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� § áª¨© £®áã¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â,
420008 � § ì, �®áá¨ï

(�®áâã¯¨«  ¢ �¥¤ ªæ¨î 26 á¥âï¡àï 1996 £.)

� ¬®®ªà¨áâ «« å LiCaAlF6 (¯à®áâà áâ¢¥ ï £àã¯¯  P31c, Z = 2), ¢ëà é¥ëå ¢

� ¡®à â®à¨¨ ¬ £¨â®© à ¤¨®á¯¥ªâà®áª®¯¨¨ £®áã¤ àáâ¢¥®£® � § áª®£® ã¨¢¥àá¨â¥â  á

¯à¨¬¥áìî ¨®®¢ Fe3+, ¤¥â «ì® ¨áá«¥¤®¢ ë ®à¨¥â æ¨®ë¥ § ¢¨á¨¬®áâ¨ á¯¥ªâà®¢ ���.
�¯¥ªâà ®¯¨á  á¯¨®¢ë¬ £ ¬¨«ìâ®¨ ®¬ âà¨£® «ì®© á¨¬¬¥âà¨¨ á® á«¥¤ãîé¨¬¨ ¯ à ¬¥-
âà ¬¨: B20 = 40.072 · 10−4 cm−1, B40 = −5.799 · 10−4 cm−1, B43 = −4.281 · 10−4 cm−1, As = 24.33 ± 1,
Ap = 6.13 ± 1, g‖ = g⊥ = 2.00217 ± 0.0003. �¥®à¥â¨ç¥áª¨© à áç¥â ¯ à ¬¥âà®¢ áã¯¥àá¢¥àåâ®ª®©

áâàãªâãàë ¯®ª §ë¢ ¥â, çâ® ®¨ ¤®áâ â®ç® å®à®è® ®¯¨áë¢ îâáï ¯à¨ ãç¥â¥ ¯¥à¥ªàë¢ ¨ï ¢®«®¢ëå
á®áâ®ï¨© ¯ à ¬ £¨â®£® æ¥âà  ¨ «¨£ ¤®¢ (F−).

�  áâ®ïé¥© à ¡®â¥ ¨§« £ îâáï à¥§ã«ìâ âë ¨á-
á«¥¤®¢ ¨ï á¯¥ªâà®¢ ��� ¨®®¢ Fe3+ ¢ ªà¨áâ «-
«¥ LiCaAlF6, ¨§®áâàãªâãà®¬ ªà¨áâ «« ¬ LiSrAlF6.
�¯¥ªâàë ��� ¨®®¢ Fe3+ ¢ ¬®®ªà¨áâ ««¥ LiSrAlF6

®¯¨á ë  ¬¨ ¢ [1].

1. �¥â®¤¨ª  íªá¯¥à¨¬¥â 

�áá«¥¤®¢ ¨ï á¯¥ªâà®¢ ��� ¯à®¢®¤¨«¨áì  

á¯¥ªâà®¬¥âà¥ âà¥åá â¨¬¥âà®¢®£® ¤¨ ¯ §®  ä¨à-
¬ë ”THOMSON” (�à æ¨ï). � ë¥ § ¯¨áë¢ «¨áì
¨ ®¡à ¡ âë¢ «¨áì   ����� 386.
�®®ªà¨áâ «« LiCaAlF6,  ªâ¨¢¨à®¢ ë© ¨® ¬¨

Fe3+ ¢ ª®«¨ç¥áâ¢¥ 0.5  â%, ¢ëà é¨¢ «áï ¬¥â®¤®¬

�à¨¤¦¬¥ –�â®ª¡ à£¥à  ¢ ¯¥ç¨ á®¯à®â¨¢«¥¨ï ¢ £à -
ä¨â®¢®¬ â¨£«¥ ¢  â¬®áä¥à¥ ®á®¡® ç¨áâ®£®  à£® 

¯à¨ ¤ ¢«¥¨¨ ≈ 1.5 · 105 Pa ¨ â¥¬¯¥à âãà¥ 850◦C á®

áª®à®áâìî ¯à®âï¦ª¨ â¨£«ï 1 mm/h.
�«ï ¤¥â «ì®£® ¨áá«¥¤®¢ ¨ï á¯¥ªâà®¢ ��� ¡ë«

¢ë¡à  ªà¨áâ «« á å®à®è® à §¢¨âë¬¨ £à ï¬¨ (0001)
¨ (1010). � à¥§ã«ìâ â¥ ¨áá«¥¤®¢ ¨© ãáâ ®¢«¥®, çâ®
á¯¥ªâà ��� ¨®  Fe3+ ¢ LiCaAlF6 ¯à¨ ®à¨¥â æ¨¨

¬ £¨â®£® ¯®«ï ¯ à ««¥«ì® âà¨£® «ì®© ®á¨ ª®¬-
¯«¥ªá  H ‖ C3 (íâ® ®§ ç ¥â, çâ® H ‖ c-®á¨ ªà¨áâ «-
« ) ¨¬¥¥â 35 å®à®è® à §à¥è¥ëå «¨¨© ¯®£«®é¥¨ï,
®¡ê¥¤¨¥ëå ¢ ¯ïâì £àã¯¯ ¯® á¥¬ì «¨¨© ¢ ª ¦¤®©

(à¨á. 1). �¯¥ªâà á¢¨¤¥â¥«ìáâ¢ã¥â ®  «¨ç¨¨ â®ª®© ¨
á¢¥àåá¢¥àåâ®ª®© áâàãªâãàë, ®¡ãá«®¢«¥®© ¢§ ¨¬®-
¤¥©áâ¢¨¥¬ á è¥áâìî ¨® ¬¨ F− ¡«¨¦ ©è¥£® ®ªàã¦¥-
¨ï, ¯à¨ç¥¬ ¯ à ¬¥âà â®ª®© áâàãªâãàë áà ¢¨¬ á®

á¢¥àåá¢¥àåâ®ª¨¬.

2. �¯¨®¢ë© £ ¬¨«ìâ®¨ 

¨ áã¯¥àá¢¥àåâ®ª ï áâàãªâãà 

�«ï ®¯¨á ¨ï ¨§ãç¥ëå á¯¥ªâà®¢ ��� ¨®®¢ Fe3+

(I = 0, S = 5/2) ¢ ªà¨áâ ««¥ LiCaAlF6   ®á®¢¥

ªà¨áâ ««®£à ä¨ç¥áª¨å ¤ ëå ¨ ®à¨¥â æ¨®®© § -
¢¨á¨¬®áâ¨ ¨á¯®«ì§®¢  á¯¨®¢ë© £ ¬¨«ìâ®¨  ¢¨¤ 

H = gβHS +B20T20 +B40T40 +B43T43 +
∑

STiIi. (1)

�à¨  å®¦¤¥¨¨ ¬ âà¨çëå í«¥¬¥â®¢, å à ªâ¥à¨§ã-
îé¨å ã£«®¢ãî § ¢¨á¨¬®áâì (à¨á. 2), ¬ë ¨á¯®«ì§®¢ «¨

ä®à¬ «¨§¬ à ¡®â [1,2]. � ©¤¥ë¥ ¯ à ¬¥âàë â®ª®©
áâàãªâãàë ¯à¨¢¥¤¥ë ¢ â ¡«. 1.
�¥®¬¥®«®£¨ç¥áª¨© à áç¥â ¯ à ¬¥âà®¢ áã¯¥à-

á¢¥àåâ®ª®© áâàãªâãàë (����) ¯à®¢¥¤¥  ¬¨ â ª

¦¥, ª ª ¢ à ¡®â¥ [1], ¨ ¯® â ª¨¬ ¦¥ ä®à¬ã« ¬.
�®«ãç¥ë¥ ¤ ë¥ (â ¡«. 1) ¯®ª § «¨, çâ® ¯ à ¬¥âà
As áà ¢¨¬ á ¢¥«¨ç¨®© B20, çâ® ãá«®¦ï¥â ¨§ãç¥¨¥
á¯¥ªâà®¢ ���.
�à®¬¥ â®£®, ¢ à ¬ª å ª« áâ¥à®© ¬®¤¥«¨ ªà¨áâ «-

«¨ç¥áª®£® ¯®«ï á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®¤  íää¥ªâ¨¢-
®£® á¯¨®¢®£® £ ¬¨«ìâ®¨  , à §¢¨â®£® �.�. �à¥-
¬¨ë¬, ¬ë ¯à®¢¥«¨ â¥®à¥â¨ç¥áª¨© à áç¥â ¯ à -
¬¥âà®¢ As ¨ Ap áã¯¥àá¢¥àåâ®ª®£® ¢§ ¨¬®¤¥©-
áâ¢¨ï (����). �¥§ã«ìâ âë à áç¥â  ¯à¨¢¥¤¥-
ë ¢ â ¡«. 1, £¤¥ A⊥ ¨ A‖ (A⊥ = As −Ap,
A‖ = As + 2Ap) — ª®¬¯®¥âë â¥§®à  ����, As
¨ Ap (Ap = Ad −Ap′) — ¨§®âà®¯ ï ¨  ¨§®âà®¯ ï

ç áâ¨ ���� á®®â¢¥âáâ¢¥®, Ad (Ad = gβγkh/Rab) —
¢¥«¨ç¨  ¬ £¨â®£® ¤¨¯®«ì-¤¨¯®«ì®£® ¢§ ¨¬®¤¥©-
áâ¢¨ï, R — ¬¥¦êï¤¥à®¥ à ááâ®ï¨¥ Fe3+−F−. �¥-
«¨ç¨  Ap′ ®¯à¥¤¥«ï¥âáï ¯à®æ¥áá ¬¨ ¯¥à¥®á  í«¥ª-
âà®  ¨§ 2p-®¡®«®çª¨ F− ¢ 3d-®¡®«®çªã Fe3+.
�  áâ®ïé¥© à ¡®â¥ à ááç¨â ë â ª¦¥ ¤¢  ¢ª« ¤ 

¢ ¯ à ¬¥âàë As ¨ Ap, ®¡ãá«®¢«¥ë¥ ¯¥à¥ªàë¢ ¨¥¬
®¡à¨â ¯ à ¬ £¨â®£® æ¥âà  ¨ «¨£ ¤®¢. �¥à¢ë©
¢ª« ¤ á®®â¢¥âáâ¢ã¥â á«ãç î, ª®£¤  í«¥ªâà®ë¥ ª®-
ä¨£ãà æ¨¨ ¯ à ¬ £¨â®£® æ¥âà  ¨ «¨£ ¤®¢ ®áâ -
îâáï ¥¨§¬¥ë¬¨ (®¤®ª®ä¨£ãà æ¨®®¥ ¯à¨¡«¨-
¦¥¨¥),   ¢â®à®© ¢ª« ¤ ®¡ãá«®¢«¥ ¤¥«®ª «¨§ æ¨¥©

¯«®â®áâ¨ § àï¤ , â. ¥. ª®¢ «¥â®áâìî.
� ááç¨â ë¥ á ¯®¬®éìî å àâà¨-ä®ª®¢áª¨å äãª-

æ¨© [3,4] ¨â¥£à «ë ¯¥à¥ªàë¢ ¨ï ¯à¨¢¥¤¥ë ¢

â ¡«. 2 ¤«ï ¬¥¦êï¤¥à®£® à ááâ®ï¨ï Fe3+−F−. � 

®á®¢¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå ¬ë â ª¦¥ ¢ëç¨-
á«¨«¨ ¯ à ¬¥âà ª®¢ «¥â®áâ¨. � ®ª § «áï à ¢ë¬
γ3d,ns = 0.0036 (3d — ®¡®«®çª¨ ¯ à ¬ £¨â®£® æ¥-
âà , ns — ®¡®«®çª¨ äâ®à ).
� «®£¨çë¥ à¥§ã«ìâ âë ¯®«ãç¥ë ¨ ¤«ï ªà¨-

áâ ««  LiSrAlF6,  ªâ¨¢¨à®¢ ®£® ¨®®¬ Fe3+.
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�¨á. 1. �¯¥ªâà ��� Fe3+ ¢ ¬®®ªà¨áâ ««¥ LiCaAlF6 (T = 290 K, ν = 9.4 GHz) ¤«ï ®à¨¥â æ¨¨ H ‖ c.

�¨á. 2. �£«®¢ ï § ¢¨á¨¬®áâì á¯¥ªâà  ��� Fe3+ ¢ ¬®®ªà¨áâ ««¥ LiCaAlF6. θ — ã£®« ¬¥¦¤ã ®áìî c ¨ H. �¯«®èë¥
«¨¨¨ — à áç¥â, â®çª¨ — íªá¯¥à¨¬¥â.

� ¡«¨æ  1. � à ¬¥âàë á¯¨®¢®£® £ ¬¨«ìâ®¨   ¤«ï ¨®  Fe3+ ¢ ¬®®ªà¨áâ ««¥ LiCaAlF6 (¢ 10−4 cm−1)

�à¨áâ ««
�®áâ®ïë¥

B20 B40 B43 A‖ A⊥ As Ad Ap′ Apà¥è¥âª¨, Å

LiCaAlF6 a = 4.99 c = 9.64 40.072 ± 0.2 −5.799± 0.2 4.281 ± 0.5 39.25 20.87 25.687 0.4681 6.884 6.9

�â® ®¡êïáï¥âáï â¥¬, çâ® ¯à¨ à áç¥â¥ ¨â¥£à -
«®¢ ¯¥à¥ªàë¢ ¨ï ¬¥¦êï¤¥à®¥ à ááâ®ï¨¥ ¯ à -
¬ £¨âë© ¨®–«¨£ ¤ ¨ ¨á¯®«ì§ã¥¬ë¥ å àâà¨–
ä®ª®¢áª¨¥ äãªæ¨¨ á®åà ïîâáï,   ¯ à ¬¥âàë ªà¨-
áâ ««®¢ LiCaAlF6 ¨ LiSrAlF6 á ¯à¨¬¥áìî ¨® 

Fe3+ à §«¨ç îâáï ¢ ¤¥áïâëå ¤®«ïå ¯®á«¥ § ¯ï-
â®© [1].

� «¨§ ¯®«ãç¥ëå  ¬¨ à¥§ã«ìâ â®¢, ¯à¨¢¥¤¥-
ëå ¢ â ¡«. 1, 2, ãª §ë¢ ¥â   á«¥¤ãîé¥¥.

1) �ã¡¨ç¥áª ï ª®¬¯®¥â  ªà¨áâ ««¨ç¥áª®£® ¯®-
«ï B40   ¯®àï¤®ª ¯à¥¢ëè ¥â  ªá¨ «ìãî B20, ¨ ®¨
¨¬¥îâ à §ë¥ § ª¨.

2) �¥¤¨ £® «ì ï ª®¬¯®¥â  B43 áà ¢¨¬  á ¤¨ -
£® «ì®© B40.
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� ¡«¨æ  2. � ááç¨â ë¥ § ç¥¨ï ¨â¥£à «®¢ ¯¥à¥ªàë-
¢ ¨ï S3d,ns ¤«ï ¯ àë Fe3+−F1− ¢ ªà¨áâ ««¥ LiCaAlF6

S3d,ns (R = 1.8 Å)

S3d,ns 0.0509119
S3d,σ 0.0964577
S3d,π 0.107657

3) �à®¢¥¤¥ë© â¥®à¥â¨ç¥áª¨© à áç¥â ¯ à ¬¥âà®¢
���� ¯®ª §ë¢ ¥â, çâ® ¯ à ¬¥âà ª®¢ «¥â®áâ¨ ¢

ªà¨áâ «« å LiCaAlF6 ¨ LiSrAlF6 á ¯à¨¬¥áìî ¨®-
  Fe3+ ¬ « (γ3d,ns = 4%), íªá¯¥à¨¬¥â «ìë¥ à¥-
§ã«ìâ âë å®à®è® ®¡êïáïîâáï ¢ ®¤®ª®ä¨£ãà æ¨®-
®¬ ¯à¨¡«¨¦¥¨¨. �«¥¤®¢ â¥«ì®, ¯à¨ â¥®à¥â¨ç¥áª¨å
à áç¥â å ª®áâ â ���� As ¨ Ap ¤«ï ¨®  Fe3+ ¢

ªà¨áâ «« å LiCaAlF6 ¨ LiSrAlF6 íää¥ªâ ¬¨ ª®¢ -
«¥â®áâ¨ ¬®¦® ¯à¥¥¡à¥çì.

4) �®¦® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® ªà¨áâ ««ë

LiCaAlF6 ¨ LiSrAlF6 á ¯à¨¬¥áìî ¨®  Fe3+ ¬®¦®

áç¨â âì ¨®ë¬¨ ¤«ï ¤ ®£® ¯ à ¬ £¨â®£® ª®¬-
¯«¥ªá  á ¥§ ç¨â¥«ì®© ¯à¨¬¥áìî ª®¢ «¥â®áâ¨.

5) �à¥¤«®¦¥ ï  ¬¨ ¢ [1] ¬®¤¥«ì ¨áá«¥¤ã¥¬®£®
¯ à ¬ £¨â®£® ª®¬¯«¥ªá  FeF6, «®ª «¨§®¢ ®£® ¢
¯®«®¦¥¨¨ AlF6 ¤«ï ªà¨áâ ««  LiSrAlF6, ¯®¤â¢¥à-
¦¤¥  ¨ ¤«ï ªà¨áâ ««  LiCaAlF6.

� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥ �®á-
á¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©

(£à â ò 17509a) ¨ �¥¦¤ã à®¤®£®  ãç®£® ä®¤ 
¨ ¯à ¢¨â¥«ìáâ¢  �®áá¨¨ (£à â N J 11100).
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