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Ïðåäëàãàåìûé ïîäõîä ðàçäåëåíèÿ àëüäåãèäîâ ñ ïîìîùüþ ìåòîäà ñïåêòðîñêîïèè ôîòîôðàãìåíòîâ îñíî-
âàí íà ðàçëè÷íîé çàâèñèìîñòè ñêîðîñòè îòðûâà ôîðìèëüíîãî ðàäèêàëà ÑÎH äëÿ ðàçíûõ àëüäåãèäîâ îò âîç-
áóæäàþùåé äëèíû âîëíû. Äëÿ óñòàíîâëåíèÿ ýòîé çàâèñèìîñòè áûëè âûïîëíåíû ðàñ÷åòû íèæíèõ âîçáóæäåí-
íûõ ýëåêòðîííûõ ñîñòîÿíèé àöåòàëüäåãèäà è áåíçàëüäåãèäà, à òàêæå áûëà ðàññ÷èòàíà êîëåáàòåëüíàÿ ñòðóêòó-
ðà ýòèõ ìîëåêóë. Ïîëó÷åííûå äàííûå èñïîëüçîâàëèñü äëÿ ðàñ÷åòà ñêîðîñòè äèññîöèàöèè. 

 
Àëüäåãèäû èìåþò âàæíîå çíà÷åíèå â àòìîñôåðíûõ ôîòîõèìè÷åñêèõ ïðîöåññàõ. Òàê, äàæå â íåçà-

ãðÿçíåííîé àòìîñôåðå ôîðìàëüäåãèä ÍÑÎÍ ÿâëÿåòñÿ ïðîìåæóòî÷íûì ïðîäóêòîì öåïî÷êè ðåàêöèé, 
âåäóùèõ ê îêèñëåíèþ ìåòàíà ÑÍ4 äî ÑÎ [1]. Â çàãðÿçíåííîé àòìîñôåðå èíäóñòðèàëüíûõ ðàéîíîâ 
àëüäåãèäû ÿâëÿþòñÿ ïðîäóêòàìè, ÷åðåç êîòîðûå èäåò ôîòîõèìè÷åñêîå ïðåîáðàçîâàíèå èñõîäíûõ âå-
ùåñòâ ê ÑÎ, ðàäèêàëàì è ñîåäèíåíèÿì, àêòèâíî ó÷àñòâóþùèì â ïðîöåññàõ ñìîãîîáðàçîâàíèÿ [2]. 
Êðîìå òîãî, àëüäåãèäû íåïîñðåäñòâåííî âûáðàñûâàþòñÿ â àòìîñôåðó ìíîãèìè ïðîìûøëåííûìè ïðåä-
ïðèÿòèÿìè. Ïîýòîìó èçìåðåíèå àëüäåãèäîâ ÿâëÿåòñÿ âàæíîé çàäà÷åé ñ òî÷êè çðåíèÿ îðãàíèçàöèè ïðà-
âèëüíîé ñòðàòåãèè êîíòðîëÿ çàãðÿçíåíèé â àòìîñôåðå. 

Â [3] ñîîáùàåòñÿ îá èçìåðåíèè ôîðìàëüäåãèäà ôëóîðåñöåíòíûì ìåòîäîì. Îäíàêî ïðÿìîå ïðèìå-
íåíèå ýòîãî ìåòîäà â çàãðÿçíåííîé àòìîñôåðå ïîçâîëèò èçìåðÿòü êîíöåíòðàöèè ëèøü ñóììû àëüäåãè-
äîâ, òàê êàê ñïåêòðû ôîðìàëüäåãèäà ÍÑÎÍ [4] è àöåòàëüäåãèäà ÑÍ3ÑÎÍ [5] ïðàêòè÷åñêè ïîëíîñòüþ 
ïåðåêðûâàþòñÿ. 

Ðàçäåëåíèå àëüäåãèäîâ âîçìîæíî ñ ïîìîùüþ ìåòîäà ñïåêòðîñêîïèè ôîòîôðàãìåíòîâ. Ïðåäëàãàå-
ìûé ïîäõîä îñíîâàí íà ðàçëè÷íîé çàâèñèìîñòè ñêîðîñòè îòðûâà ôîðìèëüíîãî ðàäèêàëà ÑÎÍ äëÿ 
ðàçíûõ àëüäåãèäîâ îò âîçáóæäàþùåé äëèíû âîëíû. Äëÿ óñòàíîâëåíèÿ ýòîé çàâèñèìîñòè áûëè âûïîë-
íåíû ðàñ÷åòû íèæíèõ âîçáóæäåííûõ ýëåêòðîííûõ ñîñòîÿíèé àöåòàëüäåãèäà ÑÍ3ÑÎÍ è áåíçàëüäåãè-
äà Ñ6Í5ÑÎÍ ïî ïðîãðàììàì ÒÑÕÀ (ã. Ìîñêâà), èñïîëüçóþùèì ìåòîä CNDO. Ïî ïðîãðàììàì [10] 
áûëà ðàññ÷èòàíà ñòðóêòóðà êîëåáàòåëüíûõ ñïåêòðîâ ýòèõ ìîëåêóë. Äëÿ àöåòàëüäåãèäà óæå ïðîâîäè-
ëèñü ðàñ÷åòû êîëåáàòåëüíûõ ñïåêòðîâ [11, 12], íî ìû õîòåëè ïîëó÷èòü ðàñ÷åòû â åäèíîì ïðèáëèæå-
íèè äëÿ îáåèõ ìîëåêóë. Íàøè ðàñ÷åòû äàþò áîëåå øèðîêèé ñïåêòð äàííûõ: êðîìå êîëåáàòåëüíûõ 
÷àñòîò âû÷èñëÿåòñÿ ðàñïðåäåëåíèå ýíåðãèè ïî ñòåïåíÿì ñâîáîäû ìîëåêóëû â ïðîöåíòàõ. 

Ïîëó÷åííûå äàííûå èñïîëüçîâàëèñü äëÿ ðàñ÷åòà ñêîðîñòè K ôîòîäèññîöèàöèè ïî ôîðìóëå [6]: 
 

1

0 0

1 1 0

( ) ,
s s

i i

i i

E D E
K E cM

E E

−

= =

⎛ ⎞′− +⎛ ⎞ ⎛ ⎞
′= ν ν ⋅⎜ ⎟⎜ ⎟ ⎜ ⎟

+⎝ ⎠ ⎝ ⎠ ⎝ ⎠
∏ ∏  (1) 

 

ãäå Ì — ÷èñëî ïóòåé ðåàêöèè; s — ÷èñëî êîëåáàòåëüíûõ ñòåïåíåé ñâîáîäû; 
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âåòñòâåííî êîëåáàòåëüíûå ÷àñòîòû è ýíåðãèè íóëåâûõ êîëåáàíèé äëÿ ìîëåêóëû è ïåðåõîäíîãî êîì-
ïëåêñà; D0 — áàðüåð äèññîöèàöèè; ñ — ñêîðîñòü ñâåòà. 
 

1. Ðàñ÷åò êîëåáàòåëüíîé ñòðóêòóðû àöåòàëüäåãèäà 
 

Äëÿ ðàñ÷åòà êîëåáàòåëüíîé ñòðóêòóðû íåîáõîäèìî çàäàòü ãåîìåòðèþ ìîëåêóëû. Äëÿ àöåòàëüäåãè-
äà íàìè áûëè èñïîëüçîâàíû äàííûå è îáîçíà÷åíèÿ èç [7]. Íà ðèñ. 1 ïðèâåäåíà ãåîìåòðèÿ ìîëåêóëû 
àöåòàëüäåãèäà (ÑÍ3ÑÎÍ). 
 

 
 

Ðèñ. 1. Ãåîìåòðèÿ ìîëåêóëû àöåòàëüäåãèäà 
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Ýëåêòðîîïòè÷åñêèå ïàðàìåòðû áûëè âçÿòû èç ðàáîòû [8], äàííûå äëÿ ñèëîâûõ ïîñòîÿííûõ èç [9]. 
Ðåçóëüòàòû ðàñ÷åòà è èíòåðïðåòàöèÿ ïîëó÷åííîãî êîëåáàòåëüíîãî ñïåêòðà ÷àñòîò ïðèâåäåíû â 

òàáë. 1. Àáñîëþòíûå èíòåíñèâíîñòè ïðèâîäÿòñÿ â òàáë. 2. 
 

Ò à á ë è ö à  1  
 

Èíòåðïðåòàöèÿ êîëåáàòåëüíîãî ñïåêòðà àöåòàëüäåãèäà (ν, ñì–1) 
 

 
 

* Íàøè ðàñ÷åòû. 
 

Ò à á ë è ö à  2  
 

Àáñîëþòíûå èíòåíñèâíîñòè I â ÈÊ ñïåêòðàõ (A ⋅ 108 ñì2ñ–1 ⋅ ìîëü–1) 
 

 
 

Èç äàííûõ ïî ðàñïðåäåëåíèþ ýíåðãèè ïî ãðóïïàì ýêâèâàëåíòíûõ âíóòðåííèõ êîîðäèíàò èìååì: 
äëÿ íîðìàëüíîãî êîëåáàíèÿ ñ ÷àñòîòîé ν = 2823,66 ñì–1 98,7% ýíåðãèè ñîñðåäîòî÷åíî íà âíóòðåííåé 
êîîðäèíàòå qÑÍ ãðóïïû ÑÎÍ; ïðè íîðìàëüíîì êîëåáàíèè Ñ—Ñ ñâÿçè ñ ν = 936,57 ñì–1 íà êîîðäèíà-
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òå QCC — 60,4% ýíåðãèè; ïðè êîëåáàíèè Ñ = Î ñâÿçè ñ ν = 1760,05 ñì–1 íà QCC — 29,2% ýíåðãèè, íà 
β (ÑÑÍ) — 33,8%, à íà γ (ÑÑÎ) — 27,2% ýíåðãèè. Òî åñòü êîëåáàòåëüíàÿ ýíåðãèÿ â îñíîâíîì ñîñðå-
äîòî÷åíà â êàðáîíèëüíîé ãðóïïå ÑÎÍ, ÷òî ïîâûøàåò âåðîÿòíîñòü åå îòðûâà. 
 

2. Ðàñ÷åò êîëåáàòåëüíîé ñòðóêòóðû áåíçàëüäåãèäà 
 

Äëÿ ãåîìåòðèè áåíçàëüäåãèäà áûëà ïðîâåäåíà îïòèìèçàöèÿ ãåîìåòðèè ïî ïðîãðàììå, èñïîëüçóþ-
ùåé ìåòîä MINDO/3. Íà ðèñ. 2 ïðèâåäåíà íóìåðàöèÿ àòîìîâ áåíçàëüäåãèäà. Ðåçóëüòàòû îïòèìèçà-
öèè ãåîìåòðèè ïðèâåäåíû â òàáë. 3. ×àñòîòû è àáñîëþòíûå èíòåíñèâíîñòè ïðèâåäåíû â òàáë. 4. 
 

 
 

Ðèñ. 2. Íóìåðàöèÿ áåíçàëüäåãèäà 
 

Äëÿ ðàñïðåäåëåíèÿ ïîòåíöèàëüíîé ýíåðãèè ïî ãðóïïàì ýêâèâàëåíòíûõ âíóòðåííèõ êîîðäèíàò èìååì: 
äëÿ íîðìàëüíîãî êîëåáàíèÿ ñ ÷àñòîòîé ν = 2842,94 ñì–1 98,6% ýíåðãèè ñîñðåäîòî÷åíî íà âíóòðåííåé 
êîîðäèíàòå qCH ãðóïïû ÑÎÍ; äëÿ ν = 1203,66 ñì–1 — íà Q(C1C7) — 32,6% ýíåðãèè; 11,3% — íà 
Q(C = O); 15,1 è 10,6%—íà β(ÑÑÍê), äëÿ íîðìàëüíîãî êîëåáàíèÿ ñ ν = 1694,41 ñì–1 27,6% ýíåðãèè 
ñîñðåäîòî÷åíî íà Q(C = C), 24,2% — íà γ(ÑÑÎ), 21,2% — íà β(ÍÑÎ). Òî åñòü îñíîâíàÿ ÷àñòü êîëå-
áàòåëüíîé ýíåðãèè ñîñðåäîòî÷åíà â ãðóïïå ÑÎÍ, ÷òî ñïîñîáñòâóåò åå îòðûâó. 
 

Ò à á ë è ö à  3  
 

Îïòèìèçèðîâàííàÿ ãåîìåòðèÿ áåíçàëüäåãèäà 
 

 
 

* r — äëèíà ñâÿçè. 
 

Ò à á ë è ö à  4  
 

Àáñîëþòíûå èíòåíñèâíîñòè è ÷àñòîòû â ÈÊ ñïåêòðå áåíçàëüäåãèäà 
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Ï ð î ä î ë æ å í è å  ò à á ë .  4  
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Ï ð î ä î ë æ å í è å  ò à á ë .  4  

 

 
* Áóêâà «ê» îáîçíà÷àåò áåíçîëüíîå êîëüöî. 

 

3. Ðàñ÷åò ýíåðãèè (Å) ýëåêòðîííûõ, ñèíãëåòíûõ (S) è òðèïëåòíûõ (Ò) ñîñòîÿíèé àöåòàëüäåãèäà è 
áåíçàëüäåãèäà 
 

Àöåòàëüäåãèä 
 

 Ñîñòîÿíèå E òåîð. (ýÂ) E ýêñï. (ýÂ) [14] 
 S1(n → π*) 3,778 4,140 
 S2(n → π*) 7,623 6,875 
 S3(π → π*) 7,825 7,750 
 T1(n → π*) 3,777 3,713 
 T2(π → π*) 5,049 – 
 T3(π → π*) 7,622 – 
 

Áåíçàëüäåãèä 
 

 Ñîñòîÿíèå E òåîð. (ýÂ) E ýêñï. (ýÂ) [14] 
 S1(n → π*) 4,231 3,800 
 S2(π → π*) 4,760 4,460 
 S3(π → π*) 5,053 5,175 
 T1(π → π*) 3,267 – 
 T2(π → π*) 4,179 – 
 

4. Ðàñ÷åò ñêîðîñòè ôîòîäèññîöèàöèè 
 

Äàííûå ïî êîëåáàòåëüíûì è ýëåêòðîííûì ñïåêòðàì èñïîëüçîâàëèñü äëÿ ðàñ÷åòà K(E) ïî ôîðìóëå (1). 
 

Àöåòàëüäåãèä 
 

M = 1; ν = 936,57 ñì–1 (ðàçðûâ ñâÿçè Ñ—Ñ); E(S1) = 3,8 ýÂ (328 íì); E0 = 1,49 ýÂ; 

E0 = 1,43 ýÂ; D0 = 3,2 ýÂ (389 íì); K = 2,8 ⋅ 1013 c–1; S = 15; 
14

13 1,77
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 E = 3,5°(ýÂ) K = 1 ⋅ 107 (c–1) lgK = 7,00 
 E = 3,68 K = 2,48 ⋅ 107 lgK = 7,39 
 E = 3,800 K = 4.9 ⋅ 107 lgK = 7,69 
 E = 4,020 K = 1 ⋅ 108 lgK = 8,00 
 E = 4,130 K = 1,5 ⋅ 108 lgK = 8,18 
 E = 5,0 K = 1,69 ⋅ 109 lgK = 9,22 
 E = 7,622 K = 5,69 ⋅ 1010 lgK = 10,76 
 E = 7,825 K = 6,7 ⋅ 1010 lgK = 10,83 
 

Áåíçàëüäåãèä 
 

M = 1; ν = 1203,66 ñì–1; E(S1) = 4,231 ýÂ (294 íì); E0 = 2,7 ýÂ; D0 = 3,8 ýÂ; S = 36; 

K = 3,6 ⋅ 1013 c–1; S = 15; 
35
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 E = 3,267°(ýÂ) K = 1,3 ⋅ 10–2 (c–1) lgK = –189 
 E = 3,500 K = 9,1 ⋅ 10–2 lgK = –1,04 
 E = 4,180 K = 1,5 ⋅ 10 lgK = 1,18 
 E = 4,231 K = 2,12 ⋅ 10 lgK = 1,326 
 E = 4,760 K = 3,9 ⋅ 102 lgK = 2,59 
 E = 5,000 K = 1,2 ⋅ 103 lgK = 3,08 
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Äëÿ áåíçàëüäåãèäà ñêîðîñòü îòðûâà îêàçàëàñü ïðåíåáðåæèìî ìàëà âî âñåé èíòåðåñóþùåé íàñ îá-
ëàñòè âîçáóæäåíèÿ 250—350 íì. Àíàëîãè÷íûå ðàñ÷åòû (ðèñ. 3) áûëè ïðîâåäåíû äëÿ ôîðìàëüäåãèäà ñ 
èñ-ïîëüçîâàíèåì äàííûõ èç [15]. Èç àíàëèçà êðèâûõ ñëåäóåò, ÷òî ïðè âîçáóæäåíèè ñìåñè äâóõ àëüäå-
ãèäîâ èçëó÷åíèåì ñ äëèíîé âîëíû ïîðÿäêà èëè êîðî÷å λ ≤ 308 íì (E ≥ 4,02 ýÂ) ñêîðîñòü îòðûâà 
ÑÎÍ îò ôîðìàëüäåãèäà ïðèìåðíî â 100 ðàç ïðåâîñõîäèò ñîîòâåòñòâóþùóþ ñêîðîñòü àöåòàëüäåãèäà. 
Ñîâåðøåííî èíàÿ êàðòèíà ïðîèñõîäèò ïðè âîçáóæäåíèè, íàïðèìåð, äëèíîé âîëíû λ = 347 íì 
(E = 3,57 ýÂ). Çäåñü îòðûâ ðàäèêàëà ÑÎÍ àöåòàëüäåãèäà ïðîäîëæàåò èäòè ñ âûñîêîé ñêîðîñòüþ, â òî 
âðåìÿ êàê äëÿ ôîðìàëüäåãèäà òàêîé ïðîöåññ îòñóòñòâóåò. 
 

 
 

Ðèñ. 3. Çàâèñèìîñòü ñêîðîñòè ôîòîîòðûâà ôîðìèëûþãî ðàäèêàëà ÑÎÍ îò ýíåðãèè âîçáóæäåíèÿ äëÿ 
àöåòàëüäåãèäà (øòðèõîâàÿ ÷åðòà) è äëÿ ôîðìàëüäåãèäà (ñïëîøíàÿ) 

 
Ïîñëåäóþùåå äåòåêòèðîâàíèå ðàäèêàëà ÑÎÍ ìîæåò áûòü âûïîëíåíî ìåòîäîì èíäóöèðîâàííîé 

ôëóîðåñöåíöèè [16, 17]. Òàê, â ðàáîòå [17] ðàäèêàë ÑÎÍ âîçáóæäàëñÿ èçëó÷åíèåì ëàçåðà íà êðàñè-
òåëå λ = 614,48 íì, ñîâïàäàþùèì ñ ïåðåõîäîì ÕÀ1 (0010) À2À″ (0900), à ñèãíàëû ôëóîðåñöåíöèè íà-
áëþäàëèñü ïðè λ = 658,2; 708; 722,4; 764; 781,4 íì. 
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The proposed approach is based on the different dependences of COH-radical photodissociation rates for various 
aldehydes on exciting wavelength. In order to find the dependences, calculations of low excited electron states of ac-
etaldehyde and benzaldehyde, and vibration structure of these molecules were calculated. Thus obtained data were 
used for calculation of dissociation rates. 


