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Magnesium and calcium surfactants 
Ternary phase diagrams of magnesium and calcium dodecylsulphate 
with decanol and water 
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Abstract: The isothermal ternary phase diagrams for the systems magnesium dodecylsul- 
phate-decanol-water at 40 ~ and calcium dodecylsulphate-decanol-water at 50 ~ are 
determined by water deuteron NMR and polarizing microscopic studies. In the magnesi- 
um system, three liquid crystalline phases (lameUar and normal and reverse hexagonal) 
and two isotropic (normal and reverse) solution phases are characterized and their ranges 
of existence are obtained. The calcium system yields the same liquid crystalline phases, 
but only the lamellar liquid crystalline phase is investigated in detail. The important 
observations made are: (i) The lamellar liquid crystalline phase for the magnesium and 
calcium systems can incorporate, respectively, a maximum of 22.5 and 14.3 mole water 
per mole surfactant ion against 139 mole water for the corresponding sodium system. (ii) 
The reverse hexagonal liquid crystalline phase is formed for both the magnesium and cal- 
cium systems while no such liquid crystalline phase exists for the corresponding sodium 
system. (iii) The 2H NMR quadrupole splittings obtained in the liquid crystalline phases 
for C8SO4 and C12SO4 surfactant systems with different counterions (Ca 2 +, Mg 2+, Be 2 +, 
Na +) reveal that surfactant hydration is almost independent of alkyl chain length and 
counterions. 

Key words: Magnesium and calcium dodecylsulphate, liquid crystals, phase diagram, 
2H INTIV[R, surfaetant hydration. 

Introduction 

Recently we have observed very important differ- 
ences in the phase diagrams (binary and ternary) be- 
tween ionic surfactants with monovalent and those 
with divalent counterions [1-7]. The phase equilibria 
of ionic surfactants with monovalent counterions have 
been studied extensively [8-9], but those with divalent 
ions are limited to octyl sulphate (C8SO4) and Aerosol 
OT (AOT) type surfactant systems. One important 
observation made in these suffactant systems with dif- 
ferent divalent counterions (Ca 2 § Mg 2 +, Ba 2+) is that 
the lamellar liquid crystalline phase (D) has very limit- 
ed swelling capability. 

Friberg and Osborne [10] studied the solubility of 
calcium dodecylsulphate (CDS) in the lamellar liquid 
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crystalline phase formed by the system sodium dode- 
cylsulphate (SDS) - decanol - 2HzO at 300 K and 
concluded that the D phase formed by the calcium sys- 
tem is stable at high water contents. This is a four-com- 
ponent system which contains both mono- and dival- 
ent counterions. Recently it has been demonstrated 
that a three-component aqueous surfactant system 
with both mono- and divalent counterions can yield 
two lamellar liquid crystalline phases in equilibrium, 
one stable at very high and the other at low water con- 
tents [7]. In a study of the stability of a D phase formed 
by a surfactant system with divalent counterion, the 
presence of a monovalent counterion in the system is, 
therefore, a complicating factor. 

We report here the complete ternary phase diagram 
for the system (C12HesOSO3)2Mg-decanol-2H20 at 
313 K and a partial phase diagram of the system 
(ClzH2sOSO3)2Ca-decanol-2H20 at 323 K. The par- 
tial isothermal phase diagram [8] reported for the sys- 
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tern C12H25OSO3Na-decanol-water contains the 
determined lamellar liquid crystalline phase region 
incompletely. We have therefore determined the range 
of existence of the D phase for the sodium system. The 
phase diagrams are determined by water deuteron 
N M R  in combination with polarizing microscopic 
studies. 2H N M R  quadrupole splittings (A) in the 
liquid crystalline phases are used to obtain the hydra- 
tion of amphiphiles and we will compare and discuss 
2H N M R  results for different alkyl chain lengths and 
counterions (both mono-  and divalent ions). 

The study of the phase eqilibria and phase structure 
of divalent surfactant systems has both theoretical and 
applied interest. The important application is to deve- 
lop surfactants for hard water [11]. The experimental 
findings and theoretical studies, which include the 
solutions of Poisson-Boltzmann (PB) [12-113] and 
Modified Poisson-Boltzmann (MPB) [14] equations 
and Monte Carlo simulations [15], all lead to very big 
differences in the behaviour between monovalent and 
divalent counterion systems. 

Experimental 

Materials 

Sodium dodecylsulphate (SDS) was recrystallized in absolute 
ethanol. Magnesium dodecylsulphate (MDS) was prepared by 
adding aqueous MgC12 solution (20 % excess of stoichiometric) to a 
SDS solution. The precipitate (MDS) was washed with water till it 
was free from MgCI 2. The precipitate was either lyophilized or 
dried under vacuum at 40 ~ Calcium dodecylsulphate (CDS) was 
prepared by the same method as MDS. 23Na NMR spectra of MDS 
and CDS solutions did not show the presence of Na § in MDS or 
CDS samples. 2H20 (99.7 at % 2H) was supplied by Ciba-Geigy, 
Switzerland and decanol, specially pure, was obtained from BDH, 
England. 

Sample preparation 

The samples were prepared by weighing appropriate amounts 
of substances in glass tubes which were flame-sealed (freshly dried 
MDS under vacuum at 40 ~ was used). Samples were shaken and 
mixed by repeated centrifugation. The samples were subsequently 
kept in a thermostat at appropriate temperature for two weeks 
before the first NMR measurement was made. The procedure was 
repeated and the second NMR measurement was made after an- 
other four weeks with no significant change in the 2H NMR no- 
ticed. It was observed that the samples of magnesium and calcium 
surfactants could be kept at 40-50 ~ for 8 weeks without any no- 
ticeable chemical degradation provided they were handled care- 
fully; the samples were found to attain equilibrium within two 
weeks at these temperatures. 

2 H NMR measurements 

The water deuteron (2H) NMR studies were carried out at a 
resonance frequency of 15.351 MHz with a modified Varian XL- 
100-15 pulsed spectrometer working in the Fourier-transform 
mode using 1H external lock. 2H N]MR spectra were recorded at 
30 ~ 40 ~ and 50 ~ for sodium, magnesium and calcium samples re- 
spectively. The samples were thermostated many days at the 
appropriate temperature and were quickly transferred to the NMR 
probe for measurements. The NMR probe was also thermostated at 
the required temperature by passing air and the temperature was 
correct to + 1 K. The samples were kept for a sufficient period in 
the probe to avoid a temperature gradient before the spectra were 
recorded. 

The total amount of sample used for the NMR measurements 
was normally 0.2-0.5 g and in a 10 mm (i. d.) NMR tube, the 
volume of the sample is covered by the r. f. coil of the spectrometer. 
In the case of large sample volumes spectra were recorded at differ- 
ent vertical positions of the NMR tube so that the total volume of 
the sample was recorded. 

In isotropic (e. g. micellar) solutions, the water yields a narrow 
signal in the 2H NMR spectrum, while in an anisotropic medium 
such as lamellar or hexagonal liquid crystalline phases the interac- 
tion between the quadrupole moment of deuterium (I ~ 1) and the 
electric field gradients at the nucleus does not average to zero and 
the deuterium signal splits into a symmetrical doublet. For sym- 
metry r e a s o n s  Ala  m = 2A~ex if local conditions are alike. Deuteron 
exchange between phases in heterogeneous surfactant systems is 
generally slow on the NMR time-scale and the recorded 2H NMR 
spectrum in a multiphase sample is the superposition of spectra of 
individual phases (see e. g. Fig. 1). This simple and efficient techni- 
que has primarily been used to construct the phase diagrams. All the 
samples were first examined against crossed polaroids in order to 
ascertain the sample homogeneity and the occurrence of birefrin- 
gency. The texture of the samples was studied in a polarizing micro- 
scope. 

Results and discussion 

Phase diagrams: general 

2H N M R  spectra were used to identify phases in 
homogeneous and heterogeneous samples. Some 
representative spectra obtained in the calcium system 
are shown in Figure 1. The boundaries between phases 
were obtained by systematic variations of sample com- 
positions and analysis of the 2H N M R  spectra. The 
presence of hydrated surfactant crystals was not 
revealed in the 2H N M R  spectra but the microscopy 
texture of the hydrated surfactant crystals was easy to 
identify. The polarizing microscope was found more 
useful in this part (low water content) of the phase dia- 
gram to establish the phase boundaries. A detailed 
treatment to determine phase boundaries and phase 
diagrams by 2H N M R  and polarizing light microscopy 
was given previously [1]. The borderlines between the 
homogeneous L1 aqueous phase and the heterogene- 
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Fig. 1. A few representative 2H NMR spectra obtained for the system calcium dodecylsulphate- decanol-2H20 at 50 ~ Sample composi- 
tions are given as wt % surfactant/decanol/water, a) D liquid crystalline phase, 52.3/28.9/18.8; b) D + L1, 35.7/34.4/29.9; c) D + F, 46.3/ 

36.9/16.8 and; d) D + F + L2, 42.1/40.8/17.1 

ous regions and between the homogeneous Le deca- 
nolic phase and the heterogeneous regions were deter- 
mined by ocular inspection. The ternary phase dia- 
grams obtained for the magnesium, calcium and sodi- 
um systems are shown in Figure 2. 

About 400 samples were used to construct the 
phase diagram of the magnesium system and about 60 
samples to obtain the area of the lamellar liquid crystal- 
line phase for the calcium and sodium systems. The 
accuracy of boundaries for single phases is within + 
2 % and is slightly less for the heterogeneous regions. 

Phase diagram of magnesium system 
Aqueous solution phase (L1) 

The Krafft point of MDS is about 35 ~ and the 
CMC in water is 8.8 x 10 -4 m (0.047 wt % MDS) [16- 
17] while the solubility is 1.06 m (36.04 wt % MDS) at 
40 ~ 1H NMR of MDS solutions produces narrow 
signals and there is little increase in their line-widths 
even at the solubility limit of MDS. This result, as well 

as the observed low viscosity of the solutions, indicates 
that the micelles are small and globular in shape in the 
entire concentration range. 

A maximum amount of 0.23 mole decanol per mole 
surfactant ion can be solubilized in the aqueous MDS 
solutions. Addition of decanol increases the viscosity 
and leads to a broadening of the 1H NMR signals. The 
viscosity and 1H NMR line-width effects are bigger in 
the magnesium system than in the corresponding sodi- 
um system and give evidence for growth into non- 
spherical micelles. The micellar structure is under 
study by the NMR self-diffusion technique. 

Decanolic solution phase (L2) 
In this solution phase there is a maximum of 0.23 

mole surfactant ion and 2.6 mole 2H20 per mole deca- 
nol. One unusual feature of this phase in comparison 
with other metal alkylsulphate systems is that the Le 
phase extends to very near the decanol-surfactant axis. 
The solubility of freshly dried MDS in decanol is about 
0.5 %, but as much as 24 wt % MDS could be dissolved 
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Fig. 2. Isothermal ternary phase diagrams, a) Sodium dodecylsulphate - decanol-  water at 27 ~ b) magnesium dodecylsulphate- deca- 
nol - water at 40 ~ c) calcium dodecylsulphate - decanol - water at 50 ~ D, E, F are, respectively, lamellar, normal hexagonal and 
reverse hexagonal liquid crystals; L1 and I-2 are isotropic solution phases; L1 + D, D + F and L1 + F +/-,2, D + F +/-2 etc. are, respectively, 

two- and three-phase regions 

in decanol if the surfactant contained a small 
quantity (< 1 wt %) of water. It was very important 
to use freshly dried (under vacuum at 40 ~ MDS 
to determine the area of L2 phase. 

The larnellar liquid crystalline phase (D) 
The stability of the lamellar liquid crystalline phase 

extends to 22.5 mole 2H20 (39 wt %) & 2.7 mole (37 
wt %) decanol per mole surfactant ion toward the wa- 
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ter corner and the minimum amounts of 21-I20 and 
decanol at maximum surfactant content necessary to 
form D phase are, respectively, 4.2 (16.5 wt %) and 1.0 
(29.5 wt %) (dry side). The samples in this region have 
a mosaic microscopic texture typical of lamellar liquid 
crystalline phases [18-19]. The 2H splitting values vary 
between 1.4 kHz at high water contents and 3.2 kHz at 
low water contents. These values are much larger 
(about 2 times) than those obtained in the E or F liquid 
crystalline phase (after correcting for water contents). 
One special feature of this liquid crystalline phase is 
that the samples with low water and high surfactant 
contents (dry side) do not show the stiffness observed 
in the corresponding systems with other counterions. 

Hexagonal liquid crystalline phases (E and 
Both the normal, E, and reverse, F, hexagonal liquid 

crystalline phases are stiff and have angular microscop- 
ic texture [18-19]. E phase forms when MDS is added 
to 21-120 between 59.0 and 48.5 wt 0/02H20 (19.9-13.0 
mole 2H20 per mole surfactant ion) and in this phase 
can be solubilized up to 0.14 mole decanol per mole 
surfactant ion. The F phase, on the other hand, occu- 
pies a very small area in the triangular phase diagram 
and appears near to the decanol-surfactant axis. This 
liquid crystalline phase is very sensitive to temperature 
and its equilibrium boundary was not determined in 
detail. 

The liquid crystalline samples in both E and F 
phases produce a single splitting in the 2H NMR 
spectra. The 2H NMR splitting-values (Table 2) in the 
E phase vary little (+ 10 %) with composition while 
trends within the F phase were not explored. 

The heterogeneous regions 
All heterogeneous regions (two and three phase 

regions) as required to satisfy the phase rule have been 
identified and their boundaries were determined as 
shown in Figure 2. The two phase regions, D + F, and 
F + G, are very narrow and their boundaries were not 
determined with any accuracy. In general, the accu- 
racy in the determination of region boundaries is better 
on the left hand side of the phase diagram than in the 
fight hand side of the triangle. 

Calcium surfactant system 
Calcium dodecylsulphate (CDS) in water has a 

Krafft point of about 50 ~ In order to document fur- 

ther how general the observation of the extension of 
the lameHar liquid crystalline phase is for divalent 
counterion surfactant systems the stability range of the 
D phase was established also for the calcium dodecyl- 
sulphate - decanol - water at 50 ~ It is to be men- 
tioned that the addition of decanol to the aqueous mix- 
ture of CDS lowers the Krafft point considerably 
below 50 ~ 

As shown in Figure 2 the lamellar phase occupies a 
small region and has limited swelling capability (32.5 
wt 0/021-120 ) in comparison with sodium dodecyl sys- 
tem (82.5 wt 0/02H20 ). The D phase has mosaic micro- 
scopic texture [18-19] and the samples in this region 
yield single splittings in the 2H NMR spectrum. The 
A2H values (Table 2) are approximately of the same 
magnitude as those obtained in the MDS or SDS sys- 
tems. The 2H NMR was run for a few samples in the 
region which corresponds approximately to the D + F 
region in the MDS system (Fig. 1). Here we obtained 
double 2H NMR splittings, one splitting correspond- 
ing to D phase and the other to F phase. The sample 
has two microscopic textures, one of D phase and the 
other of F phase. The calcium system thus like the 
MDS system, but unlike the SDS system, forms 
reverse hexagonal liquid crystalline phase with low 
water and high surfactant and decanol contents. 

Sodium surfactant system 
Certain aspects of the phase diagram for the system 

sodium dodecylsulphate (SDS) - decanol - water 
have been studied previously [8]. Two liquid crystal- 
line (lamellar and normal hexagonal) phases and two 
isotropic (normal and reverse miceHar) solution 
phases were reported to form for this system. The 
ranges of existence of all phases but the lamellar were 
determined. Here, we have determined the stability 
range of the lamellar liquid crystalline phase as shown 
in Figure 2. We have used 21-120 to prepare samples for 
NMR measurements and the compositions in the 
phase diagram in Figure 2 for the SDS system are given 
in normal water with reconversion on a molar basis. 

The 2H NMR yields quadrupole split-tings for 
samples in this region except for water contents above 
80 % where a single broad signal in the 2H NMR spec- 
trum is obtained. The boundary for the D phase at high 
water contents (> 80 0/0) is determined by polarizing 
microscopy and byexamining the presence of any 
solution phase in the sample after prolonged centrifu- 
gation. The swelling capability of the D phase extends 
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to 139 moles of water per mole of surfactant and the 
minimum amount of water necessary to form lamellar 
liquid crystalline phase is about 4 moles per surfactant 
mole. No reverse hexagonal liquid crystalline phase 
appears to form in the SDS surfactant system. 

A comparison between phase diagrams 

The ternary phase diagrams presented here (Fig. 2) 
give the concentration of each component in wt %. In a 
comparison of different phase diagrams, a better un- 
derstanding may be realized by expressing concentra- 
tions on a molar basis. We have computed some 
important data on molal concentration for C8 and C12 
alkyl sulphates with Na § Mg 2 § and Ca 2 § as counter- 
ions and presented them in Table 1. Data for C8 alkyl 
sulphate systems are taken from previous studies 
[1,4]. 

Table 1. Stability range of various homogeneous  phases in the bina- 
ry and ternary metal  alkylsulphate surfactant systems 

Surfactant Counte r ion  Phase nmax nmir~ 

Cx2H2sOSO~- N a  + D 139 (1.5) 4.2 (0.99) 
Mg 2+ D 22.5 (2.7) 4.2 (0.96) 
Ca 2+ D 14.3 (1.9) 3.9 (0.76) 
N a  + E 24.8 (0) 16.0 (0) 
Mg 2+ E 19.9 (0) 13.0 (0) 
N a  + E 44.8 (0.36) -- 
Mg 2+ E 21.1 (0.14) -- 
N a  § L 1 --  29.6 (0) 
Mg 2+ L1 -- 24.6 (0) 
N a  + L1 52.5 (0.41) a) - 
Mg 2+ L1 29.1 (0.23) ~) -- 

C8H17OSO~- N a  § D 232 (1.5) 9.3 (0.55) 
Mg 2+ D 29.1 (2.9) 4.2 (0.56) 
Ca 2§ D 17.1 (2.3) 4.7 (0.69) 
N a  § E 11.4 (0) 7.6 (0) 
Mg 2+ E 11.7 (0) 8.5 (0) 
Ca  2. E 9.2 (0) 7.8 (0) 

Mg 2+ E 15.1 (0.34) -- 
Ca 2§ E 11.0 (0.25) - 
N a  § L1 -- 14.4 (0) 
Mg 2+ L1 - 15.3 (0) 
Ca 2+ L I -- 13.2 (0) 
N a  + L1 13.3 (0.25) a) - 
Mg 2+ L1 16.3 (0.32) a) -- 
Ca  2+ L1 12.5 (0.26)') - 

F/ma x and nmi n are, respectively, the m a x i m u m  and 
n u m b e r  of moles of 2t-I20 per  mole surfactant ion and 
within brackets are the moles of decanol. 

4) indicates max i mu m solubilization of decanol. 

m i n i m u m  
the values 

The results regarding the swelling capability of the 
lamellar liquid crystalline phase confirm our previous 
findings [1, 4], namely that the D phase incorporates 
substantially smaller amounts of water for a divalent 
than for a monovalent counterion. Electrostatic calcu- 
lations [12-13] and Monte Carlo simulations [15] have 
been used to explain the experimental observations. 
The results further show that the D phase is able to take 
more water with Mg 2 + than with Ca 2 § ion. A similar 
observation has been made with other systems [3, 4] 
(Table 1). This result has been explained in terms of the 
difference of hydrated ion radii. 

The alkyl chain length (C8 and C12) also effects the 
swelling capability of the D phase, the longer the chain 
length, the lesser is the swelling. This effect is present 
both with mono- and divalent counterion systems. 
The solubilization of decanol into the D phase at its 
maximum swelling is found to be affected very little by 
counterion substitution or length of the alkyl chain. 

The minimum amount of water necessary at maxi- 
mum surfactant content to form D phase for the mag- 
nesium and calcium systems is about 4-5 molecules 
per molecule surfactant irrespective of alkyl chain 
length. The ratio between decanol and surfactant at 
this composition is about 0.5 for C8 and 1 for C12 sys- 
tems. 

The range of existence of the hexagonal liquid crys- 
talline phase is almost identical for the two-component 
SDS and MDS systems. Both the systems solubilize 
small quantities of decanol. The incorporation of deca- 
nol increases the ability of the E phase of the SDS sys- 
tem to be stable at high water contents. This effect is 
absent in the MDS system and in the calcium (COS), 
magnesium (MOS) and sodium (SOS) octylsulphate 
systems [4]. From the observations for the C8 and C12 
alkyl sulphate systems, it appears that the longer the 
alkyl chain, the smaller is the quantity of surfactant 
necessary to form E phase in water. 

In the MDS and CDS systems, there is a formation 
of reversed hexagonal liquid crystalline phase. The F 
phase has previously been observed in the MOS sys- 
tem [4] but is absent in the SDS (Fig. 2), COS or SOS 
[1] systems. 

A cubic liquid crystalline phase, occupying a very 
narrow range, forms in the system M O S , a H 2 0  [4 ]  

while no such phase has been observed with the other 
C8 and C12 alkyl sulphate systems. 

Both SDS and MDS dissolve easily in water above 
their respective Krafft point. The aqueous solution 
phase, L1, determined at 25 ~ for the SDS system is 
not expected to be markedly different at 40 ~ at which 
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temperature the phase diagram of the MDS system 
was obtained. The results in Table I and Figure 2 show 
that the L1 phases for the two systems are almost iden- 
tical except that the solubility of decanol at high SDS 
contents decreases slowly whereas for the MDS sys- 
tem, the decrease is rapid. 

The decanolic solution phase, L2, for the SDS sys- 
tem occupies a small area in the phase diagram whereas 
for the MDS system, the L2 phase extends much more 
towards the water surfactant and decanol-surfactant 
axes. It has been observed that decanol can dissolve as 
much as 24 wt 0/0 MDS if the suffactant contains a small 
amount (< 1 0/0) of water. 

Water (2H) quadrupole splittings and surfactant hydra- 
tion 

A large number of 2 H  NMR quadrupole splittings 
have been obtained for the lamellar liquid crystalline 
phases in the MDS (at 40 ~ and CDS (at 50 ~ sys- 

Table 2. Some representative water deuteron NMR quadrupolar 
splitting values (A2H) obtained in the liquid crystalline phases of 
surfactant systems. 

Surfactant Surfactant 2H20 Decanol Phase A2H 
system (wt %) (wt %) (wt %) (kHz) 

MDS (40~ 44.9 55.1 - E 0.59 
50.0 50.0 - E 0.68 
50.0 45.2 4.8 E 0.74 
47.2 46.8 6.0 E 0.68 
24.7 38.2 37.1 D 1.34 
24.5 36.3 39.2 D 1.44 
43.7 43.2 13.1 D 1.38 
35.7 25.9 38.9 D 1.57 
56.3 26.7 17.0 D 2.64 
46.7 20.6 32.7 D 3.21 
37.7 17.1 45.2 F 1.76 ( -  4.6) 
37.9 14.9 47.2 F 2.46 ( -  5.4) 

33.0 32.2 34.8 D 2.19 
44.7 28.2 27.1 D 2.42 
59.1 15.8 25.1 D 3.23 
51.8 15.8 32.4 D 3.58 

44.4 55.6 - E 0.50 
20.1 44.7 35.2 D 1.65 
18.0 50.3 31.7 D 1.36 

45.0 55.0 -- E 0.50 
18.0 49.5 32.5 D 1.40 
20.1 44.8 35.1 D 1.63 

CDS (50 ~ 

SDS (30 ~ 

BDS (30 ~ 

MDS, CDS, SDS, BDS are, respectively, magnesium, calcium, 
sodium and beryllium dodecylsulphate. A2H-values within 
brackets are calculated for the D phase according to Equation (2). 

tems and a few representative A2H values are given in 
Table 2. The splittings are found to depend primarily 
on the water content and to a lesser extent on the sur- 
factant-to-decanol ratio. Thus all samples with high 
water contents give small A2H values irrespective of 
surfactant and decanol concentrations while those at 
low water contents give large splittings. 

Table 2 also contains A2H values for the correspond- 
ing system with Be 2+ and Na + as counterions. Exami- 
nation of results (Table 2) shows that A2H values in the 
E and D phases of the sodium system are close to those 
of the beryllium system at identical compositions 
while the values of the E phase in the magnesium sys- 
tem are about 15 % higher. Comparison of A2H values 
in the D phases of these systems is made difficult 
because of difficulties in preparing samples with identi- 
cal compositions. However, it appears that A2H values 
differ by a few percent for samples having almost iden- 
tical compositions in the order Ca (50~ > Mg 
(40 ~ > Be (30 ~ - Na (30 ~ Previously, it has 
been shown [20-21] that A2H values in the liquid crys- 
talline phases of alkali alkylsulphates increase slightly 
(10-15 %) with increasing temperature in this range. 
The slight differences in A2H values between different 
systems is consequently attributed mainly to differ- 
ences in experimental temperature. Thus a counterion 
substitution has a negligible effect on A2H values. As 
A2H values are directly related to surfactant aggregate 
hydration the difference in swelling capacity between 
D phases with different counterions cannot be referred 
to differences in hydration (cf. Ref. [6]). 

The A2H values of the dodecylsulphate systems are 
very dose to those previously obtained for octylsul- 
phate systems with Na +, Ca 2+ and Mg 2+ as counter- 
ions [1, 4] taking into account in the comparison differ- 
ences in temperature and concentration. Thus the sur- 
factant alkyl chain length does not affect hydration 
appreciably. 

In order to rationalize the deuteron quadrupole 
splittings in more detail we use the conventional two- 
site model with a division into "free" and "bound" wa- 
ter molecules. Assuming the degree of orientation of 
the free water molecules to be negligible we may 
express the splitting as 

A 2 H  = n .VQ-  S .  (1 - -  X w ) / X  w (1) 

where vQ is the water 2H quadrupole coupling con- 
stant (independent of composition, temperature and 
system with excellent approximation), $ is the average 
order parameter of bound water molecules, n is the 
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(average) number of bound water molecules per non- 
aqueous component  and Xw is the mole fraction of 
water. If n and S are constant in the composition range 
discussed, then 

A2H = K(1 - Xw)[Xw (2) 

where K is a constant. For symmetry reasons, Khex = 
2 Klan. As we indeed find the reduced splitting to be 
roughly twice as large for the lamellar as for the hexag- 
onal phases (E & F) we infer that the local conditions 
of water binding and orientation are similar in the dif- 
ferent phases. 
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