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Type I lyomesophase of potassium laurate was studied by X-ray diffraction and optical 
microscopy techniques with temperature variation. For increasing temperatures from 22°C to 
about 54°C only a nematic phase (N) was observed. For temperatures between 60°C and 74°C 
it was observed coexistence of an isotropic (f) and hexagonal (Ha) phase with lattice parameter 
(47 ? I )  A.  For temperatures between 54°C and 60°C. in some experiments, it was observed 
the coexistence of phases N and H,. A binary system of potassium laurate/water (H, phase) 
was also studied by both techniques at room temperature; the lattice parameter is 
(44.9 k0.5) A.  Possible models for the N phase are discussed and compared with the obtained 
lattice parameters and associated micellar radius. 

1. INTRODUCTION 

Nematic lyomesophases that spontaneously orient in presence of magnetic 
fields fi have been classified as types I and II,'.' depending on whether the 
phase director orients parallel or perpendicular to fi. The characterization 
of these mesophases as nematics was made by observation of its optical 
textures in a polarized micro~cope,~-~ which resemble nematic ones. When 
the diamagnetism comes from the hydrocarbon portion of the amphiphile, 
this classification corresponds to a structure of finite planar micelles for 
type I12.3.7-" and finite cylindrical micelles for type 

Amaral and co-workers7-" studied a type I1 lyomesophase by small 
angle X-ray scattering, proposing a model of finite planar micelles, in the 
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130 A.  M. FIGUEIREDO NET0 AND L. Q. AMARAL 

form of platelets, not homogeneously distributed in water, forming lamellar 
aggregates. 

Type I lyomesophases of potassium laurate (K laurate/KCl/water) 
called LK and cesium decylsulfate (Cs decylsulfate/Cs NOJwater) called 
CDS were studied” by X-ray diffraction and optical microscopy in several 
experimental conditions: different sample holders and samples in electric 
and magnetic fields at room temperature. The results obtained with mag- 
netically oriented samples12 confirm the previously proposed293 model of 
cylindrical symmetry for the scatterers, with micellar length larger than 
500 A. 

In a previous paper’’ we discuss the interpretation of X-ray diffraction 
results of mesophase LK in terms of a pure nematic structure and its 
difficulties, specifically because the width of the diffraction peak observed 
at s-I = 43.3 8, (absolute value of the scattering vector) is very narrow in 
comparison with the predictions of the usual nematic theories. Assuming 
for LK mesophase an homogeneous distribution of micelles in water the 
characteristic parameters are:” micellar radius R = (14.2 20.5) 8, and 
mean distance between neighboring micelles d = (47.0 20.5) 8,. The 
analysis of the diffraction patterns of LK  sample^,'^.'^ however, could be 
done assuming nonhomogeneous distribution of amphiphilic in water with 
the formation of aggregates of cylindrical micelles. In this model,I3 the 
micelles have R = (17 ? 1) 8, and are packed in an hexagonal lattice of 
parameter a = (47.5 20.5) A. The diffraction peak is associated to the 
100 diffraction of the hexagonal array, for aggregates of about 25 micelles. 
So, the nematic type I phase could be thought as composed by micro- 
domains of the middle soap phase order (called Ha). 

Fujiwara and Reeves’’ studied by nuclear magnetic resonance (NMR) the 
LK lyomesophase (with deuterium instead of water) in the range of tem- 
peratures from 10 to 70°C. The analysis of the temperature dependence of 
D 2 0  deuterium quadrupole splittings evidences the coexistence of Ha and 
nematic phases (21 I T 5 59°C) and ha in coexistence with an isotropic 
phase for temperatures above 59°C. 

Preliminary X-ray diffraction studies with temperature variation were 
made16 in mesophase LK, whose diffraction patterns present bands (charac- 
teristic of a nematic phase) and Bragg’s points (characteristic of Ha phase). 
In this paper, mesophase LK is studied by X-ray diffraction and optical 
microscopy in the range of temperatures of 22°C to about 75°C. The binary 
mixture K laurate/water (called LKb), which forms a lyomesophase in the 
middle soap phase, is also studied. D
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LYOTROPIC POTASSIUM LAURATE-KCI-HZO 131 

II. EXPERIMENTAL 

The mesophases LK and LKb were prepared according to usual proce- 
dures,'.* with the compositions given in Table I: 

TABLE I 
Composition in wt.% of the mesophases LK and Lkb 

Sample K laurate ( w t . 8 )  H20 ( w t . 8 )  KCI (wt.%) 

LK 33.19 5 0.06 65.5 2 0.1 1.35 * 0.01 
LKb 38.00 5 0.06 62.0 * 0.1 - 

For the X-ray diffraction experiments the samples were sealed in lin- 
demann, quartz and sodium glass capillaries with 0.7 mm diameter, placed 
in vertical position, with their axes perpendicular to the X-ray beam in a 
transmission geometry. A small angle Rigaku-Denki diffractometer' and a 
Laue camera, both with Cu K, monochromatic (LiF asymmetric crystal) 
and Cu Ni filtered radiation with point focus were used. The X-ray diffrac- 
tion patterns were obtained by photographing technique. 

The capillary with the sample stays in a furnace with a temperature 
controlling system. The device, designed and constructed in our laboratory, 
is attached to a goniometer head in a goniometer, allowing the sample 
position to be freely adjusted. The sample is heated by a flux of hot air. The 
hot source consists of a stainless steel box, where there is a 44R resistor 
composed by Ni-Cr wires. At the exit of the box there is a thermocouple 
connected to the electrical temperature controlling system. The hot air 
leaving the box reaches two Cu capillaries positioned parallel to the sample, 
with small holes in their surfaces, pointing to it. The hot atmosphere is kept 
by a thin cylindrical mylar film with radius of 15 mm and height of 40 mm. 
Another thermocouple is positioned inside the mylar cylinder for the tem- 
perature reading. The air flux is maintained by a conventional compressor 
and the temperature could be controlled by it and by the voltage at the 
resistor. This device prevents the contact between the hot source and the 
sample and promotes a homogeneous heating along the capillary. Tem- 
perature gradients greater than 0.5"C along the capillary axis are therefore 
avoided, since they would be particularly inconvenient in the case of liquid 
crystals. The temperature is controlled within 1°C in the range between 
room temperature to about 75°C. 

At the sample position the X-ray beam has a diameter of 0.3 mm in small 
angle measurements and about 0.5 mm in Laue camera measurements. All D
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132 A.  M. FlGUElREDO NET0 AND L. Q. AMARAL 

sample holders in both conditions received the beam in their central part. 
Exposure times varied between 24 and 48 hours (in small angle mea- 
surements) and between l and 24 hours (in Laue measurements). 

For the optical microscopy experiments it was used a Zeiss crossed 
polarized light microscope with a heating platinum stage, placed in a 
temperature controlled room. The temperature is read by means of a ther- 
mometer coupled to the hot stage with an evaluated error of about 0.5"C. 
The samples were sealed in precision rectangle borosilicate glass capillaries 
tubing with inside dimension: path length 0.4 mm X width 8 mm. Micro- 
photographs were obtained with a colored 135 mm film, ASA 100. 

The rate of heating of all the experiment was about 5°C per hour (differ- 
ent rates are specified in the text). 

111. RESULTS AND DISCUSSION 

The photographing diffraction pattern obtained with sample LK at room 
temperature (-22°C) shows a diffraction band OB at s-I = (43.3 a0.5) 8, 
(when 0.7 mm capillaries were used) with preferred orientation along the 
horizontal equator12 (Figure la). This result, as previously discussed,'2 is 
characteristic of a sample with moderate degree of orientation of the mi- 
celles, caused by the glass surface. The inner band present in the patterns 
obtained without monochromatic radiation are due to white radiation. l3  The 
observed texture is shown in Figure lb, which resemble a nematic 
This diffraction band has been studied by counter methodI3 and the cylindri- 
cal Patterson function obtained from the experimental scattered intensity 
indicate a mean distance between axes of neighboring parallel micelles 
d = (47.0 20.5) 8,. Assuming homogeneous distribution of micelles in 
water, the value R = (14.2 20.5) 8, for the micellar radius is obtained. 

For increasing temperatures in the range from 22°C to about 54°C only 
the nematic phase was observed with both experimental techniques, with- 
out significant variation of the angular position of OB. 

For temperatures between 60°C and 74°C the diffraction pattern is totally 
modified: some Bragg points appear at s;' = (40.7 k0.6) 8, and s;' = 
(22 2 1) 8, (average values of various experiments), whose relation s2/sI is 
about fi, indicating an hexagonal array of cylindrical micelles where the 
diffractions at sI and s2 are respectively identified to the 100 and 110 ones. 
The lattice parameter obtained from them is (47 +1) 8,. Besides the 
Bragg's points characteristic of the H, phase, the diffraction patterns 
present at the OB region a diffuse halo at s-I = (43 22)  8, without any 
preferred orientation, indicating the existence of an isotropic phase (I) in 
coexistence with H,. Figure 2a presents a superexposed pattern at which 
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LYOTROPIC POTASSIUM LAURATE-KCI-HZO I33 

(b  1 
FIGURE I (a) X-ray diffraction result with sample LK in 0.7 mm thick capillary (placed in 
vertical direction in the plane of the figure). Temperature of about 22"C, Laue camera (Cu Ni 
filtered radiation). Nematic phase (N). (b) Optical texture of mesophase LK temperature of 
about 22°C. nematic phase-N (1  cm = 0.12 X 10' km).  
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I34 A. M. RGUEIREDO NET0 AND L. Q. AMARAL 

(b 1 
FIGURE 2 X-ray diffraction result with sample LK in 0.7 mm thick capillary (placed in 
vertical direction in the plane of the figure). Laue camera (Cu Ni filtered radiation), tem- 
perature of 62°C. (a) predominance of the hexagonal phase H,; (b) predominance of the 
isotropic phase 1. 
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LYOTROPIC POTASSIUM LAURATE-KCI-HZ0 135 

it is observed a predominance of the H, phase, and Figure 2b the pre- 
dominance of the isotropic phase. 

The coexistence of phases H, and I was also observed by optical micros- 
copy. Figure 3a shows a region of the sample with a fan-like texture 

( b )  
FIGURE 3 Optical textures of mesophase LK ( 1  crn = 0.46 X I O ’ p n ) .  (a) hexagonal H, 
phase, temperature of 61°C; (b) hexagonal (H,) and isotropic (I )  coexistent phases, tem- 
perature of 69°C. 
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136 A. M. FIGUEIREDO NET0 AND L. Q .  AMARAL 

characteristic of an Ha phase” and Figure 3b a region where the fan-like 
texture is observed beside an isotropic one, indicating the coexistence I and 
H, phases. For temperatures above 75”C, only phase I was observed by 
optical microscopy. 

Our results for temperatures above 60°C agrees with the obtained by 
Fujiwara and Reeves” by means of the NMR technique measurements. 

Macroscopically, there is an observable decrease in the fluidity of LK 
samples in 15 mm diameter tubes (where the sample is prepared) with 
the temperature rise, which must be connected to the higher viscosity of 
Ha phase. 

The reversibility of the process was verified and no thermal hysteresis 
effect was observed with both experimental techniques. 

For temperatures between 54°C and 60°C it was observed in some experi- 
ments, especially with a quick rise of the temperature, the coexistence of 
the Ha phase with a nematic one. Figure 4 shows the Bragg’s points 
characteristic of the Ha phase, with the oriented band, now appearing at 
s-’ = (41 21) A, of the nematic phase. 

Optical microscopy observation of mesophase LK in this range of tem- 
perature have not a trivial interpretation. Figure 5a shows the observed 

FIGURE 4 X-ray diffraction result with sample LK in 0.7 mm thick capillary (placed in 
vertical direction in the plane of the figure). Laue camera (Cu Ni filtered radiation), tem- 
perature of 55°C. Coexistence of hexagonal (H.) and nematic (N) phases. 
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LYOTROPIC POTASSIUM LAURATE-KCI-RO I37 

( b )  
FIGURE 5 Optical textures of mesophase LK ( 1  cm = 0.12 X 10' pm),  temperature of 
55°C. Coexistence of hexagonal (H,) and nematic (N) phases. (a) observation with the 
analyzer; (b) observation without the analyzer. 
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138 A. M. FIGUElREDO NET0 AND L. Q. AMARAL 

texture at 55°C. It could be interpreted as a nematic texture but there is also 
some circular regions that could be characteristic of the beginning of the 
formation of H, phase. In Figure 5b, the same region of the sample was 
observed without the analyzer and it is possible to identify two regions of 
different refractive index. Out of this temperature interval it was not ob- 
served the coexistence of Ha and N phases as discussed by Fujiwara and 
Reeves." However, the comparison between our and his experiment must 
take into account that the NMR measurements need a strong magnetic 
field which could influence the appearance of the H, phase at lower 
temperatures. 

The modification of the nematic band position of about 2.3 A (from 
s-' = 43.3 8, to s-' = 41 A) could be explained in terms of the decreasing 
of the micellar radius for increasing temperatures, essentially caused by 
the carbon chain contraction. ''J' The expected modification" (decrease) of 
the micellar radius from 22°C to about 55°C is 1.2 8, which, in terms of the 
distance between micellar axes corresponds to a decrease of 2.4 8,. 

The coincidence of the nematic band position with the 100 diffraction of 
the H, phase could indicate that the band is a broad 100 diffraction of 
aggregates of micelles which are going to constitute an extended hexagonal 
array of scatterers (phase H a ) .  

As the expected average distance between neighboring micelles in the 
nematic phase at T = 60°C is about 45 8, (2.4 8, smaller than the obtained 
at room temperature), if these micelles lose their orientational correlation 
to form phase I at high temperatures, we would expect an average distance 
between neighboring micelles greater than the nematic one. This average 
distance (phase I) is about 43 8, (interpreting the position of the scattering 
halo directly as the average distance). So, phase I could be composed by 
anisotropic micelles different from the nematic ones without orientational 
correlation or by isotropic micelles. 

To compare the coexistent H, phase with the conventional middle soap 
phase, the binary system LKb was studied. Figure 6a shows a super- 
exposed diffraction pattern (monochromatic CuK, radiation) of meso- 
phase LKb at room temperature where it is possible to identify the 100, 110 
and a very weak 210 reflections. Figure 6b shows the observed fan-like 
texture in a polarizer microscope. The lattice parameter of the hexagonal 
array of micelles obtained from X-ray diffraction data is (44.9 k0.5) A. 

Husson and co-~orkers".'~ studied LKb phase in the range of amphi- 
philic concentration of 60 wt.% to 50 wt.%, observing an increase of the 
lattice parameter as concentration decreases and for the micellar radius a 
value practically constant (of about 17 A" at 22°C- taking into account the 
dependence with temperat~re).'~ Our value of the lattice parameter (at 
38 wt.%) is comparable to the one extrapolated from their results. 
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LY OTROPIC POTASSIUM LAURATE-KCI-H*O 139 

FIGURE 6 (a) X-ray diffraction result of mesophase LKb in 0.7 mm thick capillary (placed 
in vertical direction in the plane of the figure). Laue camera (monochromatic CuK. radiation). 
Temperature of about 22°C. (b) Optical texture of mesophase LKb ( I  cm = 0.12 x IO'pm). 
Temperature of about 22"C, Hexagonal H, phase. 
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I40 A. M. FlGUElREDO NET0 AND L. Q. AMARAL 

The measured specific partial volume of the potassium laurate in LKb 
(by means of a calibrated micropicnometer) is (0.93 +0.01) cm3/g, which 
gives a volume concentration for the amphiphilic of (0.362 +0.001). As- 
suming homogeneous distribution of long micelles in water, ''.I9 the ob- 
tained cylinder radius is (14.2 ?O. 1 )  A. 

The value of the micellar radius obtained for mesophase LKb (H, phase) 
is the same previously obtained for mesophase LK (nematic phase) admit- 
ting homogeneous distribution of micelles in water." The length of an 
extended carbon chain of K laurate" at room temperature is 14.2 A and the 
polar head (COO-K') has a diameter of about 3 81'' so, an extended 
K laurate molecule has a length of about 17 A. Our value of the cylinder 
radius (mesophase LKb) is about 3 A smaller than the length of an extended 
K laurate molecule and the observations of Husson and co-workers" in 
another range of amphiphilic concentration. At this point there are two 
possibilities: (i) the micellar radius presents a small variation as a function 
of the amphiphilic concentration most accentuate at high water concen- 
trations; (ii) the procedure used for the calculation of the radius assuming 
the micelles of infinite extent hexagonally packed'* are not totally correct 
for high water concentrations. It would be possible to obtain a micellar 
radius greater than the obtained for mesophase LKb considering that we 
have water among the cylinders along their long axes. 

In a first approach, we will consider hypothesis (i) and its micellar radius 
a good one (mesophase LKb). The thermal linear dilatation c~efficient'~ for 
the carbon chains is - I .3  X IO-'"C-' so, the micellar radius (meso- 
phase LKb) at 60°C is expected to be (13.5 20.1) 8, and the lattice pa- 
rameter (42.7 +O. l )  A. 

The lattice parameter of the coexistent H, phase (T = 60"C, amphiphilic 
concentration of about 33 wt.%) is about 4 8, bigger than the obtained for 
LKb middle soap phase (T = 60"C, amphiphilic concentration of about 
38 wt.%). This result is consistent with Husson and co-workers" obser- 
vations which foresees an increase of the lattice parameter for decreasing 
amphiphilic concentrations. 

To compare the micellar radius of the Ha coexistent phase with the LKb 
phase it is necessary to consider the two possible descriptions of the type I 
mesophase s t ruct~re '~ presented in section I. The micellar radii at 60°C 
obtained from the two models described in section I, taken into account the 
thermal linear dilatation coefficient are: 13.5 A for the nematic structure 
model and 16.2 8, for the aggregates of micelles model. The radius ob- 
tained from the nematic structure model is consistent with the LKb H, 
phase one at 60°C (hypothesis (i)). So, the H, coexistent phase (ternary 
system) could have approximately the same parameters (a and R) of the 
LKb H ,  phase according to the nematic model. 

Considering now the second hypothesis, the cylinder radius of meso- 
phases LKb and LK have a constant value, the formation of the coexistent 
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LYOTROPIC POTASSIUM LAURATE-KCI-H20 141 

H ,  phase could be thought as a flocculation of cylindrical micelles around 
the small seed aggregates (the lattice parameter of the model of the aggre- 
gates is about the same obtained for the coexistent H ,  phase). 

As an end point it is necessary to take into account another parameter that 
was not discussed in the comparison among the different phases: the length 
of the micelles. In all cases it was assumed that the micelles are long; 
however, important differences could exist between the phases in terms 
of this parameter, specifically for the coexistent H ,  and I phases. The 
determination of micellar length and radius by means of an independent 
experiment of H ,  and I coexistent phases is necessary to give a complete 
description of the system. 
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