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ABSTRACT: 3C-spin-lattice relaxation measurements are 
used t o  examine the effect  of the monomer-to-micelle 
transition on the molecular motion of octylglucoside 
molecules. The octylglucoside concentration dependence 
of the spin-latt ice relaxation rate  i s  used to determine 
spin-latt ice relaxation rates for  the detergent i n  the 
monomer and micelle s ta tes .  Two observations are made. 
First, a motional gradient exis ts  along the octylgluco- 
side alkyl chain, which is approximately as pronounced 
i n  the micelle as i n  the monomer s ta te .  Second, motional 
restriction is observed for  a l l  examined carbon atoms 
upon passing from the monomer t o  the micelle s ta te .  

INTRODUCTION 
Carbon-13 NMR i s  a useful tool for examining the physical 

s ta te  of detergent systems. T h i s  i s  largely because 1 3 C  spin- 
l a t t i ce  ( T , )  relaxation i s  principally driven by 'H-I3C dipole 
interactions w i t h  directly bonded protons. l Y 2  Thus ,  spin-lat- 
t i ce  relaxation rates ( l / T l )  are sensitive indicators of seg- 
mental motions of the alkyl chains of detergents. 
t i ce  relaxation studies involving a variety o f  surfactants, 
including n-alkyl compounds containing ~ u l f a t e , ~  carboxyl ,4y5 
primary amine, and quaternary amine7 headgroups are reported. 
These studies generally show t h a t ,  i n  the micelle s ta te ,  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 
13C-Tl values.4y5'7 Increases i n  overall molecular motion 
are observed as the amphiphile concentration i s  lowered below 
the c r i t i ca l  micelle concentration (cmc). 

Spin-'lat- 
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8 T. H. FISCHER 

To date ,  l3C-T, s tudies  involving s t r a igh t  alkyl chain, 
nonionic detergents are  not reported. The resu l t s  of exper- 
iments involving the concentration dependence of octylgluco- 
s ide l3C-T1 values a re  presented i n  this comnunication. 
Two questions a re  addressed. F i r s t ,  in  the micelle s t a t e ,  
i s  a motional gradient observed which is  similar t o  t ha t  of 
ionic amphiphiles? Second, what i s  the effect  o f  the micelle- 
to-monomer t ransi t ion on sp in- la t t ice  relaxation? 

EXPERIMENTAL 

of octyl gl ucosi de ( 1-octyl- B-glycopyranoside, Cal biochem) 
i n  D20 (Sigma, 99.996% D20). The D20 was degassed w i t h  three 
freeze-thaw c c les  before being used t o  prepare the detergent 
solutions.  "C--TI measurements were carr ied out on a Bruker 
HX-270 pulse Fourier transform spectrometer a t  270 MHz. 
(180' -T- 90°-FID-5sec), IRFT pulse sequence was used. 
value of n ranged from 20 a t  150 
a t  20 I-@ octylglucoside. A Bruker variable temperatgre u n i t  
was used to  regulate the probe temperature a t  24 f 1 
Peak assignments were based on a comparison w i t h  the assign- 
ments f o r  the compounds dioctyl ether and 1-methyl -a-glyco- 
pyranosi de. 

Samples were prepared by dispersing the desired amount 

A 
The  

octylglucoside t o  500 

C. 

RESULTS 
The principal f i n d i n g  of this study was tha t  sp in- la t t ice  

relaxation times ( T , )  were larger  a t  octylglucoside concentra- 
t ions below the cmc than above the cmc. T h i s  e f fec t  was demon- 
s t ra ted  i n  Figure 2 fo r  the number three carbon of the alkyl 
chain (see Figure 1 fo r  numbering scheme). 
were observed fo r  the other carbons i n  the alkyl chain and 
the headgroup regions of the octylgl ucoside molecule. 
o f  the d i r ec t  proportionality between 1 /T ,  and the 'H-13C 
di pole-dipol e reorientation correlation time constant, 
resu l t s  showed tha t  molecular motion was less  res t r ic ted  i n  
the monomer than the micelle s ta te .  Because the exchange 
r a t e  o f  detergents between micelle and aqueous phases has 
generally been found to  be f a s t  on the NMR timescale,' the 
following equation was used t o  analyze data obtained a t  octyl- 
glucoside concentrations above the cmc. 

T I  PI t T,-mic LdIt T1-mon 
1 / T ,  was the measured sp in- la t t ice  relaxation rate .  

Similar effects  

Because 

these 

- -  1 - 1dJt  - [dlcmc 1 + Ldlcmc 1 (Eq. 1) 

l/Tl- , , ic  
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13C-SPIN-LATTICE RELAXATION 9 

FIGURE 1 Structure and number scheme for l-octyl -@-glycopy- 
ranos i de 

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

i i-mic 

1 
3 
4 
6 
1’ 
3’ 
4’ 
5’ 
6’ 

2.30 f 0.23 
1.00 f 0.10 
0.86 f 0.15 
0.46 k 0.07 
1.20 f 0.04 
1.18 f 0.04 
1.54 f 0.25 
1.25 f 0.15 
1.05 f 0.35 

6.47 k 0.51 
2.55 f 0.10 
2.30 k 0.23 
1.27 ? 0.13 
3.76 f 0.03 
3.76 f 0.03 
4.39 2 0.08 
3.41 f 0.07 
3.85 f 0.12 

2.81 
2.55 
2.67 
2.76 
3.13 
3.18 
2.85 
2.73 
3.67 
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10 T. H. FISCHER 

FIGURE 2 S p i n - l a t t i c e  r e l axa t ion  curves o f  carbon-3 f o r  
samples containing 100 IT@ ( 0 )  and 20 mM_ (0) octyl-  
g 1 ucos i de . 

h, - h ( T )  
f(.r) = In 

h, - ho 
wnere h, i s  the peak he igh t  a t  long T values,  and 
h, i s  tne peak h e i g h t  a t  T =  0. 
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13C-SPIN-LATTICE RELAXATION 11 

FIGURE 3 Octylgl ucoside concentration dependence of  the 
spin-lattice relaxation rate (l/Tl) for carbon 
atoms 1 ( o ) ,  3 (o), 6 (a), and 3’ (m).  
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12 T.H.FISCHER 

and '/Tl,mon were respectively the relaxation ra tes  i n  the 
micellular and monomer s ta tes .  
the to ta l  detergent concentration and the cmc value, equal 
t o  25 I+." 
l / T l - a i c  and l / T l - m n  values. Such plots of data from rep- 
resen carbon atoms were shown i n  Figure 3. The resu l t s  of 
this type of analysis of the data obtained from each examined 
carbon atom was presented i n  Table I .  A t  l eas t  f i ve  data 
points were used i n  the determination of l/Tl-mic and 1/T,,mn 
values in  Table I .  The er ror  represented uncertainty i n  f i t -  
t ing 1/T,  vs. l/[d]t data t o  a s t ra ight  l i n e  a t  detergent 
concentrations above the cmc. 

[d)t and [a,, were respectively 

Plots of 1/T,  vs. 1/[dIt  were used to  determine 

DISCUSSION 
A basic f i n d i n g  of t h i s  experiment is tha t  the micellu- 

la r iza t ion  process i s  accompanied b a r e s t r i c t ion  o f  molecular 
motion. Similar e f fec ts ,  based on "C-T, measurements, a r e  
reported f o r  the anionic detergents n-octanoate4 and n-hexa- 
noate,' and the cat ionic  detergent n-octyl trimethylammonium 
bromide. 
of t h i s  experiment and the results obtained w i t h  ionic deter- 
gents is the observation of increased segmental motion w i t h  
distance from the headgroup i n  both the monomer and micelle phase. 3,4y 5 3 6 y 7  

a te '  and n-octyl trimethylamnonium bromide7 show t h a t ,  upon 
increasing the detergent concentration above the cmc, the 
carbon atoms near the headgroup are  motionally res t r ic ted  
to a larger  extent than the carbon atoms near the methyl te r -  
minus  of the alkyl chain. T h i s  contrasts w i t h  the resu l t  
obtained w i t h  octylglucoside; the T, values of a l l  of the 
examined alkyl carbons changed by approximately the same fac- 
t o r  (about 2.7-fold) upon micellularization. Two phenomena 
migh t  contribute t o  this difference. First, the interactions 
tha t  s t ab i l i ze  the interface region i n  nonionic octylglucoside 
m i g h t  not be as strong as w i t h  ionic detergents. Second, 
the poss ib i l i ty  ex is t s  tha t  the f ree  detergent t ha t  i s  i n  
equilibrium w i t h  micelles is not en t i re ly  monomeric, b u t  m i g h t  
be i n  an oligomeric s t a t e .  There might t h u s  be differences 
between nonionic and ionic detergents i n  th is  type of "pre- 
aggregation" behavior. I t  should be noted tha t ,  w i t h  octyl- 
glucoside, the r a t io  T,-~n/T,-mic of the headgroup carbons 
i s  generally larger than the corresponding r a t io  fo r  the alkyl 
carbons, indicating tha t  the motion of the headgroup carbons 
is  affected more by the monomer-to-micelle t ransi t ion t h a n  
the motion of the alkyl carbons. 

Another point of similar i ty  between the resul ts  

l3C--Tl experiments conducted w i t h  n-hexano- 
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13C-SPIN-LATl'ICE RELAXATION 13 
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