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Â ðàáîòå èçó÷åíû êîëëåêòèâíûå (êîëåáàòåëüíûå) âîçáóæäåíèÿ â ìîëåêóëÿðíûõ 
êðèñòàëëàõ. Ïîñêîëüêó ñîîòâåòñòâóþùèå ìîëåêóëÿðíûå âçàèìîäåéñòâèÿ 
õàðàêòåðèçóþòñÿ ìàëûì ðàäèóñîì, ðåçóëüòàòû èññëåäîâàíèÿ âàæíû äëÿ 
ðåøåíèÿ ïðîáëåì ìîëåêóëÿðíîé è íàíîýëåêòðîíèêè. 
 Ðàáîòà ñîäåðæèò ðåçóëüòàòû èññëåäîâàíèÿ ðåçîíàíñíîãî (äàâûäîâñêîãî) 
ðàñùåïëåíèÿ ìàÿòíèêîâûõ êîëåáàíèé ÑÍ2 ãðóïï  â  ÈÊ  ñïåêòðàõ  ïîãëîùåíèÿ  
÷åòíûõ ãîìîëîãîâ êðèñòàëëîâ äèêàðáîíîâûõ êèñëîò ÍÎÎÑ(ÑÍ2)nÑÎÎÍ 
(ïðîñòðàíñòâåííàÿ ãðóïïà ñèììåòðèè P21/a). Ñ ïîìîùüþ ïîëÿðèçàöèîííûõ 
èçìåðåíèé  ÈÊ  ñïåêòðîâ  ïîãëîùåíèÿ  â  øèðîêîì  èíòåðâàëå  òåìïåðàòóð  (100-
300 Ê) èññëåäîâàíà òåìïåðàòóðíàÿ çàâèñèìîñòü âåëè÷èíû äàâûäîâñêîãî 
ðàñùåïëåíèÿ ñåðèè ïîëîñ ìàÿòíèêîâûõ êîëåáàíèé ìåòèëåíîâûõ ãðóïï â 
ñïåêòðàëüíîì äèàïàçîíå 700-1100 ñì – 1 äëÿ ãîìîëîãîâ ñ ÷èñëîì àòîìîâ óãëåðîäà 
n  4-10. Ïðîâåäåíà èíòåðïðåòàöèÿ ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé 
ìåòèëåíîâûõ ãðóïï â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ êðèñòàëëîâ ÷åòíûõ ãîìîëîãîâ 
äèêàðáîíîâûõ êèñëîò. Íà îñíîâå òåîðåòè÷åñêîãî ðàñ÷åòà íîðìàëüíûõ êîëåáàíèé 
è îòíåñåíèÿ íàáëþäàåìûõ ïîëîñ ïîãëîùåíèÿ ê êîëåáàíèÿì ðàçëè÷íîãî òèïà 
ñèììåòðèè áûëî ïîêàçàíî, ÷òî ñåðèÿ ïîëîñ ìàÿòíèêîâûõ êîëåáàíèé â ñïåêòðàõ 
èññëåäóåìûõ êèñëîò ìîæåò áûòü èíòåðïðåòèðîâàíà êàê êîëåáàíèå n – 2 
ìåòèëåíîâûõ ãðóïï, ñâÿçàííûõ êîëëåêòèâíûì âçàèìîäåéñòâèåì, â îòëè÷èå îò 
ñëó÷àÿ íîðìàëüíûõ ïàðàôèíîâ, äëÿ êîòîðûõ âñå ìåòèëåíîâûå ãðóïïû 
ïðèíèìàþò ó÷àñòèå â ìàÿòíèêîâûõ êîëåáàíèÿõ. Ïðîàíàëèçèðîâàíà 
çàâèñèìîñòü âåëè÷èíû äàâûäîâñêîãî ðàñùåïëåíèÿ îò ÷èñëà ìåòèëåíîâûõ ãðóïï â 
ìîëåêóëå êèñëîòû, è ïîêàçàíî, ÷òî ýòà âåëè÷èíà âîçðàñòàåò ïðîïîðöèîíàëüíî 
äëèíå ìåòèëåíîâîé öåïè. 
 

Êëþ÷åâûå ñëîâà: ÄÀÂÛÄÎÂÑÊÎÅ ÐÀÑÙÅÏËÅÍÈÅ, ÄÈÊÀÐÁÎÍÎÂÛÅ 
ÊÈÑËÎÒÛ, ÈÊ ÑÏÅÊÒÐÛ, ÏÎÃËÎÙÅÍÈÅ, ÍÎÐÌÀËÜÍÛÅ ÊÎËÅÁÀÍÈß. 
 
(Ïîëó÷åíî 02.11.2009, â îòðåäàêòèîâàííîé ôîðìå – 09.12.2009). 
 
1. ÂÂÅÄÅÍÈÅ 
 

Èçó÷åíèå êîëëåêòèâíûõ ìîëåêóëÿðíûõ (ýëåêòðîííûõ èëè êîëåáàòåëüíûõ) 
âîçáóæäåíèé â ìîëåêóëÿðíûõ êðèñòàëëàõ, ïðåäñòàâëÿþùèõ ñîáîé 
âîçáóæäåíèÿ ìàëîãî ðàäèóñà, ÿâëÿåòñÿ âàæíîé äëÿ ìîëåêóëÿðíîé è íàíî-
ýëåêòðîíèêè ïðîáëåìîé, îò ðåøåíèÿ êîòîðîé çàâèñèò îïèñàíèå 
ìîëåêóëÿðíûõ äèíàìè÷åñêèõ ñèñòåì. Êðîìå òîãî, ðåøåíèå òàêîé ïðîáëåìû 
ñïîñîáñòâóåò ðàçâèòèþ íîâûõ ìåòîäîâ èññëåäîâàíèÿ ìîëåêóëÿðíûõ ñèñòåì â 
íåðàâíîâåñíîì ñîñòîÿíèè. 



 
 
44 Ñ.È. ÊØÍßÊÈÍÀ, Þ.Ì. ËÎÏÀÒÊÈÍ, Ò.À. ÃÀÂÐÈËÊÎ  

 

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå ïðîÿâëåíèÿ 
äàâûäîâñêîãî ðàñùåïëåíèÿ êîëåáàíèé â ÈÊ ñïåêòðàõ ïîãëîùåíèÿ 
êðèñòàëëîâ ðàçëè÷íûõ ãîìîëîãîâ äèêàðáîíîâûõ êèñëîò. 

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íàìè áûëè ðåøåíû òàêèå çàäà÷è: 
- ïðîâåäåíî îòíåñåíèå ïîëîñ ÈÊ ïîãëîùåíèÿ, íàáëþäàåìûõ â 

ñïåêòðàëüíîì äèàïàçîíå 700-1000 ñì – 1 ê îòäåëüíûì êîëåáàíèÿì ñåðèè 
ìàÿòíèêîâûõ êîëåáàíèé ìåòèëåíîâûõ ãðóïï è ïðîâåäåíî ñðàâíåíèå 
ïîëó÷åííûõ äàííûõ ñ ýêñïåðèìåíòàëüíûìè è òåîðåòè÷åñêèìè äàííûìè, 
èìåþùèìèñÿ äëÿ êðèñòàëëîâ n-ïàðàôèíîâ [1]. 

- èññëåäîâàíà çàâèñèìîñòü âåëè÷èíû äàâûäîâñêîãî ðàñùåïëåíèÿ â 
êîëåáàòåëüíûõ ñïåêòðàõ êðèñòàëëîâ äèêàðáîíîâûõ êèñëîò îò ñèììåòðèè 
ïðîñòðàíñòâåííîé ãðóïïû êðèñòàëëà, à òàêæå îò äëèíû ìåòèëåíîâîé öåïè 
è òåìïåðàòóðû. 
 
2. ÝÊÑÏÅÐÈÌÅÍÒ 
 

Ïîëÿðèçîâàííûå ñïåêòðû ÈÊ ïîãëîùåíèÿ ñòàáèëüíûõ ïðè êîìíàòíîé 
òåìïåðàòóðå ìîíîêðèñòàëëîâ ðÿäà ÷åòíûõ ãîìîëîãîâ äèêàðáîíîâûõ 
êèñëîò HOOC(CH2)nCOOH (ãäå n  4,6,8  è  10  –  ÷èñëî  ÑÍ2 ãðóïï  â  
ìîëåêóëå) èçìåðÿëè â îáëàñòè ÷àñòîò ìàÿòíèêîâûõ êîëåáàíèé 
ìåòèëåíîâûõ ãðóïï (700-1000 ñì – 1) ïðè ïîìîùè äâóõëó÷åâîãî 
ñïåêòðîôîòîìåòðà UR-20 (Êàðë Öåéññ, Éåíà) ïðè òåìïåðàòóðå 100 è 300 Ê. 
Ìîíîêðèñòàëëè÷åñêèå îáðàçöû âûðàùèâàëè ìåòîäîì îõëàæäåíèÿ 
ðàñïëàâà, ïîìåùåííîãî ìåæäó äâóìÿ ïëàñòèíêàìè KBr. Îäíîðîäíîñòü 
ïîëó÷åííûõ îáðàçöîâ è îðèåíòàöèÿ êðèñòàëëè÷åñêèõ îñåé ïðîâåðÿëèñü ïðè 
ïîìîùè ïîëÿðèçàöèîííîãî ìèêðîñêîïà. Ñîãëàñíî ïîëÿðèçàöèîííûì 
äàííûì è èìåþùèìñÿ äàííûì ðåíòãåíîñòðóêòóðíîãî àíàëèçà, ïîëó÷åííûå 
ìîíîêðèñòàëëè÷åñêèå ñëîè èìåþò îðèåíòàöèþ ïàðàëëåëüíóþ êðèñòàëëè-
÷åñêîé  ïëîñêîñòè  (ab).  Ïîëÿðèçîâàííîå  ÈÊ  èçëó÷åíèå  íàïðàâëÿëîñü  
ïåðïåíäèêóëÿðíî ïîâåðõíîñòè ìîíîêðèñòàëëà. Èñïîëüçîâàëè äâå 
âçàèìíîïåðïåíäèêóëÿðíûå îðèåíòàöèè âåêòîðà ýëåêòðè÷åñêîãî ïîëÿ 
ïàäàþùåãî ÈÊ èçëó÷åíèÿ E||a è E||b. Äëÿ ñðàâíåíèÿ èññëåäîâàíû òàêæå 
ñïåêòðû ïîðîøêîîáðàçíûõ íàòðèåâûõ ñîëåé àçåëàèíîâîé è ñåáàöèíîâîé 
êèñëîò (n  7 è 8, ñîîòâåòñòâåííî). 
 
3. ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ 
 

×åòíûå è íå÷åòíûå ãîìîëîãè äèêàðáîíîâûõ êèñëîò êðèñòàëëèçóþòñÿ â 
ìîíîêëèííîé ñèíãîíèè ñ äâóìÿ èëè ÷åòûðüìÿ ìîëåêóëàìè â ýëåìåíòàðíîé 
ÿ÷åéêå  [2,  3].  Ìîëåêóëû  â  êðèñòàëëå  ñâÿçàíû  â  áåñêîíå÷íûå  öåïî÷êè  
ïîñðåäñòâîì âîäîðîäíûõ ñâÿçåé (COOH)2 ìåæäó êîíöåâûìè ãðóïïàìè. 
Äëèííàÿ îñü öåïî÷êè íàêëîíåíà ïîä îïðåäåëåííûì óãëîì ê 
êðèñòàëëè÷åñêîé  îñè  ñ.  Óïàêîâêà  öåïî÷åê  îïèñûâàåòñÿ  ïðè  ïîìîùè  
îðòîðîìáè÷åñêîé ïîäúÿ÷åéêè Âàíäà ñ äâóìÿ (ÑÍ2)2 ãðóïïàìè â ÿ÷åéêå. 
Ñèììåòðèÿ ìîëåêóë ÷åòíûõ ãîìîëîãîâ äèêàðáîíîâûõ êèñëîò C2h, à 
íå÷åòíûõ ãîìîëîãîâ C2v. Ñèììåòðèÿ ìîëåêóë íàòðèåâûõ ñîëåé 
äèêàðáîíîâûõ êèñëîò Cs [2]. 

Ñåðèÿ âååðíûõ êîëåáàíèé ìåòèëåíîâûõ ãðóïï, îáóñëîâëåííàÿ 
ñâÿçàííûìè êîëåáàíèÿìè îäèíàêîâûõ ÑÍ2-ãðóïï ïîëíîñòüþ âûòÿíóòîé 
ìåòèëåíîâîé öåïè, ïðîÿâëÿåòñÿ â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ êðèñòàëëîâ 
àëèôàòè÷åñêèõ ñîåäèíåíèé â âèäå ñåðèè óçêèõ ïîëîñ ñðåäíåé 
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èíòåíñèâíîñòè. ×èñëî ïîëîñ â ñåðèè ðàâíî êîëè÷åñòâó ÑÍ2 ãðóïï. Â 
ñîîòâåòñòâèè  ñ  ïðàâèëàìè  îòáîðà  äëÿ  ìîëåêóë  ñ  ñèììåòðèåé  C2h, â 
ñïåêòðàõ ÈÊ ïîãëîùåíèÿ ïðîÿâëÿþòñÿ òîëüêî n/2 êîëåáàíèé ñèììåòðèè 
Au, îñòàëüíûå n/2  êîëåáàíèé  ñèììåòðèè  Bg ïðîÿâëÿþòñÿ òîëüêî â 
ñïåêòðàõ  êîìáèíàöèîííîãî  ðàññåÿíèÿ.  Â  ñëó÷àå  ìîëåêóë  íå÷åòíûõ  
ãîìîëîãîâ  ñ  ñèììåòðèåé  Ñ2v, â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ ïðîÿâëÿþòñÿ 
òîëüêî  êîëåáàíèÿ  ñèììåòðèè  B2, òîãäà êàê îñòàëüíûå êîëåáàíèÿ 
ñèììåòðèè À2 çàïðåùåíû â ÈÊ ñïåêòðàõ. Â òàáëèöàõ 1 è 2 ïðåäñòàâëåíû 
÷àñòîòû ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé, íàáëþäàåìûå â ÈÊ ñïåêòðàõ 
êðèñòàëëîâ n-ïàðàôèíîâ è äèêàðáîíîâûõ êèñëîò. Íàèáîëåå èíòåíñèâíàÿ 
ïîëîñà ñåðèè ñ öåíòðàì íà ÷àñòîòå 720 ñì – 1 ñîîòâåòñòâóåò ñèíõðîííûì 
êîëåáàíèÿì âñåõ CH2 ãðóïï è îáîçíà÷àåòñÿ P1. Äðóãèå ïîëîñû ýòîé ñåðèè 
êîëåáàíèé ìåíüøåé èíòåíñèâíîñòè îáîçíà÷àþòñÿ Ð2, Ð3, P4, P5, ..., P  [1] è 
ñîîòâåòñòâóþò ñâÿçàííûì êîëåáàíèÿì CH2 ãðóïï ñ ðàçëè÷íîé ðàçíîñòüþ 
ôàç ìåæäó ñîñåäíèìè ÑÍ2 ãðóïïàìè. Ñèìâîë  îòíîñèòñÿ ê òàê íàçûâàåìîé 
-ÑÍ2 ãðóïïå, êîòîðàÿ íåïîñðåäñòâåííî ïðèñîåäèíåíà ê êîíöåâîé ãðóïïå 

ìîëåêóë èññëåäóåìîãî ãîìîëîãè÷åñêîãî ðÿäà. 
Êàê  ñëåäóåò  èç  äàííûõ  òàáëèö  1  è  2,  ÷àñòîòû  ïîëîñ  ìàÿòíèêîâûõ  

êîëåáàíèé, íàáëþäàåìûå â ÈÊ ñïåêòðàõ ïîãëîùåíèÿ êðèñòàëëîâ 
äèêàðáîíîâûõ êèñëîò ñ ÷èñëîì n àòîìîâ óãëåðîäà â ìåòèëåíîâîé öåïè, 
ñîîòâåòñòâóþò  ÷àñòîòàì  ïîëîñ  ýòîé  ñåðèè,  íàáëþäàåìîé  â  ñïåêòðàõ  ÈÊ  
ïîãëîùåíèÿ êðèñòàëëîâ n-ïàðàôèíîâ  ñ  ÷èñëîì  ìåòèëåíîâûõ  ãðóïï  
ðàâíûì n – 2. Ðàçóìíî ïðåäïîëîæèòü, ÷òî â ñëó÷àå äèêàðáîíîâûõ êèñëîò 
÷åòíîãî ðÿäà íå âñå ìåòèëåíîâûå ãðóïïû ïðèíèìàþò ó÷àñòèå â ñâÿçàííîì 
ìàÿòíèêîâîì êîëåáàíèè (ìîäåëü ñâÿçàííûõ îñöèëëÿòîðîâ), à òîëüêî (n – 2) 
òàêèõ ãðóïïû. Äâå îñòàâøèåñÿ CH2 ãðóïïû, ÿâëÿþùèåñÿ áëèæàéøèìè ê 
ïîëÿðíûì êîíöåâûì COOH ãðóïïàì, èìåþò äðóãîå ëîêàëüíîå ïîëå è 
ñëåäîâàòåëüíî äðóãóþ ÷àñòîòó êîëåáàíèé, êîòîðàÿ íå çàâèñèò îò äëèíû 
ìåòèëåíîâîé öåïè. Ðàíåå áûëî ïîêàçàíî [3], ÷òî âñëåäñòâèå äåôîðìàöèè 
ìåòèëåíîâîé öåïè âáëèçè äèìåðíîãî êîëüöà (ÑÎÎÍ)2, àòîì óãëåðîäà 
áëèæàéøåé ê ýòîìó êîëüöó ìåòèëåíîâîé -CH2 ãðóïïû íà íåñêîëüêî 
ãðàäóñîâ âûñòóïàåò èç ïëîñêîñòè, îáðàçîâàííîé àòîìàìè óãëåðîäà 
ìåòèëåíîâîé öåïè, ÷òî ïðèâîäèò ê èçìåíåíèþ ñèëîâûõ ïîñòîÿííûõ è 
÷àñòîòû êîëåáàíèé ýòîé ãðóïïû. Ñëåäóåò îòìåòèòü, ÷òî ÷èñëî ÈÊ ïîëîñ 
ïîãëîùåíèÿ,  íàáëþäàåìûõ  â  ñåðèè  ìàÿòíèêîâûõ  êîëåáàíèé  â  ñïåêòðàõ  
äèêàðáîíîâûõ êèñëîò è èõ ñîëåé êîððåëèðóåò ñ ñîîòâåòñòâóþùåé 
ñèììåòðèåé ìîëåêóë â êðèñòàëëå. 

Íà îñíîâå àíàëèçà ñïåêòðîâ ÈÊ ïîãëîùåíèÿ ïîëîñó ñ ÷àñòîòîé 902 ñì – 1 
ìû îòíîñèì ê ìàÿòíèêîâûì êîëåáàíèÿì -CH2 ãðóïïû. Ñëåäóåò òàêæå 
îòìåòèòü óâåëè÷åíèå èíòåíñèâíîñòè ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé â 
ñïåêòðàõ  êðèñòàëëîâ  äèêàðáîíîâûõ  êèñëîò  (ñ  n >  3)  ïî  ñðàâíåíèþ  ñî  
ñïåêòðàìè êðèñòàëëîâ n-ïàðàôèíîâ [5]. Ìû òàêæå íàáëþäàëè ëèøü ñëàáóþ 
òåìïåðàòóðíóþ çàâèñèìîñòü óêàçàííûõ ïîëîñ ïðè îõëàæäåíèè êðèñòàëëà 
âïëîòü äî 100 Ê, ÷òî óêàçûâàåò íà ñîõðàíåíèå ïîëíîñòüþ âûòÿíóòîé trans 
êîíôîðìàöèè ìåòèëåíîâîé öåïè â äàííîì èíòåðâàëå òåìïåðàòóð.  

Â äàííîé ðàáîòå îñíîâíîå âíèìàíèå óäåëÿëîñü èññëåäîâàíèþ âåëè÷èíû 
äàâûäîâñêîãî ðàñùåïëåíèÿ â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ êðèñòàëëîâ 
äèêàðáîíîâûõ êèñëîò. Êàê èçâåñòíî, ÿâëåíèå äàâûäîâñêîãî ðàñùåïëåíèÿ 
íàáëþäàåòñÿ â êîëåáàòåëüíûõ ñïåêòðàõ êðèñòàëëîâ, â ýëåìåíòàðíîé 
ÿ÷åéêå êîòîðûõ ñîäåðæèòñÿ íåñêîëüêî õèìè÷åñêè èäåíòè÷íûõ, íî 
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îðèåíòèðîâàííûõ ïîä óãëîì äðóã ê äðóãó ìîëåêóë, è îáóñëîâëåíî 
ðåçîíàíñíûì âçàèìîäåéñòâèåì òàêèõ ìîëåêóë â êðèñòàëëè÷åñêîé 
ðåøåòêå. Èç òåîðèè ñëåäóåò, ÷òî ÷èñëî êîìïîíåíò äàâûäîâñêîãî 
ìóëüòèïëåòà [4] ðàâíî ÷èñëó ìîëåêóë â ýëåìåíòàðíîé ÿ÷åéêå, à 
êîìïîíåíòû ìóëüòèïëåòà ïîëÿðèçîâàíû âäîëü íàïðàâëåíèÿ 
êðèñòàëëè÷åñêèõ îñåé. Âåëè÷èíà ðàñùåïëåíèÿ îïðåäåëÿåòñÿ âåëè÷èíîé 
ìàòðè÷íîãî ýëåìåíòà ýíåðãèè ìåæìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ è 
çàâèñèò  îò  ðàññòîÿíèÿ  ìåæäó  ñîñåäíèìè  ìîëåêóëàìè  â  ýëåìåíòàðíîé  
ÿ÷åéêå, ÷òî â íàøåì ñëó÷àå ñîîòâåòñòâóåò ðàññòîÿíèþ ìåæäó äëèííûìè 
îñÿìè  ìîëåêóë  äèêàðáîíîâûõ  êèñëîò.  Â  ïðåäûäóùèõ  ðàáîòàõ  [5-7]  
ñîîáùàëîñü îá èññëåäîâàíèè äàâûäîâñêîãî ðàñùåïëåíèÿ â ÈÊ ñïåêòðàõ 
ïîãëîùåíèÿ n-ïàðàôèíîâ, -îëåôèíîâ è n-êàðáîíîâûõ êèñëîò. Áûëî 
ïîêàçàíî, ÷òî àíàëèç òåìïåðàòóðíîé çàâèñèìîñòè âåëè÷èíû äàâûäîâñêîãî 
ðàñùåïëåíèÿ ÿâëÿåòñÿ óäîáíûì ìåòîäîì èññëåäîâàíèÿ äèíàìèêè 
êðèñòàëëè÷åñêîé ðåøåòêè àëèôàòè÷åñêèõ ñîåäèíåíèé ñ ðàçëè÷íîé 
äëèíîé öåïè [6-7]. 
 

Òàáëèöà 1  ×àñòîòû ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé ìåòèëåíîâûõ 
ãðóïï (ñì – 1) (A) 
 

×åòíûå n-ïàðàôèíû 
(Ñ2h) 

Òðèêëèííàÿ 
ñèíãîí³ÿ, Z  l 

×åòíûå äèêàðáîíîâûå êèñëîòû (Ñ2h) 
 

Ìîíîêëèííàÿ ñèíãîíèÿ, Z = 2,4 

n P1 P3 P5 P7 n P1 P3 P5 P  P1 P3 P5 P7 P  

Ï
îë

ÿ
ð
è
- 

çà
ö
è
ÿ
 

77K 300K 100K  
2 733 –  – – 2 – –  – 802* – – –  – – – 
4 720 798 – – 4 734 –  – 901 734 

740 
– 
– 

– 
– 

– 
– 

– 
904 

E || b 
E || a 

6 721 747 868 – 6 722 
726 

797 
798 

– 
– 

– 
914 

722 
727 

797 
797 

– 
– 

– 
– 

– 
917 

E || b 
E || a 

8 721 731 793 – 8 721 
725 

756 
755 

856 
857 

– 
905 

720 
726 

754 
754 

855 
856 

– 
– 

– 
906 

E || b 
E || a 

10 721 725 758 840 10 721 
727 

737 
737 

795 
796 

– 
907 

721 
729 

737 
737 

793 
794 

892 
892 

– 
910 

E || b 
E || a 

      
*Suzuci M., Shimanouchi Ò., J. Mol, Spectr., 

283, 394 (1968)  

 

Ñåáàöèíîâîêèñëûé Na (Cs) Ïðèìå÷àíèå: 
Èñïîëüçîâàíû 

äàííûå ðàáîòû [2] 
8 720 748 856 920 720 748 856 – 920 – 

 

Â íàñòîÿùåé ðàáîòå âïåðâûå ïðèâîäÿòñÿ ðåçóëüòàòû èññëåäîâàíèÿ 
äàâûäîâñêîãî ðàñùåïëåíèÿ â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ êðèñòàëëîâ 
äèêàðáîíîâûõ êèñëîò ñ ÷åòíûì ÷èñëîì àòîìîâ óãëåðîäà â ìåòèëåíîâîé 
öåïè. Ñîîòâåòñòâóþùèå ÷àñòîòû è ïîëÿðèçàöèîííûå ñîîòíîøåíèÿ 
êîìïîíåíò ðàñùåïëåíèÿ, íàáëþäàåìûå â ÈÊ ñïåêòðàõ êðèñòàëëîâ 
ðàçëè÷íûõ äèêàðáîíîâûõ êèñëîò ïðèâåäåíû â òàáëèöàõ 1 è 2. Êàê âèäíî 
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èç òàáëèöû 1, íàèáîëüøàÿ âåëè÷èíà ðàñùåïëåíèÿ (ïîðÿäêà íåñêîëüêèõ 
îáðàòíûõ ñàíòèìåòðîâ) íàáëþäàåòñÿ äëÿ ìàÿòíèêîâîãî êîëåáàíèÿ P1. 
Ñëåäóåò òàêæå îòìåòèòü, ÷òî âåëè÷èíà ðàñùåïëåíèÿ íåñêîëüêî 
óâåëè÷èâàåòñÿ ïðè óâåëè÷åíèè äëèíû öåïè è ñîñòàâëÿåò 4 ñì – 1 è 6 ñì – 1 
ñîîòâåòñòâåííî äëÿ êèñëîò ñ n  4 è 10. Òàêàÿ çàâèñèìîñòü àíàëîãè÷íà 
íàáëþäàåìîé  â  ñïåêòðàõ  êàðáîíîâûõ  êèñëîò  [6],  õîòÿ  â  ñïåêòðàõ  
èññëåäîâàííûõ äèêàðáîíîâûõ êèñëîò äàííûé ýôôåêò âûðàæåí áîëåå 
ÿðêî, ïîñêîëüêó êðèñòàëëû ýòèõ äèêàðáîíîâûõ êèñëîò îáðàçîâàíû 
áåñêîíå÷íûìè öåïî÷êàìè ìîëåêóë, ñâÿçàííûõ âîäîðîäíûìè ñâÿçÿìè. 
Ñëåäóåò òàêæå óïîìÿíóòü, ÷òî âåëè÷èíà ðàñùåïëåíèÿ óâåëè÷èâàåòñÿ ïðè 
ïîíèæåíèè òåìïåðàòóðû, ÷òî êîððåëèðóåò ñ óìåíüøåíèåì ðàññòîÿíèÿ 
ìåæäó ìåòèëåíîâûìè öåïÿìè ïðè íèçêèõ òåìïåðàòóðàõ. 
 

Òàáëèöà 2  ×àñòîòû ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé ìåòèëåíîâîé 
öåïè (ñì – 1) (B) 
 

Íå÷åòíûå n-ïàðàôèíû (Ñ2v) 
Îðòîðîìáè÷åñêàÿ ñèíãîíèÿ, Z = 2 

Íå÷åòíûå äèêàðáîíîâûå êèñëîòû 
(Ñ2v) 

Ìîíîêëèííàÿ ñèíãîíèÿ, Z = 4 

n P1 P2 P3 P4 P5 P6 P7 n P1 P2 P3 P4 P5 P  

Ï
îë

ÿ
ð
è
- 

çà
ö
è
ÿ
 

77 K 100 K 
1 747 – – – – –  – 0 – – – – – 943 
3 722 

728 
759 
– 

858 
– 

– 
– 

– 
– 

– 
– 

– 
– 

1 756 – – – – 893 

5 727 (732) 766 (834) 925 –  – 3 722 736 836 – – 902 
7 722 

727 
(725) 

– 
736 
– 

770 
– 

824 
– 

(889) 
– 

957 
– 

5 729 722 873 – – 904 

 

Àçåëàèíîâîêèñëûé Na (Cs)  Ïðèìå÷àíèå: Èñïîëüçîâàíû äàííûå 
ðàáîòû [2] 7 717 

726 
726 
– 

740 
– 

775 
– 

823 
830 

896 
– 

E || b 
E || a 

 

Åùå îäíîé ïðèìå÷àòåëüíîé îñîáåííîñòüþ äàâûäîâñêîãî ðàñùåïëåíèÿ â 
ÈÊ  ñïåêòðàõ  ïîãëîùåíèÿ  êðèñòàëëîâ  äèêàðáîíîâûõ  êèñëîò  ÿâëÿåòñÿ  òî,  
÷òî äàííûé ýôôåêò íå íàáëþäàåòñÿ â êðèñòàëëàõ íå÷åòíûõ ãîìîëîãîâ 
äàííîãî ðÿäà,  íåñìîòðÿ íà òî,  ÷òî â  èõ ýëåìåíòàðíîé ÿ÷åéêå ñîäåðæèòñÿ 
äâå òðàíñëÿöèîííî-íåýêâèâàëåíòíûå ìîëåêóëû [8]. Äëÿ îáúÿñíåíèÿ 
äàííîãî ôàêòà ñëåäóåò ó÷åñòü, ÷òî ñîãëàñíî ðåíòãåíîãðàôè÷åñêèì äàííûì â 
êðèñòàëëàõ  äèêàðáîíîâûõ  êèñëîò  íå÷åòíîãî  ðÿäà  íàðóøàåòñÿ  ïîëíîñòüþ  
âûòÿíóòàÿ êîíôîðìàöèÿ ìåòèëåíîâîé öåïè. Ïëîñêîñòü öåïè ïîâåðíóòà 
âîêðóã ñâÿçè C-C  íà óãîë  30 ãðàäóñîâ. Ìû ïðåäïîëàãàåì, ÷òî íàðóøåíèå 
ïëàíàðíîñòè  â  ñëó÷àå  äèêàðáîíîâûõ  êèñëîò  íå÷åòíîãî  ðÿäà  è  ïîÿâëåíèå  
ñòåðè÷åñêèõ çàòðóäíåíèé ïðèâîäèò ê óâåëè÷åíèþ ðàññòîÿíèÿ ìåæäó 
ìåòèëåíîâûìè öåïÿìè ïî ñðàâíåíèþ ñ åãî çíà÷åíèåì â êðèñòàëëàõ êèñëîò 
÷åòíîãî ðÿäà, ãäå ìîëåêóëû ñîõðàíÿþò ñâîþ ïëîñêóþ êîíôîðìàöèþ. 

Ðåçóëüòàòû èññëåäîâàíèé, ïðîâåäåííûõ íàìè, õîðîøî ñîãëàñóþòñÿ ñ 
ðåçóëüòàòàìè èññëåäîâàíèé, ïðåäñòàâëåííûõ â [9]. 
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4. ÂÛÂÎÄÛ 
 

1. Ïðîâåäåíî îòíåñåíèå ïîëîñ ñåðèè ìàÿòíèêîâûõ êîëåáàíèé 
ìåòèëåíîâîé öåïè â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ äèêàðáîíîâûõ êèñëîò è 
èõ ñîëåé. 

2. Ïîêàçàíî,  ÷òî  â  ñëó÷àå  äèêàðáîíîâûõ  êèñëîò  â  êîëëåêòèâíûõ  
êîëåáàíèÿõ ìåòèëåíîâîé öåïè ïðèíèìàåò ó÷àñòèå òîëüêî (n – 2) ÑÍ2 
ãðóïï â îòëè÷èå îò â ñëó÷àÿ êðèñòàëëîâ n-ïàðàôèíîâ, ãäå ñåðèÿ ïîëîñ 
ìàÿòíèêîâûõ êîëåáàíèé îáóñëîâëåíà êîëëåêòèâíûìè êîëåáàíèÿìè 
ïîëíîãî ÷èñëà n ìåòèëüíûõ ãðóïï. 

3. Ïîêàçàíî, ÷òî â ñëó÷àå êðèñòàëëîâ äèêàðáîíîâûõ êèñëîò ÷åòíîãî ðÿäà 
â ÈÊ ñïåêòðàõ ïîãëîùåíèÿ íàáëþäàåòñÿ äàâûäîâñêîå ðàñùåïëåíèå 
ïîëîñ ìàÿòíèêîâûõ êîëåáàíèé, ïðè÷åì âåëè÷èíà ýòîãî ðàñùåïëåíèÿ 
ìåíÿåòñÿ â çàâèñèìîñòè îò íîìåðà ãîìîëîãà è òåìïåðàòóðû. 

4. Â ñëó÷àå êðèñòàëëîâ íå÷åòíûõ ãîìîëîãîâ äèêàðáîíîâûõ êèñëîò, 
äàâûäîâñêîå ðàñùåïëåíèå â ñïåêòðàõ ÈÊ ïîãëîùåíèÿ íå íàáëþäàåòñÿ 
äàæå  ïðè  100  K,  ÷òî  ñâÿçàíî  ñî  çíà÷èòåëüíîé  äåôîðìàöèåé  
ìåòèëåíîâûõ öåïåé â ýòèõ êðèñòàëëàõ. 

5. Ïîñêîëüêó ìîëåêóëÿðíûå âçàèìîäåéñòâèÿ, îáóñëàâëèâàþùèå 
ïðîÿâëåíèå êîëëåêòèâíûõ âîçáóæäåíèé, õàðàêòåðèçóþòñÿ ìàëûì 
ðàäèóñîì, ðåçóëüòàòû èññëåäîâàíèÿ âàæíû äëÿ ðåøåíèÿ ïðîáëåì êàê 
ñïåêòðîñêîïèè ìîëåêóëÿðíûõ êðèñòàëëîâ, òàê è ìîëåêóëÿðíîé è 
íàíîýëåêòðîíèêè. 

 
INVESTIGATION OF DAVYDOV SPLITTING IN THE IR SPECTRA OF 

CRYSTALLINE DICARBOXYLIC ACIDS 

S.I. Kshnyakina1, Yu.M.Lopatkin1, T.A.Havrilko2 

1 Sumy State University,  
 2, Rimsky-Korsakov Str., 40007, Sumy, Ukraine 
2 Institute of Physics NASU, 
 46, Nauky Av., 680028, Kyiv, Ukraine 

In the present paper the collective (vibrational) excitations in molecular crystals were 
studied. Since the relevant molecular interactions are characterized by a small radius, 
the results of investigation are important for solving problems of molecular and 
nanoelectronics. 
 The paper includes the results of investigation of resonance (Davydov) splitting of 
methylene ÑÍ2 group  rocking  vibrations  in  the  IR  absorption  spectra  of  even  
homologous of crystalline dicarboxylic acids ÍÎÎÑ(ÑÍ2)nÑÎÎÍ (crystal space group 
P21/a).  The  value  of  Davydov  splitting  for  the  series  of  rocking  vibrations  of  
methylene groups in the spectral range of 700-1100 cm – 1 was investigated for even 
homologues of dicarboxylic acids with the number of carbon. atoms n  4-10 by means 
of polarized IR spectroscopy at the temperatures of 100 and 300 K. The interpretation 
of a series of methylene chain vibrations in crystalline n-even dicarboxylic acids have 
been performed. On the basis of normal modes calculation and the assignment of the 
observed absorption bands to different types of vibrations. It was shown that in the 
spectra of the studied acids, the series of rocking vibration bands may be interpreted 
as collective interaction with participation of n – 2 methylene groups unlike the case 
of normal paraffines where all methylene groups are involved in rocking vibrations. 
The dependence of Davydov splitting value on the number of methylene groups was 
analyzed and appeared to increase with the chain length. 
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ÄÎÑË²ÄÆÅÍÍß ÄÀÂÈÄ²ÂÑÜÊÎÃÎ ÐÎÇÙÅÏËÅÍÍß Â ²Ê ÑÏÅÊÒÐÀÕ 
ÊÐÈÑÒÀË²Â ÄÈÊÀÐÁÎÍÎÂÈÕ ÊÈÑËÎÒ 

Ñ.². Êøíÿê³íà1, Þ.Ì. Ëîïàòêèí1, Ò.À. Ãàâðèëêî2 

1 Ñóìñüêèé äåðæàâíèé óí³âåðñèòåò,  
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 ïð. Íàóêè, 46, 680028, Êè¿â, Óêðà¿íà 
 
Ó ðîáîò³ âèâ÷åí³ êîëåêòèâí³ (êîëèâàëüí³) çáóäæåííÿ â ìîëåêóëÿðíèõ 
êðèñòàëàõ. Îñê³ëüêè â³äïîâ³äí³ ìîëåêóëÿðí³ âçàºìîä³¿ õàðàêòåðèçóþòüñÿ ìàëèì 
ðàä³óñîì, ðåçóëüòàòè äîñë³äæåííÿ âàæëèâ³ äëÿ âèð³øåííÿ ïðîáëåì ìîëåêóëÿðíî¿ 
³ íàíîåëåêòðîí³êè.  
 Ðîáîòà ì³ñòèòü ðåçóëüòàòè äîñë³äæåííÿ ðåçîíàíñíîãî (äàâèä³âñüêîãî) 
ðîçùåïëåííÿ  ìàÿòíèêîâèõ  êîëèâàíü  ÑÍ2 ãðóï â ²× ñïåêòðàõ ïîãëèíàííÿ ïàðíèõ 
ãîìîëîã³â êðèñòàë³â äèêàðáîíîâèõ êèñëîò HOOC(ÑÍ2)nÑÎÎÍ (ïðîñòîðîâà ãðóïà 
ñèìåòð³¿ P21/a). Çà äîïîìîãîþ ïîëÿðèçàö³éíèõ âèì³ðþâàíü ²× ñïåêòð³â ïîãëèíàííÿ â 
øèðîêîìó ³íòåðâàë³ òåìïåðàòóð (100-300 Ê) äîñë³äæåíà òåìïåðàòóðíà 
çàëåæí³ñòü âåëè÷èíè äàâèä³âñüêîãî ðîçùåïëåííÿ ñåð³¿ ñìóã ìàÿòíèêîâèõ êîëèâàíü 
ìåòèëåíîâèì ãðóï â ñïåêòðàëüíîìó ä³àïàçîí³ 700-1100 ñì – 1 äëÿ ãîìîëîã³â ç ÷èñëîì 
àòîì³â âóãëåöþ n  4-10. Ïðîâåäåíà ³íòåðïðåòàö³ÿ ñìóã ñåð³¿ ìàÿòíèêîâèõ êîëèâàíü 
ìåòèëåíîâèõ  ãðóï  â  ²×  ñïåêòðàõ  ïîãëèíàííÿ  êðèñòàë³â  ïàðíèõ  ãîìîëîã³â  
äèêàðáîíîâèõ êèñëîò. Íà îñíîâ³ òåîðåòè÷íîãî ðîçðàõóíêó íîðìàëüíèõ êîëèâàíü ³ 
â³äíåñåííÿ ñïîñòåðåæóâàíèõ ñìóã ïîãëèíàííÿ äî êîëèâàíü ð³çíîãî òèïó ñèìåòð³¿ 
áóëî  ïîêàçàíî,  ùî  ñåð³ÿ  ñìóã  ìàÿòíèêîâèõ  êîëèâàíü  â  ñïåêòðàõ  äîñë³äæóâàíèõ  
êèñëîò  ìîæå  áóòè  ³íòåðïðåòîâàíà  ÿê  êîëèâàííÿ  n   2 ìåòèëåíîâèì ãðóï, 
ïîâ'ÿçàíèõ êîëåêòèâíîþ âçàºìîä³ºþ, íà â³äì³íó â³ä âèïàäêó íîðìàëüíèõ ïàðàô³í³â, 
äëÿ ÿêèõ âñ³ ìåòèëåíîâ³ ãðóïè áåðóòü ó÷àñòü ó ìàÿòíèêîâèõ êîëèâàííÿõ. 
Ïðîàíàë³çîâàíî çàëåæí³ñòü âåëè÷èíè äàâèä³âñüêîãî ðîçùåïëåííÿ â³ä ÷èñëà 
ìåòèëåíîâèì  ãðóï  â  ìîëåêóë³  êèñëîòè,  ³  ïîêàçàíî,  ùî  öÿ  âåëè÷èíà  çðîñòàº  
ïðîïîðö³éíî äîâæèí³ ìåòèëåíîâîãî ëàíöþãà. 
 

Êëþ÷îâ³ ñëîâà: ÄÀÂÈÄ²ÂÑÜÊÅ ÐÎÇÙÅÏËÅÍÍß, ÄÈÊÀÐÁÎÍÎÂ² ÊÈÑËÎÒÈ, 
²× ÑÏÅÊÒÐÈ, ÏÎÃËÈÍÀÍÍß, ÍÎÐÌÀËÜÍ² ÊÎËÈÂÀÍÍß 
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