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The rotational correlation times of two long-chain nitro­

xide spin probes (5-PASL and 1-LASL) were measured in 
the vicinity of the second critical micelle concentration of 
cetyltriniethylammonium bromide (CTAB) solutions. The 
radical part of 5-PASL is situated at the <5-carbon and 
that of 1-LASL in the polar head.

In the 5-PASL-solubilized CTAB solutions a transition 
of the correlation time due to a sphere-rod transition seems 
to occur, while in the 1-LASL-solubilized CTAB solutions 
no such transition occurs. This reveals that the hydrophobic 
part around the d-carbon of the probe becomes more rigid 
as a result of the micellar shape-variation while the hydro- 
philic part of 1-LASL is not so much restricted by the shape 
variation.

Nitroxide free-radical probes can be used for 
investigations of the structure of micelles, and it 
has been shown that for probe-solubilized micelle 
systems a sharp transition of the rotational correla­
tion time occurs at the first critical micelle concen­
tration (CMC)1-4. This transition has been ascribed 
to the fact that the tumbling rate of the probe 
molecule is slowed down because of interaction 
with the micelle.

ln  the present work, two long-chain nitroxide- 
radical probes were used to investigate the change 
of the rotational correlation times of the probes 
due to the sphere-rod transition of the CTAB 
micelles.

Experimental

Cetyltrimethylammonium bromide (CTAB) and 
cetyltriniethylammonium chloride (CTAC) were 
purchased from Nakarai Chemicals LTD (Japan) 
and were purified by recrystallisation from aceton- 
ethanol. The N-oxyl-4',4'-dimethyloxazolidine de­
rivative of 5-ketopalmitic acid (5-PASL) and the 
2,2-6,6-tetramethyl-4-pipcridinol-l-oxyl ester of 
lauric acid (1-LASL) were synthesized according to
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the procedures of references 2-5. These spin-labeled 
substances were purified by column chromato­
graphy.
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The ESR spectra were taken with a JEOL-model 
JES-ME spectrometer at room temperature (22
±2°C ).

Results and Discussion

The tumbling rate of a nitroxide radical is 
usually expressed by a rotational correlation time 
(rc), which has been related to the ESR spectral 
line-widths6. For the narrow-line ESR-spectra of 
the radical, two estimates (rc and r c') of the 
correlation time in nanoseconds can be evaluated 
by the following equations1-6-8:

Tc =  0.65 Wo[(holhi)V* +  (ho/h-i)1'2 ~  2], 
t c' =  -  2211 JF0/#o[(Äo//n)1/2 -  (a0/ä_i)i/2].

Wo is the line-width of the central peak and Ho the 
applied magnetic field, both measured in Gauss. 
Ao, 1,-1 is height of the middle, low, and high field 
lines, respectively. r c should be equal to r c' for 
isotropic motion of the probe. However, it is well 
known that the above two equations often give 
different values. The difference (zlrc) between r c 
and t c' has been regarded as a measure of the 
anisotropy of the motion4-9.

In the present study, the rotational correlation 
times of 5-PASL and 1-LASL incorporated into 
CTBA micelles were measured in the vicinity of the 
second CMC. In calculations of the correlation 
times, the effects of chemical exchange between 
monomer and micelle were neglected, because the 
micelle concentration is very high in this study. 
Furthermore, since in surfactant solutions the 
reduction of rotational motion of a nitroxide probe 
is the predominant reason for the broadening of the 
ESR spectrum, the effects of hopping between 
polar and non-polar sites were also neglected.
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In saturated aqueous solutions of 5-PASL, the 
ESR spectrum consists of three lines of nearly 
equal line-width. When, however, 5-PASL is 
solubilised in CTAB micelles, the widths of the 
three hyperfine lines become unequal.

Table I shows the r c and t c' values of 5-PASL 
and 1-LASL in organic solvents and CTAB micelles. 
In the 5-PASL-CTAB micelles, A tc is much larger 
than in organic solvents. This reveals that the 
tumbling motion of 5-PASL is slowed down as a 
result of incorporation into the micelles.

Table I. Rotational correlation times for 5-PASL and 
1-LASL in organic solvents and in CTAB micelles 
(X 10"11 s).

5-PASL 1-LASL
TC Tc' Axc Tc Tc'

water 23.6 18.0 5.6 _ _ _
ethyl alcohol 17.8 31.7 13.9 12.3 3.4 8.9
hexyl alcohol 56.0 54.8 1.2 25.1 13.6 11.5
benzene 1.0 9.4 8.4 2.3 3.5 1.2
hexadecane 33.1 31.3 1.8 7.1 10.4 3.3
CTAB solution 290.0 174.0 126.0 87.6 96.1 8.5
(120 mg/cm3)

In the 5-PASL-saturated aqueous solution, zlrc 
does not differ appreciably from the values in 
organic solvents. Accordingly, the 5-PASL-mole- 
cules are monomeric in the aqueous solution and 
the molecular motion is almost isotropic. Zlrc of 
5-PASL in the CTAB micclles is much larger than 
in organic solvents. This shows that the molecular 
motion of 5-PASL becomes anisotropic in the 
CTAB micelles.

In the case of the 1-LASL-CTAB micelles, r c is 
evidently small compared to that in the 5-PASL- 
CTAB micelles. Moreover, zlrc of 1-LASL in the 
CTAB micelles is very close to the values in 
organic solvents. This shows that in the CTAB 
micelles the radical part of 1-LASL is less hindered 
than the radical part of 5-PASL, and the molecular 
motion is not anisotropic.

The rotational correlation time of 5-PASL is 
ploted as a function of the CTAB concentration in 
Figure 1. It is noteworthy that a transition of r c 
occurs in the range of 90—120 mg/cm3. This range 
closely corresponds to the second CMC10. On the 
other hand, when 5-PASL is solubilised in CTAC 
micelles, no such transition occurs; in this case 
there is no second CMC. Thus the transition should 
be ascribed to a change of the micellar shape.

Figure 1 also shows r c of 1-LASL as a function of 
the CTAB concentration. For this probe, there is 
markedly little dependence of t c on the CTAB 
concentration. Thus, it may be concluded that the 
rigidity of the polar head of the CTAB micelle does 
not change markedly with the micellar shape.
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Fig. 1. Rotational correlation times of 5-PASL and 1-LASL 
in aqueous solutions vs. surfactant concentrations (room 
temperature: 22±2°C).
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Fig. 2. ZItc values of 5-PASL and 1-LASL in aqueous solu­
tions vs. surfactant concentrations.

Figure 2 shows the zlrc values of 5-PASL and 
1-LASL as a function of the surfactant concentra­
tion. For the 5-PASL-CTAB solutions, at ca. 
100 mg/cm3 the transition of Arc also seems to 
occur, while in the 5-PASL-CTAC system no 
transition is found. This observation shows that 
the molecular motion of 5-PASL becomes more 
anisotropic because ofthe sphere rod transition. 
When 1-LASL is solubilised in the CTAB micelles,
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Arc remains unchanged. Accordingly, we can 
concluded that in the polar part of the CTAB 
micelles the intramolecular rotational motion of

the radical part is not so hindered in spite of the 
micellar shape-variation, in contrast to the hydro­
carbon part of the micelles.
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