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Abstract - The quantum yielda of triplet formation by some 
a,u-diaaphthylalkanea and related compounds which exhibit 
intramolecular excimer fluorescence and/or intramolecular 
fluorescence quenching have been deternined. Although most 
compounds have quite high quantum yields (% 0.4) othera are 
much lover and no single reason could be found to explain 
this variance. 

1. INTRODUCTION 

Although it ia known that excited complexes decay by a variety of routes 

[l]. determination of the efficiency of these processee ia proving quite diffi- 

cult. Quantum yields and lifetimes of excimer and exciplex fluorescence have 

been determined for many ayatema [l] but other data ouch as quantum yield of 

triplet formation [2] and of radical ion formation [3] are less carry to obtain. 

Of particular intereat is the efficiency with which excited complexes give rise 

to chemical products, especially the formation of intramolecular cycloaddition 

product6 by compounds vhich exhibit intramolecular excimer formation [4a.b]. 

Thu.8 product studies have indicated that such compounde as di-(l-naphthyl- 

methyl)ether can form tvo types of excirer vhich differ in conformation [5]. 

There is also considerable debate a* to whether the excimers lie on the 

reaction path to products or whether the products are formed via biradical 

intermediates 161. 

We nov report upon the efficiency vlth which some a,w-dinaphthylalkanes 

and related compounds, which exhibit intramolecular fluorescence quenching and 

in some case8 exhibit intramolecular fluorescent excirer formation, undergo 

intersystem crossing to produce localised naphthalene triplets. 

2. EXPERIMENTAL 

A nanosecond laser flash photolyair syatem vaa used to determine the quantum 
yields of triplet formation detail8 of which and the method have been previourly 
deecribed ['I]. Quantum yields of fluorescence vere determined for the compounds 
in degassed (freeze-pump-thaw process) cyclohexane solution by excitation at 310 
nm vhere the optical density van 0.1. The quantum yields of fluorescence of l- 
and 2-nethylnaphthalenes vere used aa standarda. The preparation of the com- 
pounds has been previously described [4a,g]. 
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3. RESULTS AND DISCUSSION 

Quantum yields of triplet formation were determined by the technique of 

laser flash photolysls and the results are presented In the Table. From this 

Table It can be seen that the lifetime of the locallsed naphthalene triplet 

ntate Is Independent of whether the system can form a fluorescent exclmer 

(Entries 4 and 13) or shows extensive Intramolecular fluorescence quenching 

(Entries 7 and 16). This lead8 to the concluelon that the locallaed triplet 

state cannot be acting aa an efficient source of cycloaddltlon products and 

also that it la not in equlllbrlum 

Ar -Ar hv_ l 

Excited Singlet 
Exclmer 

with the excited singlet exclmer. 

w Ar -Ar 
Tl 

--/I- 
L 

< 
Products 

Some of the compounds examined, e.g. dl-(naphthylmethyl)ethere (Entries 4 

and 13) and the l-hydroxy-1,3_dlnaphthylpropanea (Entries 8 and 17) form fluo- 

rescent Intramolecular exclmers. In 8ome cases (Entries 4, 8 and 13) the quan- 

tum yield for triplet production Is relatively low. This could be attributed 

to the exclmer undergoing reaction to give cycloaddltlon products which effec- 

tively competes with Intersystem croeslng to give the locallaed triplet. How- 

ever, only two of these three compounds (Entries 4 and 8) undergo lntramolecu- 

lar cycloaddltlon reactlone 15.91. Thus the low triplet yield exhibited by dl- 

(Z-naphthylmethyl)ether (Entry 13) cannot be attributed to chemical reaction. 

That chemical reaction may not have a major Influence upon triplet yield 1s re- 

inforced by the finding that I-naphthylmethyl-2-(l-naphthyl)ethyl ether (Entry 

5) which forms an Intramolecular exclmer and undergoes reaction Inefficiently, 

has a high yield of triplet production [9]. 

I-Naphthylmethyl-1-naphthylacetate (Entry 7) shows substantial lntramole- 

cular fluorescence quenching but does not exhibit fluorescent exclmer forma- 

tion. This Is rather surprising since the ester linkage allows the naphthyl 

groups to overlay each other In a sandwich configuration without giving rlrre to 

any undesirable non-bonded Interactions In the llnklng chain. In this case, 

where fluorescent exclmer formation Is Inefficient and the compound is photo- 

atable [ 101, the triplet yield Is rather low. For the ester In the 2-naphthyl 

aerles (Entry 16) the quantum yield of triplet formation Is quite respectable. 

This Is true for other ca.ses where fluorescence quenching but not exclmer for- 

mation Is observed (Entries 6 and 15). 

The results show that one cannot ldentlfy a single factor which can 

Influence the yield of triplet formation. Thus triplet formation doesn’t necec- 

aarily have to occur via a fluorescent exclmer. There Is also no clear evidence 

that the propensity for an exclmer to undergo chemical reaction plays an lmpor- 

tant part In determining triplet yield. 

Although this work hae not Identified the factors which lnf luence triplet 

formation by singlet exclmers, It Is clear that fluorescent and non-fluorescent 

exclmers Can give rise to quite high triplet yields. The triplets generated 

In this way may lead to chemical reaction, e.g. by sensltlsed singlet oxygen 

formation [ll] or valence bond tautomerlsm [121. 
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Table Quantum yields of fluorescence and triplet formation, and triplet lifetimes for 
systems forming intramolecular excimers and some related systems in degassed 
cyclohexane solution. 

Entry Compound l-substituted naphthalenes Entry Z-substituted naphthalenes 

F 
% @“E 0, ‘T 

F 
@M 

F 

(usec) 
@E @T rT 

(usec) 

I N,c”3* 0.21 - 0.48 9.0 

2 NeCH2Ne 0.22 - 0.37 13.1 

3 NpCH2CH2Np 0.19 - 0.32 14.5 

4 NpCH20CH2Np 0.015 0.033 o.II+ 14.0 

0 0.30 

1 0.33 

2 0.23 

3 0.009 

5 NpCH20CH2CH2Np 0.09 _* 0.42 12.8 14 0.098 

6 NpCH20CH2CH20CH2Np 0.10 b 0.46 13.2 15 0.14 

7 NpCH2C02CH2Np 0.038 - 0.18 10.0 16 0.11 

8 NpyHCH2CH2Np 0.05 0.04 0.15 16.8 17 0.012 

OH 

9 NP(CH,)~ NP 0.19 - 0.28 15.1 18 0.21 

0.038 

0.07 

0.09 

0.51 13.8 

0.20 22.0 

a a 

0.087 11.5 

0.35 17.7 

0.44 16.2 

0.38 13.7 

0.32 14.6 

0.46 15.5 

a = Not determined. b - Fluorescence not detected. 

*Quantum yields of fluorescence for l- and 2-methylnaphthalene from I.B. Berl 

in: Handbook of fluorescence spectra of aromatic molecules (Academic Press, 

York, 1965): Quantum yields of triplet formation for l- and 2-methylnaphthal 

from A.A. Lamola and G.S. Hammond, .I. Chem. Phys., 42, 2129 (1965). 

+Quantum yield for intramolecular cycloaddition = 0.03 
F 

fExcimer emission observed but 4, not determined (Reference 9). 

NP = Naphthyl. 

@; = Quantum yield of fluorescence of naphthalene unit. 

F 
@E - Quantum yield of fluorescence of excimer. 

@T 
= Quantum yield for production of the localised naphthalene triplet. 

TT 
= Triplet lifetime. 
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