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DYES AS QUENCHERS OF SINGLET OXYGEN 

R. Stephen DavIdson* & Julie E Pratt 

(Department of Chemistry, The City Unlverslty, London EClV OHB) 

The magnitude of solvent Isotope effects on the rate of the dye 

sensltlsed photo-oxldatlon of alkenes 1s dependent upon the nature 

and concentration of the dye An explanation, lnvolvlng quenching 

of singlet oxygen by the dye, 1s proposed 

Generation of singlet oxygen, for both preparative and kinetic studies, 1s often 

accomplished by the use of dyes as sensltlsers Klnetlc studies, using steady state 

and transient methods enable the determination of the lifetime of slnglct oxygen and 

the rate constant for its reaction with a substrate Values for the lifetime of 

singlet oxygen in a range of solvents are now available, but there are discrepancies 

between the values obtained from different lnvestlgatlons1’2’3’4 Recently: ” life- 

tunes of singlet oxygen were determined by monltorlng the decay of its luminescence, 

at 127Gnm, after IllLnnlnatlon of a dye solution by a laser pulse It was pointed 

out3 that high dye concentrations led to erroneous results We now show that the 

neglect of the fact that many dyes are capable of quenching slnglet oxygen 1s a 

source of error in determining Its lifetIme 

Tne lifetune of singlet oxygen 1s generally longer In a deuterated than the 

corresponding non-deuterated solvents, therefore solvent isotope effects on the rate 

of photo-oxldatlon reactions have been used as evidence for the partlclpatlon of 

s angle t oxygen 5 Solvent isotope effects on the rate of oxldatlon of (+)-llm%ene, 

using a range of photo-sensltlsers, at various concentrations, were measured The 

results are shown in Table 1. Similar expervnents were carried out using cltro- 

nellol as substrate, and the results are shown In Table 2. 
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Table 1 Solvent Isotope effects on the photo-oxldatlon of (+)-llmonene 

(5 x 10T3M) in CH3CN/D20 and CH3CN/H20 (1 1 v/v) 

Sensitlser Sensitiser Solvent Isotope 
Concentration (M) Effect 

Rose Bengal 

(Eastman-Kodak) 

7.86 x lo-' 

1.0 x 1o-5 

Methylene Blue 

(Aldrich) 

2.14 x 1O-3 1.79 

1.0 x 1o-5 3.68 

Thionine 

(Koch-Light 

2.'8 x 1O-3 

5.0 x 1o-5 

Trls-ruthenlm(lI)- 1.0 x 1o-3 

(2,2'-blpyrldyl)-chloride, 1.0 x lo+ 

hexahydrate 

2.18 

3.2 

2.12 

6.08 

2.75 

5.32 

Table 2 Solvent isotope effects on the photo-oxldatlon of cltronellol 

(5 x 10m3M) in CH3CN/D20 and C?I,CU/H,O (1 1 v/v) 

Sensitiser Sensitiser 
Concentration (M) 

Solvent Isotope 
effect 

Methylene Blue 2 14 x 1o-3 1 59 

1.0 x 1o-5 24 

Thionine 2 78 x 1o-3 1.45 

50 x1o-5 2.5 

From Tables 1 and 2 It can be seen that the measured solvent isotope effects are 

dependent upon the nature and concentration of the sensltlser The lower solvent 
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isotope effects observed at high dye concentrations cdn be explalned if the sensltlclng 

dyes are behaving as quenchers of slnglet oxygen The following equation6 describes 

the solvent Isotope effect under condltlons where the ground state dyes can act as 

quenchers - 

Rate D _ kd + kr [Subst.] + k jsens 1 
- - 
Rate H k; + k; [Subst ] + k; [>ens .] 

Where kd = unlmolecular decay constant for singlet oxygen, 

kr = rate constant for reaction of singlet oxygen with substrate at a 

concentration [Subst .] 

kq = bimolecular rate constant for quenching of singlet oxygen by the 

sensitiser at a concentration ISens ] 

k;, k: and kl refer to reaction In the deuterated solvent 

For the solvent isotope effect to be maximal - 

kd ) kr pubst ] + kq [Sens ] 

The dependence of the observed solvent Isotope effect on sensltirer concentration 

suggests that the value of kq [Sens ] at high dye concentrations 1s too large for 

the above condltlon to hold Obviously, when solvents are used m which the life- 

tune of singlet oxygen 1s particularly long the term kq [Sens.] may well dominate 

kd or k; Hence, the qlaenchmng reaction will have a more dominant effect on the 

rate of photo-oxldatlon In the deuterated solvent It was indeed observed that the 

increase In rate of oxldatlon on rd?smg the dye conccntratlon, as a consequence of 

absorption of a higher proportion of lncldent photons, was more marked In the protlc 

solvent. 

The ruthenium complex, used as sensltlser, 1s of interest because Its photo- 

physical properties e.g. $Lumln + ‘cLumln are afrected by solvent deuteratlon’ 

Consequently, solvent isotope effects observed using this dye should differ from 
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those obtalned using sensitlsers whose photo-physical properties remain unchanged e.g 

Rose Bengal. However, a sensltlvlty of photo-physlcal parameters to solvent deuteratlon 

cannot explain the dependency of the observed solvent isotope effects upon concentration 

of the ruthenium complex. 

Since the triplet states of the sensltlsers used are higher m energy than singlet 

oxygen, quenching of the latter by the ground state dyes 1s unlikely to be an energy 

transfer process As all the sensltlsers In this study are potential electron donors 

(particularly methylene blue and thlonlne which are both aromatic ammes) the quenching 

may be due to an electron transfer process Recently, it has been shown that singlet 

oxygen can be quenched, via an electron transfer process, e g. by azlde ions.’ The 

observatlong that ‘oil soluble’ chlorophyll quenches singlet oxygen can also be ratlo- 

nallsed in these terms It 1s probable that the efflclency of quenching 1 e. kq ISens ] 

by the dyes, via such a process, will be affected by solvent deuteratlon Solvent 

isotope effects have recently been observed for intramolecular charge transfer reactions?’ 

We conclude that for kinetic lnvestlgatlons of dye-sensltlsed 

reactions, lnvolvlng singlet oxygen, It 1s essential to keep the dye 

minunum As a consequence dyes with high extinction coefflclents in 

will be of particular use 

photo-oxldatlon 

concentration to a 

the vlslble region 
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