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ABSTRACT: !3C-spin-lattice relaxation measurements are
used to examine the effect of the monomer-to-micelle
transition on the molecular motion of octylglucoside
molecules. The octylglucoside concentration dependence
of the spin-lattice relaxation rate is used to determine
spin-lattice relaxation rates for the detergent in the
monomer and micelle states. Two observations are made.
First, a motional gradient exists along the octylgluco-
side alkyl chain, which is approximately as pronounced
in the micelle as in the monomer state. Second, motional
restriction is observed for all examined carbon atoms
upon passing from the monomer to the micelle state.

INTRODUCTION

Carbon-13 NMR is a useful tool for examining the physical
state of detergent systems. This is largely because '3C spin-
Tattice (T,) relaxation is principally driven by 'H-'%C dipole
interactions with directly bonded protons.'®>? Thus, spin-lat-
tice relaxation rates (1/T,) are sensitive indicators of seg-
mental motions of the alkyl chains of detergents. Spin-lat-
tice relaxation studies involving a variety of surfactants,
including n-alkyl compounds containing sulfate,® carboxyl,*®®
primary amine,® and quaternary amine’ headgroups are reported.
These studies generally show that, in the micelle state, seg-
mental motion increases as a function of distance from the
headgroup region. This is similar to the pattern observed
with lecithins.® Several of the above-mentioned studies also
examine the effect of the micelle-to-monomer transition on
13¢—7, values.**5°7 Increases in overall molecular motion
are observed as the amphiphile concentration is lowered below
the critical micelle concentration (cmc).
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To date, '*C—T, studies involving straight alkyl chain,
nonionic detergents are not reported. The results of exper-
iments involving the concentration dependence of octylgluco-
side '’C—T, values are presented in this communication.

Two questions are addressed. First, in the micelle state,

is a motional gradient observed which is similar to that of
ionic amphiphiles? Second, what is the effect of the micelle-
to-monomer transition on spin-lattice relaxation?

EXPERIMENTAL

Samples were prepared by dispersing the desired amount
of octylglucoside (1l-octyl-B-glycopyranoside, Calbiochem)
in D,0 (Sigma, 99.996% D,0). The D,0 was degassed with three
freeze-thaw cycles before being used to prepare the detergent
solutions. !'°C—T, measurements were carried out on a Bruker
HX-270 pulse Fourier transform spectrometer at 270 MHz. A
(180° -r-90°-FID—5$ec)n IRFT pulse sequence was used. The
value of n ranged from 20 at 150 mM octylglucoside to 500
at 20 mM octylglucoside. A Bruker variable temperatgre unit
was used to regulate the probe temperature at 24 + 1V C.
Peak assignments were based on a comparison with the assign-
ments for the compounds dioctyl ether and l-methyl-a-glyco-
pyranoside.

RESULTS

The principal finding of this study was that spin-lattice
relaxation times (T,) were larger at octylglucoside concentra-
tions below the cmc than above the cmc. This effect was demon-
strated in Figure 2 for the number three carbon of the alkyl
chain (see Figure 1 for numbering scheme). Similar effects
were observed for the other carbons in the alkyl chain and
the headgroup regions of the octylglucoside molecule. Because
of the direct proportionality between 1/T, and the 'H—13C
dipole-dipole reorientation correlation time constant, these
results showed that molecular motion was less restricted in
the monomer than the micelle state. Because the exchange
rate of detergents between micelle and aqueous phases has
generally been found to be fast on the NMR timescale,® the
following equation was used to analyze data obtained at octyl-
glucoside concentrations above the cmc.

1 . [d]t - [dJeme 1 N [d] eme 1 (Eq. 1)
T [d]t Timic [t  Timon

1/T, was the measured spin-lattice relaxation rate. 1/T

1-mic
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FIGURE 1  Structure and number scheme for 1l-octyl-g-glycopy-
ranoside

TABLE I  Effect of the Monomer-to-Micelle Transition on Spin-
Lattice Relaxation

—_— -1 ——— -1 T

Carbon Number Tl-mon (sec”™ ) T\ mic (sec ) T1-mon
1-mic

1 2.30 = 0.23 6.47 + 0.51 2.81
3 1.00 = 0.10 2.55 + 0.10 2.55
4 0.86 + 0.15 2.30 + 0.23 2.67
6 0.46 + 0.07 1.27 + 0.13 2.76
1 1.20 + 0.04 3.76 £ 0.03 3.13
3 1.18 + 0.04 3.76 £ 0.03 3.18
4- 1.54 £ 0.25 4.39 + 0.08 2.85
5° 1.25 £ 0.15 3.41 = 0.07 2.73
6~ 1.05 + 0.35 3.85 + 0.12 3.67
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FIGURE 2 Spin-lattice relaxation curves of carbon-3 for
samples containing 100 mM (e) and 20 mM (o) octyl-
glucoside. he - h(1)

f(t) = 1n >
(x) = 1n P2op
where h_ is the peak height at long T values, and

h, is tne peak height at t= 0.
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FIGURE 3

13C-SPIN-LATTICE RELAXATION

Octylglucoside concentration dependence of the
spin-lattice relaxation rate (1/T,) for carbon
atoms 1 (e), 3 (0), 6 (Q), and 3~ (m).

1
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and 1/T,_ on Were respectively the relaxation rates in the
micellular and monomer states. [d]{ and [d]qnc were respectively
the total detergent concentration and the cmc value, equal

to 25 mM.'® Plots of 1/T, vs. 1/[d]; were used to determine
YTy mic and /T, _on values. Such plots of data from rep-
resen@ Carbon atoms were shown in Figure 3. The results of
this type of analysis of the data obtained from each examined
carbon atom was presented in Table I. At least five data
points were used in the determination of 1/T,_pjc and 1/T;_pon
values in Table I. The error represented uncertainty in fit-
ting 1/T, vs. 1/[d]; data to a straight 1ine at detergent
concentrations above the cmec.

DISCUSSION

A basic finding of this experiment is that the micellu-
larization process i1s accompanied bx a restriction of molecular
motion. Similar effects, based on 3C—-T1 measurements, are
reported for the anionic detergents n-octanoate® and n-hexa-
noate,® and the cationic detergent n-octyltrimethylammonium
bromide.’ Another point of similarity between the results
of this experiment and the results obtained with ionic deter-
gents is the observation of increased segmental motion with
distance from the headgroup in both the monomer and micelle
phase.3>*>5>827 13c__T experiments conducted with n-hexano-
ate® and n-octyltrimethylammonium bromide’ show that, upon
increasing the detergent concentration above the cmc, the
carbon atoms near the headgroup are motionally restricted
to a larger extent than the carbon atoms near the methyl ter-
minus of the alkyl chain. This contrasts with the result
obtained with octylglucoside; the T, values of all of the
examined alkyl carbons changed by approximately the same fac-
tor (about 2.7-fold) upon micellularization. Two phenomena
might contribute to this difference. First, the interactions
that stabilize the interface region in nonionic octylglucoside
might not be as strong as with ionic detergents. Second,
the possibility exists that the free detergent that is in
equilibrium with micelles is not entirely monomeric, but might
be in an oligomeric state. There might thus be differences
between nonionic and ionic detergents in this type of “pre-
aggregation" behavior. It should be noted that, with octyl-
glucoside, the ratio T,.gon/T,.pic Of the headgroup carbons
is generally larger than the corresponding ratio for the alkyl
carbons, indicating that the motion of the headgroup carbons
is affected more by the monomer-to-micelle transition than
the motion of the alkyl carbons.
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