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”¨²μ¸μËμ¢ „. ‚. ¨ ¤·. P12-2008-204
ˆμ´μμ¡³¥´´μ¥ ¶μ¢¥¤¥´¨¥ Ti, Zr, Hf, Nb ¨ Ta ± ± £μ³μ²μ£μ¢ Rf ¨ Db
¢ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì HF- Í¥Éμ´

C Í¥²ÓÕ μ¶É¨³¨§ Í¨¨ Ê¸²μ¢¨° ¢Ò¤¥²¥´¨Ö ¨ ¨§ÊÎ¥´¨Ö Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Rf ¨ Db

¨¸¸²¥¤μ¢ ´  ¸μ·¡Í¨Ö ¨Ì ¡μ²¥¥ ²¥£±¨Ì £μ³μ²μ£μ¢ Ti, Zr, Hf, Nb ¨ Ta ± É¨μ´¨Éμ³ (Dowex
50X8) ¨  ´¨μ´¨Éμ³ (AG 1X8) ¨§ ¸³¥Ï ´´ÒÌ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·μ¢ HF- Í¥Éμ´

¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ HF (0,1Ä25 ³μ²Ó/²) ¨  Í¥Éμ´  (1Ä13,6 ³μ²Ó/²). �¡´ ·Ê-
¦¥´μ, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf ¨ Nb ´   ´¨μ´¨É¥ Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¸

Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨  Í¥Éμ´ ,   Ta Å Ê³¥´ÓÏ ÕÉ¸Ö. �  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ

¤ ´´ÒÌ ¸¤¥² ´μ ¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ ¢ · ¸É¢μ· Ì HF (> 3 ³μ²Ó/²), ¸μ¤¥·¦ Ð¨Ì  Í¥Éμ´,
Ô²¥³¥´ÉÒ 4-° £·Ê¶¶Ò ¸μ·¡¨·ÊÕÉ¸Ö ´   ´¨μ´¨É¥ ¢ ¢¨¤¥ ±μ³¶²¥±¸μ¢ MF3−

7 (M =Ti, Zr,

Hf), Ê¸Éμ°Î¨¢μ¸ÉÓ ±μÉμ·ÒÌ Ê³¥´ÓÏ ¥É¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓÕ ¸μ·¡Í¨¨

¢ ·Ö¤Ê Zr >Hf >Ti. ‚ ÔÉ¨Ì ¦¥ Ê¸²μ¢¨ÖÌ Ô²¥³¥´ÉÒ 5-° £·Ê¶¶Ò ¸μ·¡¨·ÊÕÉ¸Ö ¶·¥¨³ÊÐ¥-
¸É¢¥´´μ ¢ ¢¨¤¥ ±μ³¶²¥±¸μ¢ NbOF2−

5 ¨ TaF2−
7 , Ê¸Éμ°Î¨¢μ¸ÉÓ ±μÉμ·ÒÌ ¸ÊÐ¥¸É¢¥´´μ μÉ-

²¨Î ¥É¸Ö ¨ Ê³¥´ÓÏ ¥É¸Ö ¢ ·Ö¤Ê Nb> Ta. � °¤¥´Ò μ¶É¨³ ²Ó´Ò¥ Ê¸²μ¢¨Ö ¤²Ö · §¤¥²¥´¨Ö
¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ³¥Éμ¤μ³ ¨μ´´μ£μ μ¡³¥´ . �¡¸Ê¦¤ ÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢  ¨§ÊÎ¥´¨Ö

Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Rf ¨ Db ¢ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ· Ì HF.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Filosofov D.V. et al. P12-2008-204
Ion Exchange Behaviour of Ti, Zr, Hf, Nb and Ta as Homologues of Rf and Db
in Mixed HF-Acetone Solutions

In order to optimize conditions for isolation and study of chemical properties of Rf and Db,

we investigated sorption of their lighter homologues Ti, Zr, Hf, Nb and Ta, from HF solutions

in water-miscible organic solvents using the Dowex 50X8 cation exchange (CIX) and AG
1X8 anion exchange (AIX) resins. We studied dependence of sorption on concentration of HF

(0.1Ä25 mol/l) and acetone (1Ä13.6 mol/l). We found that using the AIX resins the distribution

coefˇcients of Ti, Zr, Hf and Nb increased and those of Ta decreased with increasing content of
acetone in HF solutions. The results indicated that in concentrated (> 3 mol/l) HF solutions

containing acetone, group 4 elements formed MF3−
7 (M =Ti, Zr, Hf) complexes whose

stability decreased in the order of sorption Zr >Hf >Ti. Under the same conditions, group

5 elements predominantly formed complexes NbOF2−
5 and TaF2−

7 with stability considerably

different, which decreased in sequence Nb>Ta. We found optimal conditions for separation
of the elements using CIX and AIX chromatography. The advantages of studying chemical

properties of Rf and Db in aqueous HF solutions mixed with organic solvents are brie	y

discussed.
The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems,

JINR, and Flerov Laboratory of Nuclear Reactions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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� §· ¡μÉ±  ¡Ò¸É·ÒÌ ¨ ÔËË¥±É¨¢´ÒÌ ³¥Éμ¤μ¢ ¢Ò¤¥²¥´¨Ö ¨ · §¤¥²¥´¨Ö
¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²Ö¥É¸Ö μ¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ § ¤ Î ¸μ¢·¥³¥´-
´μ° · ¤¨μÌ¨³¨¨. ‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ
(„Ê¡´ , �μ¸¸¨Ö) ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥° ¨§ 245Cm ¨ 243Am Ê¸±μ·¥´´Ò³¨
¨μ´ ³¨ 48Ca ¡Ò²¨ ¸¨´É¥§¨·μ¢ ´Ò ¨§μÉμ¶Ò ´μ¢ÒÌ É· ´¸ ±É¨´μ¨¤´ÒÌ Ô²¥³¥´-
Éμ¢ (’�
) 291116 ¨ 288115 [1]. 
É¨ · ¤¨μ´Ê±²¨¤Ò ¨³¥ÕÉ ¤²¨´´Ò¥ Í¥¶μÎ±¨
α-· ¸¶ ¤μ¢, μ± ´Î¨¢ ÕÐ¨¥¸Ö ¸¶μ´É ´´Ò³ ¤¥²¥´¨¥³ μÉ´μ¸¨É¥²Ó´μ ¤μ²£μ¦¨-
¢ÊÐ¨Ì 267

104Rf (T1/2 ∼ 1,3 Î) ¨ 268
105Db (T1/2 ∼ 1,2 ¸ÊÉ). ’ ±¨¥ ¸¢μ°¸É¢  · ¤¨μ-

 ±É¨¢´μ£μ · ¸¶ ¤  ¤¥² ÕÉ ¢μ§³μ¦´Ò³ ´¥§ ¢¨¸¨³μ¥ ¶μ¤É¢¥·¦¤¥´¨¥ μÉ±·ÒÉ¨Ö
´μ¢ÒÌ Ô²¥³¥´Éμ¢ ´  μ¸´μ¢¥ ³¥Éμ¤μ¢ · ¤¨μÌ¨³¨¨ [2, 3]. �μ³¨³μ Ì¨³¨Î¥¸±μ°
¨¤¥´É¨Ë¨± Í¨¨ ¡μ²ÓÏμ° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢
Rf ¨ Db ¢ ¸· ¢´¥´¨¨ ¸ ¨Ì ¡μ²¥¥ ²¥£±¨³¨ £μ³μ²μ£ ³¨ Ti, Zr, Hf, Nb ¨ Ta. 
ÉμÉ
¨´É¥·¥¸ μ¸´μ¢ ´ ´  μ¦¨¤ ¥³μ³ ¸¨²Ó´μ³ ¢²¨Ö´¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éμ¢ ´ 
Ì¨³¨Î¥¸±¨¥ ¸¢μ°¸É¢  ’�
. ‚ Ô±¸¶¥·¨³¥´É Ì ¶μ Ì¨³¨Î¥¸±μ° ¨¤¥´É¨Ë¨± Í¨¨
Rf [4] ¨ Db [5], ¶·μ¢¥¤¥´´ÒÌ · ´¥¥, ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤ ¨μ´μμ¡³¥´´μ°
Ì·μ³ Éμ£· Ë¨¨ ¢ ±μ³¡¨´ Í¨¨ ¸ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨¥³ ¢μ ËÉμ·¨¤´μ° ¸·¥¤¥.
’ ±μ° ¶μ¤Ìμ¤ μ¡Ê¸²μ¢²¥´ É¥³, ÎÉμ Ô²¥³¥´ÉÒ 4-° ¨ 5-° £·Ê¶¶ ¢ · §¡ ¢²¥´´ÒÌ
· ¸É¢μ· Ì HF μ¡· §ÊÕÉ ¶·μÎ´Ò¥  ´¨μ´´Ò¥ ±μ³¶²¥±¸Ò ¸ ¨μ´ ³¨ ËÉμ·  ¨, ¸²¥-
¤μ¢ É¥²Ó´μ, ³μ£ÊÉ ¡ÒÉÓ μÉ¤¥²¥´Ò ¸ ¢Ò¸μ±¨³ ±μÔËË¨Í¨¥´Éμ³ · §¤¥²¥´¨Ö μÉ
 ±É¨´μ¨¤μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ ³´μ£μ´Ê±²μ´´ÒÌ ¶¥·¥¤ Î ¨ ³¥Ï ÕÐ¨Ì
·¥£¨¸É· Í¨¨ · ¸¶ ¤  ’�
 [6]. ˆμ´μμ¡³¥´´μ¥ ¶μ¢¥¤¥´¨¥ Rf ¨ Db ¢ · ¸É¢μ· Ì,
¸μ¤¥·¦ Ð¨Ì HF, ¶μ¤·μ¡´μ · ¸¸³μÉ·¥´μ ¢ [7, 8].

•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ ¨μ´´Ò° μ¡³¥´ ¢ ¸³¥Ï ´´ÒÌ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì
· ¸É¢μ· Ì Ö¢²Ö¥É¸Ö ¡μ²¥¥ ÔËË¥±É¨¢´Ò³ ¤²Ö · §¤¥²¥´¨Ö ¨μ´μ¢ ³¥É ²²μ¢ [9].
�·¨ ¸· ¢´¥´¨¨ ¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö 45 Ô²¥³¥´Éμ¢ ¢ HCl ¨ ¸³¥Ï ´´ÒÌ
· ¸É¢μ· Ì HCl- Í¥Éμ´ [10] ¨ HCl-³¥É ´μ² [11] ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ  Í¥Éμ´
¢μ ³´μ£μ³ ¸¶μ¸μ¡¸É¢Ê¥É μ¡· §μ¢ ´¨Õ Ì²μ·¨¤´ÒÌ ±μ³¶²¥±¸μ¢ ¸ ± É¨μ´ ³¨,
¶·¨Î¥³ ¡μ²¥¥ ÔËË¥±É¨¢´μ, Î¥³ ÔÉ ´μ². ‡  ¸Î¥É ÔÉμ£μ μ¡¥¸¶¥Î¨¢ ÕÉ¸Ö ¡μ²¥¥
¡² £μ¶·¨ÖÉ´Ò¥ Ê¸²μ¢¨Ö · §¤¥²¥´¨Ö ¶·¨ ¡μ²¥¥ ´¨§±¨Ì ±μ´Í¥´É· Í¨ÖÌ ±¨¸²μÉÒ.
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ˆμ´μμ¡³¥´´μ¥ ¶μ¢¥¤¥´¨¥ Ô²¥³¥´Éμ¢ 4-° ¨ 5-° £·Ê¶¶ ¢ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì
· ¸É¢μ· Ì, ¸μ¤¥·¦ Ð¨Ì HF, ³ ²μ ¨§ÊÎ¥´μ. ‚ · ¡μÉ¥ [12] μ¶·¥¤¥²¥´Ò ±μÔË-
Ë¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö (Kd) 15 Ô²¥³¥´Éμ¢, ¢ Éμ³ Î¨¸²¥ Ti, Zr, Nb ¨ Ta
³¥¦¤Ê ± É¨μ´¨Éμ³ Dowex 50•8 ¨ 8 μ·£ ´¨Î¥¸±¨³¨ · ¸É¢μ·¨É¥²Ö³¨, ¸μ¤¥·-
¦ Ð¨³¨ 0,6 ³μ²Ó/² HF. •μÉÖ ¢¸¥ Ê± § ´´Ò¥ Ô²¥³¥´ÉÒ μ¡· §ÊÕÉ  ´¨μ´´Ò¥
±μ³¶²¥±¸Ò ¢ · ¸É¢μ· Ì HF, ¡Ò²μ μÉ³¥Î¥´μ Ê¢¥²¨Î¥´¨¥ ¸μ·¡Í¨¨ Ti ¨ Zr ¶·¨
Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ μ·£ ´¨Î¥¸±μ£μ ±μ³¶μ´¥´É  ¢ ¸³¥¸¨. ‚²¨Ö´¨¥ Ê±¸Ê¸-
´μ° ±¨¸²μÉÒ, ¨§μ¶·μ¶ ´μ²  ¨ ³¥É ´μ²  ´  ¸μ·¡Í¨Õ Zr, Nb, Ta ¨ Pa ¢ ¸¨¸É¥³¥
0,1Ä1 ³μ²Ó/² HCl Å 0,1 ³μ²Ó/² HF ¶μ± § ´μ ¢ [13]. �·¨ Ê¢¥²¨Î¥´¨¨ ±μ´-
Í¥´É· Í¨¨ Ê±¸Ê¸´μ° ±¨¸²μÉÒ Kd ´   ´¨μ´¨É¥ Dowex 1•8 ¶· ±É¨Î¥¸±¨ ´¥
³¥´Ö²¸Ö ¤²Ö Zr, Ê³¥´ÓÏ ²¸Ö ¤²Ö Ta ¨ Ê¢¥²¨Î¨¢ ²¸Ö ¤²Ö Nb ¨ Pa. �¤´ ±μ,
¢¸²¥¤¸É¢¨¥ μÉ¸ÊÉ¸É¢¨Ö ¨´Ëμ·³ Í¨¨ ¶μ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨Õ ¨¸¸²¥¤μ¢ ´´ÒÌ
Ô²¥³¥´Éμ¢ ¨ ³¥Ì ´¨§³Ê ¸μ·¡Í¨¨ ´  ¨μ´μμ¡³¥´´ÒÌ ¸³μ² Ì ¢ ¸³¥Ï ´´ÒÌ · ¸-
É¢μ· Ì,  ¢Éμ· ³¨ · ¡μÉ [12, 13] ´¥ ¡Ò²μ ¶·¥¤²μ¦¥´μ μ¡ÑÖ¸´¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ
§ ¢¨¸¨³μ¸É¥°. �¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ÔÉ¨Ì · ¡μÉ Ì ¨§ÊÎ¥´¨¥ ¸μ·¡Í¨¨
¶·μ¢μ¤¨²μ¸Ó ¶·¨ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ 10−4−10−2 ³μ²Ó/², ¢ Éμ ¢·¥³Ö ± ±
¨§ÊÎ¥´¨¥ ’�
 ¶·μ¨¸Ìμ¤¨É ´  Ê·μ¢´¥ μ¤´μ£μ  Éμ³ . Š·μ³¥ Éμ£μ, ¡μ²ÓÏμ°
¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¶μ¢¥¤¥´¨¥ Ê± § ´´ÒÌ Ô²¥³¥´Éμ¢ ¢ ±μ´Í¥´É·¨·μ¢ ´´ÒÌ
· ¸É¢μ· Ì HF, μ¤´ ±μ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ μ ¸μ·¡Í¨¨ ¢ É ±¨Ì · ¸É¢μ· Ì
¸· ¢´¨É¥²Ó´μ ³ ²μ.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¸ Í¥²ÓÕ μ¶É¨³¨§ Í¨¨ Ê¸²μ¢¨° ¢Ò¤¥²¥´¨Ö ¨ ¨§ÊÎ¥-
´¨Ö Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Rf ¨ Db ¡Ò²¨ μ¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥-
¤¥²¥´¨Ö ¨Ì ¡μ²¥¥ ²¥£±¨Ì £μ³μ²μ£μ¢ Ti, Zr, Hf ¨ Nb, Ta ´  ± É¨μ´¨É¥ ¨
 ´¨μ´¨É¥ ¢ ¸³¥Ï ´´ÒÌ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ· Ì HF ¢ § ¢¨¸¨³μ¸É¨ μÉ
¸μ¤¥·¦ ´¨Ö  Í¥Éμ´  ¨ ±μ´Í¥´É· Í¨¨ ±¨¸²μÉÒ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥. ˆ¸¶μ²Ó-
§μ¢ ´¨¥ ¸³¥Ï ´´ÒÌ · ¸É¢μ·μ¢ HF- Í¥Éμ´, ¸ μ¤´μ° ¸Éμ·μ´Ò, ³μ¦¥É Ê¢¥²¨Î¨ÉÓ
¸¥²¥±É¨¢´μ¸ÉÓ ¨μ´μμ¡³¥´´ÒÌ ¸³μ² ± ËÉμ·¨¤´Ò³ ±μ³¶²¥±¸ ³ Ô²¥³¥´Éμ¢ 4-°
¨ 5-° £·Ê¶¶,   ¸ ¤·Ê£μ° Å Ê¶·μ¸É¨É Ê¤ ²¥´¨¥ · ¸É¢μ·  Ê¶ ·¨¢ ´¨¥³ ¶·¨ ¨§-
£μÉμ¢²¥´¨¨ ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ¤²Ö ¤¥É¥±É¨·μ¢ ´¨Ö α-Î ¸É¨Í ¨
μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö. …¸²¨ μ± ¦¥É¸Ö, ÎÉμ ¢ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì
¨μ´¨É ¶·μÖ¢²Ö¥É · §´ÊÕ ¸¥²¥±É¨¢´μ¸ÉÓ ± Ô²¥³¥´É ³ μ¤´μ° £·Ê¶¶Ò, Éμ É ± Ö
¸¨¸É¥³  ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ Rf ¨ Db ¢ ¸· ¢´¥´¨¨
¸ ¨Ì ¡μ²¥¥ ²¥£±¨³¨ £μ³μ²μ£ ³¨. ’ ±¦¥ ¨¸¸²¥¤μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ · §¤¥²¥´¨Ö
³¥¦¤Ê Ô²¥³¥´É ³¨ 4-° ¨ 5-° £·Ê¶¶, ¶μ¸±μ²Ó±Ê ¢ · ¡μÉ¥ [1] ´¥ ¨¸±²ÕÎ ¥É¸Ö,
ÎÉμ 268Db ¶·¥É¥·¶¥¢ ¥É Ô²¥±É·μ´´Ò° § Ì¢ É ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¸¶μ´É ´´Ò³ ¤¥-
²¥´¨¥³ 268Rf.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

�¥ ±É¨¢Ò. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨ ËÉμ·¨¸Éμ-¢μ¤μ·μ¤´ÊÕ ±¨¸²μÉÊ ¨  Í¥-
Éμ´ ³ ·±¨ μ¸.Î. ‘³¥Ï ´´Ò¥ · ¸É¢μ·Ò ¤²Ö ± ¦¤μ£μ ¢ ·¨ ´É  ±μ´Í¥´É· Í¨°
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£μÉμ¢¨²¨ ¸³¥Ï¨¢ ´¨¥³ § ¤ ´´ÒÌ ±μ²¨Î¥¸É¢  Í¥Éμ´  ¨ HF ¸ ¶μ¸²¥¤ÊÕÐ¨³
¤μ¢¥¤¥´¨¥³ μ¡Ñ¥³  ¤μ 7 ³². ’ ± ± ± ¸±μ·μ¸ÉÓ ¨¸¶ ·¥´¨Ö  Í¥Éμ´  ¤μ¢μ²Ó´μ
¢Ò¸μ±  (2,5 ³±²/³¨´), Éμ  Í¥Éμ´ ¤μ¡ ¢²Ö²¨ ´¥ ¶μ μ¡Ñ¥³Ê,   ¶μ ³ ¸¸¥ ¤²Ö ¡μ²¥¥
ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨¨. �·¨ · ¸Î¥É¥ ±μ´¥Î´ÒÌ ±μ´Í¥´É· Í¨° ¢
¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì ÊÎ¨ÉÒ¢ ²μ¸Ó ±μ²¨Î¥¸É¢μ HF, ¤μ¡ ¢²Ö¥³μ¥ ¸  ²¨±¢μÉμ°
¨¸Ìμ¤´μ£μ · ¸É¢μ·  · ¤¨μ´Ê±²¨¤μ¢.

‚ ± Î¥¸É¢¥ ¸μ·¡¥´Éμ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó  ´¨μ´μμ¡³¥´´ Ö ¸³μ²  AG 1•8
(Cl−, 200Ä400, Bio-Rad Laboratories, USA) ¨ ± É¨μ´μμ¡³¥´´ Ö ¸³μ²  Dowex
50X8 (H+, 200Ä400, Fluka / Sigma-Aldrich, Germany). �¥·¥¤ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ± É¨μ´¨É ¶μ¤¢¥·£ ²¨ ¸É ´¤ ·É´μ° ¶μ¤£μÉμ¢±¥ ¨ ¸μÌ· ´Ö²¨ ¢ H+-Ëμ·³¥,
   ´¨μ´¨É ¶¥·¥¢μ¤¨²¨ ¢ F−-Ëμ·³Ê. � ¢¥¸±Ê  ´¨μ´¨É  μ¸É ¢²Ö²¨ ¢ ¢μ¤¥ ¤μ
¶μ²´μ£μ ´ ¡ÊÌ ´¨Ö ¨ § É¥³ ¶·μ³Ò¢ ²¨ ±μ´Í¥´É·¨·μ¢ ´´μ° HF. ‡ É¥³ ¸³μ²Ê
¶·μ³Ò¢ ²¨ ¢μ¤μ° ¤²Ö Ê¤ ²¥´¨Ö μ¸É É±μ¢ ±¨¸²μÉÒ ¨ ¢Ò¸ÊÏ¨¢ ²¨ ´  ¢μ§¤ÊÌ¥.
�μ¸²¥ ¢Ò¸ÊÏ¨¢ ´¨Ö £μÉμ¢¨²¨ ´ ¢¥¸±¨ ¸³μ²Ò ¶μ 100 ³£ ± É¨μ´¨É  ¨  ´¨μ-
´¨É .

�μ²ÊÎ¥´¨¥ · ¤¨μ ±É¨¢´ÒÌ ¨´¤¨± Éμ·μ¢. „²Ö ¨§ÊÎ¥´¨Ö ¸μ·¡Í¨¨ ¨¸¸²¥¤Ê-
¥³ÒÌ Ô²¥³¥´Éμ¢ ¨¸¶μ²Ó§μ¢ ²¨ · ¤¨μ´Ê±²¨¤Ò 44Ti (T1/2 = 63 £, Eγ = 78,3 ±Ô‚
(96,2 %)), 88Zr (T1/2 = 83,4 ¸ÊÉ, Eγ = 392,9 ±Ô‚ (97,3 %)), 181Hf (T1/2 =
42,4 ¸ÊÉ, Eγ = 482,2 ±Ô‚ (80,5 %)), 92Nb (T1/2 = 10,2 ¸ÊÉ, Eγ = 934 ±Ô‚
(97,3 %)), 182Ta (T1/2 = 114,4 ¸ÊÉ, Eγ = 1121,3 ±Ô‚ (35 %)). � ¤¨μ´Ê±²¨¤Ò
182Ta ¨ 181Hf ¶μ²ÊÎ ²¨ ¢ ·¥ ±Í¨ÖÌ 181Ta (n, γ) 182Ta ¨ 180Hf (n, γ) 181Hf
¶·¨ μ¡²ÊÎ¥´¨¨ ´  ·¥ ±Éμ·¥ ˆ��-2 (‹�”, �ˆŸˆ). �μ¸²¥ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´Ó
Ta · ¸É¢μ·Ö²¨ ¢ ¸³¥Ï ´´μ³ · ¸É¢μ·¥ ±μ´Í. HF ¨ 0,5 ³μ²Ó/² HNO3. Œ¨Ï¥´Ó
180Hf · ¸É¢μ·Ö²¨ ¢ ±μ´Í. HF.

ˆ§ÊÎ¥´¨¥ ¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö É¨É ´  ¶·μ¢μ¤¨²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
· ¤¨μ´Ê±²¨¤  44Ti, ±μÉμ·Ò° ¶μ²ÊÎ ²¨ ¢ ·¥ ±Í¨ÖÌ · ¸Ð¥¶²¥´¨Ö ¶·¨ μ¡²Ê-
Î¥´¨¨ ³¥É ²²¨Î¥¸±μ° ³¥¤¨ ¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 660 ŒÔ‚ ´  Ë §μÉ·μ´¥
(‹Ÿ� �ˆŸˆ). �¡²ÊÎ¥´´ÊÕ ³¥¤Ó · ¸É¢μ·Ö²¨ ¢ ±μ´Í¥´É·¨·μ¢ ´´μ°  §μÉ´μ°
±¨¸²μÉ¥. Š · ¸É¢μ·Ê ¤μ¡ ¢²Ö²¨ 3 ³£ Fe ¢ ¢¨¤¥ Fe(NO3)3 ¨ § É¥³  ³³¨ ± ¤μ
·� � 8. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ Ti ¸μμ¸ ¦¤ ¥É¸Ö ¸ Fe(OH)3, ¢ Éμ ¢·¥³Ö ± ± ³¥¤Ó
¨ ¡μ²ÓÏ¨´¸É¢μ μ¡· §ÊÕÐ¨Ì¸Ö ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ · ¤¨μ´Ê±²¨¤μ¢ (Co, Ni,
Zn) μ¸É ÕÉ¸Ö ¢ · ¸É¢μ·¥. �É¤¥²¥´¨¥ 44Ti μÉ ¦¥²¥§  ¨ · ¤¨μ´Ê±²¨¤μ¢ Mn, Cr,
V, Sc ¶·μ¢μ¤¨²¨ ³¥Éμ¤μ³ ± É¨μ´μμ¡³¥´´μ° Ì·μ³ Éμ£· Ë¨¨ ¢ ¸μ²Ö´μ±¨¸²μ°
¸·¥¤¥.

„²Ö ¶μ²ÊÎ¥´¨Ö · ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢ Zr ¨ Nb ¶·μ¢μ¤¨²¨ μ¡²ÊÎ¥´¨¥
³¨Ï¥´¥° Sr ¨ Y (¶·¨·μ¤´μ£μ ¸μ¸É ¢ ) α-Î ¸É¨Í ³¨ ¸ Ô´¥·£¨¥° 35 ŒÔ‚ ´ 
Ê¸±μ·¨É¥²¥ “-200 (‹Ÿ� �ˆŸˆ). �μ¤·μ¡´μ ¶μ²ÊÎ¥´¨¥ ¨ ¢Ò¤¥²¥´¨¥ · ¤¨μ´Ê-
±²¨¤μ¢ 88Zr ¨ 92mNb μ¶¨¸ ´μ ¢ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì [14, 15].

ˆ¸Ìμ¤´Ò° · ¸É¢μ· ¸³¥¸¨ · ¤¨μ´Ê±²¨¤μ¢ £μÉμ¢¨²¨ ¸³¥Ï¨¢ ´¨¥³ ¶μ²ÊÎ¥´-
´ÒÌ · ¸É¢μ·μ¢ ¨ Ê¶ ·¨¢ ´¨¥³ ¤μ ¢² ¦´ÒÌ ¸μ²¥° ¸ ¶μ¸²¥¤ÊÕÐ¨³ · ¸É¢μ·¥-
´¨¥³ μ¸É É±  ¢ 1 ³² 20 ³μ²Ó/² HF. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢
¨¸Ìμ¤´μ³ · ¸É¢μ·¥ ¸μ¸É ¢²Ö²  (±�±/³²): 44Ti Ä 780, 88Zr Ä 440, 181Hf Ä 1400,
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92Nb Ä 1300, 182Ta Ä 2300. � ¤¨μ´Ê±²¨¤Ò 44Ti, 88Zr ¨ 92Nb ¨¸¶μ²Ó§μ¢ ²¨
¡¥§ ¤μ¡ ¢²¥´¨Ö ´μ¸¨É¥²Ö,   ±μ´Í¥´É· Í¨Ö 180Hf ¨ 181Ta ¢ ± ¦¤μ³ μ¡· §Í¥
¸μ¸É ¢¨²  10 ³±£/³² ± ¦¤μ£μ.

�¶·¥¤¥²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö. „²Ö μ¶·¥¤¥²¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ¸É É¨Î¥¸±¨° ³¥Éμ¤. Š ´ ¢¥¸±¥ ¸³μ²Ò
³ ¸¸μ° 100 ³£, ¶μ³¥Ð¥´´μ° ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÊÕ ¶·μ¡¨·±Ê ¤²Ö Í¥´É·¨ËÊ£¨·μ¢ -
´¨Ö (®…ppendorf¯, ƒ¥·³ ´¨Ö), ¤μ¡ ¢²Ö²¨ 995 ³±² ¸³¥Ï ´´μ£μ · ¸É¢μ·  ¶² ¢¨-
±μ¢μ° ±¨¸²μÉÒ ¨  Í¥Éμ´  ¨ 5 ³±² μÉ ¨¸Ìμ¤´μ£μ · ¸É¢μ·  ¸³¥¸¨ · ¤¨μ´Ê±²¨¤μ¢.
’ ±¨³ μ¡· §μ³, μ¡Ñ¥³ ± ¦¤μ£μ μ¡· §Í  ¸μ¸É ¢²Ö² 1 ³². �μ¸²¥ ¶·¨£μÉμ¢²¥´¨Ö
¢¸¥ μ¡· §ÍÒ, ¶¥·¥³¥Ï¨¢ Ö, ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥Î¥´¨¥ ¤¢ÊÌ ¸ÊÉμ± ¤²Ö ¤μ¸É¨-
¦¥´¨Ö · ¢´μ¢¥¸¨Ö, ¶μ¸²¥ Î¥£μ ¶·μ¢μ¤¨²¨ Í¥´É·¨ËÊ£¨·μ¢ ´¨¥ ¨ μÉ¡μ·  ²¨-
±¢μÉ´μ° ¤μ²¨ · ¸É¢μ·  ¤²Ö ¨§³¥·¥´¨Ö · ¤¨μ ±É¨¢´μ¸É¨. ˆ§³¥·¥´¨¥  ²¨±¢μÉ
¶·μ¢μ¤¨²¨ ´  γ-¸¶¥±É·μ³¥É·¥ c HPGe-¤¥É¥±Éμ·μ³ ¸ · §·¥Ï¥´¨¥³ 1,5 ±Ô‚ ¶·¨
Ô´¥·£¨¨ γ-±¢ ´Éμ¢ 1,33 ŒÔ‚ (60Co) ¢ É¥Î¥´¨¥ 2 Î ¸μ¢ ¤²Ö ± ¦¤μ£μ μ¡· §Í .
ˆ¸Ìμ¤Ö ¨§ ¶·¥¤¥²μ¢ μ¡´ ·Ê¦¥´¨Ö ¢ Ê¸²μ¢¨ÖÌ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¡Ò²¨
μ¶·¥¤¥²¥´Ò ´¨¦´¨¥ £· ´¨ÍÒ Kd ¤²Ö ± ¦¤μ£μ · ¤¨μ´Ê±²¨¤ .

ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ¢ÒÎ¨¸²Ö²¨, ¨¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨¥

Kd =
A¨¸Ì − A· ¢´

A· ¢´
· Vp

m
,

£¤¥ A¨¸Ì ¨ A· ¢´ Å  ±É¨¢´μ¸ÉÓ ¨¸Ìμ¤´μ£μ ¨ · ¢´μ¢¥¸´μ£μ · ¸É¢μ·μ¢; Vp Å
μ¡Ñ¥³ · ¸É¢μ·  ¢ μ¡· §Í¥ (³²); m Å ´ ¢¥¸±  ¸³μ²Ò (£).

�…‡“‹œ’�’›

‘μ·¡Í¨Ö ´   ´¨μ´¨É¥. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¶μ ¢²¨Ö´¨Õ ±μ´Í¥´É· -
Í¨¨ ±¨¸²μÉÒ ¨ ¸μ¸É ¢  · ¸É¢μ·  ´  ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf,
Nb ¨ Ta ³¥¦¤Ê  ´¨μ´¨Éμ³ AG 1X8 ¨ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨³¨ · ¸É¢μ· ³¨ HF-
 Í¥Éμ´ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1Ä5. ‚ É ¡²¨Í Ì Ê± § ´Ò §´ Î¥´¨Ö Kd (³²/£)
Éμ²Ó±μ ¢ Éμ³ ¤¨ ¶ §μ´¥ ±μ´Í¥´É· Í¨°, ¢ ±μÉμ·μ³ ¶·μ¨¸Ìμ¤¨²μ ¶μ²´μ¥ ¸³¥-
Ï¨¢ ´¨¥ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·μ¢ HF.

ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf, Nb ¨ Ta ³¥¦¤Ê  ´¨μ´¨Éμ³ AG
1X8 ¨ · ¸É¢μ· ³¨ HF- Í¥Éμ´ Ê³¥´ÓÏ ÕÉ¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ HF
¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ ±μ´Í¥´É· Í¨°  Í¥Éμ´  (É ¡². 1Ä5).

‘μ·¡Í¨Ö ´  ± É¨μ´¨É¥. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf, Nb ¨
Ta ³¥¦¤Ê ± É¨μ´¨Éμ³ Dowex 50X8 ¨ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨³¨ · ¸É¢μ· ³¨ HF-
 Í¥Éμ´ μ± § ²¨¸Ó ³¥´¥¥ 1, ±·μ³¥ · ¸É¢μ·  0,1 ³μ²Ó/² HF Å 13,6 ³μ²Ó/²
 Í¥Éμ´, ¢ ±μÉμ·μ³ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Zr ¨ Hf · ¢´Ö²¨¸Ó 27 ¨
24 ¸μμÉ¢¥É¸É¢¥´´μ.
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�·¥¤¸É ¢²¥´´Ò¥ ¤ ´´Ò¥ ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ´¥±μÉμ·Ò¥ § ±²ÕÎ¥´¨Ö μ Ì -
· ±É¥·¥ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨Ö ¨ ³¥Ì ´¨§³¥ ¸μ·¡Í¨¨ ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éμ¢
¢ ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ· Ì HF. Š ± ³μ¦´μ ¡Ò²μ μ¦¨¤ ÉÓ, Kd ¢¸¥Ì ¨¸-
¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ´   ´¨μ´¨É¥ ¢ ¸³¥Ï ´´ÒÌ · ¸É¢μ· Ì HF- Í¥Éμ´ ¢ÒÏ¥,
Î¥³ ¢ Î¨¸ÉÒÌ · ¸É¢μ· Ì HF (É ¡². 1Ä5). ‚²¨Ö´¨¥  Í¥Éμ´  ´  ¸μ·¡Í¨Õ ¨¸¸²¥-
¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ´   ´¨μ´¨É¥ ³μ¦´μ ¢¨¤¥ÉÓ ´  ·¨¸. 1.

�μ¢¥¤¥´¨¥ ¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¤¢Ê³Ö ±μ´±Ê·¨·Ê-
ÕÐ¨³¨ ³¥¦¤Ê ¸μ¡μ° ¶·μÍ¥¸¸ ³¨. ˆ§¢¥¸É´μ, ÎÉμ ¢ ±μ´Í¥´É·¨·μ¢ ´´ÒÌ · ¸-
É¢μ· Ì HF (¡μ²¥¥ 1 ³μ²Ó/²) Ì · ±É¥·´μ μ¡· §μ¢ ´¨¥ ¨μ´  HF−

2 , ¶·¨Î¥³ ¥£μ
±μ´Í¥´É· Í¨Ö ¶·¥μ¡² ¤ ¥É ¶μ ¸· ¢´¥´¨Õ ¸ ±μ´Í¥´É· Í¨¥° F− ¨ · ¸É¥É ¶· ±-
É¨Î¥¸±¨ ²¨´¥°´μ ¸ ·μ¸Éμ³ ±μ´Í¥´É· Í¨¨ HF [16]. ’ ±¨³ μ¡· §μ³, · ¢´μ¢¥¸¨¥
ËÉμ·¨¤´ÒÌ ±μ³¶²¥±¸μ¢ Ô²¥³¥´Éμ¢ 4-° ¨ 5-° £·Ê¶¶ ¢ ±μ´Í¥´É·¨·μ¢ ´´ÒÌ · ¸-
É¢μ· Ì HF ¢ ¶·¨¸ÊÉ¸É¢¨¨  ´¨μ´¨É  μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨Ö³¨:

RnMF4+n + nHF−
2 ⇔ nRHF2 + MFn−

4+n (M = Ti, Zr, Hf) (5)

RnMF5+n + nHF−
2 ⇔ nRHF2 + MFn−

5+n (M = Nb, Ta), (6)

£¤¥ R Å Ë¨±¸¨·μ¢ ´´ Ö ¨μ´´ Ö £·Ê¶¶  ¸³μ²Ò. �·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· -
Í¨¨  Í¥Éμ´  Ê³¥´ÓÏ ¥É¸Ö ¤¨¸¸μÍ¨ Í¨Ö HF ¢¸²¥¤¸É¢¨¥ Éμ£μ, ÎÉμ  Í¥Éμ´ ¨³¥¥É
³¥´ÓÏ¥¥ §´ Î¥´¨¥ ¤¨Ô²¥±É·¨Î¥¸±μ° ¶·μ´¨Í ¥³μ¸É¨, Î¥³ ¢μ¤ , ÎÉμ ¶·¨¢μ¤¨É
± Ê¢¥²¨Î¥´¨Õ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö. �·¨ ¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨
±μ´Í¥´É· Í¨¨  Í¥Éμ´  Ê¢¥²¨Î¨¢ ¥É¸Ö ¤μ²Ö ³¥´¥¥ § ·Ö¦¥´´ÒÌ ¨ ´¥°É· ²Ó´ÒÌ

�¨¸. 1. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf, Nb ¨ Ta ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´-
É· Í¨¨  Í¥Éμ´  (AG 1X8, F−, 6 ³μ²Ó/² HF)
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�¨¸. 2. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr, Hf, Nb ¨ Ta ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´-
É· Í¨¨ HF (AG 1X8, F−, 6 ³μ²Ó/²  Í¥Éμ´)

Ëμ·³ ±μ³¶²¥±¸μ¢. 
ÉμÉ ¶·μÍ¥¸¸, ´ μ¡μ·μÉ, ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ±μÔË-
Ë¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ´   ´¨μ´¨É¥. ‡ ¢¨¸¨³μ¸ÉÓ Kd μÉ ¸μ¤¥·¦ ´¨Ö HF ¢
· ¸É¢μ· Ì 6 ³μ²Ó/²  Í¥Éμ´  ¶μ± § ´  ´  ·¨¸. 2. ‚¸¥ Ô²¥³¥´ÉÒ ¨³¥ÕÉ ¢Ò¸μ±¨¥
§´ Î¥´¨Ö Kd (> 2,9 · 104) ¢ · §¡ ¢²¥´´ÒÌ · ¸É¢μ· Ì HF (0,1Ä1 ³μ²Ó/²) § 
¸Î¥É ±μ³¶²¥±¸μμ¡· §μ¢ ´¨Ö ¸ ¨μ´ ³¨ F− (É ¡². 1Ä5). �·¨ ¤ ²Ó´¥°Ï¥³ Ê¢¥-
²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ ±¨¸²μÉÒ (> 2 ³μ²Ó/²) · ¢´μ¢¥¸¨¥ (Ê· ¢´¥´¨Ö (5), (6))
¸¤¢¨£ ¥É¸Ö ¢¶· ¢μ, ¨ ¸μ·¡Í¨Ö ¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ Ê³¥´ÓÏ ¥É¸Ö ¢ ·¥-
§Ê²ÓÉ É¥ ±μ´±Ê·¨·ÊÕÐ¥° ¸μ·¡Í¨¨ ¸ ¨μ´ ³¨ HF2− (·¨¸. 2). ˆ¸¶μ²Ó§ÊÖ Ê· ¢´¥-
´¨Ö (5) ¨ (6), ³μ¦´μ μ¶·¥¤¥²¨ÉÓ § ·Ö¤ ËÉμ·¨¤´μ£μ ±μ³¶²¥±¸ , ¸μ·¡¨·Ê¥³μ£μ
´  ¸³μ²¥.

ˆ¸Ìμ¤Ö ¨§  ´¨μ´μμ¡³¥´´μ£μ · ¢´μ¢¥¸¨Ö ±μÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö ³μ¦-
´μ ¶·¥¤¸É ¢¨ÉÓ ± ±

log Kd = log D − n log
[HF−

2 ]
[RHF2]

, (7)

£¤¥ D Å ±μÔËË¨Í¨¥´É ¸¥²¥±É¨¢´μ¸É¨ μ¡³¥´¨¢ ¥³ÒÌ  ´¨μ´μ¢, n Å Î¨-
¸²μ μÉ·¨Í É¥²Ó´ÒÌ § ·Ö¤μ¢ ±μ³¶²¥±¸μ¢ MFn−

4+n ¨²¨ MFn−
5+n. ˆ§ Ê· ¢´¥-

´¨Ö (7) ¸²¥¤Ê¥É, ÎÉμ n ¸μμÉ¢¥É¸É¢Ê¥É É ´£¥´¸Ê Ê£²  ´ ±²μ´  ¶·Ö³μ° § ¢¨-
¸¨³μ¸É¨ lg Kd − lg [HF−

2 ]. ‡´ Î¥´¨Ö É ´£¥´¸  Ê£²  ´ ±²μ´ , ¶μ²ÊÎ¥´´Ò¥ ¶·¨
· §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ  Í¥Éμ´ , ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 6. ‚ · ¸É¢μ· Ì, ¸μ-
¤¥·¦ Ð¨Ì  Í¥Éμ´, ±μ´Í¥´É· Í¨Ö HF−

2 ´¥¨§¢¥¸É´ , ¶μÔÉμ³Ê ¢ É ¡²¨Í¥ Ê± § ´Ò
§´ Î¥´¨Ö É ´£¥´¸  Ê£²  ´ ±²μ´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ HF.
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’ ¡²¨Í  6. ‡´ Î¥´¨Ö É ´£¥´¸  Ê£²  ´ ±²μ´  ²μ£ ·¨Ë³¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ±μÔË-
Ë¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö μÉ ±μ´Í¥´É· Í¨¨  Í¥Éμ´ 

�Í¥Éμ´, ³μ²Ó/² Ti Zr Hf Nb Ta

0 HF−
2 2.9 3.1 3.1 2 2

0 HF 3.1 3.2 3.1 2.1 2.1

1 HF 3.1 3.1 3.1 2.2 2.1

2 HF 3.2 3.1 3.2 2.3 2.2

4 HF 3.3 3.3 3.3 3 2.2

6 HF 3.3 3.4 3.3 3.7 2.1

8 HF 5.1 2.4

‚ ±¨¸²ÒÌ · ¸É¢μ· Ì, ¸μ¤¥·¦ Ð¨Ì HF, ¶·¨ ¨§¡ÒÉ±¥ ¨μ´μ¢ ËÉμ·  ¤²Ö Ô²¥-
³¥´Éμ¢ 4-° £·Ê¶¶Ò ¨§¢¥¸É´Ò μÉ·¨Í É¥²Ó´μ § ·Ö¦¥´´Ò¥ ±μ³¶²¥±¸Ò É¨¶  MF−

5 ,
MF2−

6 , MF3−
7 (M = Zr, Hf) [9, 17]. ’ ±¨³ μ¡· §μ³, ¨¸Ìμ¤Ö ¨§ ¶·¥¤¸É ¢²¥´-

´ÒÌ ¤ ´´ÒÌ ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¢ Ê¸²μ¢¨ÖÌ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
Ô²¥³¥´ÉÒ 4-° £·Ê¶¶Ò μ¡· §ÊÕÉ ±μ³¶²¥±¸Ò ¸μ¸É ¢  MF3−

7 . �¤´ ±μ, ± ± ¶μ-
± § ´μ ¢ · ¡μÉ Ì [17, 18], Ê¸Éμ°Î¨¢μ¸ÉÓ ±μ³¶²¥±¸μ¢ MF3−

7 ¢ · ¸É¢μ·¥ ±· °´¥
³ ² ,   ¤μ³¨´¨·ÊÕÐ¥° Ëμ·³μ° Ö¢²Ö¥É¸Ö MF2−

6 . Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¸
·μ¸Éμ³ ±μ´Í¥´É· Í¨¨ HF ¸¨²Ó´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¤μ²Ö ¢Ò¸μ±μ±μμ·¤¨´¨·μ¢ ´-
´ÒÌ ±μ³¶²¥±¸μ¢, ±μÉμ·Ò¥ ¶·¥¤¶μÎÉ¨É¥²Ó´¥¥ ¸μ·¡¨·ÊÕÉ¸Ö  ´¨μ´¨É ³¨. „μ-
¡ ¢²¥´¨¥ ¦¥ μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨É¥²¥° Éμ²Ó±μ ¸¶μ¸μ¡¸É¢Ê¥É ±μ³¶²¥±¸μ-
μ¡· §μ¢ ´¨Õ ¶·¨  ´¨μ´´μ³ μ¡³¥´¥. ‚μ ¢¸¥³ ¤¨ ¶ §μ´¥ ±μ´Í¥´É· Í¨¨ HF
Ô²¥³¥´ÉÒ 4-° £·Ê¶¶Ò ¨³¥ÕÉ ¶·¨¡²¨§¨É¥²Ó´μ μ¤¨´ ±μ¢Ò¥ §´ Î¥´¨Ö Kd,   ¸
·μ¸Éμ³ ¸μ¤¥·¦ ´¨Ö  Í¥Éμ´  ¢ · ¸É¢μ·¥ ¨§³¥´Ö¥É¸Ö ¸¥²¥±É¨¢´μ¸ÉÓ  ´¨μ´¨É 
± Ti, Zr ¨ Hf,   É ±¦¥ ¶μ·Ö¤μ± ¨Ì ¸μ·¡Í¨¨. ‹ÊÎÏ¨³¨ Ê¸²μ¢¨Ö³¨ ¤²Ö ¨§ÊÎ¥-
´¨Ö ¸μ¢³¥¸É´μ£μ ¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö ¸ Rf Ö¢²Ö¥É¸Ö ¸¨¸É¥³   ´¨μ´¨É Å
6 ³μ²Ó/² HF Å 10 ³μ²Ó/²  Í¥Éμ´ (·¨¸. 1), £¤¥ ¶·μÖ¢²ÖÕÉ¸Ö ´ ¨¡μ²ÓÏ¨¥ μÉ²¨-
Î¨Ö ¢ ¸μ·¡Í¨¨ ÔÉ¨Ì Ô²¥³¥´Éμ¢. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ Kd Ô²¥³¥´Éμ¢ Ê³¥´ÓÏ ¥É¸Ö
¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Zr > Hf > Ti, ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨
´ Ï¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉÒ [14, 19], £¤¥ ´  Ì·μ³ Éμ£· Ë¨Î¥¸±μ° ±μ²μ´±¥ ¸
± É¨μ´¨Éμ³ ¢ · §¡ ¢²¥´´ÒÌ · ¸É¢μ· Ì HFÄHCl ¡Ò²μ ¶μ²ÊÎ¥´μ ¶μ²´μ¥ · §-
¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ 4-° £·Ê¶¶Ò,   É ±¦¥ ¶¸¥¢¤μ£μ³μ²μ£  Th ¢ ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸É¨ Zr > Hf > Ti > Th ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μ²ÊÎ¥´´Ò³¨ · ´¥¥ ±μ´¸É ´-
É ³¨ Ê¸Éμ°Î¨¢μ¸É¨ £¥±¸ ËÉμ·¨¤´ÒÌ ±μ³¶²¥±¸μ¢. ‘μ¶μ¸É ¢²¥´¨¥ ·¥§Ê²ÓÉ Éμ¢
¶μ ¨§ÊÎ¥´¨Õ ¸μ·¡Í¨¨ Rf [7, 21] ¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¶μ± §Ò¢ ¥É, ÎÉμ ¨§ÊÎ¥-
´¨¥ ¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö Rf ¢ ¸· ¢´¥´¨¨ ¸ Ti ¢ · ¸É¢μ· Ì, ¸μ¤¥·¦ Ð¨Ì
HF, ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸.

„²Ö Ô²¥³¥´Éμ¢ 5-° £·Ê¶¶Ò ¢ ²¨É¥· ÉÊ·¥ μ¶¨¸ ´Ò ±μ³¶²¥±¸Ò NbF−
6 ,

NbOF2−
5 , TaF−

6 , TaF2−
7 , ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¶·¨ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ HF [20].
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Š ± ¢¨¤´μ ¨§ ·¨¸. 1, Ì · ±É¥· ¸μ·¡Í¨¨ Ta ¢ · ¸É¢μ· Ì HF ¶·¨ ¤μ¡ ¢²¥´¨¨
 Í¥Éμ´  μÉ²¨Î ¥É¸Ö μÉ μ¸É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢. �·¨ Ê¢¥²¨Î¥´¨¨
¸μ¤¥·¦ ´¨Ö  Í¥Éμ´  Kd Ta Ê³¥´ÓÏ ¥É¸Ö. ‚ Éμ ¦¥ ¢·¥³Ö ¤²Ö Nb ¸ Ê¢¥²¨-
Î¥´¨¥³ ±μ´Í¥´É· Í¨¨  Í¥Éμ´  §´ Î¥´¨Ö É ´£¥´¸μ¢ Ê£²  ´ ±²μ´  ´ Î¨´ ÕÉ
· ¸É¨ (É ¡². 6) μ¤´μ¢·¥³¥´´μ ¸ Ê¢¥²¨Î¥´¨¥³ Kd. 
Éμ ³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ-
¢ ÉÓ μ Éμ³, ÎÉμ ¢  Í¥Éμ´μ¢ÒÌ · ¸É¢μ· Ì ¨μ´´Ò¥ Ëμ·³Ò Nb ¨ Ta ¨§³¥´ÖÕÉ¸Ö.
�´ ²¨§¨·ÊÖ ¶·¥¤¸É ¢²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ · ¸É¢μ-
· Ì HF Nb ¨ Ta ¶·¨¸ÊÉ¸É¢ÊÕÉ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¢ ¢¨¤¥ ±μ³¶²¥±¸μ¢ NbOF2−

5

¨ TaF2−
7 , ¸μ·¡Í¨Ö ±μÉμ·ÒÌ Ê³¥´ÓÏ ¥É¸Ö ¢ ·Ö¤Ê Nb > Ta. �·¨ ¤μ¡ ¢²¥´¨¨

 Í¥Éμ´  ´ Î¨´ ÕÉ ¶·¥μ¡² ¤ ÉÓ ´¥°É· ²Ó´Ò¥ ±μ³¶²¥±¸Ò Ta, ´¥ ¸μ·¡¨·Ê¥³Ò¥
 ´¨μ´¨Éμ³. ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ Ê¸Éμ°Î¨¢μ¸ÉÓ ËÉμ·¨¤-
´ÒÌ ±μ³¶²¥±¸μ¢ Nb ¨ Ta ¸ÊÐ¥¸É¢¥´´μ · §²¨Î ¥É¸Ö.

�μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ¡μ²ÓÏμ° ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸, É ±
± ± ¶μ§¢μ²ÖÕÉ ¢Ò¡· ÉÓ Ê¸²μ¢¨Ö · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ 4-° ¨ 5-° £·Ê¶¶ ¢ Ô±¸¶¥-
·¨³¥´É Ì ¶μ ¢Ò¤¥²¥´¨Õ ¨ ¨§ÊÎ¥´¨Õ Ì¨³¨Î¥¸±¨Ì ¸¢μ°¸É¢ Rf ¨ Db.
ˆ§ É ¡². 1Ä5 ¢¨¤´μ, ÎÉμ Kd Ô²¥³¥´Éμ¢ 4-° £·Ê¶¶Ò ¢ · ¸É¢μ· Ì 15Ä25 ³μ²Ó/²
HF Å 1Ä4 ³μ²Ó/²  Í¥Éμ´ ¨³¥ÕÉ ´¨§±¨¥ §´ Î¥´¨Ö, ¢ Éμ ¢·¥³Ö ± ± Ô²¥³¥´ÉÒ
5-° £·Ê¶¶Ò ¶·μÖ¢²ÖÕÉ §´ Î¨É¥²Ó´ÊÕ ¸μ·¡¨·Ê¥³μ¸ÉÓ  ´¨μ´¨Éμ³ (Kd > 102).
‚ É ¡². 7 ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö Ë ±Éμ·μ¢ · §¤¥²¥´¨Ö Nb ¨ Ta (αNb

Ta ) ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ HF ¨  Í¥Éμ´  ¢ · ¸É¢μ·¥. Š ± ¢¨¤´μ, ¶·¨ ±μ´Í¥´-
É· Í¨¨  Í¥Éμ´  0Ä4 ³μ²Ó/² αNb

Ta ¨³¥ÕÉ ´¥¡μ²ÓÏ¨¥ §´ Î¥´¨Ö ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥
±μ´Í¥´É· Í¨¨ HF. � ¨¡μ²¥¥ ¢Ò¸μ±¨¥ §´ Î¥´¨Ö αNb

Ta ¤μ¸É¨£ ÕÉ¸Ö ¢ · ¸É¢μ· Ì,
¸μ¤¥·¦ Ð¨Ì 0,5Ä3 ³μ²Ó/² HF ¨ 8Ä12 ³μ²Ó/²  Í¥Éμ´ . ‚ ÔÉ¨Ì · ¸É¢μ· Ì Kd Nb
§ ³¥É´μ Ê¢¥²¨Î¨¢ ÕÉ¸Ö (> 1,2 · 105).

ˆ§ÊÎ¥´¨¥ ¶μ¢¥¤¥´¨Ö Ti, Zr, Hf, Nb ¨ Ta ´  ± É¨μ´¨É¥ ¶μ± § ²μ, ÎÉμ ¤μ¡ -
¢²¥´¨¥ μ·£ ´¨Î¥¸±μ£μ · ¸É¢μ·¨É¥²Ö ¢ · ¸É¢μ·Ò HF ´¥ ¢²¨Ö¥É ´  ¨Ì ¸μ·¡Í¨Õ.

’ ¡²¨Í  7. ” ±Éμ·Ò · §¤¥²¥´¨Ö Nb ¨ Ta ´   ´¨μ´¨É¥ AG 1X8 ¢ ¸³¥Ï ´´ÒÌ · ¸-
É¢μ· Ì HF- Í¥Éμ´

HF, �Í¥Éμ´, ³μ²Ó/²

³μ²Ó/² 0 1 2 4 6 8 10 12 13

0.5 Å Å Å Å Å Å Å > 14 > 24

1 Å Å Å Å Å > 6.5 > 28 > 51 3.2

3 1.5 2 1.5 3.8 11 17 > 450 4.1

6 0.9 0.8 0.8 1.6 6.1 13 3.3

10 0.6 0.6 0.6 0.9 1.5 1.3

15 0.6 0.8 0.9 1.1 1.1

20 1.4 1.4 1.4

25 1.5 1.3
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ˆ¸±²ÕÎ¥´¨¥ ¸μ¸É ¢²Ö¥É · ¸É¢μ· 0,1 ³μ²Ó/² HF ¶·¨ ³ ±¸¨³ ²Ó´μ³ ¸μ¤¥·¦ ´¨¨
 Í¥Éμ´  (13,6 ³μ²Ó/²), ¢ ±μÉμ·μ³ ¸μ·¡Í¨Ö Zr ¨ Hf ´¥§´ Î¨É¥²Ó´μ (Kd · ¢´μ 27
¨ 24 ¸μμÉ¢¥É¸É¢¥´´μ) Ê¢¥²¨Î¨¢ ¥É¸Ö. ’ ±¨¥ Ê¸²μ¢¨Ö ³μ£ÊÉ ¡ÒÉÓ ¢Ò¡· ´Ò ¤²Ö
μÉ¤¥²¥´¨Ö Zr ¨ Hf μÉ Ô²¥³¥´Éμ¢ 5-° £·Ê¶¶Ò. ‘ÊÐ¥¸É¢¥´´μ, ÎÉμ ¢ ÔÉμ³ ¸²ÊÎ ¥
Nb ¨ Ta Ô²Õ¨·ÊÕÉ¸Ö ¨§ Ì·μ³ Éμ£· Ë¨Î¥¸±μ° ±μ²μ´±¨ · ¸É¢μ·μ³ c ¡μ²ÓÏ¨³
¸μ¤¥·¦ ´¨¥³  Í¥Éμ´ , ÎÉμ μ¡²¥£Î ¥É § ¤ ÎÊ ¨§£μÉμ¢²¥´¨Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì
¨¸ÉμÎ´¨±μ¢ ¤²Ö ¤¥É¥±É¨·μ¢ ´¨Ö α-Î ¸É¨Í ¨ μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö
Ê¶ ·¨¢ ´¨¥³.

‡�Š‹
—…�ˆ…

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ti, Zr,
Hf, Nb ¨ Ta ´  ± É¨μ´μ- ¨  ´¨μ´μμ¡³¥´´ÒÌ ¸³μ² Ì ¨§ ¸³¥Ï ´´ÒÌ · ¸É¢μ-
·μ¢ HF- Í¥Éμ´ ¢ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ ±μ´Í¥´É· Í¨°. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¶μ± §Ò¢ ÕÉ, ÎÉμ ¸μ·¡Í¨Ö Ti, Zr, Hf ¨ Nb ´   ´¨μ´¨É¥ Ê³¥´ÓÏ ¥É¸Ö ¸ Ê¢¥-
²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨ HF ¨ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨
 Í¥Éμ´ , ¢ Éμ ¢·¥³Ö ± ± ¸μ·¡Í¨Ö Ta Ê³¥´ÓÏ ¥É¸Ö. “¸É ´μ¢²¥´μ, ÎÉμ ¢ ¶·¨-
¸ÊÉ¸É¢¨¨  Í¥Éμ´  ³¥´Ö¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸μ·¡Í¨¨ Ô²¥³¥´Éμ¢ ¢´ÊÉ·¨ μ¤-
´μ° £·Ê¶¶Ò,   É ±¦¥ Å ¨§¡¨· É¥²Ó´μ¸ÉÓ ¨μ´μμ¡³¥´´ÒÌ ¸³μ² ± ËÉμ·¨¤´Ò³
±μ³¶²¥±¸ ³ ¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¤²Ö ¶μ²´μ£μ ¨Ì
· §¤¥²¥´¨Ö. ˆ¸Ìμ¤Ö ¨§ Ê¸²μ¢¨° Ô±¸¶¥·¨³¥´É  ¸ Db (μ¡Ñ¥³ ¨¸Ìμ¤´μ£μ · ¸-
É¢μ·  ¨ É. ¤.) ¨ ¨¸¶μ²Ó§ÊÖ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥, ³μ¦´μ ¶μ¤μ¡· ÉÓ Ê¸²μ¢¨Ö ¤²Ö
· §¤¥²¥´¨Ö Nb ¨ Ta ¸É É¨Î¥¸±μ°  ¤¸μ·¡Í¨¥° ¸ ¶μ¸²¥¤ÊÕÐ¥° Ë¨²ÓÉ· Í¨¥° ´ 
Ö¤¥·´ÒÌ Ë¨²ÓÉ· Ì, ÎÉμ ¶μ§¢μ²¨É μ¤´μ¢·¥³¥´´μ ¨§£μÉμ¢¨ÉÓ ¨¸ÉμÎ´¨±¨ ¤²Ö ¤¥-
É¥±É¨·μ¢ ´¨Ö α-Î ¸É¨Í ¨ μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö. � ¨²ÊÎÏ¨³¨ Ê¸²μ-
¢¨Ö³¨ ¤²Ö ÔÉμ£μ ³μ¦¥É ¡ÒÉÓ ¸μ·¡Í¨Ö ¨§ ¸³¥Ï ´´μ£μ · ¸É¢μ·  3 ³μ²Ó/² HF Å
10 ³μ²Ó/²  Í¥Éμ´ . �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ É ±¦¥ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢ ¤¨´ ³¨-
Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ ¢ · ¸É¢μ· Ì 15Ä25 ³μ²Ó/² HF Å 1Ä4 ³μ²Ó/²  Í¥Éμ´ ³μ¦¥É
¡ÒÉÓ ¤μ¸É¨£´ÊÉμ Ìμ·μÏ¥¥ μÉ¤¥²¥´¨¥ Nb ¨ Ta μÉ Ô²¥³¥´Éμ¢ 4-° £·Ê¶¶Ò.

ˆ¸Ìμ¤Ö ¨§  ´ ²¨§  ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ · ¸-
É¢μ· Ì HF (> 3 ³μ²Ó/²) Ô²¥³¥´ÉÒ 4-° £·Ê¶¶Ò ¸μ·¡¨·ÊÕÉ¸Ö ´   ´¨μ´¨É¥ ¢
¢¨¤¥  ´¨μ´´ÒÌ ±μ³¶²¥±¸μ¢ É¨¶  MF3−

7 (M = Ti, Zr, Hf), Ê¸Éμ°Î¨¢μ¸ÉÓ ±μ-
Éμ·ÒÌ Ê³¥´ÓÏ ¥É¸Ö ¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Zr > Hf > Ti. �·¥¤¸É ¢²Ö¥É ¨´-
É¥·¥¸ ¨§ÊÎ¥´¨¥ ± É¨μ´μμ¡³¥´´μ£μ ¶μ¢¥¤¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¢ ¸³¥Ï ´´ÒÌ
· ¸É¢μ· Ì  Í¥Éμ´  ¨ HF ¢ ¨´É¥·¢ ²¥ ±μ´Í¥´É· Í¨° 0,001Ä0,1 ³μ²Ó/² HF, £¤¥
³μ¦´μ μ¦¨¤ ÉÓ ´ ¨¡μ²ÓÏ¥£μ ¢²¨Ö´¨Ö  Í¥Éμ´  ´  ±μ³¶²¥±¸μμ¡· §μ¢ ´¨¥ ÔÉ¨Ì
Ô²¥³¥´Éμ¢. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ Ô²¥³¥´ÉÒ 5-° £·Ê¶¶Ò ¢ · ¸É¢μ· Ì HF-
 Í¥Éμ´ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¢ ¢¨¤¥ ±μ³¶²¥±¸μ¢ NbOF2−

5 ¨ TaF2−
7 ,

Ê¸Éμ°Î¨¢μ¸ÉÓ ±μÉμ·ÒÌ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö ¨ Ê³¥´ÓÏ ¥É¸Ö ¢ ·Ö¤Ê Nb > Ta.
�μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢μ¤´μ-μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·μ¢ HF ¤²Ö
¢Ò¤¥²¥´¨Ö ¨ ¨§ÊÎ¥´¨Ö ËÉμ·¨¤´μ£μ ±μ³¶²¥±¸μμ¡· §μ¢ ´¨Ö Rf ¨ Db ³¥Éμ¤μ³
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¨μ´´μ£μ μ¡³¥´ . �¸μ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥ ¨μ´μμ¡³¥´´μ£μ ¶μ-
¢¥¤¥´¨Ö Rf ¢ ¸· ¢´¥´¨¨ ¸ Ti.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´-
¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (£· ´É º07-03-00430).
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