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Ñîâìåñòíûå èññëåäîâàíèÿ
ËÍÔ ÎÈßÈ è Óíèâåðñèòåòà Áàðñåëîíû

Ñîâìåñòíûå èññëåäîâàíèÿ ËÍÔ èì. È.Ì.Ôðàíêà è

Áàðñåëîíñêîãî óíèâåðñèòåòà íà÷àëèñü â 1997 ã., êîãäà

ôèçèêè, èññëåäóþùèå êîíäåíñèðîâàííûå ñðåäû ñ ïîìî-

ùüþ ðàññåÿíèÿ íåéòðîíîâ, è õèìèêè, ðàáîòàþùèå â

îáëàñòè íåîðãàíè÷åñêîé õèìèè, âûÿñíèëè, ÷òî èìåþò

îáùèé èíòåðåñ ê íåêîòîðûì ñîåäèíåíèÿì ñ ñåãíåòî-

ýëåêòðè÷åñêèìè ñâîéñòâàìè.

Ñîåäèíåíèÿ ñ îáùåé ôîðìóëîé A2BX4, êîòîðûå

èçîñòðóêòóðíû β − K2SO4, ñîñòàâëÿþò øèðîêèé ñïåêòð

êðèñòàëëè÷åñêèõ òâåðäûõ òåë, ïîêàçûâàþùèõ ñëîæíûå

ôàçîâûå äèàãðàììû â çàâèñèìîñòè îò òåìïåðàòóðû è

äàâëåíèÿ. Ýòè ñîåäèíåíèÿ âûçûâàþò èíòåðåñ â ïîñëåä-

íèå ãîäû èç-çà èõ ñëîæíîãî ñåãíåòîýëàñòè÷åñêîãî-ñåã-

íåòîýëåêòðè÷åñêîãî ïîâåäåíèÿ è èõ ñòðóêòóðíûõ ôàçî-

âûõ ïåðåõîäîâ, êîòîðûå â íåêîòîðûõ ñëó÷àÿõ áûâàþò

íåñîðàçìåðíûìè.

Â îáøèðíîé ãðóïïå ñîåäèíåíèé A2BX4 èìåþòñÿ

ñîåäèíåíèÿ, ñîäåðæàùèå àììîíèé, êîòîðûå ÿâèëèñü

îáúåêòîì íàøèõ èññëåäîâàíèé. Ñíà÷àëà áûë âûáðàí

ñóëüôàò àììîíèÿ (NH4)2SO4, êîòîðûé ïîêàçûâàåò ñåã-

íåòîýëåêòðè÷åñêèé ôàçîâûé ïåðåõîä ïðè –50 °Ñ. Ïàðà-

ýëåêòðè÷åñêàÿ è ñåãíåòîýëåêòðè÷åñêàÿ ôàçû åãî — ðîì-

áè÷åñêèå [1]; ñèììåòðèÿ èçìåíÿåòñÿ îò ïð. ãð. Pnam â

ïàðàýëåêòðè÷åñêîé ôàçå äî Pna21 â ñåãíåòîýëåêòðè÷å-

ñêîé ôàçå. Ýëåìåíòàðíûå ÿ÷åéêè îáåèõ ôàç ñîäåðæàò

÷åòûðå ôîðìóëüíûå åäèíèöû, ñîñòîÿùèå èç äâóõ òèïîâ

êðèñòàëëîãðàôè÷åñêè íåçàâèñèìûõ àììîíèåâûõ èîíîâ

NH4(I) è NH4(II) è îäíîãî òèïà ñóëüôàòíîãî èîíà. Ðàç-

íèöà ìåæäó àììîíèåâûìè ãðóïïàìè NH4(I) è NH4(II)

çàêëþ÷àåòñÿ â ðàçíûõ ÷èñëàõ áëèæàéøèõ ñîñåäíèõ

ñóëüôàòíûõ èîíîâ. Ñóëüôàò àììîíèÿ èçó÷àëñÿ ðàçíûìè

ìåòîäàìè, íî ïðèðîäà ôàçîâîãî ïåðåõîäà ýòîãî ñîåäèíå-
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Joint FLNP–University of Barcelona
Investigations

The joint investigations of FLNP and Barcelona Uni-

versity started in 1997, when physicists investigating con-

densed matter with neutron scattering and chemists working

in the region of inorganic chemistry declared mutual interest

in some compounds with ferroelectric properties.

β -K2SO4-isostructural compounds with a general for-

mula A2BX4 constitute a wide range of crystalline solids

with a complex phase diagram as a function of temperature

and pressure. These compounds attracted much interest in

the recent years because of their complex ferroelastic-ferro-

electric behaviour and structural phase transitions that are

incommensurate sometimes.

In a wide group of A2BX4 there are ammonium-con-

taining substances which are the object of our investiga-

tions. First, we have selected (NH4)2SO4 that has a

ferroelectric phase transition at –50 °C. The paraelectric and

ferroelectric phases are orthorhombic [1]; the symmetry

changes from the space group Pnam in the paraelectric

phase to Pna21 in the ferroelectric phase. The unit cells of

both phases contain four formula units consisting of two

kinds of crystallographically independent ammonium ions,

NH4(I) and NH4(II), and one kind of sulphate ions. The dif-

ference between the NH4(I) and NH4(II) ammonium groups

is found in different numbers of nearest neighbour sulphate

ions. Ammonium sulphate has been studied with different

methods but the nature of the phase transition in this com-

pound has not been fully understood up to the recent time

[2]. There are two main models. One is order-disorder due to
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íèÿ äî íàñòîÿùåãî âðåìåíè íå íàõîäèò ïîëíîãî îáúÿñ-

íåíèÿ [2]. Ñóùåñòâóþò äâå îñíîâíûå ìîäåëè. Îäíà —

ïîðÿäîê-áåñïîðÿäîê, îáóñëîâëåííûå îðèåíòàöèîííû-

ìè ñòåïåíÿìè ñâîáîäû, èëè òèïà ñìåùåíèÿ. Êðîìå òîãî,

â ñîîòâåòñòâèè ñ [1] àììîíèåâûå èîíû äîëæíû ðàññìà-

òðèâàòüñÿ êàê äåôîðìèðîâàííûå, èìåþùèå äèïîëüíûå

ìîìåíòû è îòâåòñòâåííûå çà ñåãíåòîýëåêòðè÷åñêèå

ñâîéñòâà.

Èçâåñòíî, ÷òî èçìåíåíèå â ñîñòàâå ñîïðîâîæäàåòñÿ

èçìåíåíèåì ñâîéñòâ ìàòåðèàëîâ. Òåìïåðàòóðû ïåðåõî-

äà íåêîòîðûõ A2BX4 èçìåíÿþòñÿ ñ çàìåùåíèåì êàòèî-

íîâ è/èëè àíèîíîâ, ÷òî ïîçâîëÿåò íàì ïðåäïîëàãàòü ìå-

õàíèçì äëÿ ôàçîâûõ ïåðåõîäîâ. Òàêèì îáðàçîì, ñìå-

øàííûå êðèñòàëëû ñ îáùåé ôîðìóëîé Rb 2−x(NH4)xSO4
áûëè ñèíòåçèðîâàíû ñ öåëüþ ëó÷øå ïîíÿòü ôàçîâûé ïå-

ðåõîä ïàðàýëåêòðèê–ñåãíåòîýëåêòðèê.

Ìû ïðîâåëè ðåíòãåíîâñêèå è íåéòðîííûå ïîðîøêî-

âûå äèôðàêöèîííûå èññëåäîâàíèÿ ñìåøàííûõ êðèñòàë-

ëîâ Rb 2−x(NH4)xSO4 âî âñåé êîíöåíòðàöèîííîé îáëà-

ñòè è øèðîêîì äèàïàçîíå òåìïåðàòóð îò 10 äî 300 Ê

[3–5] äëÿ òîãî, ÷òîáû óñòàíîâèòü:

1) òåìïåðàòóðíóþ çàâèñèìîñòü ïàðàìåòðîâ ðåøåò-

êè, x T− ôàçîâóþ äèàãðàììó,
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the orientation degree of freedom of ammonium ions or the

displacement type. Moreover, in accordance with [1], am-

monium ions must be considered as deformed with dipole

moments and responsible for the ferroelectric properties.

It is known that a change in the composition produces

modifications in the properties of materials. The transition

temperatures of some A2BX4 change at substitution of

cations and/or anions, which allows us to propose a mecha-

nism for the phase transitions. In this way, mixed crystals

with a general formula Rb 2−x(NH4)xSO4 were obtained in

an attempt to know better the paraelectric-ferroelectric

phase transition.

We carried out X-ray and neutron powder diffraction

investigations and inelastic incoherent neutron scattering

studies for Rb 2−x(NH4)xSO4 mixed crystals over a whole

concentration range, in a wide range of temperatures from

10 to 300 K [3–5] in order to establish:

1) the temperature dependence of the lattice parame-

ters, the x T− phase diagram,

2) the probability of occupation of different ammoni-

um sites by rubidium,

Äóáíà, 25 ìàÿ. Ó÷àñòíèêè ðàáî÷åãî ñîâåùàíèÿ «Ðåàêòîð ÈÁÐ-2 â XXI âåêå»

Dubna, 25 May. Participants of the Workshop «IBR-2 Reactor in the 21st Century»

Â ËÀÁÎÐÀÒÎÐÈßÕ ÈÍÑÒÈÒÓÒÀ
AT THE LABORATORIES OF JINR



2) âåðîÿòíîñòü çàìåùåíèÿ ðàçíûõ àììîíèåâûõ

ãðóïï ðóáèäèåì,

3) îðèåíòàöèîííîå ïîëîæåíèå àììîíèÿ â ðàçëè÷-

íûõ ôàçàõ,

4) äåôîðìàöèþ èîíîâ NH 4
+ è SO 4

2− ,

5) ñîñòîÿíèå îðèåíòàöèîííîãî ñòåêëà êàê ðåçóëüòàò

çàìîðàæèâàíèÿ îðèåíòàöèîííûõ ñòåïåíåé ñâîáîäû èî-

íîâ àììîíèÿ ïðè íèçêîé òåìïåðàòóðå.

Áûëî ïîêàçàíî, ÷òî ñìåøàííûå êðèñòàëëû

Rb 2−x(NH4)xSO4 èìåþò òðèêðèòè÷åñêèé ïåðåõîä, è ðå-

çóëüòàò íàøèõ èññëåäîâàíèé ïîäòâåðæäàåò ðàííèé âû-

âîä îïòè÷åñêèõ èññëåäîâàíèé ýòîé ñèñòåìû [6]. Îïðå-

äåëåííûå êîíöåíòðàöèîííûå çàâèñèìîñòè ðåøåòî÷íûõ

ïàðàìåòðîâ Rb 2−x(NH4)xSO4 ïðè 10 Ê ïîêàçûâàþò, ÷òî

ãðàíèöà ôàçîâîãî ïåðåõîäà èç ïàðàýëåêòðè÷åñêîé ôàçû

â ñåãíåòîýëåêòðè÷åñêóþ íà x T− ôàçîâîé äèàãðàììå ñî-

îòâåòñòâóåò x = 0,8 [4,5]. Ñ ïîìîùüþ íåéòðîííîé ïî-

ðîøêîâîé äèôðàêöèè ñìåøàííûõ êðèñòàëëîâ

Me 2−x(NH4)xSO4 c Me = K, Rb è Cs ïîäòâåðæäåíî, ÷òî

ñóùåñòâóåò ðàçíàÿ âåðîÿòíîñòü çàìåùåíèÿ àììîíèåâûõ

ãðóïï NH4(I) è NH4(II) ýòèìè àòîìàìè.

Èññëåäîâàíèå Rb 2−x(NH4)xSO4 ñ ïîìîùüþ íåóïðó-

ãîãî íåêîãåðåíòíîãî ðàññåÿíèÿ íåéòðîíîâ (ÍÍÐÍ) [7]

ïîêàçàëî, ÷òî âêëàä êâàçèóïðóãîãî íåêîãåðåíòíîãî ðàñ-

ñåÿíèÿ íåéòðîíîâ (ÊÍÐÍ) íàáëþäàåòñÿ â ñïåêòðàõ

ÍÍÐÍ êàê âûøå òåìïåðàòóðû ïàðàñåãíåòîýëåêòðè÷å-

ñêîãî ôàçîâîãî ïåðåõîäà, òàê è íèæå åãî, è

èíòåíñèâíîñòü ÊÍÐÍ óìåíüøàåòñÿ â ñåãíåòîýëåêòðè÷å-

ñêîé ôàçå. Äàëüíåéøåå óìåíüøåíèå òåìïåðàòóðû ñî-

ïðîâîæäàåòñÿ óìåíüøåíèåì âêëàäà ÊÍÐÍ â ñïåêòðû

ÍÍÐÍ. Ýòî ïîêàçûâàåò, ÷òî èîíû àììîíèÿ ìîãóò ñîâåð-

øàòü ïåðåîðèåíòàöèîííîå äâèæåíèå âîêðóã êðèñòàëëè-

÷åñêèõ è ìîëåêóëÿðíûõ îñåé âûøå òåìïåðàòóðû ïà-

ðàñåãíåòîýëåêòðè÷åñêîãî ôàçîâîãî ïåðåõîäà è òîëüêî

ïåðåîðèåíòàöèîííîå äâèæåíèå âîêðóã ìîëåêóëÿðíûõ

îñåé íèæå ýòîãî ïåðåõîäà [6].

Âû÷èñëåííûå îáîáùåííûå ïëîòíîñòè ôîíîííûõ

ñîñòîÿíèé (ÎÏÔÑ) èç ñïåêòðîâ ÍÍÐÍ äëÿ ñìåøàííûõ

êðèñòàëëîâ Rb 2−x(NH4)xSO4 ïðè 10 Ê âî âñåé êîíöåí-

òðàöèîííîé îáëàñòè äåìîíñòðèðóþò èíòåðåñíóþ çàâè-

ñèìîñòü øèðèíû ïèêîâ äëÿ àììîíèåâûõ ìîä â çàâèñè-

ìîñòè îò êîíöåíòðàöèè àììîíèÿ. Â ñðåäíåé êîíöåíòðà-

öèîííîé îáëàñòè ïèêè íà ÎÏÔÑ, êîòîðûå

ñîîòâåòñòâóþò òðàíñëÿöèîííûì è ëèáðàöèîííûì ìî-

äàì àììîíèÿ, èìåþò óøèðåíèå â ïàðàýëåêòðè÷åñêîé è

ñåãíåòîýëåêòðè÷åñêîé îáëàñòÿõ íà x T− ôàçîâîé äèà-

ãðàììå. Òàêîå óøèðåíèå ïèêîâ ÎÏÔÑ ìîæåò áûòü îáú-

ÿñíåíî çà ñ÷åò îáðàçîâàíèÿ ñîñòîÿíèÿ îðèåíòàöèîííîãî

ñòåêëà. Èçâåñòíî íàáëþäåíèå ñîñòîÿíèÿ îðèåíòàöèîí-

íîãî ñòåêëà â ñìåøàííûõ êðèñòàëëàõ Rb 2−x(NH4)xSO4
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3) the orientation position of ammonium in different

phases,

4) the deformation of NH 4
+ and SO 4

2− ions,

5) the orientation glass state as a result of the freezing

of orientation degrees of freedom of ammonium ions at low

temperature.

It is shown that Rb 2−x(NH4)xSO4 mixed crystals have

a tricritical transition, which parallels the earlier conclusion

from optical investigations of this system [6]. The deter-

mined concentration dependence of the lattice parameters of

Rb 2−x(NH4)xSO4 at 10 K shows that the boundary of the

phase transition from paraelectric to ferroelectric phase on

the x T− phase diagram is at x = 0.8 [4,5]. By neutron powder

diffraction of Me 2−x(NH4)xSO4 mixed crystals with

Me = K, Rb, Cs it is confirmed that there is a different proba-

bility of substitution by these atoms for NH4(I) and NH4(II)

ammonium groups.

The inelastic incoherent neutron scattering (IINS)

study of Rb 2−x(NH4)xSO4 [7] reveals that in the IINS spec-

tra the contribution of quasielastic incoherent neutron scat-

tering (QINS) is observed both above and below the tem-

perature of para-ferroelectric phase transition and that the

QINS intensity decreases in the ferroelectric phase. A fur-

ther decrease in the temperature results in disappearance of

the QINS contribution. This behaviour of the QINS contri-

bution to IINS spectra shows that ammonium ions accom-

plish reorientation motion about the crystalline and molecu-

lar axes above para-ferroelectric phase transition tempera-

ture and only about the molecular axis below this transition

temperature [6].

The calculated generalized phonon densities of states

(GPDS) from the IINS spectra for Rb 2−x(NH4)xSO4 mixed

crystals at 10 K over the whole concentration region demon-

strate interesting dependence of the width of the peaks on

the ammonium concentration for ammonium modes. In the

mutual concentration region the peaks on GPDS that suit the

ammonium translation and librational modes have a broad-

ening in the paraelectric and ferroelectric regions on the

x T− phase diagram. Such a broadening of the GPDS peaks

can be explained by the formation of an orientation glass

state. It is known that the observation of the orientation glass

state in Rb 2−x(NH4)xSO4 mixed crystals by dielectric spec-

troscopy and infrared light scattering is possible but just for
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ñ ïîìîùüþ äèýëåêòðè÷åñêîé ñïåêòðîñêîïèè è èíôðà-

êðàñíîãî ðàññåÿíèÿ ñâåòà òîëüêî äëÿ åäèíñòâåííîé êîí-

öåíòðàöèè èç ïàðàýëåêòðè÷åñêîé îáëàñòè, à èìåííî äëÿ

x = 0,6. Òàêèì îáðàçîì, âîçíèêàåò âïå÷àòëåíèå îá îòñóò-

ñòâèè ÿñíîãî ïðåäñòàâëåíèÿ î êðèñòàëëè÷åñêîé ñòðóê-

òóðå ïàðàýëåêòðè÷åñêîé è, ìîæåò áûòü, ñåãíåòîýëåêò-

ðè÷åñêîé ôàç ñìåøàííûõ êðèñòàëëîâ Rb 2−x(NH4)xSO4.

Íàáëþäåííûå ñïåêòðû ÍÍÐÍ è âû÷èñëåííûå ñïåêòðû

ÎÏÔÑ ïîêàçûâàþò, ÷òî èîíû àììîíèÿ íå îïðåäåëÿþò

ñåãíåòîýëåêòðè÷åñêèå ñâîéñòâà, êàê áûëî ïðåäïîëîæå-

íî â íåêîòîðûõ òåîðåòè÷åñêèõ ìîäåëÿõ.

Âû÷èñëåííûå ÎÏÔÑ äëÿ ñìåøàííûõ êðèñòàëëîâ

Rb 2−x(NH4)xSO4 ñ ìàëûìè êîíöåíòðàöèÿìè àììîíèÿ

âíå ñîñòîÿíèÿ îðèåíòàöèîííîãî ñòåêëà äàþò âîçìîæ-

íîñòü îïðåäåëèòü ýíåðãèþ ëèáðàöèîííûõ ìîä àììîíèÿ

äëÿ àììîíèåâîé ãðóïïû, êîòîðàÿ íå çàìåùàåòñÿ ïîëíî-

ñòüþ ðóáèäèåì.

Áûëî ïðîâåäåíî èññëåäîâàíèå ñîåäèíåíèé

LiCsSO4 [8,9], K 2−x(NH4)xSO4, Cs 2−x(NH4)xSO4,

K 2−x(NH4)xSeO4, LiRb1−x(NH4)xSO4, êîòîðûå ìîãóò

áûòü òàêæå âêëþ÷åíû â ñåìåéñòâî òèïà A2BX4, ñ ïîìî-

ùüþ ðåíòãåíîâñêîé è íåéòðîííîé ïîðîøêîâîé äèôðàê-

öèè è íåóïðóãîãî íåêîãåðåíòíîãî ðàññåÿíèÿ íåéòðîíîâ

äëÿ áîëåå ïîëíîãî ïîíèìàíèÿ äèíàìèêè àììîíèÿ â ýòèõ

ðîäñòâåííûõ êðèñòàëëè÷åñêèõ ñòðóêòóðàõ. Èññëåäîâà-

íèå äèíàìèêè àììîíèÿ â ýòèõ ñîåäèíåíèÿõ ïîêàçûâàåò,

÷òî èîíû àììîíèÿ ìîãóò áûòü ðàññìîòðåíû áîëåå ñòðî-

ãî êàê íåäåôîðìèðóåìûå èîíû. Ñòîèò çàìåòèòü, ÷òî

îïðåäåëåíèå êðèñòàëëè÷åñêèõ ñòðóêòóð ñîåäèíåíèé

A2BX4 ñ ïîìîùüþ ðàññåÿíèÿ ðåíòãåíîâñêèõ ëó÷åé äàåò

â ðåçóëüòàòå äëèíû ñâÿçåé N-H áîëåå êîðîòêèå, ÷åì

îïðåäåëåíèÿ êðèñòàëëè÷åñêèõ ñòðóêòóð ñ ïîìîùüþ ðàñ-

ñåÿíèÿ íåéòðîíîâ, êîòîðûå èìåþò ðåçóëüòàòû áîëåå

áëèçêèå ê àíàëîãè÷íûì äëèíàì ñâÿçåé, ïîëó÷åííûì äëÿ

ñâîáîäíûõ èîíîâ àììîíèÿ. Àíàëèç ïîëó÷åííûõ âíó-

òðåííèõ, êîìáèíàöèîííûõ è ðåøåòî÷íûõ ëèáðàöèîí-

íûõ ìîä èññëåäîâàííûõ âûøå îïèñàííûõ àììîíèåâûõ

ñîåäèíåíèé ñ ïîìîùüþ ÍÍÐÍ ïîêàçûâàåò, ÷òî äèíàìè-

êà àììîíèåâûõ èîíîâ ïîäòâåðæäàåò ãåîìåòðè÷åñêèå

ðàçìåðû èîíîâ àììîíèÿ, êîòîðûå ñîîòâåòñòâóþò â áîëü-

øåé ñòåïåíè ñâîáîäíûì èîíàì àììîíèÿ. Òîãäà âîçíèêà-

åò àëüòåðíàòèâíûé âûâîä, ÷òî âûÿâëåííûå âîäîðîäíûå

ñâÿçè N-H èîíîâ àììîíèÿ èç ðåíòãåíîâñêèõ èññëåäîâà-

íèé îòðàæàþò ðàñïðåäåëåíèå çàðÿäîâîé ïëîòíîñòè.

Ñ äðóãîé ñòîðîíû, ìû çàèíòåðåñîâàíû â ôàçàõ Àó-

ðèâèëëèóñà. Ôàçû Àóðèâèëëèóñà èçâåñòíû êàê ñåãíåòî-

ýëåêòðè÷åñêèå ìàòåðèàëû, ñòðóêòóðíî ñâÿçàííûå ñ ïå-

ðîâñêèòàìè è îïèñûâàþùèåñÿ îáùåé ôîðìóëîé

A X A B X2 2 1 3 1( ' )n n n− + , â íàñòîÿùåå âðåìÿ èçâåñòíû ñî-

åäèíåíèÿ ñ n = 1, 2, 3, 4, 5 è 8. Êðèñòàëëè÷åñêàÿ
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one concentration in the paraelectric region, namely x = 0.6.

Thus, there is an impression that there is no clear under-

standing of the crystalline structure of the paraelectric and,

possibly, of the ferroelectric phase of Rb 2−x(NH4)xSO4
mixed crystals. The observed IINS spectra and the calculat-

ed GPDS spectra show that ammonium ions do not deter-

mine the ferroelectric properties, as was suggested in some

theoretical models.

The calculated GPDS for Rb 2−x(NH4)xSO4 mixed

crystals with small ammonium concentrations outside the

orientation glass state make it possible to determine the en-

ergy of the ammonium librational mode for an ammonium

group which is not fully substituted by Rb.

Also, there are studies of LiCsSO4 [8,9],

K 2−x(NH4)xSO4, Cs 2−x(NH4)xSO4, K 2−x(NH4)xSeO4,

Rb1−x(NH4)xLiSO4, which can be included in the family of

the A2BX4 type, carried out by X-ray and neutron powder

diffraction and by inelastic incoherent neutron scattering for

a fuller understanding of ammonium dynamics in these re-

lated crystalline structures. The study of ammonium dynam-

ics in these compounds shows that ammonium ions can be

more strictly considered as undeformable ions. It is worth

noting that X-ray-induced crystalline structure determina-

tions of A2BX4 compounds with ammonium ions lead to the

result that the N-H bond is shorter than it was obtained from

the rare neutron crystalline structure determination, yielding

the result closer to the length of an analogous bond for free

ammonium ions. An analysis of the observed inner, Raman

and lattice librational modes of the IINS investigated am-

monium compounds mentioned above shows that the am-

monium ion dynamics confirms the geometrical size of am-

monium ions to be more corresponding to that of free am-

monium ions. There is then an alternative conclusion that

the X-ray scattering observed N-H bond lengths of ammoni-

um ions reflect the charge density distribution.

On the other hand, we are interested in Aurivillius phas-

es known as ferroelectric materials structurally related to

perovskites and described with a common formula,

A X A B X2 2 1 3 1( ' )n n n− + , whose compounds with n = 1, 2, 3,

4, 5 and 8 have been recently known. The crystalline struc-

ture of Aurivillius phases is layered and it is composed

of two structural elements: oxide layers of the (A 2 X 2 ) 2+

type interleaved by the perovskite-type blocks
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ñòðóêòóðà ôàç Àóðèâèëëèóñà ñëîèñòàÿ è ñîñòîèò èç äâóõ

ñòðóêòóðíûõ ýëåìåíòîâ: îêñèäíûå ñëîè òèïà

(A 2 X 2 ) 2+ , êîòîðûå ïðîëîæåíû áëîêàìè ïåðîâñêèòíîãî

òèïà ( ' )A B Xn n n− +
−

1 3 1
2 , ãäå X îáû÷íî êèñëîðîä, êàòè-

îííîå ïîëîæåíèå A è A' çàíèìàåòñÿ Bi 3+ , Ca 2+ , Sr 2+ ,

Ba 2+ , Pb 2+ , Na+ , K+ è èîíàìè ðåäêèõ çåìåëü. Ìåñòà B

îáû÷íî çàíèìàþòñÿ Ti 4+ , Nb 5+ , Ta 5+ , W 6+ èëè Mo 6+ .

Àóðèëëèóñ-ïîäîáíûå ôàçû áûëè ñèíòåçèðîâàíû è èñ-

ñëåäîâàëàñü èõ èîííàÿ ïðîâîäèìîñòü. Äèôôåðåíöèàëü-

íûé òåïëîâîé àíàëèç óêàçûâàåò íà íàëè÷èå ôàçîâûõ ïå-

ðåõîäîâ â ýòèõ ìàòåðèàëàõ.

Ìû ñèíòåçèðîâàëè íîâîå ñîåäèíåíèå ñåìåéñòâà

ôàç Àóðèâèëëèóñà çà ñ÷åò ïðîðàñòàíèÿ ïåðîâñêèòíûõ

ñëîåâ Bi 0 5, +xLi 0 5 3, − xNb 2 O 7
2− ìåæäó Bi 2 O 2

2+ . Ðåíòãå-

íîâñêèå ïîðîøêîâûå äèôðàêöèîííûå èçìåðåíèÿ è îá-

ðàáîòêà ñ ïîìîùüþ ìåòîäà Ðèòâåëüäà ïîçâîëèëè óñòà-

íîâèòü ïîëîæåíèÿ òÿæåëûõ àòîìîâ. Äëÿ òîãî ÷òîáû

îïðåäåëèòü ïîëîæåíèÿ àòîìîâ ëèòèÿ, áûëè ïðîâåäåíû

íåéòðîííûå ïîðîøêîâûå äèôðàêöèîííûå èññëåäîâà-

íèÿ äëÿ îïðåäåëåíèÿ ñòðóêòóðû ýòîãî íîâîãî ñîåäèíå-

íèÿ. Ýòà èíôîðìàöèÿ ïîçâîëèò íàì óñòàíîâèòü ñîîòíî-

øåíèå ñîñòàâ–ñòðóêòóðà–ýëåêòðè÷åñêèå ñâîéñòâà.

Ðåçóëüòàòû èññëåäîâàíèé áûëè ïðåäñòàâëåíû íà

ðàçëè÷íûõ ìåæäóíàðîäíûõ êîíôåðåíöèÿõ (EPDIC-6,

EPDIC-7, ISRF-III, ICNS’97, ECNS’99, IMF-9, XVII

ECM, 3rd US/CIS/Baltic Ferroelectrics Seminar, 1st Inter-

national school of ITEP), áûëè ÷àñòè÷íî îïóáëèêîâàíû â

òðóäàõ êîíôåðåíöèé è â ïåðèîäè÷åñêèõ æóðíàëàõ

[10,11]. Â íàñòîÿùåå âðåìÿ ñîâìåñòíûå èññëåäîâàíèÿ

ïðîäîëæàþòñÿ.
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( ' )A B Xn n n− +
−

1 3 1
2 , where X is usually oxygen, the cation

positions A and A' are occupied by Bi 3+ , Ca 2+ , Sr 2+ ,

Ba 2+ , Pb 2+ , Na+ , K+ and the ions of rareearths. The B

sites are usually occupied with Ti 4+ , Nb 5+ , Ta 5+ , W 6+ or

Mo 6+ . The Aurivillius-like phases were synthesised and

their ionic conductivity was investigated. Differential ther-

mal analyses point to phase transitions in these materials.

We have synthesised new Aurivillius phases by inter-

growing the perovskite layers of Bi 0 5. +xLi 0 5 3. − xNb 2 O 7
2−

between Bi 2 O 2
2+ . Powder X-ray diffraction measurements

together with the Rietveld treatment have allowed us to de-

termine the positions of heavy atoms. In order to determine

the positions of lithium atoms, neutron diffraction was car-

ried out to know the structure of this new compound. This

allows us to determine the composition–structure–electrical

properties relation.

The results of the investigations were presented at the

international conferences EPDIC-6, EPDIC-7, ISRF-III,

ICNS’97, ECNS’99, IMF-9, XVII ECM, 3rd US/CIS/Baltic

Ferroelectrics Seminar, and the 1st International school of

ITEP and were published in the proceedings of the confer-

ences or in periodic journals [10,11]. Presently, joint inves-

tigations continue.
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