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Äîñëiäæåíî iíôðà÷åðâîíi ñïåêòðè âiäáèâàííÿ êðèñòàëà (NH4)2BeF4 äëÿ
òðüîõ ïîëÿðèçàöié ñâiòëà â øèðîêîìó ñïåêòðàëüíîìó äiàïàçîíi 500. . . 4000
ñì�1. Âèÿâëåíî øiñòü ñìóã âiäáèâàííÿ, ÿêi âiäïîâiäàþòü êîëèâíèì äåôîð-
ìàöiéíèì òà ëiáðàöiéíèì ìîäàì òåòðàåäðiâ BeF2−

4 òà NH+
4 . Äîñëiäæåíî

âïëèâ îäíîâiñíîãî òèñêó íà ïîâåäiíêó I×-ñïåêòðiâ âiäáèâàííÿ öüîãî êðèñòà-
ëà. Âèÿâëåíî çíà÷íó çìiíó iíòåíñèâíîñòåé òà ïîëîæåííÿ ñìóã âiäáèâàííÿ,
ùî âiäïîâiäàþòü çà êîëèâàííÿ òåòðàåäðè÷íî¨ ãðóïè BeF2−

4 . Áàðè÷íå çìi-
ùåííÿ ñìóã âiäáèâàííÿ, ÿêi âiäïîâiäàþòü êîëèâàííÿì òåòðàåäðè÷íèõ ãðóï
NH+

4 , ¹ íåçíà÷íèì, ùî ñâiä÷èòü ïðî âèçíà÷àëüíèé âïëèâ êîëèâàíü òåòðàå-
äðà BeF2−

4 íà ôiçè÷íi âëàñòèâîñòi êðèñòàëà.

Êëþ÷îâi ñëîâà: iíôðà÷åðâîíi ñïåêòðè, êðèñòàë, îäíîâiñíèé òèñê, âiäáè-
âàííÿ.

1. Âñòóï

Êðèñòàëè ôòîðáåðèëàòó àìîíiþ (ÔÁÀ, (NH4)2BeF4) ¹ êëàñè÷íèìè ïðåäñòàâíè-
êàìè øèðîêî¨ ãðóïè äiåëåêòðè÷íèõ êðèñòàëiâ òèïó À2ÂÕ4, ùî âîëîäiþòü äâîìà
ôàçîâèìè ïåðåõîäàìè i, âiäïîâiäíî, ìàþòü òðè ðiçíi ôàçè. Ó íèçüêîòåìïåðàòóðíié
îáëàñòi (T < 175 K) âîíè ïåðåáóâàþòü ó ñåãíåòîåëåêòðè÷íié ôàçi ç ïðîñòîðîâîþ
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ãðóïîþ ñèìåòði¨ Pcn21 [1�4]. Ìiæ 175 K i 182 K êðèñòàëè âîëîäiþòü íåñóìiðíîþ
ôàçîþ ç âåêòîðîì ìîäóëÿöi¨ q = 0, 5 a∗ [4, 5]. Ó âèñîêîòåìïåðàòóðíié îáëàñòi (T >
182 K) êðèñòàë ïåðåáóâà¹ â ïàðàåëåêòðè÷íié ôàçi. Çà êiìíàòíî¨ òåìïåðàòóðè êðè-
ñòàë íàëåæèòü äî ïðîñòîðîâî¨ ãðóïè ñèìåòði¨ Pnma i âîëîäi¹ íåçíà÷íîþ äèñòîðñi¹þ
òåòðàåäðè÷íî¨ ãðóïè BeF2−

4 [5�7].

Äâîïðîìåíåçàëîìëþþ÷i âëàñòèâîñòi êðèñòàëiâ (NH4)2BeF4 ðàíiøå âèâ÷àëè äî-
ñëiäíèêè â ðîáîòàõ [8�10]. Ó ïàðàôàçi äâîïðîìåíåçàëîìëåííÿ ïðàêòè÷íî ëiíiéíî
çìiíþ¹òüñÿ ç òåìïåðàòóðîþ, ëèøå äëÿ b-çðiçó ñïîñòåðiãàþòüñÿ âiäõèëåííÿ âiä ëiíié-
íî¨ çàëåæíîñòi â ðàéîíi 3 K âèùå Ti. Â îêîëi ñåãíåòîåëåêòðè÷íîãî ôàçîâîãî ïåðåõîäó
(ÔÏ) Tc íå âèÿâëåíî ïîìiòíèõ àíîìàëié ∆ni.

Âèìiðþâàííÿ òåìïåðàòóðíèõ çàëåæíîñòåé êóòà ìiæ îïòè÷íèìè îñÿìè êðèñòàëó
ÔÁÀ äàëî çìîãó âñòàíîâèòè, ùî çà êiìíàòíî¨ òåìïåðàòóðè âií � îïòè÷íî âiä'¹ìíèé,
áiñåêòðèñîþ ãîñòðîãî êóòà ¹ âiñü Y , ïëîùèíîþ îïòè÷íèõ îñåé � ïëîùèíà XOY , êóò
ìiæ îïòè÷íèìè îñÿìè âîëîäi¹ ñëàáêîþ ñïåêòðàëüíîþ çàëåæíiñòþ i äîðiâíþ¹ 16o äëÿ
632,8 íì i 16,5o äëÿ 441 íì. Ïðè íàãðiâàííi çðàçêà êóò ìiæ îïòè÷íèìè îñÿìè çìåí-
øó¹òüñÿ i çà òåìïåðàòóðè 309 K êðèñòàë ÔÁÀ ñòà¹ îïòè÷íî îäíîâiñíèì ïðàêòè÷íî â
óñüîìó äîñëiäæóâàíîìó ñïåêòðàëüíîìó äiàïàçîíi. Çà ôîðìîþ îïòè÷íî¨ iíäèêàòðèñè
êðèñòàëà ÔÁÀ ìîæíà âèäiëèòè òðè òåìïåðàòóðíèõ äiàïàçîíè: â ïåðøîìó nz > nx >
ny; â äðóãîìó: nx > nz > ny; ïðè îäíîâiñíèõ ñòàíàõ: nx = nz > ny. Îïòè÷íèé çíàê
êðèñòàëà ïðè ñèìåòðiéíèõ ïåðåòâîðåííÿõ íå çìiíþ¹òüñÿ, êðèñòàë âåñü ÷àñ çàëèøà-
¹òüñÿ îïòè÷íî âiä'¹ìíèì.

Äîñëiäæåííÿ âïëèâó ìåõàíi÷íîãî íàâàíòàæåííÿ íà äâîïðîìåíåçàëîìëþþ÷i âëà-
ñòèâîñòi êðèñòàëiâ ÔÁÀ ïîêàçàëî, ùî ñïîíòàííi ïðèðîñòè δ(∆ni) ëiíiéíî çàëåæàòü
âiä íàâàíòàæåííÿ, ïðè÷îìó ãiñòåðåçèñ δ(∆ni) âiäñóòíié. [11, 12]. Öi æ çàëåæíîñòi,
ïðîìiðÿíi â ïàðàôàçi çà òèõ ñàìèõ óìîâ åêñïåðèìåíòó ïðîÿâëÿþòü ëiíiéíèé õàðà-
êòåð i âiäñóòíiñòü ãiñòåðåçèñó. Äîñëiäæåííÿ ñïåêòðàëüíèõ çàëåæíîñòåé ∆ni êðèñòà-
ëà ÔÁÀ äëÿ ðiçíèõ çà âåëè÷èíîþ i íàïðÿìiâ òèñêiâ ïîêàçàëî, ùî íàïðóæåííÿ σm

âåäóòü äî ðiçíèõ çà âåëè÷èíîþ çìií ∆ni. Êðèâi ∆ni(λ) ïiä äi¹þ òèñêó ÿêiñíî íå
çìiíþþòüñÿ, îäíàê ¨õíÿ äèñïåðñiÿ çìiíþ¹òüñÿ.

Ðàíiøå iíôðà÷åðâîíi ñïåêòðè êðèñòàëiâ ÔÁÀ â ñïåêòðàëüíîìó äiàïàçîíi
300. . . 4000 ñì−1 âæå áóëè äîñëiäæåíi. Âèÿâëåíî ñìóãè, ÿêi âiäïîâiäàþòü ðiçíèì âíó-
òðiøíiì êîëèâàííÿì iîíiâ NÍ+

4 i BeF2−
4 (∼ 370 ñì−1 i ∼ 100 ñì−1), à òàêîæ äåêiëüêà

ñìóã, çóìîâëåíèõ êîìáiíàöi¹þ öèõ ìîä [13].

Îäíàê äîñëiäæåíü âïëèâó îäíîâiñíîãî íàâàíòàæåííÿ íà ïîâåäiíêó I×-ñïåêòðiâ
öèõ êðèñòàëiâ íå ïðîâåäåíî. Òîìó ìåòà ðîáîòè � äîñëiäèòè âïëèâ òèñêó íà I×-
ñïåêòðè âiäáèâàííÿ êðèñòàëiâ ÔÁÀ i ïîðiâíÿííÿ ¨¨ ç áàðè÷íèìè çìiíàìè äâîïðî-
ìåíåçàëîìëåííÿ.

2. Ìåòîäèêà äîñëiäæåíü

Äîñëiäæóâàíi ó ðîáîòi êðèñòàëè ÔÁÀ îòðèìóâàëèñü øëÿõîì âèðîùóâàííÿ ç
âîäíîãî ðîç÷èíó ìåòîäîì ïîâiëüíîãî âèïàðîâóâàííÿ ðîç÷èííèêà ïðè çàäàíèõ óìî-
âàõ (ñòàëî¨ òåìïåðàòóðè ðîñòó tp, ïåðåñè÷åííÿ δ, pH ñåðåäîâèùà òà ãiäðîñòàòè÷íèõ
óìîâàõ) [14]. Ñåðåäíÿ øâèäêiñòü ðîñòó ñòàíîâèëà 0,1 ± 0,05 ìì/äîáó. Âïðîäîâæ 30�
40 äiá âèðîñòàëè îïòè÷íî îäíîðiäíi êðèñòàëè ÔÁÀ îá'¹ìîì ïðèáëèçíî 4×5×5 ñì3.
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Çðàçêè âèðiçàëè ç âåëèêèõ ìîíîêðèñòàëiâ i îði¹íòóâàëè âiäíîñíî êðèñòàëîôi-
çè÷íèõ îñåé çà äîïîìîãîþ ïîëÿðèçàöiéíîãî ìiêðîñêîïà òà çà âèäîì êîíîñêîïi÷íèõ
êàðòèí. Äëÿ äîñëiäæåííÿ I×-ñïåêòðiâ âiäáèâàííÿ íåîáõiäíi çðàçêè ó âèãëÿäi ïàðà-
ëåëåïiïåäà ç äîâæèíàìè ðåáåð ïðèáëèçíî 2�5 ìì ç âèñîêèì ñòóïåíåì ïàðàëåëüíîñòi
ãðàíåé. Äëÿ äîñëiäæåíü âïëèâó çîâíiøíiõ òèñêiâ õàðàêòåðíi ðîçìiðè çðàçêiâ ñòàíî-
âèëè 3�5 ìì.

Åêñïåðèìåíòàëüíå äîñëiäæåííÿ I×-ñïåêòðiâ äçåðêàëüíîãî âiäáèâàííÿ êðèñòàëiâ
ÔÁÀ â óìîâàõ îäíîâiñíèõ òèñêiâ ïðîâîäèëè çà äîïîìîãîþ I×-ñïåêòðîôîòîìåòðà UR-
20. Äëÿ âèìiðþâàííÿ ñïåêòðiâ âiäáèâàííÿ âèêîðèñòàíî ïðèñòàâêó ATR-2, ÿêà ïîáó-
äîâàíà íà îñíîâi äçåðêàëüíî-ëiíçîâî¨ îïòèêè. Çàìiñòü ïðèçìè ïîâíîãî âíóòðiøíüîãî
âiäáèâàííÿ ó ïðèñòàâöi âñòàíîâëåíî òðèìà÷, â ÿêîìó ðîçìiùóâàâñÿ äîñëiäæóâàíèé
çðàçîê. Äëÿ iíäóêóâàííÿ îäíîâiñíèõ òèñêiâ óçäîâæ âèáðàíèõ íàïðÿìiâ âèêîðèñòàíî
ñïåöiàëüíèé êðèñòàëîòðèìà÷. ßê äèñïåðãóþ÷èé åëåìåíò âèêîðèñòàíi ïðèçìè, âèãî-
òîâëåíi ç KBr, NaCl i LiF. Êîìáiíóâàííÿ öèõ ïðèçì äà¹ çìîãó ïðàöþâàòè ó äiàïàçîíi
õâèëüîâèõ ÷èñåë 400 � 5000 ñì−1 (25 � 2 ìêì). Äëÿ çàïèñó ñïåêòðiâ âèêîðèñòàíî ñà-
ìîðîáíèé óçãîäæóâàëüíèé ïðèñòðié, ÿêèé äàâàâ ìîæëèâiñòü âèâîäèòè ðåçóëüòàòè
âèìiðþâàíü îäðàçó íà êîìï'þòåð.

Ïåðåâiðêó ãðàäóþâàííÿ âiäëiêîâîãî ïðèñòðîþ õâèëüîâèõ ÷èñåë (ñì�1) çäiéñíþ-
âàëè çà ñïåêòðàìè ïîãëèíàííÿ âiäîìîãî ìàòåðiàëó. Äëÿ öüîãî çàïèñóâàëè ñïåêòð
ïîãëèíàííÿ ïëiâêè ïîëiñòèðîëó i ïîðiâíþâàëè éîãî ç ëiòåðàòóðíèìè äàíèìè. Ïåðå-
âiðêà ïîêàçàëà çìiùåííÿ óñüîãî ñïåêòðà â áiê çðîñòàííÿ õâèëüîâîãî ÷èñëà íà 14 ñì�1.
Çìiùåííÿ, îòðèìàíå â ðåçóëüòàòi òàêî¨ ïåðåâiðêè, âðàõîâàíî ïiä ÷àñ äîñëiäæåííÿ
ñïåêòðiâ âiäáèâàííÿ êðèñòàëiâ ÔÁÀ.

3. Ðåçóëüòàòè äîñëiäæåíü

Íà ðèñóíêó 1 çîáðàæåíî I×-ñïåêòðè âiäáèâàííÿ êðèñòàëà ÔÁÀ â ñïåêòðàëüíîìó
äiàïàçîíi 500�4000 ñì−1 äëÿ X-ïîëÿðèçàöi¨ ñâiòëà. Ç ðèñóíêà âèäíî äåêiëüêà ÷iòêèõ
ñìóã. Ó öüîìó äiàïàçîíi â ñïåêòðàõ âiäáèâàííÿ êðèñòàëà ÔÁÀ äëÿ òðüîõ ïîëÿðèçàöié
ñâiòëà iñíó¹ øiñòü ÷iòêèõ ñìóã ç ìàêñèìóìàìè ïðè 3386 ñì−1 (ñìóãà I), 2208 ñì−1

(ñìóãà II), 1646 ñì−1 (ñìóãà III, íàéáiëüø iíòåíñèâíà), 800 ñì−1 (ñìóãà IV), 675 ñì−1

(ñìóãà V) i 593 ñì−1 (ñìóãà VI). Ñìóãè I, II i III âiäïîâiäàþòü êîëèâàííÿì òåòðàåäðà
NH+

4 , à ñìóãè IV, V i VI � êîëèâàííÿì òåòðàåäðà BeF2−
4 .

Ç ïîïåðåäíiõ äîñëiäæåíü âiäîìî, ùî äiëÿíêà ñïåêòðà 10�400 ñì−1 âiäïîâiäà¹  ðà-
òêîâèì êîëèâàííÿì NH+

4 , ÿêi ¹ âèçíà÷àëüíèìè äëÿ ñåãíåòîàêòèâíîãî ñòàíó öüîãî
êðèñòàëó, à äiëÿíêà ñïåêòðà 400�4000 ñì−1 âiäïîâiäà¹ âíóòðiøíiì êîëèâàííÿì iîíiâ
NH+

4 i BeF2−
4 [13].

Çãiäíî ç òåîði¹þ ãðóï âiëüíèé ðàäèêàë òåòðàåäðè÷íî¨ ñòðóêòóðè ìà¹ ñèìåòðiþ
Òd i 9 âíóòðiøíiõ ìîä: îäíó ïîçäîâæíþ (ν1), ïîäâiéíó ïîïåðå÷íó (ν2), ïîòðiéíó
ïîçäîâæíþ (ν3) i ïîòðiéíó ïîïåðå÷íó (ν4), ñåðåä ÿêèõ ëèøå ν3 i ν4 ¹ àêòèâíèìè â
I× äiëÿíöi ñïåêòðà. Ìîäè ν1 i ν2 â êðèñòàëi çàçíàþòü ðîçùåïëåííÿ íà íåâèðîäæåíi
ìîäè i ñòàþòü òàêîæ àêòèâíèìè â I× äiëÿíöi.

Øèðîêà ñìóãà â ðàéîíi 3386 ñì−1, ÿêà âiäïîâiäà¹ äåôîðìàöiéíèì êîëèâàí-
íÿì çâ'ÿçêó N�H òåòðàåäðè÷íî¨ ãðóïè NH+

4 , ôîðìó¹òüñÿ ìîäàìè ν3 i ν4. Ñìóãà II
ôîðìó¹òüñÿ 2ν2 îáåðòîíàìè. Ìîäà ν4 ïðîÿâëÿ¹ ñåáå iíòåíñèâíîþ ñìóãîþ â îêîëi
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1646 ñì−1 (ñìóãà III).

Ñìóãà IV ôîðìó¹òüñÿ êîìáiíàöi¹þ ìîä ν1 + ν4, ñìóãà V � ìîä ν2 + ν4, òîäi ÿê
ñìóãà VI âèçíà÷à¹òüñÿ êîìáiíàöi¹þ ïîïåðå÷íî¨ ν4 i ëiáðàöiéíî¨ l ìîä ν4 + l.

Íà öüîìó æ ðèñóíêó ïîêàçàíî I×-ñïåêòðè âiäáèâàííÿ îäíîâiñíî çàòèñíóòîãî êðè-
ñòàëà (NH4)2BeF4 çà êiìíàòíî¨ òåìïåðàòóðè. Íàéáiëüø ÷óòëèâèìè äî äi¨ òèñêiâ ¹
ñìóãè, ùî âiäïîâiäàþòü çà êîëèâàííÿ òåòðàåäðà BeF2−

4 . Òàê ñìóãè VI i V çìiùó-
þòüñÿ ó âèñîêîåíåðãåòè÷íèé áiê äî 558 ñì−1 i 626 ñì−1, à ñìóãà IV � â íèçüêî-
åíåðãåòè÷íèé áiê äî 822 ñì−1. Áàðè÷íå çìiùåííÿ ñìóã VI i V ñòàíîâèòü dν/dσ ∼
0,4. . . 0,54 ñì−1/áàð.

Ïîäiáíi çìiíè â iíòåíñèâíîñòÿõ òà áàðè÷íèõ çìiùåííÿõ ïîëîæåííÿ îñíîâíèõ ïiêiâ
çàôiêñîâàíi é äëÿ Y òà Z-ïîëÿðèçàöié ñâiòëà.

a)

á)

Ðèñ. 1: I×-ñïåêòðè âiäáèâàííÿ ìåõàíi÷íî âiëüíîãî òà îäíîâiñíî çàòèñíóòîãî êðèñòàëà
(NH4)2BeF4 çà êiìíàòíî¨ òåìïåðàòóðè ó ñïåêòðàëüíîìó äiàïàçîíi: à)500-850 ñì−1; á)1100-
4000 ñì−1.

Ñìóãè I i III ïðàêòè÷íî íå ÷óòëèâi äî äi¨ îäíîâiñíèõ íàâàíòàæåíü, òîäi ÿê ñìóãà
III çìiùó¹òüñÿ â íèçüêîåíåðãåòè÷íèé áiê äî 2214 ñì−1.

Òàêà ïîâåäiíêà, íà íàøó äóìêó, çóìîâëåíà âïëèâîì îäíîâiñíîãî íàâàíòàæåííÿ
íà ñòðóêòóðó êðèñòàëà. Âiäîìî, ùî çà êiìíàòíî¨ òåìïåðàòóðè ñòðóêòóðà îïèñó¹òüñÿ
ïðîñòîðîâîþ ãðóïîþ ñèìåòði¨ Pnma [3, 4]. Ïðè öüîìó òåòðàåäðè÷íi ãðóïè BeF2−

4

äåùî ñïîòâîðåíi, à ñïîòâîðåííÿ äâîõ íååêâiâàëåíòíèõ àìîíiéíèõ iîíiâ âiäðiçíÿþòüñÿ
äîñèòü ñèëüíî. Çîêðåìà, NH+

4 (1), â îêîëi ÿêîãî ï'ÿòü BeF2−
4 - iîíiâ, ñïîòâîðåíèé
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ïîðiâíÿíî ñëàáî, òîäi ÿê â NH+
4 (2) (ç øiñòüìà BeF2−

4 - ãðóïàìè â íàéáëèæ÷îìó
îêîëi) ñïîòâîðåííÿ ñóòò¹âî ñèëüíiøi. Çàãàëîì ñòðóêòóðó êðèñòàëà ÔÁÀ â ïàðàôàçi
ìîæíà ðîçãëÿäàòè ÿê ÷àñòêîâî ðîçóïîðÿäêîâàíèé ñòàí âiäíîñíî ìàëèõ ïîâîðîòiâ
ãðóï BeF2−

4 ïåðåâàæíî íàâêîëî ïñåâäîãåêñàãîíàëüíî¨ îñi X [3�5].
Î÷åâèäíî, ùî ïðèêëàäàííÿ îäíîâiñíîãî íàâàíòàæåííÿ ïðèâîäèòèìå äî ïîâîðîòiâ

òà çìiùåíü òåòðàåäðè÷íèõ ãðóï NH+
4 òà BeF2−

4 . Çíà÷íà ÷óòëèâiñòü äî îäíîâiñíîãî
íàâàíòàæåííÿ ïîëîæåííÿ òà iíòåíñèâíîñòåé ñìóã IV, V i VI çóìîâëåíà, î÷åâèäíî,
çíà÷íèì âïëèâîì íà ðîçóïîðÿäêóâàííÿ ìàëèõ ïîâîðîòiâ ãðóïè BeF2−

4 . Îñêiëüêè âå-
ëèêi áàðè÷íi çìiíè ÿê ïî iíòåíñèâíîñòi, òàê i ïî ÷àñòîòi âèÿâëåíi äëÿ ñìóãè ν6, ÿêà
âiäïîâiäàëüíà çà êîëèâàííÿ òåòðàåäðà BeF2−

4 , òî ìîæíà ïðèïóñòèòè, ùî öi êîëèâàí-
íÿ çíà÷íîþ ìiðîþ âèçíà÷àþòü ôiçè÷íi âëàñòèâîñòi öüîãî êðèñòàëà. Õî÷à íå ìîæíà
çìåíøèòè ðîëü êîëèâàíü òåòðàåäðè÷íèõ ãðóï NH+

4 .
Ðàíiøå ïîäiáíà ïîâåäiíêà â áàðè÷íié çìiíi I×-ñïåêòðiâ âiäáèâàííÿ áóëà âèÿâëåíà

äëÿ içîìîðôíèõ êðèñòàëiâ (NH4)2SO4 òà LiNH4SO4 [15, 16]. Ïîëîæåííÿ ìàêñèìóìiâ
ñìóã âiäáèâàííÿ ν3 i ν4 â Õ-íàïðÿìêó êðèñòàëà (NH4)2SO4 çìiùóþòüñÿ íà 5 ñì�1 i
4 ñì�1 â äîâãîõâèëüîâó äiëÿíêó ñïåêòðà, âiäïîâiäíî. Äëÿ êðèñòàëà LiNH4SO4 ïîëî-
æåííÿ ñìóãè ν3 çìiùó¹òüñÿ íà 14 ñì�1 â äîâãîõâèëüîâó, à ïîëîæåííÿ ñìóãè ν4 íà 3
ñì�1 â êîðîòêîõâèëüîâó äiëÿíêó ñïåêòðà. Ïîëîæåííÿ ìàêñèìóìiâ ñìóã âiäáèâàííÿ ν3
i ν4 â Y -íàïðÿìi êðèñòàëà (NH

+
4 )2SO4 çìiùóþòüñÿ íà 4 ñì

�1 i 3 ñì�1 â êîðîòêîõâèëüî-
âó äiëÿíêó, âiäïîâiäíî, òîäi ÿê äëÿ êðèñòàëà ËÀÑ ïîëîæåííÿ ñìóãè ν3 çìiùó¹òüñÿ
íà 23 ñì�1 i 1 ñì�1 â äîâãîõâèëüîâó, âiäïîâiäíî. Ó Z-íàïðÿìi êðèñòàëà (NH4)2SO4

ñìóãè ν3 i ν4 çìiùóþòüñÿ íà 3 ñì�1 i 4 ñì�1 â êîðîòêîõâèëüîâó äiëÿíêó, âiäïîâiäíî,
à äëÿ êðèñòàëà LiNH4SO4 ñìóãà ν3 çìiùó¹òüñÿ íà 17 ñì�1 â äîâãîõâèëüîâó, à ñìóãà
ν4 � íà 6 ñì�1 â êîðîòêîõâèëüîâó äiëÿíêó ñïåêòðà, âiäïîâiäíî.

4. Âèñíîâêè

Ó ðîáîòi äîñëiäæåíî I×-ñïåêòðè âiäáèâàííÿ êðèñòàëà ÔÁÀ äëÿ òðüîõ ïîëÿðè-
çàöié ñâiòëà â øèðîêîìó ñïåêòðàëüíîìó äiàïàçîíi 500. . . 4000 ñì�1. Âèÿâëåíî øiñòü
ñìóã âiäáèâàííÿ, ùî âiäïîâiäàþòü êîëèâíèì äåôîðìàöiéíèì òà âiáðàöiéíèì ìîäàì
òåòðàåäðiâ BeF2−

4 òà NH+
4 . Äîñëiäæåíî âïëèâ îäíîâiñíîãî òèñêó íà ïîâåäiíêó I×-

ñïåêòðiâ âiäáèâàííÿ êðèñòàëà. Âèÿâëåíî çíà÷íó çìiíó iíòåíñèâíîñòåé òà ïîëîæåííÿ
ñìóã VI, V (ó âèñîêîåíåðãåòè÷íèé áiê) òà ñìóãè IV (ó íèçüêîåíåðãåòè÷íèé áiê), ùî
âiäïîâiäàþòü çà êîëèâàííÿ òåòðàåäðà BeF2−

4 . Áàðè÷íå çìiùåííÿ ñìóã I, II i III,
ÿêi âiäïîâiäàþòü êîëèâàííÿì òåòðàåäðè÷íèõ ãðóï NH+

4 , ¹ íåçíà÷íèì. Öå ñâiä÷èòü
ïðî òå, ùî êîëèâàííÿ òåòðàåäðà BeF2−

4 ãîëîâíî âèçíà÷àþòü ôiçè÷íi âëàñòèâîñòi
êðèñòàëà.

Ïîäÿêè. Ðîáîòà âèêîíàíà â ðàìêàõ ïðî¹êòó �Preludium 15� ãðàíò
� 2018/29/N/ST3/02901, �Òåîðåòè÷íå äîñëiäæåííÿ ôiçè÷íèõ âëàñòèâîñòåé õàëü-
êîïiðèòíèõ íàïiâïðîâiäíèêiâ äëÿ çàñòîñóâàíü ó ôîòîåëåêòðè÷íèõ êîìiðêàõ� (This
work was supported by Pîlish National Science Center, �Preludium 15� program,
grant No. 2018/29/N/ST3/02901, �Theoretical investigation of physical properties of
chalcopyrite semiconductors for solar cell applications�.)
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Crystals of ammonium �uoroberylate (AFB, (NH4)2BeF4) are typical
representatives of a wide group of dielectric crystals of A2ÂÕ4 type, which have
two phase transitions and, accordingly, possess three di�erent phases. In the
high-temperature region (T > 182 K) AFB is in the paraelectric phase. At room
temperature, the crystal belongs to the Pnma spatial symmetry group and has a
slight distortion of the BeF2−

4 tetrahedral group. Previously, IR spectra of FBA
crystal were studied in the spectral range of 300�4000 cm−1. Bands correspondi-
ng to di�erent internal vibrations of NÍ+

4 and BeF2−
4 ions (∼370 cm−1 and

∼100 cm−1) were detected, as well as several bands caused by a combination
of these modes. However, studies of the in�uence of uniaxial loading on the
behavior of the IR spectra of these crystals have not been conducted. A preli-
minary study of the e�ect of mechanical loading on the birefringent properti-
es of AFB crystals showed that the spontaneous increments of birefringence
depend linearly on the load, and hysteresis of changes was not detected. Study of
spectral dependences of birefringence of the AFB crystal for pressures of di�erent
magnitudes and directions showed that stresses σm lead to changes in ∆ni of
di�erent magnitudes. Dispersion curves of birefringence do not change qualitati-
vely under pressures applied, but their absolute values are altered.In this work,
the IR re�ection spectra of the AFB crystal were investigated for three polari-
zations of light in a wide spectral range of 500�4000 cm−1. Six re�ection bands
corresponding to vibrational deformation and librational modes of BeF2−

4 and
NH+

4 tetrahedra were detected. The e�ect of uniaxial pressure on the behavior
of the IR re�ection spectra of this crystal was investigated. A signi�cant change
in the intensities and positions of the re�ection bands responsible for the osci-
llations of the BeF2−

4 tetrahedral group was revealed. The baric displacement of
the re�ection bands, which correspond to the vibrations of the NH+

4 tetrahedral
groups, is insigni�cant, indicating the determining in�uence of the vibrations of
the BeF2−

4 tetrahedron on the physical properties of the crystal.

Key words: infrared spectra, crystal, uniaxial stress, re�ection.


