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‘‹�ˆ‘’›• �…��‚‘Šˆ’�‚ GdBaCo2−xFexO6−δ

(x = 0; 0,2; 0,4; 0,6)
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� ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨§ÊÎ¥´¨Õ ¢²¨Ö´¨Ö ¤μ¶¨·μ¢ ´¨Ö ¶μ ¶μ¤·¥Ï¥É±¥ ±μ¡ ²ÓÉ  ´  ±·¨¸É ²²¨Î¥-
¸±ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ±¨¸²μ·μ¤´ÊÕ ´¥¸É¥Ì¨μ³¥É·¨Õ ±μ¡ ²ÓÉ¨Éμ¢ GdBaCo2−xFexO6−δ (x = 0−0,6),
±μÉμ·Ò¥ μ¡² ¤ ÕÉ §´ Î¨É¥²Ó´μ° ±¨¸²μ·μ¤´μ° ´¥¸É¥Ì¨μ³¥É·¨¥° ¨ ¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±¨¥ §´ Î¥-
´¨Ö ±¨¸²μ·μ¤-¨μ´´μ° ¨ Ô²¥±É·μ´´μ° ¶·μ¢μ¤¨³μ¸É¨. �É¨ ¸¢μ°¸É¢  ²¥£±μ ¢ ·Ó¨·ÊÕÉ¸Ö ¤μ¶¨·μ¢ ´¨¥³
μ±¸¨¤ . �μ²ÊÎ¥´Ò § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´μ° ·¥Ï¥É±¨ μÉ É¥³¶¥· ÉÊ·Ò ¢ ¤¨ ¶ §μ´¥
25Ä800 ◦‘.

We study the effect of sublattice doping of cobalt on a crystal structure and oxygen nonstoichiometry
of cobaltites GdBaCo2−xFexO6−δ (x = 0−0.6), which have considerable oxygen nonstoichiometry and
show high values of oxygen-ionic and electronic conduction. These properties can be varied easily by
a doping of oxide. We obtained the temperature dependences of the parameters of an elementary lattice
in the range 25Ä800 ◦C.
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�¥·μ¢¸±¨Éμ¶μ¤μ¡´Ò¥, Î ¸É¨Î´μ § ³¥Ð¥´´Ò¥, ±μ¡ ²ÓÉ¨ÉÒ £ ¤μ²¨´¨Ö-¡ ·¨Ö ¸ μ¡Ð¥°
Ëμ·³Ê²μ° GdBaCo2−xMexO6−δ μ¡² ¤ ÕÉ §´ Î¨É¥²Ó´μ° ±¨¸²μ·μ¤´μ° ´¥¸É¥Ì¨μ³¥É·¨¥° ¨
¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±¨¥ §´ Î¥´¨Ö ±¨¸²μ·μ¤-¨μ´´μ° ¨ Ô²¥±É·μ´´μ° ¶·μ¢μ¤¨³μ¸É¨, ÎÉμ
¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¨Ì ¢ ± Î¥¸É¢¥ ³ É¥·¨ ²μ¢ ¤²Ö Ô²¥±É·μ¤μ¢ É¢¥·¤μμ±¸¨¤´ÒÌ Éμ¶-
²¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¨ ±¨¸²μ·μ¤´ÒÌ ³¥³¡· ´ [1Ä3].

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢¨²μ¸Ó ¨§ÊÎ¥´¨¥ ¢²¨Ö´¨Ö ¤μ¶¨·μ¢ ´¨Ö ¶μ ¶μ¤·¥Ï¥É±¥
±μ¡ ²ÓÉ  ´  ±·¨¸É ²²¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ±¨¸²μ·μ¤´ÊÕ ´¥¸É¥Ì¨μ³¥É·¨Õ ±μ¡ ²ÓÉ¨Éμ¢
GdBaCo2−xFexO6−δ (x = 0−0,6).

‘¨´É¥§ μ¡· §Íμ¢ GdBaCo2−xFexO6−δ (x = 0; 0,2; 0,4; 0,6) μ¸ÊÐ¥¸É¢²Ö²¨ ¶μ £²¨Í¥-
·¨´-´¨É· É´μ° É¥Ì´μ²μ£¨¨, ±μÉμ· Ö ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ³¥²±μ¤¨¸¶¥·¸´Ò¥
¶μ·μÏ±¨, Î¥³ É¢¥·¤μË §´Ò° ³¥Éμ¤ ¸¨´É¥§ . ‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ ³ É¥·¨ ²μ¢ ¨¸¶μ²Ó-
§μ¢ ²¨ μ±¸¨¤ £ ¤μ²¨´¨Ö Gd2O3 ±¢ ²¨Ë¨± Í¨¨ ƒ¤�-ƒ, ³¥É ²²¨Î¥¸±¨° ±μ¡ ²ÓÉ Co, ¶μ²Ê-
Î¥´´Ò° ¢μ¸¸É ´μ¢²¥´¨¥³ Co3O4 ±¢ ²¨Ë¨± Í¨¨ ®Ì. Î.¯ ¢ Éμ±¥ ¢μ¤μ·μ¤ , ± ·¡μ´ É ¡ ·¨Ö
BaCO3 ±¢ ²¨Ë¨± Í¨¨ ®μ¸. Î.¯, μ±¸ ² É ¦¥²¥§  FeC2O4 · 2H2O ±¢ ²¨Ë¨± Í¨¨ ®Î. ¤.  .¯,
 §μÉ´ÊÕ ±¨¸²μÉÊ ¨ £²¨Í¥·¨´ ±¢ ²¨Ë¨± Í¨¨ ®μ¸. Î.¯ ¨ ®Î. ¤.  .¯ ¸μμÉ¢¥É¸É¢¥´´μ. �μ ¨§-
¢¥¸É´Ò³ ´ ¢¥¸± ³ Gd2O3 · ¸¸Î¨ÉÒ¢ ²¨ ´¥μ¡Ìμ¤¨³Ò¥ ±μ²¨Î¥¸É¢  ¤·Ê£¨Ì ±μ³¶μ´¥´Éμ¢,
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¨¸Ìμ¤Ö ¨§ Ê· ¢´¥´¨Ö ·¥ ±Í¨¨

1
2
Gd2O3 + (2 − x)Co + xFeC2O4 · 2H2O + BaCO3 +

(
3,5 − δ

2

)
O2 =

= GdBaCo2−xFexO6−δ + (1 + 2x)CO2 + 2xH2O.

ˆ¸Ìμ¤´Ò¥ ±μ³¶μ´¥´ÉÒ · ¸É¢μ·Ö²¨ ¢ ³¨´¨³ ²Ó´μ³ ±μ²¨Î¥¸É¢¥  §μÉ´μ° ±¨¸²μÉÒ (· §-
¢¥¤¥´¨¥ 1 : 3), ¸³¥Ï¨¢ ²¨ ¨ ¤μ¡ ¢²Ö²¨ · ¸¸Î¨É ´´μ¥ ±μ²¨Î¥¸É¢μ £²¨Í¥·¨´ . �μ²Ê-
Î¥´´ÊÕ ¸³¥¸Ó ¶·¨ ´ £·¥¢ ´¨¨ ¢Ò¶ ·¨¢ ²¨ ¢ Ë ·Ëμ·μ¢μ° Î Ï±¥ ¤μ¸ÊÌ , ¶μ¸²¥
Î¥£μ μ´  ¸ ³μ¢μ¸¶² ³¥´Ö² ¸Ó. �·μ¤Ê±Éμ³ ¸£μ· ´¨Ö Ö¢²Ö²¸Ö Éμ´±¨° ¶μ·μÏμ±, ±μÉμ·Ò°
¤μ¦¨£ ²¨ ¢ ¶¥Î¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 1100 ◦‘ ¢ É¥Î¥´¨¥ 10 Î ¤²Ö ¶μ²ÊÎ¥´¨Ö ±μ´¥Î´μ£μ
¶·μ¤Ê±É .

” §μ¢Ò° ¸μ¸É ¢ μ¡· §Íμ¢ μ¶·¥¤¥²Ö²¨ ³¥Éμ¤μ³ ·¥´É£¥´μË §μ¢μ£μ  ´ ²¨§  ¶·¨
±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ (¢ Kα-¨§²ÊÎ¥´¨¨ ³¥¤¨ (λ = 1,5418 �A) ¢ ¨´É¥·¢ ²¥ Ê£²μ¢
20 � 2θ � 70◦). Š·¨¸É ²²¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê ±μ¡ ²ÓÉ¨Éμ¢ ¨§ÊÎ ²¨ ³¥Éμ¤μ³ ¢Ò¸μ±μÉ¥³¶¥-
· ÉÊ·´μ£μ ·¥´É£¥´μ¸É·Ê±ÉÊ·´μ£μ  ´ ²¨§  in situ ¢ É¥³¶¥· ÉÊ·´μ³ ¨´É¥·¢ ²¥
25 � T � 800 ◦C ´  ¢μ§¤ÊÌ¥. 	 £·¥¢ ¨ μÌ² ¦¤¥´¨¥ μ¡· §Í  ¤μ ¨¸¸²¥¤Ê¥³μ° É¥³¶¥· ÉÊ·Ò
¶·μ¢μ¤¨²¨ ¸μ ¸±μ·μ¸ÉÓÕ 200 ◦C/Î. �·¨ ± ¦¤μ° ¨¸¸²¥¤μ¢ ´´μ° É¥³¶¥· ÉÊ·¥ μ¡· §¥Í ¢Ò-
¤¥·¦¨¢ ²¨ ¤μ ¶μ²ÊÎ¥´¨Ö ¤¨Ë· ±Éμ£· ³³Ò, ´¥ ³¥´ÖÕÐ¥°¸Ö ¸μ ¢·¥³¥´¥³ (´¥ ³¥´¥¥ 1 Î
¶·¨ ± ¦¤μ° É¥³¶¥· ÉÊ·¥). ‘Ñ¥³±Ê ¶·μ¢μ¤¨²¨ ¸´ Î ²  ¢ ·¥¦¨³¥ ´ £·¥¢ ,   § É¥³ μÌ² ¦¤¥-
´¨Ö μ¡· §Í , ¤²Ö Éμ£μ ÎÉμ¡Ò ¶·μ¢¥·¨ÉÓ · ¢´μ¢¥¸´μ¸ÉÓ ¶μ²ÊÎ ¥³ÒÌ ¤ ´´ÒÌ. � · ³¥É·Ò
¸Ñ¥³±¨ ¸²¥¤ÊÕÐ¨¥: Ï £ ¶μ 2θ Å 0,04◦, ¢Ò¤¥·¦±  ¢ ÉμÎ±¥ 10 ¸. „²Ö ¸μ±· Ð¥´¨Ö ¢·¥-
³¥´¨ Ô±¸¶¥·¨³¥´É  ¸´¨³ ²¨ Éμ²Ó±μ μ¸´μ¢´Ò¥ ·¥Ë²¥±¸Ò ¢ ¨´É¥·¢ ² Ì 22Ä24◦, 31Ä34◦,
39,5Ä41◦, 45Ä48,5◦, 57Ä59◦. �¥´É£¥´μË §μ¢Ò¥ ¨ ·¥´É£¥´μ¸É·Ê±ÉÊ·´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ-
¢μ¤¨²¨ ´  ¤¨Ë· ±Éμ³¥É·¥ „��	-6 ¸ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´μ° ¶·¨¸É ¢±μ° Edmund
Buehler HDK S1. “ÉμÎ´¥´¨¥ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± GdBaCo2−xFexO6−δ

(x = 0−0,6) ¶·μ¢μ¤¨²¨ ³¥Éμ¤μ³ ¶μ²´μ¶·μË¨²Ó´μ£μ  ´ ²¨§  �¨É¢¥²Ó¤  ¢ ¶·μ£· ³³¥
Rietica 2.1 [4]. „²Ö Ê¤μ¡¸É¢  ¸· ¢´¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ´  ·¨¸. 1, 2 ¤ ´Ò ¶ -
· ³¥É·Ò ¶¸¥¢¤μ±Ê¡¨Î¥¸±¨Ì ÖÎ¥¥±, ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ¸ ·¥ ²Ó´Ò³¨ ¶ · ³¥É· ³¨ ±·¨¸É ²-
²¨Î¥¸±¨Ì ·¥Ï¥Éμ± ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

¤²Ö ¶·. £·. Pmmm : a = ap, b = 2bp, c = 2cp;
¤²Ö ¶·. £·. P4/mmm : a = b = ap, c = 2cp,

£¤¥ ap, bp, cp Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶·¨¢¥¤¥´´Ò¥ ¶¸¥¢¤μ±Ê¡¨Î¥¸±¨¥ ¶ · ³¥É·Ò.
�É´μ¸¨É¥²Ó´ÊÕ ±¨¸²μ·μ¤´ÊÕ ´¥¸É¥Ì¨μ³¥É·¨Õ ¨§³¥·Ö²¨ ³¥Éμ¤μ³ É¥·³μ£· ¢¨³¥É·¨¨

´  É¥·³μ¢¥¸ Ì Netzsch STA 409 PC ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 25Ä1100 ◦‘. ˆ§³¥´¥´¨¥
±¨¸²μ·μ¤´μ° ´¥¸É¥Ì¨μ³¥É·¨¨ μ¡· §Í  μ±¸¨¤  ¶·¨ ¨§³¥´¥´¨¨ É¥³¶¥· ÉÊ·Ò · ¸¸Î¨ÉÒ¢ ²¨
¶μ ¨§¢¥¸É´μ° Ëμ·³Ê²¥ [5]

Δδ =
ΔmMμ¡·

m0MO
,

£¤¥ Δm Å ¨§³¥´¥´¨¥ ³ ¸¸Ò μ¡· §Í ; m0 Å ¨¸Ìμ¤´ Ö ³ ¸¸  μ¡· §Í ; Mμ¡· Å ³μ²Ö·´ Ö
³ ¸¸  μ¡· §Í ; MO Å ³μ²Ö·´ Ö ³ ¸¸   Éμ³  ±¨¸²μ·μ¤ .

�¡¸μ²ÕÉ´μ¥ §´ Î¥´¨¥ ±¨¸²μ·μ¤´μ° ´¥¸É¥Ì¨μ³¥É·¨¨ μ¶·¥¤¥²¥´μ ³¥Éμ¤μ³ °μ¤μ³¥É·¨-
Î¥¸±μ£μ É¨É·μ¢ ´¨Ö ¨ ¸μ¸É ¢¨²μ ¶·¨ 900 ◦‘ ´  ¢μ§¤ÊÌ¥ δ = 0,87±0,02 ¤²Ö GdBaCo2O6−δ
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�¨¸. 1.

�¨¸. 2.

¨ 0,86± 0,02 ¤²Ö GdBaCo1,8Fe0,2O6−δ . ‰μ¤μ³¥É·¨Î¥¸±μ¥ É¨É·μ¢ ´¨¥ ¶·μ¢μ¤¨²¨ ¶·¨ ¶μ-
³μÐ¨  ¢Éμ³ É¨Î¥¸±μ£μ ¶μÉ¥´Í¨μ³¥É·¨Î¥¸±μ£μ É¨É· Éμ·  �’�-02 (	�” ®�±¢¨-
²μ´¯) ¸ Ì²μ·¨¤-¸¥·¥¡·Ö´Ò³ Ô²¥±É·μ¤μ³ ¸· ¢´¥´¨Ö ¨ ¶² É¨´μ¢Ò³ ¨´¤¨± Éμ·´Ò³ Ô²¥±É·μ-
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¤μ³. 	¨¦¥ ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± μ±¸¨¤μ¢
GdBaCo2−xFexO6−δ (x = 0, 0,2) μÉ ±¨¸²μ·μ¤´μ° ´¥¸É¥Ì¨μ³¥É·¨¨ δ ´  ¢μ§¤ÊÌ¥. •μ·μÏμ
¢¨¤´μ, ÎÉμ ¤²Ö μ¡μ¨Ì ¨§ÊÎ¥´´ÒÌ ¸²μ¦´ÒÌ μ±¸¨¤μ¢ £· ´¨Í  ¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö É¥É· £μ´ ²Ó-
´μ° ¨ μ·Éμ·μ³¡¨Î¥¸±μ° Ë § ¸μμÉ¢¥É¸É¢Ê¥É ¸μ¤¥·¦ ´¨Õ ±¨¸²μ·μ¤ , · ¢´μ³Ê 5,47.

‚ ·¥§Ê²ÓÉ É¥ Ê¸É ´μ¢²¥´μ, ÎÉμ ¢¢¥¤¥´¨¥ ¦¥²¥§  ¢ ¶μ§¨Í¨¨ ±μ¡ ²ÓÉ  ¢ ¤¢μ°´μ³ ¶¥-
·μ¢¸±¨É¥ GdBaCo2−xFexO6−δ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¸μ¤¥·¦ ´¨Ö ±¨¸²μ·μ¤  ¢ ´¥³ ¤²Ö
x = 0−0,2. „²Ö μ¡· §Íμ¢ GdBaCo2−xFexO6−δ ¸ x = 0, 0,2 ¨ 0,4 μ¡´ ·Ê¦¥´ ¸É·Ê±ÉÊ·-
´Ò° ¶¥·¥Ìμ¤ ¸ ¨§³¥´¥´¨¥³ ¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶Ò ¸ Pmmm ´  P4/mmm ¶·¨ 475,
515 ¨ 425 ◦‘ ¸μμÉ¢¥É¸É¢¥´´μ. „¨Ë· ±Éμ£· ³³  GdBaCo1,4Fe0,6O6−δ ¶·μ¨´¤¥±¸¨·μ¢ ´ 
¢ · ³± Ì ¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶Ò P4/mmm. �μ± § ´μ, ÎÉμ ¨§³¥´¥´¨¥ É¥³¶¥· ÉÊ·Ò
¸É·Ê±ÉÊ·´μ£μ ¶¥·¥Ìμ¤  ±μ··¥²¨·Ê¥É ¸ ¨§³¥´¥´¨¥³ ¸μ¤¥·¦ ´¨Ö ±¨¸²μ·μ¤  ¢ ¤¢μ°´ÒÌ ¶¥-
·μ¢¸±¨É Ì GdBaCo2−xFexO6−δ (x = 0−0,6).

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ Œ¨´¨¸É¥·¸É¢  μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �”
¢ · ³± Ì ”–� ®	 ÊÎ´Ò¥ ¨ ´ ÊÎ´μ-¶¥¤ £μ£¨Î¥¸±¨¥ ± ¤·Ò ¨´´μ¢ Í¨μ´´μ° �μ¸¸¨¨¯
´  2009Ä2013 ££.
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