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Fluorescence Quenching by Nitroxyl Radicals in 
Micellar Environments. A Useful Probe for Studying 
Micelle-Substrate Interactions 

Sir: 

Although it is now well established that micelles can catalyze 
or inhibit chemical reactions in aqueous solutions,1 detailed 
descriptions of these effects are lacking. With the goal of elu­
cidating such mechanisms, we have been investigating the 
fluorescence quenching of pyrene and pyrene derivatives by 
nitroxyl radicals in micelle environments.2 

Previously, we showed that di-terf-butylnitroxide (a stable 
radical) quenches the fluorescence from a series of aromatic 
hydrocarbons at, or near, the diffusion limit with an interaction 
distance of 5-7 A.3 We find that this reaction is equally as 
efficient in aqueous media. If the mechanism does not change 
in going from nonpolar to aqueous solutions,4 quenching still 
occurs over collisional distances so that the relative quenching 
efficiencies will reflect relative encounter frequencies between 
the excited fluorophors and quenchers. In this paper we show 
that the encounter frequency is strongly influenced by the 
micelle surface charge and that examples of both micelle-
catalyzed and micelle-inhibited fluorescence quenching re­
actions can be realized. 

The quenching of the fluorescence from 1.0 X 10 -5 M 
tetrasodium pyrenetetrasulfonate (PTS)6 by nitroxyl radicals 
I,7 2,8 3,9 and 410 was studied in aqueous solutions in the ab-

N(CHj)3Cl" CO2Na (CH3)2^(CH2)|5CH3 Cl 

N aVro}S 03^ 

NaO S 1 ^ 1 S O 3 N a 

PTS 

sence and presence of cetyltrimethylammonium chloride 
(CTAC) and sodium dodecylsulfate (SDS) micelles. The ap­
parent &Q'S in Table I were calculated from the essentially 
linear Stern-Volmer slopes observed between 1.0 X 10~4 M 
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Table 1. PTS Fluorescence Quenching Results at 25 0C 

Quencher 

1 
2 
3 
4 

Water 

70 
2.6 
5.0 

"k0"X 10-9M"1 

In the presence 
of CTAC micelle^ 

<\.0d 

66 
5.0 

320 

s - l a.b 

In the presence 
ofSDSmicehV 

<1.0rf 

2.4 
5.0 

<\.0d 

a Apparent /CQ'S from the steady-state Stern-Volmer slopes using 
measured rf's as follows: water, 13 ns; CTAC micelle, 8 ns; SDS mi­
celle, 16 ns. All experiments were carried out on nondegassed samples. 
* Estimated error limits ±10%. c [CTAC] = 1.0 X 10-2 M which is 
well above the critical micelle concentration of 1.0 X 10-3 M. [SDS] 
= 1.5 X 10-2 M which is well above the critical micelle concentration 
of 8.0 X 10-3 M. P. Mukerjee and K. Mysels, "Critical Micelle 
Concentration of Surfactant Systems", National Bureau Standards 
Reference Data Series, National Bureau of Standards, Washington, 
D.C, 1971. d No quenching was observed but upper limit was esti­
mated from the sensitivity limit of the steady-state experiment. 

< [Q] < 1.0 X 1O-2 M using independently measured rfs. 
The fluorescence quenching order is 1 » 3 > 2 in pure 

water, 2 » 3 > 1 in the presence of CTAC micelles and 3 > 
2 > 1 in the presence of SDS micelles. The results in the ab­
sence of micelles show the expected influence of electrostatic 
interactions between the excited fluorophor and the charged 
quenchers. In the presence of the CTAC micelles, where PTS 
is bound to the micelle surface11'12 the reactivity order is de­
termined by the relative binding efficiencies of the nitroxyl 
radicals to the micelle. In the environment of the cationic 
micelle, the reaction between the similarly charged reactants 
(PTS and 2) is strongly enhanced and that between the two 
oppositely charged reactants (PTS and 1) is strongly retarded 
relative to the results in pure water. 

In the presence of the SDS micelle, PTS appears to be dis­
sociated from the micelle surface. Under this condition, 2 and 
3 quench the excited PTS as efficiently as they do in pure 
water. The striking result is the inhibition of the reaction be­
tween excited PTS and 1 which presumably results because 
of strong binding of the latter to the anionic micelle. 

The results obtained with the surfactant nitroxyl radical 4 
support the interpretations given above. This quencher is in­
corporated into both the CTAC and SDS micelles13 and is a 
model for the micelle-bound quencher. In the presence of the 
CTAC micelle, where the fluorophor also is associated with 
the micelle, very efficient fluorescence quenching is observed. 
However, in the presence of the SDS micelle, where the fluo­
rophor is dissociated, very inefficient fluorescence quenching 
is noted.14 

At this time, we stress only the qualitative interpretation of 
these results. Because both static-like and dynamic quenching 
mechanisms15 can operate, the absolute magnitudes of the &Q'S 
in Table I should be cautiously interpreted. Further work is in 
progress to sort out these pathways and to explore the useful­
ness of this quencher system for studying interactions between 
fluorophors solubilized in the hydrophobic core of micelles and 
reactants in the aqueous medium. 

References and Notes 

(1) E. H. Cordes, "Reaction Kinetics in Micelles", Plenum Press, New York, 
N.Y., 1973. 

(2) For other recent studies on micelles using fluorescent probes see (a) J. 
K. Thomas, Ace. Chem. Res., 10, 133 (1977), and references therein; (b) 
U. Khuanga, B. K. Selinger, and R. McDonald, Aust. J. Chem., 29,1 (1976); 
(C) R. C. Dorrance and T. F. Hunter, J. Chem. Soc., Faraday Trans. 1, 74, 
1891 (1978); (d) J. R. Escabi-Perez, F. Nome, and J. H. Fendler, J. Am. 
Chem. Soc, 99, 7751 (1977). 

(3) (a) J. A. Green, II, L. A. Singer, and J. H. Parks, J. Chem. Phys., 58, 2690 
(1973); (b) J. Am. Chem. Soc, 96, 2730 (1974). 

(4) Fluorescence quenching likely results from electron-exchange-induoed 
intersystem crossing.5 Enhanced crossing has recently been observed by 
V. A. Kuzmin and A. S. Tatikolov, Chem. Phys. Lett., 51, 45 (1977). 

OOO2-7863/78/15O0-3235S01.0O/0 

3235 

(5) G. J. Hoytink, Ace. Chem. Res., 2, 114 (1969). 
(6) Aldrich Chemical Co., Milwaukee, Wis. 
(7) Prepared by methylation of 4-amino-2,2,6,6-tetramethylpiperidinyl-N-oxyl 

(Aldrich Chemical Co.) with excess methyl iodide in dry ethyl ether. 
(8) E. J. Rauckman, G. M. Rosen, and M. B. Abou-Donia, J. Org. Chem., 41, 

564 (1976). 
(9) A. Rassat and P. Rey, Bull. Soc. ChIm. Fr., 815 (1967). 

(10) C. L. Kwan, S. Atik, and L. A. Singer, J. Am. Chem. Soc, in press. 
(11) We estimate that PTS has an association constant with the CTAC micelle 

sufficiently large ( K > 105 M -1) for it to be essentially completely incor­
porated into the micelle under the reaction conditions. This estimate is 
based on the report that potassium 2,4-dinltrophenylsulfate binds to 
cetyltrimethylammonium bromide (CTAB) with K~ 1.9 X 105 M"1. See 
table 4.1 in J. H. Fendler and E. J. Fendler, "Catalysis in Micellar and 
Macromolecular Systems", Academic Press, New York, N.Y., 1975. 

(12) The absorbance of a 1.0 X 1O-5 M PTS solution initially decreases with 
added CTAC until ~1.0 X 1O-3 M surfactant. Thereafter, the absorbance 
increases sharply and levels off ^ 5 X 1O-3 M added surfactant. In addition, 
the Xm for PTS shifts from 375.5 nm in pure water to 380 nm in the pres­
ence of 5 X 1O-4 M CTAC and finally to 377 nm > 1 X 1O-3 M CTAC. 
These observations indicate some interaction between PTS and CTAC 
below the cmc point. However, the abrupt spectral changes described near 
1 X 10 - 3 M and the invariance of the PTS electronic absorption spectrum 
over a wide CTAC concentration range above the cmc strongly argue for 
association of PTS with the CTAC micelle under the conditions of the flu­
orescence quenching experiments. For similar observations on acridine-
type dyes with SDS, see B. H. Robinson, N. C. White, C. Mateo, K. J. Tim-
mins, and A. James in "Chemical and Biological Applications of Relaxation 
Spectrometry", E. Wyn-Jones, Ed., D. Reidel Publishing Co., Dordrecht, 
Holland, 1975, p 201. 

(13) The incorporation of 4 into the CTAC micelle was studied by ESR spec­
troscopy.'0 At 25 0C, the association constant is K = 3.2 X 105 M - 1 so 
that in the present study, where the micelle concentration is ~1.0 X 10~4 

M, the fraction of 4 incorporated into the micelle is >0.95. Even more ef­
ficient incorporation is expected for 4 into the SDS micelle because of 
electrostatic attraction in addition to the hydrophobic interaction. 

(14) Inefficient fluorescence quenching by 4 in the presence of the SDS micelle 
system could also result from precipitation of aggregates of 4 and SDS. 
No turbidity was apparent to the eye over the concentrations used in this 
study. Further, the fluorescence of SDS micelle solubilized pyrene, under 
experimental conditions similar to the PTS study, is very efficiently 
quenched by 4, "kQ" « 8 X 1010 M - 1 s_1 , which is consistent with the 
conclusion presented in the paper. 

(15) We use the term "static-like" to describe quenching of micelle-bound 
excited PTS by quenchers already associated with the same micelle. An 
example is the quenching of excited PTS by 4 in the presence of CTAC 
micelles. "Dynamic" quenching results from diffusional encounter of ex­
cited fluorophor and quencher where at least one of the two reactants is 
dissociated from the micelle. 

Samir Atik, Lawrence A. Singer* 
Department of Chemistry 

University of Southern California 
Los Angeles, California 90007 

Received January 9, 1978 

Stereochemistry of the 1,3-Proton Loss from a 
Chiral Methyl Group in the Biosynthesis of 
Cycloartenol as Determined by Tritium 
Nuclear Magnetic Resonance Spectroscopy 

Sir: 

The biosynthesis of sterols by photosynthetic organisms1 

proceeds through cyclization of 2,3-oxidosqualene (1) to yield 
cycloartenol (2) in contrast to nonphotosynthetic organisms2 

where the cyclization product is lanosterol (3) (Scheme I). The 
last step in the biosynthetic pathway leading to 2 involves a 
1,3-proton loss from a methyl group to form the cyclopropane 
ring. A priori, this process could take in one of two stereo-
chemically defined ways—retention or inversion of configu­
ration around the C-6 methyl group (Scheme II). We now 
report our results on the stereochemistry of the 1,3-proton loss 
as determined by 3H N M R spectroscopy.3 

The labeled, chiral substrate 12 for cyclization studies was 
prepared from D-malic acid (4) according to Scheme III. 3H 
N M R spectra of 10 (Figure 1) confirm the fact that each 
molecule of 10 labeled with a tritium atom at C-7 was also 
labeled with one deuterium atom (and one hydrogen atom) at 
C-7. Approximately thirty percent of all molecules were Ia-
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