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� ¡μÉ  ¶μ¸¢ÖÐ¥´  Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê μ¶·¥¤¥²¥´¨Õ ±μÔËË¨Í¨¥´Éμ¢ · ¸-
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This work is devoted to the experimental determination of distribution coefˇcients
of the alkaline earth elements and lanthanides in the cation exchange resin Ä extractant
systems. In some of them high separation factors (F ) for YbÄLu have been obtained.
These results can be used for the group separation of elements in static conditions
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�±¸É· ±Í¨Ö ¨ ¨μ´´Ò° μ¡³¥´ Ö¢²ÖÕÉ¸Ö ¤¢Ê³Ö ´ ¨¡μ²¥¥ ¶·¨³¥´Ö¥³Ò³¨ ³¥-
Éμ¤ ³¨ · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢. �É¨³ ³¥Éμ¤ ³ ¶μ¸¢ÖÐ¥´μ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ
³μ´μ£· Ë¨° ¨ ¸É É¥° [1Ä5]. �É¨ ³¥Éμ¤Ò ¨³¥ÕÉ ³´μ£μ μ¡Ð¥£μ (μ¸´μ¢ ´Ò ´ 
· ¸¶·¥¤¥²¥´¨¨ ¢¥Ð¥¸É¢ ³¥¦¤Ê Ë § ³¨), ´μ ¨ μÉ¤¥²Ó´Ò¥ · §²¨Î¨Ö. �¥±μÉμ·Ò¥
 ¢Éμ·Ò ¸Î¨É ÕÉ, ÎÉμ μ¤¨´ ³¥Éμ¤ Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³ ¤·Ê£μ£μ. ‘ ´ Ï¥°
ÉμÎ±¨ §·¥´¨Ö, Ê¡¥¤¨É¥²Ó´μ£μ μ¡μ¡Ð¥´¨Ö É¥μ·¨¨ ÔÉ¨Ì ³¥Éμ¤μ¢ · §¤¥²¥´¨Ö ¢
²¨É¥· ÉÊ·¥ ´¥É, ÌμÉÖ ÔÉμ ¨³¥¥É ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ¤²Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¢Ò-
¡μ·  ³¥Éμ¤  · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢. �  ¶· ±É¨±¥ Ô±¸¶¥·¨³¥´É Éμ·Ò μ¡ÒÎ´μ
¶·¥¤¶μÎ¨É ÕÉ ³¥Éμ¤, ±μÉμ·Ò³ μ´¨ ²ÊÎÏ¥ ¢² ¤¥ÕÉ.

„ ´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨§ÊÎ¥´¨Õ ¢μ§³μ¦´μ¸É¥° Ì·μ³ Éμ£· Ë¨Î¥¸±μ£μ
· §¤¥²¥´¨Ö Ð¥²μÎ´μ-§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ (™‡�) ¨ ² ´É ´μ¨¤μ¢ ¶ÊÉ¥³ ¢Ò-
¡μ·  ³ ²μ ¨¸¸²¥¤μ¢ ´´ÒÌ ¸¨¸É¥³, ¢ Î ¸É´μ¸É¨, · §¤¥²¥´¨Õ ¢ ¸¨¸É¥³¥ ± -
É¨μ´¨É Å μ·£ ´¨Î¥¸±¨° · ¸É¢μ· ¤¨(2-ÔÉ¨²-£¥±¸¨²)-μ·ÉμËμ¸Ëμ·´μ° ±¨¸²μÉÒ
(„2�ƒ”Š). „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, §´ ´¨¥ ±μÔËË¨Í¨¥´-
Éμ¢ · ¸¶·¥¤¥²¥´¨Ö · §¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ ³¥¦¤Ê Ë § ³¨ ¨ ¨Ì ¨§³¥´¥´¨Ö ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¸μ¸É ¢  · §¤¥²¨É¥²Ó´μ° ¸¨¸É¥³Ò. …¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ ± É¨μ´¨É
¢ ¨¸¶μ²Ó§Ê¥³ÒÌ ´ ³¨ ¸¨¸É¥³ Ì ¢¸¥£¤  ´ ¸ÒÐ¥´ ¢μ¤μ°, ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ
· ¢´μ¢¥¸¨¥ ³¥¦¤Ê É¨¶¨Î´Ò³ Ô±¸É· £¥´Éμ³ ¨ É¨¶¨Î´Ò³ ¨μ´¨Éμ³. ‚Ò¢μ¤ μ
¶¥·¸¶¥±É¨¢´μ¸É¨ É ±¨Ì · §¤¥²¨É¥²Ó´ÒÌ ¸¨¸É¥³ ³Ò ¸¤¥² ²¨ ¨§ ´ Ï¥£μ μ¶ÒÉ 
¨ ¸· ¢´¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ³¥É ²²μ¢ ¸ μ¡Ð¥° ¤²Ö ´¨Ì ¶·μ-
É¨¢μ¶μ²μ¦´μ° Ë §μ° Å · ¸É¢μ·μ³  §μÉ´μ° ±¨¸²μÉÒ [6Ä10]. �¥²Ó§Ö ´¥ μÉ-
³¥É¨ÉÓ, ÎÉμ ¢ ±¨¸²μÉ Ì ¤²Ö ¡²¨§±¨Ì ¶μ ¸¢μ°¸É¢ ³ Ô²¥³¥´Éμ¢ ±μÔËË¨Í¨¥´É
· ¸¶·¥¤¥²¥´¨Ö ¡μ²ÓÏ¥ ¤²Ö ¨μ´μ¢ ¡μ²ÓÏ¥£μ · ¤¨Ê¸  ´  ± É¨μ´¨É¥ ¨ ³¥´ÓÏ¥
¢ Ô±¸É· £¥´É¥. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¶·¨ ¤μ¸É¨¦¥´¨¨ · ¢´μ¢¥¸¨Ö ³¥¦¤Ê
± É¨μ´¨Éμ³ ¨ Ô±¸É· £¥´Éμ³ ¢ ¸¨¸É¥³¥ ¡Ê¤ÊÉ ¶μ²ÊÎ¥´Ò ¡μ²¥¥ ¢Ò¸μ±¨¥ Ë ±Éμ·Ò
· §¤¥²¥´¨Ö (F ) Ô²¥³¥´Éμ¢.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

•¨³¨Î¥¸±¨¥ ·¥ ±É¨¢Ò. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ·¥ ±É¨¢Ò:
¡¨¤¨¸É¨²¨·μ¢ ´´ Ö ¢μ¤ ,  §μÉ´ Ö ±¨¸²μÉ  (®�‘— 18-4¯, ƒ�‘’ 11125-84),
Ì²μ·¨¸Éμ¢μ¤μ·μ¤´ Ö ±¨¸²μÉ  (®�‘— 20-4¯, ƒ�‘’ 14261-77), £¥¶É ´μ² (®—.¯,
‘’“-12, º 10-157-61), ¤¥± ´ (®•.—.¯, Œ�’“ 6-09-4617-67), ¤¨¡ÊÉ¨²μ¢Ò°
ÔË¨· (®—.¯, ƒ�‘’ 12128-66), ± É¨μ´¨É DOWEX 50X8 (100Ä200 ³¥Ï, ®SigmaÄ
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Aldrich¯), ¤¨(2-ÔÉ¨²-£¥±¸¨²)-μ·ÉμËμ¸Ëμ·´ Ö ±¨¸²μÉ  („2�ƒ”Š) Å 97 %
(®SigmaÄAldrich¯).

�μ¤£μÉμ¢±  ± É¨μ´μμ¡³¥´´μ° ¸³μ²Ò DOWEX 50W-X8 (100Ä200 ³¥Ï). �¥-
·¥¤ ¨¸¶μ²Ó§μ¢ ´¨¥³ ± É¨μ´¨É ¶¥·¥¢μ¤¨²¨ ¢ �+-Ëμ·³Ê: ´ ¢¥¸±Ê ¸³μ²Ò μ¸É -
¢²Ö²¨ ¢ ¢μ¤¥ ¤μ ¶μ²´μ£μ ´ ¡ÊÌ ´¨Ö, ¶·μ³Ò¢ ²¨ 4Ä5 Œ  §μÉ´μ° ±¨¸²μÉμ°,
¢μ¤μ° ¨ ¢Ò¸ÊÏ¨¢ ²¨ ´  ¢μ§¤ÊÌ¥.

�·¨£μÉμ¢²¥´¨¥ · ¤¨μ ±É¨¢´ÒÌ ¨´¤¨± Éμ·μ¢. „²Ö μ¶·¥¤¥²¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éμ¢ ¨¸¶μ²Ó§μ¢ ²¨ ¢ ± Î¥¸É¢¥ ¨´-
¤¨± Éμ·μ¢ 85Sr (T1/2 = 64,84 ¸ÊÉ), 133Ba (T1/2 = 10,54 ²¥É), 223Ra (T1/2 =
11,43 ¸ÊÉ),139Ce (’1/2 = 137,7 ¸ÊÉ), 143Pm (’1/2 = 265 ¸ÊÉ), 169Yb (’1/2 =
32,02 ¸ÊÉ), 173Lu (’1/2 = 1,37 £.) [11]. � ¤¨μ´Ê±²¨¤ 85Sr ¶μ²ÊÎ ²¨ ´  Ë §μ-
É·μ´¥ ‹Ÿ� �ˆŸˆ ¶μ ·¥ ±Í¨Ö³ £²Ê¡μ±μ£μ · ¸Ð¥¶²¥´¨Ö ¶·¨ μ¡²ÊÎ¥´¨¨ Éμ·¨Ö
¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 300 ŒÔ‚,   · ¤¨μ´Ê±²¨¤Ò 139Ce, 143Pm, 169Yb, 173Lu
¶μ²ÊÎ ²¨ ¶·¨ μ¡²ÊÎ¥´¨¨ É ´É ²  ¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 650 ŒÔ‚ [12]. ‡ É¥³
¶·μ¢μ¤¨²μ¸Ó · ¤¨μÌ¨³¨Î¥¸±μ¥ μÉ¤¥²¥´¨¥ ÔÉ¨Ì ¨ ¤·Ê£¨Ì · ¤¨μ´Ê±²¨¤μ¢ μÉ ³ -
É¥·¨ ²  ³¨Ï¥´¨. 223Ra ¶μ²ÊÎ ²¨ ¶μ £¥´¥· Éμ·´μ° ¸Ì¥³¥ ¨§ 227Ac [13]. 133Ba
¨³¥² ±μ³³¥·Î¥¸±μ¥ ¶·μ¨¸Ìμ¦¤¥´¨¥. ‘μ¤¥·¦ ´¨¥ ¸É ¡¨²Ó´μ£μ Ba ¢ ¶·¥¶ · É¥
´¥ ¶·¥¢ÒÏ ²μ 10 ³±£ ´  1 Œ	± 133Ba.

ƒ ³³ -¸¶¥±É·μ³¥É·¨Ö. „²Ö ¨§³¥·¥´¨Ö  ±É¨¢´μ¸É¨ ¨¸¸²¥¤Ê¥³ÒÌ · ¤¨μ´Ê-
±²¨¤μ¢ ¨¸¶μ²Ó§μ¢ ²¨ γ-¸¶¥±É·μ³¥É· ¸ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ ¤¥É¥±Éμ·μ³ (��„)
¨§ ¸¢¥·ÌÎ¨¸Éμ£μ £¥·³ ´¨Ö. „²Ö μ¡¥¸¶¥Î¥´¨Ö ´μ³¨´ ²Ó´μ° § £·Ê§±¨ ��„
· ¸¸ÉμÖ´¨¥ μÉ μ¡· §Í  ¤μ ¤¥É¥±Éμ·  ³μ¦´μ ¡Ò²μ ³¥´ÖÉÓ ¢ Ï¨·μ±¨Ì ¶·¥-
¤¥² Ì (0,5Ä370 ¸³).

�¶·¥¤¥²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö. „²Ö μ¶·¥¤¥²¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö (Kd) Sr, Ba, Ra, Ce, Pm, Yb ¨ Lu ¡Ò² ¨¸¶μ²Ó§μ-
¢ ´ ³¥Éμ¤ ¸É É¨Î¥¸±μ°  ¤¸μ·¡Í¨¨. Š ´ ¢¥¸±¥ ¶μ¤£μÉμ¢²¥´´μ° ¸³μ²Ò ³ ¸¸μ°
50 ³£, ¶μ³¥Ð¥´´μ° ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÊÕ ¶·μ¡¨·±Ê ¤²Ö Í¥´É·¨ËÊ£¨·μ¢ ´¨Ö μ¡Ñ-
¥³μ³ 1,5 ³² (®Eppendorf¯, ƒ¥·³ ´¨Ö), ¤μ¡ ¢²Ö²¨ μ¶·¥¤¥²¥´´Ò¥ μ¡Ñ¥³Ò · ¸-
É¢μ·μ¢ 0,01 Œ ¨²¨ 12 M H‘l, „2�ƒ”Š, · ¸É¢μ·¨É¥²Ö (£¥¶É ´μ² , ¤¥± ´ 
¨²¨ ¤¨¡ÊÉ¨²μ¢μ£μ ÔË¨· ) ¨ 25 ³±² ¶·¨£μÉμ¢²¥´´μ£μ · ¸É¢μ·  · ¤¨μ´Ê±²¨¤μ¢-
¨´¤¨± Éμ·μ¢, ÎÉμ¡Ò μ¡Ñ¥³ ± ¦¤μ£μ μ¡· §Í  ¸μ¸É ¢²Ö² 1 ³². ‚μ ¢¸¥Ì ¸²Ê-
Î ÖÌ μ¡Ñ¥³ ´¥μ·£ ´¨Î¥¸±μ° Ë §Ò (· ¸É¢μ·  H‘l) ¶μ¤¡¨· ²¸Ö ´¥ ¡μ²¥¥, Î¥³
¸μμÉ¢¥É¸É¢μ¢ ¢Ï¨° ¥£μ · ¸É¢μ·¨³μ¸É¨ ¢ μ·£ ´¨Î¥¸±μ° Ë §¥. ‡ É¥³ μ¡· §ÍÒ
ÉÐ É¥²Ó´μ ¶¥·¥³¥Ï¨¢ ²¨ ¨ ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥Î¥´¨¥ ¸ÊÉμ± ¤²Ö ¤μ¸É¨¦¥´¨Ö
· ¢´μ¢¥¸¨Ö, ¶μ¸²¥ Î¥£μ ¶·μ¨§¢μ¤¨²¨ Í¥´É·¨ËÊ£¨·μ¢ ´¨¥ ¨ μÉ¡μ· · ¸É¢μ· 
¤²Ö ¨§³¥·¥´¨Ö ¥£μ  ±É¨¢´μ¸É¨. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ´ Ìμ¤¨²¨ ¶μ
Ê· ¢´¥´¨Ö³

Kd =
Cp (Ë §  1)
Cp (Ë §  2)

=
A1£ (¸³μ² )

A1³² (· ¸É¢μ·)
=

A50³£ (¸³μ² )
A50³±² (· ¸É¢μ·)

, (1)

Kd =
Cp (Ë §  1)
Cp (Ë §  2)

=
A1³² (μ·£. Ë § )
A1³² (¢μ¤´. Ë § )

, (2)
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£¤¥ Cp (Ë §  1) ¨ Cp (Ë §  2) Å · ¢´μ¢¥¸´Ò¥ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢
± É¨μ´¨É¥ ¨ ¢ · ¸É¢μ·¥, A50³£ (¸³μ² ) Å  ±É¨¢´μ¸ÉÓ (	±) ¢ 50 ³£ ¸³μ²Ò,
A50³±² (· ¸É¢μ·) Å  ±É¨¢´μ¸ÉÓ (	±) ¢ 50 ³±² · ¸É¢μ· .

—Éμ¡Ò ¸´¨§¨ÉÓ ¶μ£·¥Ï´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¢¥²¨Î¨´, ¶·μ¨§¢μ¤¨²¨ ¢§¢¥-
Ï¨¢ ´¨¥ μ¡· §Íμ¢ ¸· §Ê ¶μ¸²¥ ¶·¨£μÉμ¢²¥´¨Ö ¨ ¶μ¸²¥ μÉ¡μ·  ¦¨¤±μ¸É¨.

�…‡“‹œ’�’› ˆ ˆ• ��‘“†„…�ˆ…

�¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ™‡�
¨ ² ´É ´μ¨¤μ¢ ¢ · §²¨Î´ÒÌ ¨μ´μμ¡³¥´´ÒÌ ¸¨¸É¥³ Ì ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì
¸μ¸É ¢  (¨§³¥´¥´¨¥ μ¤´μ£μ ¨§ ±μ³¶μ´¥´Éμ¢) ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1Ä5. ˆ§ É -
¡²¨Í ¢¨¤´μ, ÎÉμ ¢ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢ Kd ¨³¥ÕÉ ¡μ²ÓÏ¨¥ §´ Î¥´¨Ö (103−104

¨ ¡μ²¥¥).
‚ É ¡². 1 μ¡· Ð ¥É ¢´¨³ ´¨¥ Éμ, ÎÉμ ¨§³¥´¥´¨¥ Kd ¸ ¨§³¥´¥´¨¥³ ±μ´Í¥´-

É· Í¨¨ „2�ƒ”Š ´μ¸¨É ´¥·¥£Ê²Ö·´Ò° Ì · ±É¥·. �Éμ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ
¸²μ¦´Ò³¨ ¶·μÍ¥¸¸ ³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ±μ³¶μ´¥´Éμ¢, ¢ Î ¸É´μ¸É¨, ±μ´±Ê·¥´-
Í¨¥° §  ¢μ¤Ê ¢ μ·£ ´¨Î¥¸±μ° Ë §¥ ³¥¦¤Ê ± É¨μ´ ³¨ ¨ ¨μ´ ³¨ Ì²μ· . �μ-
¢¨¤¨³μ³Ê,  ´¨μ´μ³, ´¥°É· ²¨§¨·ÊÕÐ¨³ ± É¨μ´ ¢ μ·£ ´¨Î¥¸±μ° Ë §¥, Ö¢²Ö-
¥É¸Ö, ¶·¥¦¤¥ ¢¸¥£μ, ¨μ´ Ì²μ· , μ¤´ ±μ ¨ μ¸É Éμ± „2�ƒ”Š Éμ¦¥ ³μ¦¥É ¢Ò-
¶μ²´¨ÉÓ ÔÉÊ ·μ²Ó. Š·μ³¥ ÔÉμ£μ, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¡²¨¦ °Ï¥¥ μ±·Ê-
¦¥´¨¥ ± É¨μ´  ³μ¦¥É Ëμ·³¨·μ¢ ÉÓ¸Ö §  ¸Î¥É ´¥°É· ²Ó´ÒÌ ³μ²¥±Ê² HCl, H2O
¨ „2�ƒ”Š. ˆ ´ ±μ´¥Í, ÔÉ¨ ³μ²¥±Ê²Ò ³μ£ÊÉ μ¡· §μ¢Ò¢ ÉÓ ³¥¦¤Ê ¸μ¡μ° ±μ³-
¶²¥±¸Ò ¨  ¸¸μÍ¨ ÉÒ ¢ μ·£ ´¨Î¥¸±μ° Ë §¥.

’ ¡²¨Í  1. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ™‡� ¨ ² ´É ´μ¨¤μ¢ ¢ ¸¨¸É¥³¥ DOWEX
50X8 Å 0,3 M HCl Å „2�ƒ”Š Å £¥¶É ´μ². Kd ™‡� ¶·¨ ±μ´Í¥´É· Í¨¨ „2�ƒ”Š
6 % ´¥ μ¶·¥¤¥²Ö²¸Ö

C („2�ƒ”Š), Kd

% Sr Ba Ra ‘¥ Pm Yb Lu

0,5 9016 3568 4485 > 104 > 104 > 104 > 104

1 3836 472 273 > 104 > 104 > 104 > 104

2 568 1271 997 1267 832 539 489

4 6796 3056 2716 7262 6363 6282 6068

6 Å Å Å 921 1610 3865 3473

8 1243 435 390 3356 5113 7650 6792

16 1609 296 172 771 979 1675 1391

24 624 43 25 791 855 840 636

32 578 71 45 881 769 346 231
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ± É¨μ´Ò ¸ ³¥´ÓÏ¨³ ¨μ´´Ò³ · ¤¨Ê¸μ³ ¨³¥ÕÉ ³¥´Ó-
Ï¨° ±μÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö, ÎÉμ ¢¥¸Ó³  ´¥μ¦¨¤ ´´μ. �Éμ μ¡¸ÉμÖÉ¥²Ó-
¸É¢μ ³μ¦¥É μ± § ÉÓ¸Ö ¢¥¸Ó³  ¶μ²¥§´Ò³ ¤²Ö · §¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢.

‚ ¸¨¸É¥³¥ DOWEX 50X8 Å HCl Å £¥¶É ´μ² (É ¡². 2) §´ Î¨É¥²Ó´Ò¥ ¨§³¥-
´¥´¨Ö Kd ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏμ³ ¨§³¥´¥´¨¨ ±μ´Í¥´É· Í¨¨ HCl ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ · ¸¶·¥¤¥²¥´¨¥³ ±¨¸²μÉÒ ³¥¦¤Ê ± É¨μ´¨Éμ³ ¨ μ·£ ´¨Î¥¸±¨³ · ¸-
É¢μ·¨É¥²¥³.

’ ¡²¨Í  2. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ™‡� ¢ ¸¨¸É¥³¥ DOWEX 50X8 Å
HCl Å £¥¶É ´μ²

C (HCl), Kd

M Sr Ba Ra
0,3 2076 202 93
0,42 6667 483 421
0,54 6052 2722 1093

‚ ¸¨¸É¥³ Ì DOWEX 50X8 Å „2�ƒ”Š Å £¥¶É ´μ² (É ¡². 3), DOWEX
50X8 Å „2�ƒ”Š Å ¤¥± ´ (É ¡². 4), DOWEX 50X8 Å „2�ƒ”Š Å ¤¨¡Ê-
É¨²μ¢Ò° ÔË¨· (É ¡². 5) ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Sr, Ba ¨ Ra,   É ±¦¥
²¥£±¨Ì ² ´É ´μ¨¤μ¢ (Ce, Pm) ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ ¨¸¸²¥¤μ¢ ´´ÒÌ ±μ´Í¥´É· -
Í¨° „2�ƒ”Š ¶·¥¢ÒÏ ÕÉ 104. �μ-¢¨¤¨³μ³Ê, ÔÉ¨ ¸¨¸É¥³Ò ´¥ ¶μ¤Ìμ¤ÖÉ ¤²Ö
· §¤¥²¥´¨Ö Ê± § ´´ÒÌ Ô²¥³¥´Éμ¢ ¤·Ê£ ¸ ¤·Ê£μ³, ´μ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò
¤²Ö ¢Ò¤¥²¥´¨Ö ¨Ì ¨§ ¸²μ¦´μ° ¸³¥¸¨ Ô²¥³¥´Éμ¢ ¤·Ê£¨Ì £·Ê¶¶.

’ ¡²¨Í  3. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ™‡� ¨ ² ´É ´μ¨¤μ¢ ¢ ¸¨¸É¥³¥ DOWEX
50X8 Å „2�ƒ”Š Å £¥¶É ´μ²

C („2�ƒ”Š), Kd

% Sr Ba Ra ‘¥ Pm Yb Lu

16 > 104 > 104 > 104 > 104 > 104 > 104 > 104

50 > 104 > 104 > 104 > 104 > 104 79 36

’ ¡²¨Í  4. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ² ´É ´μ¨¤μ¢ ¢ ¸¨¸É¥³¥ DOWEX 50X8 Å
„2�ƒ”Š Å ¤¥± ´

C (2�ƒ”Š), Kd FYb/Lu
% ‘¥ Pm Yb Lu

4 > 104 > 104 299 116 2,58

8 > 104 > 104 57 21 2,71

16 > 104 > 104 14 3 4,66

24 > 104 > 104 � 1 � 1 Å

32 > 104 > 104 � 1 � 1 Å
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‚ ¸¨¸É¥³¥ DOWEX 50X8 Å „2�ƒ”Š Å £¥¶É ´μ² ±μÔËË¨Í¨¥´ÉÒ · ¸-
¶·¥¤¥²¥´¨Ö Yb ¨ Lu ¸ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨ „2�ƒ”Š Ê³¥´ÓÏ ÕÉ¸Ö
(É ¡². 3). ‚¨¤´μ, ÎÉμ Ë ±Éμ· · §¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¶·¨ ±μ´Í¥´É· Í¨¨
„2�ƒ”Š 50 % ¸μ¸É ¢²Ö¥É ∼ 2,2. �μ-¢¨¤¨³μ³Ê, ¶·¨ ¥Ð¥ ¡μ²ÓÏ¥° ±μ´Í¥´É· -
Í¨¨ „2�ƒ”Š Kd Yb ¨ Lu ¸É ´ÊÉ ¥Ð¥ ³¥´ÓÏ¥,   Ë ±Éμ· · §¤¥²¥´¨Ö, ¢μ§³μ¦´μ,
¢μ§· ¸É¥É.

’ ¡²¨Í  5. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ² ´É ´μ¨¤μ¢ ¢ ¸¨¸É¥³¥ DOWEX 50X8 Å
„2�ƒ”Š Å ¤¨¡ÊÉ¨²μ¢Ò° ÔË¨·

C („2�ƒ”Š), Kd FYb/Lu% ‘¥ Pm Yb Lu

8 > 104 > 104 519 216 2,40

10 > 104 > 104 349 188 1,86

12 > 104 > 104 233 117 1,99

14 > 104 > 104 134 54 2,48

16 > 104 > 104 60 23 2,61

24 > 104 > 104 25 9 2,77

32 > 104 > 104 11 3 3,66

50 > 104 > 104 � 1 � 1 Å

ˆ§ É ¡². 4 ¨ 5 ¢¨¤´μ, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ce ¨ Pm ¶·¥-
¢ÒÏ ÕÉ 104,   ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Yb ¨ Lu ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¨¥ §´ Î¥´¨Ö ¨ Ê³¥´ÓÏ ÕÉ¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨ „2�ƒ”Š. ˆ§
ÔÉ¨Ì ¤ ´´ÒÌ ¸²¥¤Ê¥É, ÎÉμ, ¢μ-¶¥·¢ÒÌ, ¢ ¤ ´´ÒÌ ¸¨¸É¥³ Ì ³μ¦´μ ÔËË¥±É¨¢´μ
· §¤¥²ÖÉÓ ²¥£±¨¥ ¨ ÉÖ¦¥²Ò¥ ² ´É ´μ¨¤Ò, ¨ ¢μ-¢Éμ·ÒÌ, ¨³¥ÕÉ¸Ö Ê¸²μ¢¨Ö, ¶·¨
±μÉμ·ÒÌ ³μ¦´μ · §¤¥²¨ÉÓ ¸μ¸¥¤´¨¥ Yb ¨ Lu, Ë ±Éμ· · §¤¥²¥´¨Ö ±μÉμ·ÒÌ
¤μ¸É¨£ ¥É ¢¥²¨Î¨´Ò 4,66 (C„2�ƒ”Š = 16 %, É ¡². 4).

‚ É ¡². 6 ¶·¨¢¥¤¥´Ò ´¥±μÉμ·Ò¥ Ë¨§¨±μ-Ì¨³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¶·¨-
³¥´Ö¥³ÒÌ ´ ³¨ μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨É¥²¥°. …¸²¨ ¸· ¢´¨ÉÓ ¤ ´´Ò¥ É ¡². 3Ä5,
Éμ ³μ¦´μ § ³¥É¨ÉÓ ÎÉμ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Yb ¨ Lu Ê¢¥²¨Î¨¢ ÕÉ¸Ö

’ ¡²¨Í  6. �¥±μÉμ·Ò¥ ¸¢μ°¸É¢  £¥¶É ´μ² , ¤¥± ´  ¨ ¤¨¡ÊÉ¨²μ¢μ£μ ÔË¨·  ¶·¨
20 ◦‘ [14Ä17]

�·£ ´¨Î¥¸±¨° „¨Ô²¥±É·¨Î¥¸± Ö ‚Ö§±μ¸ÉÓ, �μ£· ´¨Î´μ¥ ´ ÉÖ¦¥´¨¥,
· ¸É¢μ·¨É¥²Ó ¶·μ´¨Í ¥³μ¸ÉÓ � · ¸/³2 10−3 �/³

ƒ¥¶É ´μ² 11,1 6,6 7,7 ∗

„¥± ´ 1,956 0,907 51,24
„¨¡ÊÉ¨²μ¢Ò° ÔË¨· 3,083 0,69 30
ÅÅÅÅÅÅÅÅÄ
∗ ‚¥²¨Î¨´  μ¶·¥¤¥²¥´  ¶·¨ 25 ◦C.
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¢ ·Ö¤Ê £¥¶É ´μ² Å ¤¨¡ÊÉ¨²μ¢Ò° ÔË¨· Å ¤¥± ´, Éμ ¥¸ÉÓ ¸ Ê³¥´ÓÏ¥´¨¥³ ¤¨-
Ô²¥±É·¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ° · ¸É¢μ·¨É¥²Ö. ‚ ÔÉμ³ ¦¥ ·Ö¤Ê Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¨
Ë ±Éμ·Ò · §¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢.

� ³¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ Ì·μ³ Éμ£· Ë¨Î¥¸±μ³Ê · §¤¥²¥-
´¨Õ Yb ¨ Lu ´  ±μ²μ´±¥, § ¶μ²´¥´´μ° ´ ¡ÊÌÏ¨³ ¢ ¢μ¤¥ ± É¨μ´¨Éμ³ DOWEX
50X8 ¶·¨ Ô²Õ¨·μ¢ ´¨¨ μ·£ ´¨Î¥¸±¨³ · ¸É¢μ·μ³ „2�ƒ”Š. Š ± ¢¨¤´μ ¨§
É ¡². 3Ä6, ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨³ · ¸É¢μ·¨É¥²¥³ ¤²Ö É ±μ£μ · §¤¥²¥´¨Ö ¶·¥¤-
¸É ¢²Ö¥É¸Ö ¤¨¡ÊÉ¨²μ¢Ò° ÔË¨·. „²Ö ´¥£μ Ì · ±É¥·´Ò ¤μ¸É ÉμÎ´μ Ìμ·μÏ¨¥
Ë ±Éμ·Ò · §¤¥²¥´¨Ö ¶·¨ Ê³¥·¥´´μ³ §´ Î¥´¨¨ ¶μ£· ´¨Î´μ£μ ´ ÉÖ¦¥´¨Ö ´ 
£· ´¨Í¥ μ·£ ´¨Î¥¸± Ö Ë §  Å ¢μ¤  ¨ ´¨§±μ° ¢Ö§±μ¸É¨. „¨¡ÊÉ¨²μ¢Ò° ÔË¨·
Î¥·¥§ É ±ÊÕ ±μ²μ´±Ê ¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¶·μÉ¥± ¥É ¶·¨ Ê³¥·¥´´μ³ ¤ ¢²¥´¨¨,
¢ Éμ ¢·¥³Ö ± ± ¤¥± ´ ¨§-§  ¢Ò¸μ±μ£μ §´ Î¥´¨Ö ¶μ£· ´¨Î´μ£μ ´ ÉÖ¦¥´¨Ö ´ 
£· ´¨Í¥ μ·£ ´¨Î¥¸± Ö Ë §  Å ¢μ¤  Î¥·¥§ ±μ²μ´±Ê ¶· ±É¨Î¥¸±¨ ´¥ ¶·μÉ¥± ¥É.

�¤´ ±μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ Ì·μ³ Éμ£· Ë¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¢ ÔÉμ° ¸¨-
¸É¥³¥ ¶μ²ÊÎ¨ÉÓ ´¥ Ê¤ ²μ¸Ó. �Î¥¢¨¤´μ, É ± Ö ¸¨¸É¥³  Ì · ±É¥·¨§Ê¥É¸Ö μÎ¥´Ó
¡μ²ÓÏ¨³ §´ Î¥´¨¥³ ¢¥²¨Î¨´Ò Ô±¢¨¢ ²¥´É´μ° É¥μ·¥É¨Î¥¸±μ° É ·¥²±¨ ¨ ¶¨±¨
¶μ²ÊÎ ÕÉ¸Ö Î·¥§¢ÒÎ °´μ Ï¨·μ±¨³¨. �μ-¢¨¤¨³μ³Ê, ÔÉμ μ¡Ê¸²μ¢²¥´μ μÎ¥´Ó
³¥¤²¥´´μ° ¸±μ·μ¸ÉÓÕ ¶¥·¥Ìμ¤  ¨μ´μ¢ ³¥É ²²μ¢ ³¥¦¤Ê Ë § ³¨. ˆ§ ÔÉμ£μ ¸²¥-
¤Ê¥É, ÎÉμ ¤ ´´Ò¥ ¸¨¸É¥³Ò ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢
Éμ²Ó±μ ¢ ¸É É¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ.

‡�Š‹
—…�ˆ…

�¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Sr, Ba, Ra ³¥¦¤Ê ± É¨μ´¨Éμ³
DOWEX 50X8 ¨ ¸³¥Ï ´´Ò³¨ · ¸É¢μ· ³¨: HCl Å £¥¶É ´μ², „2�ƒ”Š Å £¥¶-
É ´μ², „2�ƒ”Š Å £¥¶É ´μ² Å 0,3 Œ HCl, „2�ƒ”Š Å ¤¥± ´, „2�ƒ”Š Å
¤¨¡ÊÉ¨²μ¢Ò° ÔË¨·. ‚ ¡μ²ÓÏ¨´¸É¢¥ ÔÉ¨Ì ¸¨¸É¥³ Kd ¨³¥ÕÉ ¢Ò¸μ±¨¥ §´ Î¥´¨Ö
(103−104), Ê³¥´ÓÏ ÕÉ¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³ · §³¥·  ¨μ´  ¨ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´-
É· Í¨¨ „2�ƒ”Š. �·¨ ÔÉμ³ Ë ±Éμ·Ò · §¤¥²¥´¨Ö Ê¢¥²¨Î¨¢ ÕÉ¸Ö. �μ¤μ¡´Ò¥
¸¨¸É¥³Ò, ¢¥·μÖÉ´μ, ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö · §¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢.

�¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö Ce, Pm, Yb ¨ Lu ³¥¦¤Ê ± -
É¨μ´¨Éμ³ DOWEX 50X8 ¨ ¸³¥Ï ´´Ò³¨ · ¸É¢μ· ³¨: „2�ƒ”Š Å £¥¶É ´μ²
Å 0,3 Œ HCl, „2�ƒ”Š Å £¥¶É ´μ², „2�ƒ”Š Å ¤¥± ´, „2�ƒ”Š Å ¤¨¡Ê-
É¨²μ¢Ò° ÔË¨·. �¡´ ·Ê¦¥´μ, ÎÉμ ¢ ¸¨¸É¥³¥ DOWEX 50X8 Å „2�ƒ”Š Å
£¥¶É ´μ² Å 0,3 Œ HCl ¨§³¥´¥´¨¥ Kd ¢¸¥ ¨¸¸²¥¤μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ Ô±¸É· £¥´É  ´μ¸¨É ´¥·¥£Ê²Ö·´Ò° Ì · ±É¥·. ‘¤¥² ´μ
¶·¥¤¶μ²μ¦¥´¨¥ μ ¶·¨Î¨´ Ì ÔÉμ£μ Ö¢²¥´¨Ö.

‚ ¸¨¸É¥³ Ì DOWEX 50X8 Å „2�ƒ”Š Å ¤¥± ´ ¨ DOWEX 50X8 Å
„2�ƒ”Š Å ¤¨¡ÊÉ¨²μ¢Ò° ÔË¨· Kd Ce ¨ Pm ¶·¨ ¢¸¥Ì ¨¸¸²¥¤μ¢ ´´ÒÌ ±μ´Í¥´-
É· Í¨ÖÌ Ô±¸É· £¥´É  ¨³¥ÕÉ ¢¥²¨Î¨´Ê ¡μ²ÓÏ¥ 104. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥-
²¥´¨Ö Yb ¨ Lu §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ ¨ Ê³¥´ÓÏ ÕÉ¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´-
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É· Í¨¨ „2�ƒ”Š. �·¨ ÔÉμ³ ´ ¡²Õ¤ ¥É¸Ö §´ Î¨É¥²Ó´μ¥ Ê¢¥²¨Î¥´¨¥ Ë ±Éμ· 
¨Ì · §¤¥²¥´¨Ö.

�·¨¢¥¤¥´´Ò¥ ¢ · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö £·Ê¶¶μ¢μ£μ
· §¤¥²¥´¨Ö ™‡� ¨ ² ´É ´μ¨¤μ¢ ¢ ¸É É¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ ( ¤¸μ·¡Í¨ÖÄ·¥Ô±¸É· -
±Í¨Ö) ¨ ¢ μÉ¤¥²Ó´ÒÌ ¸²ÊÎ ÖÌ ¶·μ¢μ¤¨ÉÓ ¶μÔ²¥³¥´É´μ¥ · §¤¥²¥´¨¥. �μ-¢¨¤¨-
³μ³Ê, ¶μ¤μ¡´Ò¥ ¸¨¸É¥³Ò ¢μ§³μ¦´μ ¶·¨³¥´ÖÉÓ ¤²Ö · §¤¥²¥´¨Ö Ô²¥³¥´Éμ¢ IV
£·Ê¶¶Ò, É ±¨Ì ± ± Ti, Zr, Hf,   É ±¦¥ ¤¢ÊÌ-, É·¥Ì¢ ²¥´É´ÒÌ p-, d-Ô²¥³¥´Éμ¢
(Pb, Zn, Cd, Co, Ni, In, Bi ¨ É. ¤.), ¶·¨ ÔÉμ³ ¤²Ö ¤¢ÊÌ¢ ²¥´É´ÒÌ ¨§-§  ¨Ì
¡μ²ÓÏ¥° ¶μ¤¢¨¦´μ¸É¨ ¢μ§³μ¦´  ¨ Ì·μ³ Éμ£· Ë¨Ö. „²Ö ¢Ò¡μ·  ¶μ¤Ìμ¤Ö-
Ð¨Ì · ¡μÎ¨Ì Ê¸²μ¢¨° ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨¸¸²¥¤μ¢ ´¨Ö
¶μ μ¶·¥¤¥²¥´¨Õ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.
. „ ´¨²μ¢μ° ¨ Ÿ.
. „ ´¨²μ¢μ° § 
¶μ³μÐÓ ¢ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢.

„ ´´ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ·μ¸¸¨°¸±¨³ Ëμ´¤μ³ ËÊ´¤ ³¥´-
É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (�””ˆ 10-03-93107 �–�ˆ‹  ).
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