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U kristalah Li
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v temperaturnomu �nterval� 77{293K sposter�gali zniknenn� p�ro-

zar�du p�d qas spalah�v p�roelektrol�m�nescenc�Ý. U zv'�zku z cim vislovleno pripuwenn�,

p�dtverd�ene rozrahunkami, wo spostere�uvana mno�ina stribk�v na temperaturnih zale�-

nost�h teplovogo l�n��nogo rozxirenn� � parametr�v �ratki cih kristal�v c�lkom mo�e buti

po�snena takim efektom.

Kl�qovi slova: tetraborat l�t��, p�rozar�d, p'zoefekt, p�roelektrol�m�nescenc��, fa-

zov� perehodi.
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Monokristali tetraboratu l�t�� (TBL) |
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 dobrimi p'zo- � p�roelektrikami [1], per-

spektivnimi dl� zastosuvann� v akustoelektron�c�

[2] � optic� [3]. TBL nale�it~ do toqkovoÝ grupi

4mm (prostorova grupa I4

1

cd) z parametrami �ratki

pri 293K a

0

= b

0

= 9; 479(3)

�

A, c

0

= 10; 290(4)

�

A �

104 atomami v elementarn�� kom�rc� [4]. Osnovnim

strukturnim fra�mentom kristal�qnoÝ �ratki TBL

 borokisnevi� kompleks (V

4

O
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)

6�

, de dva bori pere-

buva�t~ u trikutn��, a dva v tetraedriqn�� kisnev��

koordinac�Ý. C� kompleksi z'dnu�t~s� m�� sobo�

sp�l~nimi atomami kisn� v sp�ral� z v�ss� vzdov�

[001], a sp�ral� svo� qergo� tako� pov'�zan� m�� so-

bo� sp�l~nimi atomami kisn�. �oni l�t�� m�st�t~s�

v pustotah m�� cimi sp�ral�mi. Taka specif�qna

struktura TBL pri na�vnost� pol�rnoÝ osi privo-

dit~ do c�logo naboru harakternih vlastivoste� �,

�k rezul~tat, do neodnoznaqnih traktuvan~ eksperi-

mental~nih rezul~tat�v f�ziqnih dosl�d�en~. Vpliv

p�roelektrol�m�nescenc�Ý (PEL) na �nterpretac��

rezul~tat�v de�kih f�ziqnih dosl�d�en~ �  temo�

naxogo pov�domlenn�.

Buli proveden� eksperimenti dl� odnoqasnoÝ

restrac�Ý PEL � veliqini p�rozar�du na zrazku

TBL u temperaturnomu �nterval� 293{77K. Zrazok

monokristalu TBL rozm�rom 10 � 10 � 1mm

3

Z-

or�ntac�Ý z nanesenimi na qastinu dvoh protile�-

nih grane� akvada�ovimi kontaktami pom�stili v

kr�ostat. Restrac�� spalah�v PEL provodili za do-

pomogo� FEU-39, a r�znic� potenc��l�v m�� elektro-

dami vim�r�li elektrometrom.Xvidk�st~ zm�ni tem-

peraturi bula v me�ah 5{8K/hv, a zalixkovi� tisk

pov�tr� v kr�ostat� ne pereviwuvav 10Pa. Odnoqas-

ni� zapis oboh signal�v | I

PEL

(T ) � U(T ) | podano

na ris. 1. �k q�tko vidno z risunka, ko�ni� znaqni�

spalah PEL suprovod�ut~s� faktiqno zniknenn�m

elektriqnogo pol� p�rozar�du na zrazku.

Po�snenn� spostere�uvanogo �viwa proste. Veli-

qina napru�enosti elektriqnogo pol�, utvorenogo

p�rozar�dom, pereviwu za rozrahunkami r�ven~ 10

5

{

10

4

4 V/sm, wo v�e  dostatn�m dl� probo� pov�tr�

pri atmosfernomu tisku (tim b�l~xe poni�enomu,

�ki� zastosovut~s� p�d qas provedenn� vim�r�van~

pri poni�enih temperaturah). Elektriqni� prob��

suprovod�uvani� spalahom sv�tla | p�roelektro-

l�m�nescenc��, �ka sposter�galas~ u TBL u�e v ro-

bot� [5], privodit~ do raptovogo zniknenn� p�roza-

r�du ta, v�dpov�dno, elektriqnogo pol� na kristal�.

Ris. 1. Tempepatupni zale�nosti, zapisani odnoqasno:

a) intensivnosti pipoelektpol�minescenciÝ; b) piznici po-

tenci�liv na monokpistaliqnomu zpazku TBL, stvopenoÝ

pipozap�dom.

Taka poved�nka p�rozar�du v TBL zmuxu we

raz uva�n�xe podivitis~ na �nterpretac�� rezul~-

tat�v strukturnih dosl�d�en~ kristal�v TBL. Ad�e
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na krivih temperaturnih zale�noste� stalih kri-

stal�qnoÝ �ratki, �k � l�n��nogo teplovogo rozxi-

renn� TBL, u temperaturnomu �nterval� 77{250K

q�tko vira�en� stribki [6,7]. Na�vn�st~ satel�t�v na

X-difraktogramah razom z cimi stribkami pri-

vela avtor�v roboti [8] do visnovku, wo v krista-

lah TBL u c~omu temperaturnomu �nterval� �snu

c�la nizka termostimul~ovanih fazovih perehod�v,

pov'�zanih z nesp�vm�rnimi fazami. Odnak v�dsut-

n�st~ pod�bnih stribk�v na temperaturnih zale�no-

st�h teplomnosti C

p

(T ) [9] stavit~ p�d sumn�v vis-

novki avtor�v roboti [8] � sponuka poxukati �nxogo

po�snenn� spostere�uvanih �viw. Pripuwenn�, wo

zgadan� stribki mo�ut~ buti zumovlen� p�roelek-

triqnimi vlastivost�mi TBL, u�e bulo vislovlene

v robot� [7]. Wob dovesti �ogo pravil~n�st~, bulo

provedeno rozrahunki dl� oc�nki sum�rnosti zna�de-

noÝ za p�ro- � p'zokoef�c�ntami veliqini deformac�Ý

dl� TBL z veliqino� stribk�v na krivih �l(T ). Ro-

zrahunki robilis~ za sproweno� shemo�, tak bi mo-

viti, u nul~ovomu nabli�enn�. Z c�� meto� v r�v-

n�nn� zagal~nogo vigl�du dl� veliqini deformac�Ý

S

�

= �1=l u p'zoelektriqnih kristalah:

S

�

= S

E

��

T

�

+ d

i�

E

i

(1)

provedeno tak� sprowenn�. Vrahovu�qi, wo zovn�xn

mehan�qne napru�enn� v�dsutn, v naxomu vipadku

(T

�

= 0), a pol�rno� v�ss� dl� TBL  v�s~ Z, viraz

(1) dl� c~ogo napr�mku nabude vigl�du:

S

3

= d

33

E

3

; (2)

de d

33

| p'zoelektriqni� modul~, E

3

| napru-

�en�st~ elektriqnogo pol� v napr�mku osi Z, utvo-

renogo p�rozar�dom. Skoristavxis~ formulami dl�

ploskogo kondensatora � dl� gustini p�rozar�du

�

T

= �P

0T

= p

T

�T , otrimamo viraz dl� rozra-

hunk�v veliqini S

3

:

S

3

=

d

33

p

T

�T

�

0

�

33

; (3)

de p

T

-p�roelektriqni� koef�c�nt, �T -veliqina

zm�ni temperaturi. P�sl� p�dstanovki v (3) v�domih

z l�teraturi znaqen~ d

33

= 20; 4 � 10

�12

KlN

�1

; �

33

=

10; 34 � p

T

= �30 � 10

�6

Klm

�2

K

�1

pri k�mnat-

n�� temperatur� ta maksimal~nogo znaqenn� p

T

=

�120 � 10

�6

Klm

�2

K

�1

pri �150

o

C (123K) mo�na

zna�ti veliqinu deformac�Ý S

3

za rahunok oberne-

nogo p'zoefektu pri zm�n� temperaturi kristala na

�T = 1

o

C. Pri k�mnatn�� temperatur� S

3

= 0; 06 �

10

�5

, a pri maksimal~nomu znaqenn� p�rokoef�c�nta

S

3

(123K) = 0; 3 �10

�5

. Ot�e, v temperaturnomu �nter-

val� 77{293K veliqina deformac�Ý 0; 3 � 10

�5

> S

3

>

0; 06 � 10

�5

pri zm�n� temperaturi vs~ogo na odin gra-

dus, a ce za qutlivosti dilatometra 0; 08�10

�5

[6] c�l-

kom dostupna veliqina dl� dostov�rnoÝ restrac�Ý.

�kwo zva�iti, wo maksimal~na zaf�ksovana veli-

qina stribka na kriv�� �l(T ) u robot� [6] v�dpov�da

deformac�Ý 5 � 10

�5

, to dl� nakopiqenn� dostatn~oÝ

dl� takoÝ deformac�Ý veliqini p�rozar�du vistaqit~

zm�ni temperaturi na 10{20K. Pri pererahunku na

elementarnu kom�rku kristal�qnoÝ �ratki TBL c�

deformac��, v�dpov�dno, v�dobra�at~s� na stalih

�ratki.

Ot�e, nav�t~ tak� nabli�en� rozrahunki da�t~

rezul~tati, wo dobre zb�ga�t~s� z eksperimentom.

Koli vrahuvati, wo napr�mki zm�n rozm�r�v zrazka

c�lkom uzgod�u�t~s� z pol�rn�st� elektriqnogo

pol� p�rozar�du, to mo�na vpevneno stverd�uvati

| sprav�n~o� priqino� stribk�v na temperatur-

nih zale�nost�h�l(T ) �, v�dpov�dno, c

0

(T) v tempera-

turnomu �nterval� 77{250K  nakopiqenn� p�rozar�du

na kristal� TBL pri zm�n� temperaturi � zniknenn�

�ogo p�d qas spalah�v PEL.

Takim qinom, vi�vlene v c�� robot� zniknenn�

p�rozar�du na kristalah TBL p�d qas zm�ni tempe-

raturi da zmogu zrobiti tak� visnovki:

1. Spostere�uvan� stribki na temperaturnih za-

le�nost�h teplovogo l�n��nogo rozxirenn� � para-

mer�v �ratki v kristalah TBL u temperaturnomu �n-

terval� 77{250K povn�st� po�sn��t~s� sukupn�st�

p'zoelektriqnih ta p�roelektriqnih vlastivoste� �

p�roelektrol�m�nescenc�Ý, a ne nizko� fazovih pe-

rehod�v.

2. Wob uniknuti neodnoznaqnosti v traktu-

vann� eksperimental~nih rezul~tat�v pri dosl�d�en-

n�h kristal�v, osoblivo nesum�rnih, de mo�e spo-

ster�gatis~ nizka fazovih perehod�v, neobh�dno

obov'�zkovo zvernuti uvagu na Ýhn� p�roelektriqn� �

p'zoelektriqn� parametri � perekonatis~ u v�dsut-

nost� Ýhn~ogo vplivu na rezul~tati vim�r�vann�.
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PHYROELECTROLUMINESCENSE AND ITS INFLUENCE ON THE STRUCTURE
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A temperature dependence of a crystal lattice constant as well as a linear thermal expansion for the Li
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(TBL) crystals were observed to have a cascade of jumps within the temperature range of 77{293 K. Some authors

refer these jumps to a cascade of phases transitions in incommensurate phases. However these authors do not take

into account that TBL is a very good pyroelectric material. In the given work it is proved that observable jumps

are connected with piroelectric and piezoelectric byproperties of TBL. Therefore theoretical accounts of the value

of the deformation of the TBL crystal for the direction [001] are conducted. It turns out that a change of the

temperature of the crystal for some degrees is already su�cient for the occurence of such a value of the pyrocharge

that the deformation arisen as a result of the inverse piezoelectricity could be �xed by the dilattometer. A jump

will be formed at the electrical breakdown into the surrounding atmosphere at the electrical �eld of 10

5

V/cm and

is accompanied by pyroelectroluminescence (PEL). Thus a cascade of phase transitions in the TBL crystals in the

temperature interval of 77{293 K does not exist.
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