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Abstract: 
Exciplex formation of excited 4-phenylbenzophenone (PBP) triplet with triethylamine

(TEA) in organic solution has been studied by steady state and pulse-laser   
h t l i t Di t id f t i l t i l f tiphotoluminescence measurements. Direct evidence for triplet exciplex formation was 

provided by the observation of emission at longer wavelengths than that of the 
phosphorescence of PBP. Some other interesting features which have been attributed to the 
lowest excited triplet state of the PBP molecule of the exciplex were also observed Thelowest excited triplet state of the PBP molecule of the exciplex were also observed. The 
quenching mechanism is proposed to involve a , * triplet of PBP to form an exciplex
with the ground state of TEA. The critical border difference of the photophysics between 
3( *) PBP and 3(n *) benzophenone (BP) probably plays an important role in electron3(, *) PBP and 3(n, *) benzophenone (BP) probably plays an important role in electron-
transfer process. 
Keywords: Triplet exciplex emission; 4-phenylbenzophenone phosphorescence; 

TriethylamineTriethylamine
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摘要(一)摘要(一)

本論文為研究4‐苯基二苯甲酮（PBP）在凝相
中的光物理性質，並與二苯甲酮（BP）作比較，探中的光物理性質，並與二苯甲酮（BP）作比較，探
討其最低激發參態組態對其光物理及光化學的影響。
研究結果證實 PBP 的最低激發單 參態分別為 S ( n研究結果證實 PBP 的最低激發單、參態分別為 S1( n,
* )及T1( , * )，因此一個分子內的能量轉移由羰
基的 n  * 轉移到連苯的 *  ，激發區域則落基的 n  * 轉移到連苯的 *  ，激發區域則落
在“連苯+羰基＂上。

O OO O

4 Benzophenone (BP) 4-Phenylbenzophenone (PBP)



摘要(二)摘要(二)

使用穩態及脈衝‐雷射光激發光，研究激發參態
PBP的磷光強度及生命期被三乙基胺（TEA）的分子PBP的磷光強度及生命期被三乙基胺（TEA）的分子
間淬熄。參態激態複合體（triplet exciplex）形成的
直接證據為觀察到比 PBP 磷光的更長波長的發光直接證據為觀察到比 PBP 磷光的更長波長的發光。
因此，提出 PBP 參態淬熄的機構，為包含著與基態
TEA形成的激態複合體中間體，並導致激態複合體TEA形成的激態複合體中間體，並導致激態複合體
的發光。
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摘要(三)摘要(三)

溶劑極性在激態複合體動力學上一些效應，可
解釋介於激態複合體間的電荷 轉移交互作用 不同解釋介於激態複合體間的電荷‐轉移交互作用。不同
供電子能力的胺類之淬熄速率常數與胺類的游離能
有關，這趨勢也反映在PBP與各種胺類（例如二乙有關，這趨勢也反映在PBP與各種胺類（例如二乙
基胺、二丙基胺、三乙基胺、三丙基胺及三異丙基
胺）激態複合體形成的活化能。胺）激態複合體形成的活化能。

6
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PBP的光物理
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Figure 1：Absorption spectra of BF and BB in ethanol solvent.
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表4-3：B與BF的磷光相對量子產率
化合物B之數據參考文獻(53)
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TEA淬熄PBP (BF)的磷光生命期(in benzene)
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PROTOTROPIC REACTIONS OF 2‐CARBONYLSUBSTITUTED

Journal of Photochemistry and Photobiology, A: Chemistry, 50 (1989) 53 ‐ 66

FLUORENES IN THE GROUND AND
FIRST EXCITED SINGLET STATES
RAMASAMY MANOHARAN and SNEH K. DOGRAT
Department of Chemistry Indian Institute of Technology Kanpur‐208016 (India)Department of Chemistry, Indian Institute of Technology, Kanpur‐208016 (India)
(Received April 7, 1989; in revised form June 26, 1989)

Summary
The spectral characteristics of 2_fluorenaldehyde, 2‐acetylfluorene and
2‐benzoylfluorene have been studied in different solvents and at various acid
concentrations. This study has shown that nr* may be the lowest energy
transition in non‐polar and aprotic solvents but that OTT* is the lowest energytransition in non polar and aprotic solvents but that OTT  is the lowest energy
transition in water. The carbonyl group attains more planarity with respect
to the fluorene moiety on excitation. The prototropic equilibrium follows
the benzophenone acidity scale rather than Hammett’s acidity scale. A
medium effect is also observed during the protonation of the species.
Contrary to literature reports at H, ‐ 8 the dication species are formed by
protonating the carbonyl group and the fluorene ring at position 7.
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THE TRLPLET TRIPLET ABSORPTION OF CYCLOHEXADIENE 1,3 AND ERGOSTEROL.
SENSITIZED TOTAL GROUND STATE DEPLETION OF DIENES BY TRIPLET ENERGY TRANSFER
FROM THE RUBY LASER EXCITED 2_FLUORENYLPHENYLKETONE*
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The triplet‐triplet nbsorptions of cyclohesadiene‐1,3 and crgosterol were determined in 
benzene at 22OC. The ground state depletion of these simple conjugated molecules via energy 
transfer from the triplet state of 2‐fluorenylphenyUtatone under frequency doubled ruby laser 
excitation was shown to be a convenient method for studying the triplet states of dicnes.
From these totul ground state depletions, triplet extinction coefficients were determined for 
2‐fluorenylphcnylketone, cyclohexadiene‐13, and ergosterol.

3 1 Outline of the method [IS] (18)M T6th forthcoming paper in this journal3.1. Outline of the method [IS] – (18)M. T6th, forthcoming paper in this journal.
2‐Fluorenylphenylketone (FPK) has a strong and broad T‐T absorption in the visible spectral region and a strong absorption 
band at 325 nm (es = 2.76 X 1C4 hl‐1 cm‐l) which is highly bleachable (=89%).   The unreactive 37m* state at 58 kcal mol‐t is 
efficiently populated by a doubled ruby laser according to the following equation

rrT(FPK) = w,,(FPK) ‐ n,,(FPK) 10‐Es(347)‘> (1)

where nT is the concentration of triplet molecules, ~~(347) = 7.9 X 103M‐t cm‐l is the S‐S extinction coefficient at 347 nm, and 
I is the depletion intensity. I is related to the incident laser intensity,l’, to a good approximation as loglof’++ = eT(347jn,(FPK)X,
where $T = I is the tripIet yieId, ~~(347) = 2.4 X 103 M‐l cm‐l is the T‐T extinction coefficient at 347 run,and X = 0.6 cm is the $ p y , ( ) ,
laser light path.




