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Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 7 ñåíòÿáðÿ 2006 ã.

Èññëåäîâàíî âëèÿíèå îðáèòàëüíîé è ìàãíèòíîé ñòðóêòóð íà ñâåðõòîíêîå âçàèìîäåéñòâèå
ÿäåðíîãî ìîìåíòà èîíîâ ëàíòàíà ñ ìàãíèòíîé ïîäñèñòåìîé èîíîâ ìàðãàíöà â LaMnO3. Ïîñòðîå-
íà òåìïåðàòóðíàÿ çàâèñèìîñòü ñïåêòðà ÿäåðíîãî ìàãíèòíîãî ðåçîíàíñà â ïîëèêðèñòàëëè÷åñêîì
îáðàçöå, íàõîäÿùåìñÿ âî âíåøíåì ìàãíèòíîì ïîëå. Ïîêàçàíî, ÷òî îïðåäåëÿþùóþ ðîëü èãðàåò
àíèçîòðîïíîå ñâåðõòîíêîå âçàèìîäåéñòâèå, îáóñëîâëåííîå ïîëÿðèçàöèåé âíåøíèõ ýëåêòðîí-
íûõ p-îáîëî÷åê ëàíòàíà. Ïðåäñòàâëåííàÿ ìîäåëü ïîçâîëÿåò ïðàâèëüíî îïèñàòü ýêñïåðèìåí-
òàëüíûå äàííûå.

Äîñë³äæåíî âïëèâ îðá³òàëüíî¿ é ìàãí³òíî¿ ñòðóêòóð íà íàäòîíêó âçàºìîä³þ ÿäåðíîãî ìîìåí-
òà ³îí³â ëàíòàíó ç ìàãí³òíîþ ï³äñèñòåìîþ ³îí³â ìàðãàíöþ â LaMnO3. Ïîáóäîâàíî òåìïåðàòóðíó
çàëåæí³ñòü ñïåêòðà ÿäåðíîãî ìàãí³òíîãî ðåçîíàíñó ó ïîë³êðèñòàë³÷íîìó çðàçêó, ÿêèé çíàõî-
äèòüñÿ â çîâí³øíüîìó ìàãí³òíîìó ïîë³. Ïîêàçàíî, ùî ãîëîâíó ðîëü â³ä³ãðàº àí³çîòðîïíà íàä-
òîíêà âçàºìîä³ÿ, ÿêà îáóìîâëåíà ïîëÿðèçàö³ºþ çîâí³øí³õ åëåêòðîííèõ p-îáîëîíîê ëàíòàíó.
Ïîäàíà ìîäåëü äîçâîëÿº ïðàâèëüíî îïèñàòè åêñïåðèìåíòàëüí³ äàí³.

PACS: 71.70.Ej Ñïèí-îðáèòàëüíîå âçàèìîäåéñòâèå, ðàñùåïëåíèå Çååìàíà è Øòàðêà, ýôôåêò
ßíà–Òåëëåðà;
75.47.Lx Ìàíãàíèòû;
75.25.+z Ðàñïîëîæåíèå ñïèíîâ â ìàãíèòîóïîðÿäî÷åííûõ ìàòåðèàëàõ (âêëþ÷àÿ èññëåäîâàíèÿ
ïðè ïîìîùè íåéòðîíîâ è ñïèí-ïîëÿðèçîâàííûõ ýëåêòðîíîâ, ðàññåÿíèå ñèíõðîòðîííîãî
ðåíòãåíîâñêîãî èçëó÷åíèÿ è ò.ä.);
76.60.–k ßäåpíûé ìàãíèòíûé påçîíàíñ è påëàêñàöèÿ.

Êëþ÷åâûå ñëîâà: ñâåðõòîíêèå âçàèìîäåéñòâèÿ, ÿäåðíûé ìàãíèòíûé ðåçîíàíñ, ìàíãàíèòû.

Ââåäåíèå

Ìàíãàíèòû ëàíòàíà ÿâëÿþòñÿ â ïîñëåäíåå âðåìÿ
íàèáîëåå èññëåäóåìûìè ñîåäèíåíèÿìè. Ýòî ñâÿçàíî,
ïðåæäå âñåãî, ñ íàáëþäàåìûì â ìàíãàíèòàõ ýôôåêòîì
êîëîññàëüíîãî ìàãíèòîñîïðîòèâëåíèÿ (ÊÌÑ), à òàêæå
ðàçíîîáðàçèåì èõ ôèçè÷åñêèõ è ìàãíèòíûõ ñâîéñòâ.

Ñóùåñòâóåò ìíîæåñòâî ýêñïåðèìåíòàëüíûõ ìåòî-
äîâ äëÿ èññëåäîâàíèÿ ðàçëè÷íûõ ñâîéñòâ ìàíãàíè-
òîâ. Â êà÷åñòâå ìåòîäà èññëåäîâàíèÿ ëîêàëüíîé
ñòðóêòóðû ïðèìåíÿåòñÿ ÿäåðíûé ìàãíèòíûé ðåçî-
íàíñ (ßÌÐ), ïîçâîëÿþùèé îõàðàêòåðèçîâàòü òèï
êàê êðèñòàëëè÷åñêîé, òàê è ìàãíèòíîé ñòðóêòóðû,
ðåàëèçóåìîé â êðèñòàëëå (ñì. ðèñ. 1). Ïðè ýòîì
ßÌÐ, íàáëþäàåìûé íà ìàãíèòíûõ èîíàõ 55Mn, ïî-
çâîëÿåò îïèñàòü ïîâåäåíèå ìàãíèòíîé ïîäðåøåòêè

èîíà, à ßÌÐ, íàáëþäàåìûé íà íåìàãíèòíûõ èîíàõ
139La, ïîçâîëÿåò ñäåëàòü çàêëþ÷åíèå î õàðàêòåðè-
ñòèêàõ ìàãíèòíîé ñòðóêòóðû â öåëîì. Ýêñïåðèìåí-
òàëüíî ñâåðõòîíêèå âçàèìîäåéñòâèÿ â ìàíãàíèòàõ
ëàíòàíà èññëåäîâàíû â ðàáîòàõ [1–4].

Äëÿ îáúÿñíåíèÿ èìåþùèõñÿ ýêñïåðèìåíòàëüíûõ
äàííûõ ïî ßÌÐ íåîáõîäèìî ïðîàíàëèçèðîâàòü
âëèÿíèå îðáèòàëüíîé ñòðóêòóðû íà ôîðìèðîâàíèå
ñïåêòðà ÿäåðíîãî ìàãíèòíîãî ðåçîíàíñà, èññëåäî-
âàòü ïîâåäåíèå ìàíãàíèòà ëàíòàíà êàê ìîíîêðèñòàë-
ëà, òàê è ïîëèêðèñòàëëè÷åñêîãî îáðàçöà, êàê ïðè
íóëåâîì ìàãíèòíîì ïîëå, òàê è âî âíåøíåì ìàãíèò-
íîì ïîëå.
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Ñâåðõòîíêîå âçàèìîäåéñòâèå

Äëÿ îïèñàíèÿ ñïåêòðà ßÌÐ, íàáëþäàåìîãî íà
ÿäðå La â îðòîðîìáè÷åñêîé ñèñòåìå êîîðäèíàò, èñ-
ïîëüçîâàí ñïèí-ãàìèëüòîíèàí âèäà
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íîå äèïîëü-äèïîëüíûì âçàèìîäåéñòâèåì ÿäðà ñ îê-
ðóæàþùèìè ìàãíèòíûìè èîíàìè, Hhf — ïîëå, îáó-
ñëîâëåííîå ñâåðõòîíêèì âçàèìîäåéñòâèåì (ÑÒÂ) ñ
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ðàìåòð àñèììåòðèè òåíçîðà ÿäåðíîãî êâàäðóïîëüíî-
ãî âçàèìîäåéñòâèÿ.
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ñî ñâåðõòîíêèì âçàèìîäåéñòâèåì, âûðàæåííîå ÷å-
ðåç êîìïîíåíòû âåêòîðîâ ìàãíèòíûõ ñòðóêòóð, ïðè-
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Íàéäåì çíà÷åíèÿ êîýôôèöèåíòîâ. Ýôôåêòèâíûé

ãàìèëüòîíèàí ÑÒÂ íà ÿäðå ëàíòàíà äëÿ ïàðû ëàí-
òàí—ìàðãàíåö çàâèñèò îò ñïèíîâîãî ñîñòîÿíèÿ ìàð-
ãàíöà. Âèä ãàìèëüòîíèàíà âûáèðàåòñÿ, èñõîäÿ èç
óñëîâèÿ ñîâïàäåíèÿ çíà÷åíèé ñâåðõòîíêèõ ïîëåé,
ïîëó÷åííûõ ìåòîäîì ìîëåêóëÿðíûõ îðáèòàëåé, è
çíà÷åíèé, ðàññ÷èòàííûõ ïîñðåäñòâîì ýôôåêòèâíîãî
ãàìèëüòîíèàíà. Â ëîêàëüíîé ñèñòåìå êîîðäèíàò ñ
îñüþ Îz, îðèåíòèðîâàííîé âäîëü îñè ñâÿçè, ýôôåê-
òèâíûé ãàìèëüòîíèàí ìîæíî ïðåäñòàâèòü â âèäå
ñóììû èçîòðîïíîãî è àíèçîòðîïíîãî âêëàäîâ:
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Ñ ó÷åòîì ìàãíèòíîé ( )A F Gx y z ñòðóêòóðû ñîåäè-
íåíèÿ [6] íà ÿäðå ëàíòàíà âîçíèêàåò èíäóöèðîâàí-
íîå ìàãíèòíîå ïîëå, îïðåäåëÿåìîå äâóìÿ âêëàäàìè:
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Ïîñêîëüêó ( )F /Ay x � �10 2, òî â îòñóòñòâèå
âíåøíåãî ìàãíèòíîãî ïîëÿ âêëàäû ñðàâíèìû ïî âå-
ëè÷èíå. Äîïîëíèòåëüíûé âêëàä, ïðîïîðöèîíàëü-
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Ðèñ. 1. Êðèñòàëëè÷åñêàÿ è îðáèòàëüíàÿ ñòðóêòóðû ÷èñ-
òîãî ìàíãàíèòà ëàíòàíà. Öåíòðàëüíàÿ ñôåðà—èîí ëàíòà-
íà, èîíû òðåõâàëåíòíîãî ìàðãàíöà èçîáðàæåíû â âèäå
ðàñïðåäåëåíèÿ ýëåêòðîííûõ ïëîòíîñòåé. Èîíû êèñëîðî-
äà îïóùåíû. Öèôðàìè îáîçíà÷åíû íîìåðà îðáèòàëüíûõ
è ìàãíèòíûõ ïîäðåøåòîê. ( , , )x y zp p p — ïñåâäîêóáè÷å-
ñêàÿ ñèñòåìà êîîðäèíàò, ( , , )a b c — îðòîðîìáè÷åñêàÿ ñèñ-
òåìà êîîðäèíàò.



íûé êîìïîíåíòå Ax , ïîÿâëÿåòñÿ ïðè ó÷åòå ïîëÿðè-
çàöèè p-îáîëî÷åê ëàíòàíà. Êîíêðåòíûé âèä ýòîãî
âêëàäà îïðåäåëÿåòñÿ îðáèòàëüíîé ñòðóêòóðîé ñî-
åäèíåíèÿ.

Ðåçóëüòàòû è îáñóæäåíèå

Â ðàáîòå [3] èññëåäîâàí ñïåêòð ïîëèêðèñòàëëè-
÷åñêîãî îáðàçöà LaMnO3 â íóëåâîì âíåøíåì ìàã-
íèòíîì ïîëå è ïîëó÷åíû ïàðàìåòðû ëîêàëüíûõ
ýëåêòðè÷åñêîãî è ìàãíèòíîãî ïîëåé äëÿ öåíòðà
139La �Q � 3 8, ÌÃö, � � 0,92, Hhf � 3,5 êÝ, Hdip=
= 0,7 êÝ, íàïðàâëåíèå ëîêàëüíîãî ìàãíèòíîãî ïîëÿ
ñîâïàäàåò ñ íàïðàâëåíèåì îðòîðîìáè÷åñêîé îñè b. Â
ðàìêàõ îïèñàííîé âûøå ìîäåëè ðàñ÷åòà èíäóöèðî-
âàííîãî ìàãíèòíîãî ïîëÿ íà ÿäðå ëàíòàíà íàìè ðàñ-
ñ÷èòàíû çíà÷åíèÿ ëîêàëüíûõ ïîëåé äëÿ êàæäîé
îðèåíòàöèè âíåøíåãî ìàãíèòíîãî ïîëÿ è ïîñòðîåí
ñïåêòð ïîëèêðèñòàëëè÷åñêîãî îáðàçöà. Ïðè íèçêèõ
òåìïåðàòóðàõ â íàøåé ìîäåëè ëèíèÿ ñïåêòðà èìååò
àññèìåòðè÷íóþ ôîðìó, ïðè ïîâûøåíèè òåìïåðàòó-
ðû ïðîèñõîäèò ñóæåíèå ëèíèè, ñâÿçàííîå ñ èñ÷åçíî-
âåíèåì àíèçîòðîïíîãî ëîêàëüíîãî ìàãíèòíîãî ïîëÿ,
è ïåðåõîä ôîðìû ëèíèè ê áîëåå ñèììåòðè÷íîìó
âèäó. Ðåçóëüòàòû ðàñ÷åòà òåìïåðàòóðíîé çàâèñèìî-
ñòè ñïåêòðà ßÌÐ â ïðèáëèæåíèè, ó÷èòûâàþùåì
âëèÿíèå êàê èçîòðîïíîãî, òàê è àíèçîòðîïíîãî ÑÒÂ
äëÿ ïîëèêðèñòàëëè÷åñêîãî îáðàçöà, ïîìåùåííîãî
âî âíåøíåå ìàãíèòíîå ïîëå 9 Òë, ïðåäñòàâëåíû íà
ðèñ. 2. Ýôôåêòû ñäâèãà ÷àñòîò è èçìåíåíèÿ ôîðìû
ëèíèè îïèñàíû â ðàáîòå [2]. Îáà ýòèõ ýôôåêòà ñâÿ-
çàíû ñ óìåíüøåíèåì âåëè÷èíû ïîäðåøåòî÷íîé íà-
ìàãíè÷åííîñòè êðèñòàëëà ñ ðîñòîì òåìïåðàòóðû.
Êðîìå òîãî, êàê âèäíî íà ðèñóíêå, ïðè âñåõ òåìïå-

ðàòóðàõ ëèíèÿ èìååò øèðîêîå îñíîâàíèå, ñâÿçàííîå
ñ óñðåäíåíèåì ÿäåðíîãî êâàäðóïîëüíîãî âçàèìîäåé-
ñòâèÿ. Ðàçìåð îñíîâàíèÿ îïðåäåëÿåòñÿ ÷àñòîòîé
ÿäåðíîãî êâàäðóïîëüíîãî âçàèìîäåéñòâèÿ.

Ñëåäóåò îòìåòèòü, ÷òî îïèñàíèå ñïåêòðà ßÌÐ,
íàáëþäàåìîãî íà ÿäðå 139La â ïîëèêðèñòàëëè÷åñêîì
îáðàçöå âî âíåøíåì ìàãíèòíîì ïîëå â ìîäåëè èçî-
òðîïíîãî ÑÒÂ, äàåò çàâûøåííûé ñäâèã ïî ÷àñòîòå è
íå ïîçâîëÿåò ïðàâèëüíî îïèñàòü ýêñïåðèìåíòàëüíûå
çíà÷åíèÿ. Äëÿ îïòèìàëüíîãî îïèñàíèÿ ñïåêòðîâ ðå-
çîíàíñà â ïðîèçâîëüíîì âíåøíåì ìàãíèòíîì ïîëå
íåîáõîäèìî ó÷åñòü àíèçîòðîïíîå ÑÒÂ.

Çàêëþ÷åíèå

Â ðàáîòå ïðåäñòàâëåíà ìîäåëü ðàñ÷åòà ìàãíèòíîé
ñòðóêòóðû è ïàðàìåòðîâ ÑÒÂ íà ÿäðå 139La äëÿ ñî-
åäèíåíèÿ LaMnO3. Îáùåïðèíÿòûé ïîäõîä äîïîëíåí
àíèçîòðîïíûì âêëàäîì â ÑÒÂ. Îðáèòàëüíàÿ ñòðóê-
òóðà ñîåäèíåíèÿ îïðåäåëÿåò òèï ìàãíèòíîé ñòðóêòó-
ðû è âèä àíèçîòðîïíîãî ìàãíèòíîãî ïîëÿ íà ÿäðå
ëàíòàíà. Ïðåäëîæåííàÿ ñõåìà ðàñ÷åòà ïîçâîëÿåò
îïèñàòü ñïåêòð ßÌÐ äëÿ ïîëèêðèñòàëëè÷åñêîãî îá-
ðàçöà, ïîìåùåííîãî âî âíåøíåå ìàãíèòíîå ïîëå.
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Hyperfine interaction on lanthanum
ion nucleus in LaMnO3

P.A. Agzamova, Yu.V. Leskova, A.E. Nikiforov,
L.E. Gonchar’, and S.E. Popov

The influence of orbital and magnetic struc-
tures on the hyperfine interaction between the
nuclear magnetic moment of lanthanum ions and
the magnetic subsystem of manganese ions in
LaMnO3 is investigated. A temperature depend-
ence of the nuclear magnetic resonance spectrum
of the polycrystal in external magnetic field is
consructed. It is shown that the anisotropic hy-
perfine interaction, caused by the lanthanum ex-
ternal p-shells polarization, plays a major role.
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Ðèñ. 2. Ñïåêòð ßÌÐ èîíà 139La â ñîåäèíåíèè LaMnO3
âî âíåøíåì ìàãíèòíîì ïîëå 9 Òë, ðàññ÷èòàííûé ñ
ó÷åòîì èçîòðîïíîãî è àíèçîòðîïíîãî âêëàäîâ â ÑÒÂ,
ïðè T, Ê: 142 (à), 45 (á), îïèñàííûé â ðàáîòå [2] ïðè
T, Ê: 360 (1), 300 (2), 150 (3) è 20 (4) (â).



This model makes it possible to describe ade-
quately the experimental data.

PACS: 71.70.Ej Spin-orbit coupling, Zeeman
and Stark splitting, Jahn–Teller effect;
75.47.Lx Manganites;
75.25.+z Spin arrangements in magneti-
cally ordered materials (including neu-

tron and spin-polarized electron studies,
synchrotron-source x-ray scattering,
etc.);
76.60.–k Nuclear magnetic resonance
and relaxation.

Keywords: hyperfine interaction, nuclear magnetic
resonance, manganites.

Ñâåðõòîíêèå âçàèìîäåéñòâèÿ íà ÿäðå èîíà ëàíòàíà â ñîåäèíåíèè LaMnO3
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