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Various values of the quantum yield of fluorescence (@F) of 9-cyanoanthra- 
cene (9-CNA) have been reported. According to Bowen and Sahul @F of 9-CNA 
is independent of temperature and solvent and nearly equal to unity. Melhuishs 
measured a @F value of 0.88 in benzene and of approximately 0.85 in 99% ethanol 
and petroleum ether at infinite dilution and room temperature. Taking into account 
the difficulties inherent in fluorescence quantum yield measurements these discrep- 
ancies are not surprising. Moreover, it has been shown that the quantum yields of 
triplet state formation (@T) of 9- and 9,10-substituted anthracenes are often strongly 
solvent dependent. This effect has been ascribed to variations of the rate constant 
of intersystem crossing (kT) as a function of the solvent-dependent energy difference 
between the fluorescent state (Sr) and a triplet state (T,) of higher energy than 
S1.s~~ Since @F of 9-CNA is in any case very large, small variations of kT in 
different solvents should have a vanishing effect on @F, whereas @T values should 
vary approximately linearly with kT (eqn. (1)) 

@jr = kT/(h + kT) Z h/h (1) 

It was checked that the integration (5,” E, dw) carried out on the whole of the 
rLa + lA band is, within experimental uncertainties, independent of the medium. 
Therefore, kp may be considered as constant in the three soivents used during 
this work. Application of Strickler and Berg’s expressions to the absorption and 
emission spectra of 9-CNA in cyclohexane leads to the St radiative lifetime: 

6, = 8.3 x 1O-g set 

Using the @r value obtained in this work, the fluorescence lifetime in cyclohexane 
can be evaluated : 

ZF = r°F (1 -@T) = 8.0 x lo-+ set 

With the aim of searching for a possible correlation between the rate con- 
stants of S1 + T radiationless deactivation and medium properties, the @T values 
of 9-CNA were determined in cyclohexane, benzene and acetonitrile as solvents. 
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The method based on the modifications of fluorescence intensities (F*/F)* and 
optical densities of triplet to triplet absorption (DT/#‘T) observed by flash photo- 
lysis in the absence and in the presence of heavy-atom quenchers was used4 

Mu. (2)) : 

p/F = (&F’/D’TF- l)@T (2) 

Dimethylmercury was employed as the heavy atom molecule6. As it was shown 
previously for bromobenzenel and during this work for tetramethyllead and 
tetramethyltin, these heavy-atom species have at room temperature, virtually no 
effect on the fluorescence intensity of 9-CNA. 

All our attempts to observe the T-T absorption spectrum of 9-CNA by 
spectrographic flash photolysis were unsuccessful. As it appeared later on, the 
strongest T-T band is located around 430 nm which corresponds to the middle of 
the intense fluorescence emission of the molecule. This has the effect to blacken the 
photographic plates in the region of the T-T band which is difficult to detect under 
these conditions. On the other hand, the transient spectrum could be observed by 
kinetic Aash spectroscopy. The maxima of absorption are given in Table 1 and 
compared to those obtained by pulse radiolysis. 

TABLE 1 

T,-T,, ABSORPTION OF %CYANOANTHRACENE 

Solvent Flash photolysis (Pulse 
radiolysis7) 

A.,,, W-n) tT (set-’ x 103) 3LmaX Inm) 

Cyclohexane 433 0.6 425 
Benzene 440 1.9 44s 
Acetonitrile 433 1.8 - 

A plot according to eqn. (2) is given in Fig. 1. The O-O transition energy of the 
ALA t IA band of 9-CNA measured on the absorption and fluorescence spectra 
and the @T vaIues are joined together in Table 2. 

TABLE 2 

%CYANOANTHRACENE @T VALUE AND ‘La t IA TRANSITION ENERGY IN TI-IREE SOLVENTS 

Solvent WOO (f 60 cm-l) 
Absorption 

~YOO (& 60 cm-l) w&o0 -1- Of00 
Fluorescence 2 

Cyclohexane 25,040 24,820 24,930 0.040 f 0.005 
Benzene 24,770 24,170 24,470 0.042 rt 0.003 
Acet oni trile 24,925 23,970 24,447 0.021 f 0.003 

* The superscript O indicates “in the absence of quencher”. 

J. Photorhem., 1(1972/73) 



PRELIMINARY NOTES 431 

0 cyclohexano 
T bonrano 
X CH,CN 

d 
0 2 4 6 8 10 12 14 

--1 F’D, 
F D’r 

Fig. 1. Triplet yield plot of 9-cyanoanthracene according to eqn. (2). 

Using literature data 2, the quantum yields of fluorescence and S1 +- T 
intersystem crossing of 9-CNA add up to about 0.90. Remembering normal 
errors in measuring @F absolute values, our result does not indicate that SI -+ SO 
radiationless decay takes place (eqn. (1)). 

Since 0~ is large, a 50% decrease of @T when going from benzene to ace- 
to&rile corresponds here to a - 2% increase of the quantum yield of fluorescence. 
Yet, this effect is too small to be displayed unambiguously by the fluorescence 
intensities measured in the different solvents. The decrease of the ILA-~A energy 
interval when going from cyclohexane to acetonitrile is accompanied by a decrease 
of a factor 2 in the kT value (Table 2 and eqn. (1)). This is, qualitatively, a pheno- 
menon similar to the one observed for other meso- substituted anthracene deriva- 
tives. However, the rate constant for intersystem crossing appears to be equal in 
the two non-polar solvents, independent of the fact that the IL&A energy differ- 
ence is smaller in benzene than in cyclohexane. The lack of information concerning 
the energy of the T, state, which appears to play an important role in the S,-T 
radiationless deactivation of 9-substituted anthracenes, makes two independent 
interpretations of this result possible in the case of 9-CNA; either the I&C frequency 
factor may be larger in benzene than in cyclohexane or, if this factor is not appre- 
ciably solvent dependent, the energy interval between the SI and the T, state should 
also be kept constant. The examination of the temperature effect on kT should 
remove this ambiguity. Work is now going on along this line. 

3. Photochem., I (1972/73} 



432 PRELIMINARY NOTES 

The authors are indebted to Prof. R. H. Martin for his interest and gratefully 
acknowledge useful conversation with Prof. J. Nasielski. We thank the I.R.S.I.A. 
(A-D.) and the F.N.R.S. (M.R.B.) for a maintenance grant. 

1 E. J. Bowen and J. S&u, J. P&s. Chem., 63 (1959) 4. 
2 W. H. Melhuish, J. Phys. Chem., 65 (1961) 229. 
3 E. C. Lim, J. D. Laposa and J. M. H. Yu, .I. Molec. Specfr., 39 (1966) 412. 
4 A. Kearwell and F. Wilkinson, J. 0%~. Phys., Suppl. 20 (1969) 125. 
5 S. J. Strickler and R. A. Berg, J. C’hem. Phys., 37 (1962) 8 14. 
6 E. Vander Donckt and D. Li&aer, .7. Gem. Sot. Faraday Trans. Z, 68 (1972) 112. 
7 T. J. Kemp and J. P. Roberts, Tr~n.x Faraday Sot., 65 (1969) 725. 

J. Photochem., Z (1972/73) 


