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lH—NMR STUDY OF AEROSOL OT IN SOLUTION
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The solution states of Aerosol OT were studied by lH—NMR measure-
ments. In water two hydrocarbon chains of Aerosol OT molecules in
monomeric state aggregate with each other with hydrophobic interactions

as in micellar state.

Aerosol OT(sodium 1,2-bis(2-ethylhexyloxycarbonyl)ethane-sulfonate, Fig.l) is one
of the typical anionic surfactants and it dissolves both in aqueous and organic sol-
vents.l) It has a bulky hydrocarbon part containing two main chains and side chains
and offers an interesting subject from a conformational point of view. NMR studies
have been reported on surfactant solutionsz), but only a few reports refer to conforma-

tion or environment differences between solvents.3) In this paper the solution states
. 0

,.f §:

of Aerosol OT in aqueous and organic solvents were

studied by means of lH-NMR measurements and compared . 3
with each other.
(1t
on a Varian HR-220 spectrometer and JEOL PFT-100 pulse

H-NMR spectra: The lH-NMR spectra were recorded

Fourier transform NMR spectrometer. In Fig. 2, the

220-MHz NMR spectra of Aerosol OT in methanol—du were
(9')(10")

shown and assigned on the

2CH3 A‘TJT
basis of relative signal U')(ZW(3'“ 5'(6')(7')(8") - L
areas, spin-spin decou- %HQCOOCH%gﬁgHZCH2CH2CH3 4 ?
pling experiments and Na03S-CH COOCH,CHCH,CH,CH,CHy Fig. 2. The 220-Miz proton magnetic
general considerations of (1 (2) (3)(f)(5)(6) (7) (8) resonance spectra of Aerosol OT in
electron shielding. CHZCH3 . 0
(9) (10) the methanol-d, solution at 25°C.

(2) Chemical shift: chem-

ical shifts were measured Fig. 1. Chemical structure of Aerosol OT
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Table I. Chemical Shifts (in ppm Relative relative to the internal standard, i.e. TMS in

to TMS) of the Proton Magnetic Resonance organic solvents or dioxane in aqueous solvent

Spectra of Aerosol OT. and collected in Table I. The concentrations

of Aerosol OT were 0.1 M in methanol and chlo-

* * ¥
CD3OD CDC13 D2O DZO roform and 0.023 M in water. At these concen-
H-1 4,05 4,40 0.33 4,10 trations, a large part of Aerosol OT exists in
H-1'A 3.14 3.25 =-0,60  3.17  icellar state in chloroform and water with
H-1'B 2,99 3.16 -0.,71 3.06
H-3A,B 4.05 4,14 0.33 4.10 a :erz)small amount of monomers in equilib-
2
H-3'A,B 3,97 4,01 0,25 4,02 rium,’ and all of Aerosol OT exist in a
H-4,4" 1.52 1,55 =2.23  1.54 . omeric state in methanol.S) As shown in
(-CH,-), 1.28 1,26 =-2,50 1.27
—CH 0.88 0.89 -2,89 0.88 Table I, the lower field shift of methine pro-

3
ton H-1 in chloroform than in other solvents

* In ppm relative to dioxane.
** Values correlated to make the values of CH

can be presumably attributed to the association

group in DZO coincide with that in CD3OD. of Aerosol OT with the polar head group. The

chemical shifts were different between in a micellar state and

Table I, Micelle Formati
’ ation in a monomeric state, Monomer and micellar chemical shifts

Shifts (in Hz at
( 100 MHz) of were obtained as the extrapolated intercepts in plots of

Aerosol 0T in
cmn3 and D20' observed chemical shift vs. solute concentration and its

D,0 CDCl3 reciprocal, respectively. We define the micelle formation

H-1 3.4 -8 shift as the difference of above values, In Table I, the
H-1'A,B 3.1 -4 micelle formation shifts were given with the sign given in
H-3A -

1B 3.4 -4 the direction of high-field shift. In chloroform, low-
H-3'A,B 6.2 -4
(—CHZ')n 1.1 0 field shifts were observed at micelle formation and the
-CH -2,0 0 shift value was larger as the corresponding proton is lo-

3

cated near the polar group, which can be presumably attributed to the aspect that the
association of molecules by polar groups provides the more polar environment near the
polar head. On the contrary, in water, high-field shifts for all plotons except for the
methyl protons were observed. The micelle formation in water, generally, provides non-
polar environment around the molecules. A large micelle-formation shift of methylene
protons H-3' can be presumably attributed to the following cause: In the monomeric state,
the protons H-3' exist in polar environment with the exposure to the solvent and the
hydration of carbonyl group near the protons H-3', ‘while in the micellar state, the protons
and carbonyl group exist in nonpolar environment in the micellar core.

(3) Spin-spin coupling constants: The values of the geminal and vicinal coupling con-

stants, J J and J in the CH-CH,COOR (see in Fig. 3) fragment in methanol , chlo-

AB’> "AX BX 2
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Table II. Geminal and Vicinal Coupling

Constants of H-1' and H-1 (in Hz).

JaB Jax  Iex
cp,op  17.2 12,2 3,
CD,Cl, 18,6 8,9 6.1
D,0 17.3 13.3 3,

A and B correspond to two protons of
methylene (H-1'), X methine proton
(H-1).
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roform and water, were given in Table TI. In

methanol and water, the analysis of the values of
JAX and JBX suggests that HA’ which is tentatively

postulated to be in a lower field of H, and H is

A B
in a trans position with HX,and HB in a gauche
position, i.e. the conformation of (3) in Fig. 3
is maintained. In this case, the hydrocarbon

chains are in a gauche position with each other.

On the other hand, in chloroform, the values of JAX

and J indicate that they are the average values

BX

by the rapid exchange of conformations. If it

is assumed that rotamers (1), (2) and (3) in

Hy Hy H,
CooR Hy Hy SOgha  SOgNa COOR Fig. 3 represent the minimum-energy staggered
" " conformations for rotation about the C-C bond in
° sona cooR Caﬂc«m'ﬁ e €®  the CH-CH,COOR fragment, the fractional popu-
lations P P and P can be calculated
1) (2) (3) (1)? “(2) (3)

Fig. 3. Rotational isomers about the

C-C bond in the CH—CH2 COOR fragment.

5 ()

(2)
ax > 9

(3)
AX ® - and JBX are

where

individual rotamers and these values were calculated from Eq.

ficients adopted by Abraham6)

Jd_. =
vie

Solving simultaneously Egq. (1), (2) and (3), we get Pe1y = 0.3, Py

P(3) = 0.5.

and Tori et a

14.3 cosz¢ (90°%¢# <180°) or 12.4 cos2¢ (0°<=¢<90°)

from Eq. (1), (2) and (3), by measuring the

average vicinal coupling constants, JAXand JBX‘

- 1
Iax = P1)Ax’* Piaylke P(3)7Ax (1)
- 1
IBx = P(I)Jéx)’ P(z)Jéi)* P(a)Jé;) (2)

P + P

(1) " Fz) * P =1
the values of the vicinal coupling constants in
(4) with the mean coef-
1.7,

(W)

= 0.2 and

Then it is clear that in chloroform the hydrocarbon chains in the gauche

positions {2), (3) and in the trans position (1) rapidly exchange in conformation with

each other with the populations calculated above.

But in these discussions was

tacitly postulated the assignment of HA and HB’ which was necessary to distinguish

between rotamers (1) and (3).

with difficulty by the selective deuteration.

considered to be valid by the consideration of following aspects.

The experimental assignment of HA

and HB can be made
However, the above postulation can be

(I) In the micellar

state in water, where hydrocarbon chains exist in the micellar core, it is not possible

from a sterically hindered view point that two hydrocarbon chains are kept in a trans



602 Chemistry Letters, 1977

position with each other. (II) From a 13C—NMR measurement of Aerosol OT, it was found
that in micellar state in water the influence of shift reagent on carbonyl carbons C-2

8) This observation could not

and 2' are almost the same in quantity with each other.
be accounted for by the conformation (1) but (3).

The concentration dependence of the vicinal coupling constants, JAX and JBX’ in
Table N . Concentration Dependence of Vicinal water were given in Table L. The difference

Coupling Constants of H-1 and H-1' (in Hz). of the values by about 1 Hz between the measure-

concentration ments at 100 MHz and 220 MHz could be attributed

J J 3 -1

AX BX x 107 (mol 1°7) to the error due to the overlap of the signals
12.3 (13.3) 4.7 (3.0) 23 at 100 MHz. As shown in Table IV, the values
12.4 4.6 12 -3
12.6 5.5 4 of JAX or JBX above c.m.c. (2.5 x 10 M) and
11.6 5.9 2.3 below c.m.c. are almost the same. From this
12.1 5.7 2.2 observation. it was concluded that in monomeric
12,1 5.7 2,0

state HA and HX are almost kept in trans position

() : The values obtained from the 220-MHz with each other and Hy and Hy in a gauche posi-
NMR measurements. tion. This conclusion suggests that the hydro-

The others: From the 100-MHz NMR measurement. csrbon chains are in a gauche position and then

supports the presumption, i.e. the agglomeration of two hydrocarbon chains, based on

the analysis of the heat capacity difference accompanying micelle formation,u) which is

very interesting from the view-point of the intra-molecular association with hydro-

phobic interactions.
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