶μ¢ ±μ³¶²¥±¸μ¢ μ´ ¨³¥¥É §´ Î¨É¥²Ó´μ ³¥´ÓÏÊÕ
±μ´¸É ´ÉÊ Ê¸Éμ°Î¨¢μ¸É¨ ËÉμ·¨¤´μ£μ ±μ³¶²¥±¸ . �¥§Ê²ÓÉ ÉÒ ¶¥·¢ÒÌ Ô±¸¶¥·¨-
³¥´Éμ¢ ¶μ± § ²¨ É ±¦¥, ÎÉμ ¶¨±¨ Ô²Õ¨·μ¢ ´¨Ö �  ¨ Nb ¡²¨§±¨.

Š·μ³¥ Éμ£μ, ¢ ¸²ÊÎ ¥ μ¡· §μ¢ ´¨Ö No ¶μ Ê± § ´´μ° ¢ÒÏ¥ ¸Ì¥³¥ ¶·¥¤-
² £ ¥³ Ö ³¥Éμ¤¨± , ± ± ¶μ± §Ò¢ ¥É Ì·μ³ Éμ£· ³³ , ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢¨ÉÓ
¶μ²´μ¥ μÉ¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ £·Ê¶¶ 4 ¨ 5 μÉ Sr ( ´ ²μ£ No),   É ±¦¥ μÉ Lu
( ´ ²μ£ 3-¢ ²¥´É´ÒÌ  ±É¨´μ¨¤μ¢). ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ
μÎ¨¸É±¨ (∼ 104) μÉ¤¥²¨ÉÓ ¨§ÊÎ ¥³Ò¥ Ô²¥³¥´ÉÒ μÉ  ±É¨´μ¨¤μ¢.
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ˆÉ ±, · §· ¡μÉ ´  ³¥Éμ¤¨±  ± É¨μ´μμ¡³¥´´μ£μ · §¤¥²¥´¨Ö ¶ · Ô²¥³¥´Éμ¢
Nb/’  ¨ � /Ta ¨ μÉ¤¥²¥´¨Ö ¨Ì μÉ Zr, Hf ¨ ² ´É ´μ¨¤μ¢ ¢ · §¡ ¢²¥´´ÒÌ HCl/HF
· ¸É¢μ· Ì. ˆ¸¸²¥¤μ¢ ´¨¥ ¶μ¢¥¤¥´¨Ö ¶ ·Ò Ô²¥³¥´Éμ¢ �  ¨ Nb ¢ Ê¸²μ¢¨ÖÌ
¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ£μ ¨§ÊÎ¥´¨Ö.

�  μ¸´μ¢ ´¨¨ ¤ ´´ÒÌ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉÒ ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ ¸²¥-
¤ÊÕÐÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Ê¸Éμ°Î¨¢μ¸É¨ ËÉμ·¨¤´ÒÌ ±μ³¶²¥±¸μ¢ Ô²¥³¥´Éμ¢
£·Ê¶¶ 4 ¨ 5: Nb ≈ �  > Zr > Hf > Ta. ‚ Í¥²μ³ ¶μ¢¥¤¥´¨¥ ¨§ÊÎ ¥³ÒÌ Ô²¥-
³¥´Éμ¢ ¢ Ê± § ´´ÒÌ ¸·¥¤ Ì Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¶·μ¢¥¤¥´´ÒÌ
· ´¥¥ ¨¸¸²¥¤μ¢ ´¨° ¨ É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨.

ˆ¸¶μ²Ó§μ¢ ´¨¥ ¶·¥¤²μ¦¥´´μ° ³¥Éμ¤¨±¨ ¶μ§¢μ²¨É ¸¥²¥±É¨¢´μ μÉ¤¥²ÖÉÓ
Ô²¥³¥´ÉÒ £·Ê¶¶Ò 5 μÉ  ´ ²μ£μ¢ ·¥§¥·Ëμ·¤¨Ö (Zr ¨ Hf) ¨ ÉÖ¦¥²ÒÌ  ±É¨´μ-
¨¤μ¢ (Cm ¨ Cf),   É ±¦¥ ¶·μ¢μ¤¨ÉÓ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨°  ´ ²¨§ ´¥¸±μ²Ó±¨Ì
Ë· ±Í¨°, ¶μ²ÊÎ ¥³ÒÌ ¶·¨ ¨§ÊÎ¥´¨¨ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ¤Ê¡´¨Ö ¨ ¥£μ ¨¤¥´-
É¨Ë¨± Í¨¨.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¸¢μÕ ¡² £μ¤ ·´μ¸ÉÓ ’. ‚. ˜¨Ï±¨´μ°
§  ¶μ³μÐÓ ¢ ¶·μ¢¥¤¥´¨¨ · ¤¨μÌ¨³¨Î¥¸±¨Ì · §¤¥²¥´¨° ¨ –.�. 	¨¶¥·μ¢Ê § 
ÊÎ ¸É¨¥ ¢ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥É Ì. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ
(£· ´ÉÒ ºº 04-03-32047 ¨ 07-03-00430).
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