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Rate constants for the quenching of acetone triplets by 1,3dienes were 
determined by timecorrelated single-photon counting phosphorescence mea- 
surements. Five acyclic 1,3dienes of varying substitution patterns quench 
with comparable rate constants (k, = (3 - 6) X 10’ Ki s-l). It is found 
that cis,cis-1,3cyclooctadiene, a molecule the conjugation of which is 
reduced because of structural constraints that cause twisting, quenches with 
a significantly lower rate constant (k, = 1 X 10’ M-l s-l). That all of the 
1,3dienes quench at less than the diffusional rate is established by the ob- 
servation that trons-1,2dicyanoethylene demonstrates a quenching rate con- 
stant of approximately 7 X log M-l s-l. 

1. lntraduction 

The quenching of ketone triplets by 1,3dienes held a special place in 
the development of molecular organic photochemistry as a quantitative 
discipline during the 1960s [l] . Initial investigations established that 1,3- 
dienes were excellent quenchers of ketone triplets [Z] , that the Stem-Volmer 
quenching efficiency was not significantly dependent on the l,$diene struc- 
ture [ 31, that reactions between the ketone triplet and the 1,3diene were 
minimal [4] and that, in non-viscous solvents, quenching generally behaved 
like a diffusioncontrolled energy transfer process [ 51. However, in spite of 
the intense interest in and use of 1,3dienes as (presumed) diffusion 
quenchers of ketone triplets, relatively few data which refer to the absolute 
values of the appropriatequenching constants have actually been reported 
[6] , especially for alkyl ketone triplets. We initiated, therefore, an investiga- 
tion of the absolute rate constants for the quenching of acetone triplets at 
ambient temperature by a series of 1,3dienes with the goals of determining 
the magnitude of structural effects of the 1,3diene and of establishing 
whether the quenching constants are, in fact, comparable with that for diffu- 
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Fig. 1. Emission spectra of acetone in acetonitrile (concentration, 0.034 M; L, 290 nm). 
Phosphorescence lifetimes were observed at 440 nm (t )_ 

Fig. 2. The phosphorescence decay rate of acetone in acetonitrile as a function of the 
quencher concentration. 

sion. Acetonitrile was selected as a solvent since it is commonly employed 
for photochemical studies. 

2. Experimental 

Acetone and acetonitrile (Aldrich, spectrophotometric grade) were used 
as supplied. 2-Methyl-1,3-butadiene and 1,3-pentadiene were used as ob- 
tained (Aldrich). l-Methoxy-1,3-butadiene, 2,5_dimethyl-2,4-hexadiene, 
cis,cis-1,3cyclooctadiene and truns-1,2_dicyanoethylene were available f!rom 
previous studies and were employed without further purification. 

The concentration of acetone was 0.034 M in acetonitrile. Solutions 
were degassed by several freeze-thaw cycles. The total emission spectra of 
an aerated acetonitrile solution of acetone and a degassed solution are shown 
in Fig. 1. The increase in the emission intensity and the shift of the emission 
maximum is associated with the enhancement of acetone phosphoresence in 
degassed acetonitrile solution. Because of the substantial overlap of acetone 
fluorescence (the acetone emission which appears in aerated solution) and 
phosphorescence, quenching of the steady state intensity of emission is sub- 
ject to considerable error. However, the large difference in fluorescence (ap- 
proximately 2 ns) and phosphorescence (approximately 40 000 ns) lifetimes 
in degassed solution allows for easy time resolution of singlet and triplet 
emissions. 
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The phosphorescence lifetimes of acetone in the presence and in the 
absence of quenchers were determined by correlated single-photon count- 
ing. The total emission from a deuterium lamp (Photochemical Research 
Associates) was used as an excitation light source. The pulse width of the 
lamp was approximately 80 ns with the application of a suitable capacitor 
in the lamp circuit. The repetition rate of the pulses was about 6 kHz. The 
phosphorescence intensities at 440 nm were measured at ambient tem- 
perature . 

3. Results 

The simplest mechanistic scheme required to interpret the data is 

hv kST 
- lA - “A 

k, g ‘A+hv 

kn 
- ‘A 

Q+3A k, p No3A 

where A and Q symbolize acetone and quencher respectively, and the super- 
scripts 0, 1 and 3 refer to ground state, excited singlet state and excited 
triplet state acetone respectively. According to the mechanism of eqns. (1) - 
(4), the measured phosphorescence lifetime is given by 

rp-’ (measured)= k, + Kn + k, [QJ (5) 

From eqn. (5) a plot of 7P-1 versus [Q] is predicted to yield a straight line of 
slope equal to 12, and an intercept equal to 12, + kD. The resubs of measure- 
ments of acetone phosphorescence lifetimes 7P are shown in Fig. 2 in which 
~~~~ is plotted as a function of quencher concentration. In each case studied 
eqn. (5) is obeyed to within *lo% for the worst case (2,5-dimethyl-2,4- 
hexadiene). The intercepts vary from 25 X lo3 to 35 X lo3 s-l, correspond- 
ing to lifetimes of (40 - 30) X 1W6 s. The values of k, are summarized in 
Table 1. 

Stem-Volmer plots of phosphorescence intensity at 440 nm versus [Q] 
were also determined for comparison purposes and to determine whether 
significant static quenching was occurring. In each case the Stem-Voh-ner 
constant kqrp was, on average, within a factor of 50% of the value deter- 
mined by time-correlated single-photon counting. 

4. Discussion 

The values of k, for the acyclic 1,3dienes studied show relatively 
minor variation with respect to variation of the quencher structure, i.e. k, = 
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TABLE 1 

Quenching of acetone phosphorescencea 

Quencher k, (x 10’ M-l s-l) 

(CHa)a C=CH-CH=C( CHa), 2,6-dimethyl-2,4-hexadiene 

CHa CH=CH-CH=C!H2, 1,3-pentadiene 

CH@H-C( CHa)=CHa, 2-methyl-1,3-butadiene 

CHaOCH=CH-CH=CH2, 1-methoxy-1,3-butadiene 
1 
CH=CH--CH=CH-(CH2)*, cis,cis-1,3cyclooctadiene 

CHCN=CHCN, tmr~~-1,2-dicyanoethylene 

4.6 * 0.5 

4.4 f 0.3 

3.9 f 0.3 

2.7 f 0.4 

1.1 f 0.3 

7.4 f 0.3 

“In acetonitrile solution at ambient temperature. The concentration of acetone is 
fixed at 0.034 M. 

(3 - 5) X 10’ M-l s-l. For example, both 2,5dimethyl-2,4-hexadiene, which 
has substantial steric hindrance at the terminal carbon atoms, and 2-methyl- 
1,3-butadiene, which has minimal steric hindrance at the terminal carbon 
atoms, display experimentally indistinguishable values of k,, i.e. 4.6 X 10’ 
and 3.9 X log M-l s-l respectively. 

The electron-releasing methoxy group of 1-methoxy-1,3-butadiene 
(k, = 2.7 X log M-l s-l) reduces the rate of quenching slightly relative to 
the methyl group of 1,3-pentadiene (k, = 4.4 X 10’ M-l s-l). 

In contrast, cis,cis-1,3-cyclooctadiene (COD) is a significantly poorer 
quencher (k, = 1.1 X 10’ M-l s-l) than any of the acyclic 1,3dienes. This 
result is in good agreement with previous reports [7] in which COD has been 
found to be a relatively poor alkanone triplet quencher. The twisted shape of 
ground state COD probably causes the energy gap between So and T1 to be 
larger than that for acyclic 1,3&enes. Since the mechanism of 1,3-diene 
quenching presumably occurs by triplet-triplet energy transfer, the higher 
“triplet energy” of COD causes a reduction in k, relative to that for the 
acyclic 1,3dienes. 

Finally, we address the issue of whether or not the vahre of k, for any 
of the 1,3-dienes studied is equal to that for diffusion-limited quenching in 
acetonitrile. For “small” molecules (e.g. for molecules of molecular weight 
less than 100) the diffusion-limited rate constant kDIF is expected to be of 
the order of 1 X lOlo M-l s-l [8] . We find that, as previously suggested 
[9] , the value of kq for trans-1,2dicyanoethylene as a quencher of acetone 
triplets is close to that expected for the diffusion-limited quenching in 
acetonitrile (approximately 7 X 10’ M-l s-l). Thus the values of k, for all 
of the 1,3dienes investigated are apparently less than km,. 
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6. Conclusions 

The values of k, for the quenching of acetone triplets by various acyclic 
1,3_dienes in acetonitrile are similar in their approach to, but remain same- 
what less than, the value for diffusion-limited quenching. The substantially 
lower value of k, for c;is,cis-1,3cyclooctadiene is attributed to the high 
triplet energy which results from ground state distortion of this l,&diene 
system and which reduces the rate constant for triplet-triplet energy 
transfer. 

Acknowledgment 

The authors thank the Air Force Office of Scientific Research for its 
generous support of this research. 

References 

1 N. J. Tuna, MolecuQr Photochemistry. Benjamin, New York, 1967, Chap. 6. 
2 J. C. Dalton and N. J. Turro, Annu. Rev. Phys. Chem., 22 (1970) 499. 
3 P. J. Wagner, Act. Chem. Res.. 4 (1971) 1681. 
4 J. A. Barltrop and H. A. J. Carless, J. Am. Chem. SW., 94 (1972) 8761; 93 (1971) 

4794. 
6 P. J. Wagner and I. Kochevar, J. Am. Chem. Sot., 90 (1969) 2232, and references 

cited therein. 
6 J. C. Scaiano, E, A. Liii and M. V. Encina, Rev. Chem. Infer., 2 (1978) 139. 
7 K. Shima, Y. Sskai and H. Sakur& Bull. Chem. Sot. Jpn, 44 (1971) 216. 

* 8 N. J. Turro, Modern Molecular Photochemistry, Benjamin-Cummings, Menlo Park, 
1978, p. 314. 

9 J. C. Dalton, P. A. Wriede and N. J. Turro, J. Am. Chem. Sot., 92 (1970) 1318. 


