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A 59CoNMR Study of the Interactions of Some Cobalt(III) Complexes
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59Co NMR spectroscopy was used to study the interactions of cationic or neutral octahedral cobalt (I1I)
complexes such as [Co(NHs)e|**, [Co(en)s]*™ (en=ethylenediamine), [Co(NO2)(NH;)s5])**, and [Co(acac)s]
(acac=acetylacetonato) with surfactants in their nematic liquid crystalline solutions. The specific interactions
of the complexes with the surfactants were studied in a replacement of one surfactant by another that had a
different polar group. The extent of the binding of these complexes was monitored through the **Co quadrupole
splittings. The relationship between the extent of the binding and the magnitude of the quadrupole splitting
did not hold when comparing the three cationic complexes. A comparison between the potassium dodecanoate
(KDodec)/tetradecyl (or decyl)trimethylammonium bromide (TDTMABr or DTMABr) and the cesium N-do-
decanoyl-L-alaninate (CsDDA)/tetradecyltrimethylammonium bromide (TDTMABr) mixed surfactant systems
in the interaction with [Co(NHs)s]>* and [Co(en)s]** complexes showed that these complexes bind to the alan-
inate polar group through a weakly interacting site in the range of the intermediate composition of the mixed
surfactants; such a kind of the binding was negligible or smaller in the dodecanoate system. [Co(acac)s] complex
was solubilized to liquid crystals and the interactions with the surfactant depended on their polar groups in
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spite of the electric neutrality of the complex.

Nematic lyotropic liquid crystals (nematic lyome-
sophases) provide an advantage for the NMR spectro-
scopic investigation of the interactions between sim-
ple ions or molecules with surfactants since they spon-
taneously align in the magnetic field of the NMR
spectrometer.' % The interactions of metal complexes
with surfactants, on the other hand, have attracted
much attention to elucidate the mechanism of useful
catalytic function of organized molecular aggregates in
the reactions of various metal complexes.? From these
viewpoints it seems to be significant to study the in-
teractions between metal complexes and surfactants in
nematic liquid crystals by using NMR spectroscopy. In
a previous study,” one of us studied specific interac-
tions of cobalt(III) complexes such as [Co(NHj)g)3+
and [Co(CN)g]3~ with various kinds of surfactants by
an observation of 3Co quadrupole splittings (Avg) in
a nematic lyotropic liquid crystalline system prepared
from a mixed surfactants/1-decanol/electrolyte/water
system; this procedure is called here a replacement
study. Such a system has an advantageous property in
that it allows the two kinds of surfactants to be mixed
in various proportions while maintaining the other com-
ponents, i.e., electrolytes and water, in constant mole
proportions to the total surfactant. In this study, we
used cobalt(III) complexes such as [Co(NO,)(NH3)s)?+,
[Co(en)s]®T, and [Co(acac)s] as well as [Co(NH3)g]3+
to see specific interactions with surfactants by the re-
placement study. The effects of the ligands and the
charge numbers of the metal complexes on the interac-
tions were monitored by the 5°Co quadrupole splittings.
The interactions of the cationic complex ions in the do-
decanoylalaninate system are also compared with those
in a dodecanoate one.

The quadrupole splittings (Avq) for the probe ions

or molecules interacting with liquid crystals can be ex-
pressed as

AVQ = 761 =1

where 6 is the angle between the liquid crystal axis
(director) and the magnetic field, P, the fraction of
the binding ions, S, the order parameter, and x} the
quadrupole coupling constant for the binding ions. xy,
is further expressed as €®q, Q/h where g, is the electric
field gradient at the nucleus of the binding ion and @
is the nuclear electric quadrupole moment. We showed
in a previous paper,® that the width (Avq/5) at half-
height of the envelope of the proton spectra that are
dipolar coupled to each other for the hydrocarbon chain
is proportional to the (3cos26—1) term from comparison
between similar surfactant systems. Actually, normal-
ized Avy values are defined to monitor the binding of

3 j (3 cos® 0 — 1) Py, Sbxb, (1)

the cobalt(III) complex to the surfactants as follows.>®
Avn = MAVQ o PoxbSb, ()
Alll/g

where Avy/;(mean) is the average of the Avy/, values
over all the composition ranges of the mixed surfactants.
Among these three parameters of Py, xp, and Sy, the
contribution of the S, factor has provided unique in-
sight into the sites of ions especially for the alkaline or
the halide ions,>”® while the product of Py, and Y}, re-
flects the extent of the ion binding and usually governs
the Avy value.? When looking the specific interactions
from the profile for Avy values depending on the com-
position, it seems more convenient for us to express the
normalized quadrupole splitting as

Avn = ZP;’AI/i, (3)
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where P; is the proportion of ions in each site and Av;
is the quadrupole splitting for that site. On the other
hand, when comparing between the cobalt(II) com-
plexes in the extent of their interactions with the same
surfactant system, we take the ratio Avq/Av,/; since
the PyxbSp values can be directly compared each other
under the same conditions.

Experimental

Materials. Potassium dodecanoate was prepared from
dodecanoic acid by neutralization with potassium hydrox-
ide followed by recrystallization from ethanol (95%) sev-
eral times. Decylammonium bromide® and cesium N-do-
decanoyl-L-alaninate!® were prepared by standard meth-
ods. Tetradecyltrimethylammonium and decyltrimethylam-
monium bromides were obtained from the Sigma Co. and
the Tokyo Kasei Co., respectively. They were recrystal-
lized twice from their ethyl acetate—ethanol solutions. The
cobalt(IIT) complexes, [Co(NHs)]Cls,'? [Co(NO2)(NH3)s)-
Cly,'? [Co(en)s]Cl3-3H20,'® and [Co(acac)s],'¥ were also
prepared according to standard procedures. The simple salts
used for the control of the ionic strength were guaranteed
reagents of Wako Pure Chemical Industries, Ltd. The 1-
decanol was supplied by Tokyo Kasei Co. Ltd. and once dis-
tilled.

Compositions of the Amphiphilic Nematic Liquid
Crystalline Solutions.  The lyotropic mesophases used
in this study had basically the following components: sur-
factants/electrolyte solutions of 5% deuterated H2O con-
taining 5—10 mmolkg™! cobalt(III) complexes/1-decanol.
The mixed surfactant systems used are potassium dode-
canoate (KDodec)/tetradecyl (or decyl) trimethylammoni-
um bromide (generally simplified as alkylTMABr below),
cesium N-dodecanoyl-L-alaninate (CsDDA)/tetradecyltri-
methylammonium bromide (TDTMABr), and decylammo-
nium bromide (DABr)/TDTMABr. The alkylTMABr used
was TDTMABTr, except in a few cases where decyltrimeth-
ylammonium bromide (DTMABr) was used instead. The
detailed compositions other than the cobalt(III) complexes
are listed in Table 1. The cobalt(III) complexes were
added to each liquid crystalline solution before NMR mea-
surements. The pHs for the system containing the KDo-
dec or the CsDDA were adjusted to 10.0—11.0 by us-
ing ethylenediamine/HBr (for the KDodec) or HCI (for
the CsDDA) buffer reagents. To confirm the absence of
the interference by the buffer reagents, we also measured
the 5°Co quadrupole splittings for the [Co(NHj;)e]>* and
[Co(en)s]** complexes in the KDodec/alkyITMABr and
in the CsDDA/TDTMABr mixed surfactant systems over
z (mole fraction of the anionic surfactant)=0.0—1.0 range
without buffer reagents. In these cases the pHs for the alkyl-
TMABr/KDodec or CsDDA mixed systems were changed
from 5 to 9 by replacing the alkyltrimethylammonium by the
anionic surfactants. However, no significant differences were
observed for the quadrupole splittings between in the pres-
ence and in the absence of the buffer reagents. As both the
KDodec and CsDDA are the salts of weak acids, the mea-
surements at pH 11.5—11.8 were also done to see the effects
of the protonated surfactants for both the [Co(NHs)g]**
(only in the alaninate system) and the [Co(en)s]*T com-
plexes which are fairly stable even in alkaline regions. In this
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Table 1. Compositions of Mixed Surfactant Systems®

(i) Alkyltrimethylammonium Bromide (TDTMABEF,
DTMABTr) —Potassium Dodecanoate (KDodec)

z TDTMABr/mg DTMABr/mg KDodec/mg DeOH/mg

0.0 420 0 65
0.1 379 31 44
0.2 338 59 25
0.3 295 89 9
0.4 210 120 40
0.5 175 149 19
0.6 141 180 9
0.7 105 208 13
0.8 85 239 25
0.9 43 268 48
1.0 0 299 79

(it) Tetradecyltrimethylammonium Bromide-Cesium
Dodecanoyl-L-Alaninate (CsDDA) ©
z TDTMABr/mg CsDDA/mg DeOH/mg

0.0 373 0 66
0.1 336 44 52
0.2 299 89 41
0.3 262 133 33
0.4 225 178 23
0.5 187 226 18
0.6 148 270 16
0.7 111 315 26
0.8 74 359 53
0.9 37 403 81
1.0 0 448 100

(iii) Tetradecyltrimethylammonium Bromide (TDTMABTr)
~Decylammonium Bromide (DABr) 9

z TDTMABr/mg DABr/mg KBr/mg DeOH/mg

0.0 560 0 58 83
0.1 504 37 58 82
0.2 472 78 61 78
0.3 436 123 66 72
0.4 395 174 68 65
0.5 350 231 75 60
0.6 300 296 81 61
0.7 258 397 97 54
0.8 187 492 105 49
0.9 102 604 116 43
1.0 0 738 130 9

a) Mixed surfactant systems were prepared for the re-
spective cobalt(III) complexes and the scattering of each
weight was at most 3 mg. The stock solutions are b) 0.50
molkg~! KBr, c) 0.99 molkg~! CsCl, d) 0.01 molkg~?!
pyridine-0.02 molkg~! HBr of 5% deuterated H2O.

case, we used buffer solutions containing higher amounts of
ethylenediamine.

NMR Measurements. The 'H, ?H, and °CoNMR
spectra were obtained on a JEOL GX-270 FTNMR spec-
trometer operating at 270.0, 41.5, and 64.1 MHz, respec-
tively. The temperature of the sample solution was con-
trolled at 27+0.5°C.

After the NMR measurement, the pH of the sample solu-
tion was measured with an Orion Research model 701A Ion
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Analyzer.

Results and Discussion

1. [Co(NO2)(NH3)5]?>t and [Co(en)s]3*
Complexes in KDodec/AlkylITMABr System.
The normalized quadrupolar splittings (Avy) of the
39Co NMR spectra defined above are shown in Fig. 1
and Table 2 for the [Co(NO3)(NH;3)s)?* and in Fig. 2-
(b) and Table 3(b) for the [Co(en)3]>*+ complex in mixed
KDodec/alkyITMABr system.'® As the quadrupole
splitting is usually proportional to the extent of the
ion binding, they showed appreciable interactions with
the oppositely charged polar group. The result for the
[Co(NHj3)6]3* complex, which has already been stud-
ied, is reproduced in Fig. 3(b).> The Avy vs. z plots

O————""5>%
L ’/,
30 ° /-
N ;o
\z 20 ~ // n
P | / .
< o //
1 0 - ,l’ -
/
5 fo) // -
0 o—o0—o0—o
0 05 1.0
X
Fig. 1. Cobalt-59 quadrupole splittings (Avn) for [Co-

(NO2)(NHg3)s]*" as a function of the mole fraction (z)
of the KDodec in the mixed KDodec/alkylTMABr
mesophase system. (For compositions, see Table 1-
(i)). The data were taken from Table 2.

Table 2.  5°CoNMR Quadrupole Splittings (Avg)
and Their Normalized Values (Avn) for [Co(NO2)-
(NHs)s]** and Half Widths (Av;/2) of the En-
veloped 'H Spectra for the Alkyl Chains of the
Surfactants, as a Function of Mole Fraction (z) of
Potassium Dodecanoate in Total Surfactant.
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5900 IH
z Avg/kHz Avn /kHz Avy///kHz

0 0 0 6.2
0.1 0 0 6.1
0.2 0 0 6.5
0.3 0 0 6.6
0.4 1.1 1.2 6.0
0.5 5.2 4.6 7.7
0.6 15.2 13.2 7.8
0.7 24.8 23.0 7.3
0.8 30.7 30.2 6.9
0.9 37.7 38.2 6.7
1.0 39.2 39.1 6.8
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Fig. 2. Cobalt-59 quadrupole splittings (Avy) for [Co-
(en)3]** as a function of the mole fraction (z) of (a)
CsDDA in the mixed CsDDA/TDTMABr mesophase
system as compared with (b) the corresponding
KDodec system. The data were taken from Table 3.

roughly agree with each other and the electrostatic in-
teractions seem to govern their profiles. When com-
paring the three cationic complexes, however, we can
find some significant differences between them. One
of the difference is the magnitude of the quadrupole
splitting in the KDodec system (z=1.0); the values de-
crease in the order, [Co(NO2)(NH3)s]*t (Avg/Avyjp=
5.71)>[Co(en)3]3*+ (2.89)>[Co(NH3)e)** (1.64). From
the electrostatic viewpoint, the magnitude of the in-
teraction should be in the order [Co(NHj3)¢]3* > [Co-
(en)3]3+>[Co(NO;)(NH;3)s)?* by considering their ion-
association constants with sulfate ions.'® One possible
factor of this quite reverse order would be the electric
field gradient (eg, or xp in Eq. 1), that is, the ¢, value
will be the largest for the pentaamminenitro complex
and the smallest for the hexaammine complex.

For both the complexes, Avy vs. z plots can be
roughly simplified as in the following relationship by
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Table 3. *°CoNMR Quadrupole Splittings (Avg)
and Their Normalized Values (Awn) for [Co-
(en)3]**, Corresponding Values for 2H of Deuter-
ated Water, and Half-Widths (Avy ;) of the En-
veloped 'H Spectra for the Alkyl Chains of the
Surfactants, as a Function of Mole Fraction (z) of
Cesium Dodecanoyl-L-Alaninate (a) and of Potas-
sium Dodecanoate (b) in Total Surfactant.

(a) %Co ’H 'H pH

z Avq/kHz Avn/kHz Avg/Hz Avn/Hz Av, /5 /kHz

0.0 0 0 3 3 7.0 10.0
0.1 0.2 0.2 9 10 6.5 10.1
0.2 0.3 04 15 17 6.4 10.2
0.3 0.4 0.5 22 24 6.7 10.2
0.4 0.5 0.6 32 36 6.7 10.2
0.5 <02 <0.2 47 54 6.5 10.2
06 <02 <0.2 63 75 6.3 10.2
0.7 2.7 3.1 92 107 6.4 10.2
0.8 6.7 7.0 141 148 7.1 10.3
0.9 8.3 8.3 176 175 7.5 10.2
1.0 10.9 11.0 221 223 7.4 10.5
1.0 12.1 11.9 236 232 7.6 11.6
(b) *Co ’H 'y pH

z Avq/kHz Avn/kHz Avq/Hz Avn/Hz Av,/y /kHz

0 0 0 12 13 6.6 10.9
0.1 0.3 0.3 11 13 6.5 10.7
0.2 0.4 0.4 16 17 6.6 10.7
03 <0.1 <0.1 19 20 6.9 10.8
0.4 0.3 0.3 22 22 6.9 11.0
0.5 4.1 3.8 49 44 7.8 11.0
0.6 11.7 10.9 103 94 7.7 11.0 .
0.7 18.5 18.4 143 143 7.0 10.5
08 19.8 20.8 144 149 6.8 10.8
09 202 20.1 205 200 7.2 11.0
1.0 208 20.7 214 208 7.3 11.2
1.0 228 21.0 7.6 11.8
using Eq. 3.

z=10—-05

Avy = Avi(2z — 1)
z <04
Avn =0 4)

where Avy is the quadrupole splitting by the interaction
with the potassium dodecanoate. Equation 4 means
that the cobalt(III) complexes bind simultaneously to
two carboxylate polar groups according to the three site
model”® and the complexes are released from the polar
groups with a replacement of one of the two carboxyl-
ates by the cationic surfactant. The broken lines in
Figs. 1, 2, and 3 are given by putting Avy=12 kHz for
the hexaammine, 21 kHz for the en, and 39 kHz for the
pentaamminenitro complexes in Eq. 4. Significant devi-
ations of the experimental results from the broken lines
were seen for all the complexes; especially, it is charac-
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Fig. 3. Cobalt-59 quadrupole splittings (Avn) for [Co-
(NH3)6]®" as a function of the mole fraction (z)
of alaninate in (a) the mixed CsDDA/TDTMABr
mesophase system as compared with (b) the corre-
sponding KDodec system. The data for CsDDA were
taken from Table 4 and those for KDodec were from
Table 1 in Ref. 5, respectively.

teristic that the quadrupole splittings are almost con-
stant above £=0.8 for the en complex and above £=0.9
for both the ammine complexes. As the concentration of
the complex (5—10x10~2 molkg~!) is much less than
that of the total surfactant (1.25 molkg™!), the con-
stancy of Avy above £=0.9 or 0.8 does not mean an oc-
cupation of the binding site by the complexes; it seems
better to consider that the complex ion interacts with
the carboxyl polar group so strongly that this ion pair is
destroyed only after a significant proportion (mole frac-
tion is 0.2 or 0.3) of the anionic polar group is replaced
by the cationic polar group. Such a model of the for-
mation of the inhomogeneous ion-pair was proposed for
Al(OH)4~ interacting with the KDodec/alkylTMABr
mixed system.!” Upper deviations of the experimen-
tal values from the broken lines over the £=0.4—0.7
range also suggest the stronger interactions of the com-
plex ions with the two carboxylate polar groups than
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expected from the simple model.

2. [Co(NHj)e]®t, [Co(en)3]*t Complexes in
the CsDDA/TDTMABr System as Compared
with Those in the KDodec/AlkylTMABr Sys-
tem. A similar study using the N-dodecanoyl-L-
alaninate in place of the dodecanoate gave Avy vs.
z plots somewhat different in profile from the dode-
canoate system, (Figs. 2(a) and 3(a) and Tables 3(a)
and 4) while the quadrupole splitting of ?H of water
molecules (Table 3(a) and (b)) indicates that the extent
in the hydration is nearly identical in both the systems.
The results in Figs. 2(a) and 3(a) can be fitted to Eq. 3.
The broken lines in Figs. 2(a) and 3(a) were also drawn
from the same model as described in the dodecanoate
system (Eq. 4), by taking Av;=3.2 kHz for the hexa-
ammine complex and 11 kHz for the en complex. Both
Figs. 2(a) and 3(a) show that the experimental results
are closer to the simple model than in the case of the
dodecanoate systems above £=0.5, while a weakly in-
teracting region is more clearly present in the range
of £=0.3—0.6 (for the hexaammine complex) or 0.2—
0.6 (for the ethylenediamine complex). Although the
added electrolytes to stabilize the liquid crystal phase
will slightly affect the ionic interaction of the cobalt-
(III) complexes with the surfactants, the difference be-
tween the two systems can be basically attributed to
the different polar groups interacting with the cobalt-
(II1) complex.'®

The smaller Avy values and the better fitting to the
simple model in the CsDDA system than in the KDodec
system show smaller interactions of the complexes with
the alaninate polar groups, probably due to a disper-
sion of the charge density in this polar group. In spite
of the smaller quadrupole splittings of the complexes
by the interactions with the alaninate polar group than
those with the dodecanoate polar group, the larger
quadrupole splittings were observed in the lower z re-

Table 4. °°CoNMR, Quadrupole Splittings (Avgq)
and Their Normalized Values (Awn) for [Co-
(NHs3)6]*" as a Function of Mole Fraction (z) of
Cesium Dodecanoyl-L- Alaninate in Total Surfac-

tant
z Avq/kHz Avn /kHz
0.0 0 0
0.1 0 0
0.2 0 0
0.3 0.3 0.3
0.4 0.4 0.4
0.5 0.3 0.3
0.6 0.4 0.4
0.7 0.9 1.0
0.8 2.5 2.2
0.9 3.2 2.7
1.0 3.3 3.2
1.0% 3.2 3.2
a) pH 11.5.
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gions. (Tables 2, 3, and 4 and Table 1 in Ref. 5) Below
z=0.4 the coexistence of the CsDDA with a larger po-
lar group than that of the KDodec will be more favor-
able for the cationic cobalt(III) complexes to interact
with the liquid crystal phase, since the alaninate polar
group is placed outside the micelles in the mixed sur-
factant systems according to the sketch by Marcondes
Helene and Figueiredo Neto.'®) As has been shown in
previous studies,>”® the sign of the quadrupole split-
ting (governed by that of the S, parameter in Eq. 2)
in a weakly interacting system is sometimes negative
and in such a case the probe ions are intervening be-
tween the polar groups. Only relative signs can be mea-
sured experimentally; for this purpose, dependency of
the quadrupole splittings on temperature or on compo-
sition is generally used.® In both the hexaammine and
en complexes we observed that the quadrupole splitting
at £=0.7 increases with an increase in temperature from
20 to 50 °C while it slightly decreases both at z=0.1
and 0.4 in the same temperature range. These tem-
perature dependences were not so remarkable as those
seen for the 3%K ion in the oleate system, where the
sign of the quadrupole splitting is decided to be nega-
tive since its temperature dependence has a minimum
of a zero point.> However, in this study the contrast of
the temperature dependence of the quadrupole splitting
at £=0.7 (the sign should be positive) to those at the
other z values suggest the quadrupole splitting in the
latter case has a negative sign. The presence of the min-
imum at £=0.5—0.6 for the en complex also supports
this view. If the quadrupole splittings in the weakly
interacting range have negative signs, the interaction is
a specific site binding rather than a diffuse binding.

Although the first protonation constant of the D,L-
alaninate is around log K;=9.9,2” a change in pH from
9 to 11.5 had little effect on the NMR data. (See the
Experimental Section and Tables 3 and 4)

3. Co(acac)s Complex. This complex was sol-
ubilized into this nematic liquid crystalline solutions
and had ®°Co NMR spectra with quadrupole splittings.
The splitting spectra clearly came from the complex
present in the hydrophobic alkylchain side (oily side)
of the amphiphilic aggregates. The magnitude of the
quadrupole splitting was changed by the composition of
the surfactants; the results are listed in Table 5. These
results indicate that although the complex should be
present in the oily side of the mixed surfactant micelles
the interactions with the surfactants are affected by the
polar group. The quadrupole splittings were thus ob-
served through weak (anisotropic) interactions between
the neutral complex and the charged polar group.

In the mixed KDodec/alkylTMABr system, the Avy
value plotted as a function of the surfactant composi-
tions had a minimum (Fig. 4(i)) indicating that even
the interaction of neutral complex with the liquid crys-
tal phase depends on the ionic polar group. The pres-
ence of the minimum will be due to the apparently
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Table 5.  °°CoNMR Quadrupole Splittings (Avq)
and Their Normalized Values (Awn) for [Co-
(acac)s] and Half-Width (Avy/2) of the Enveloped
'H spectra for the Alkyl Chains of the Surfactants
as a Function of Mole Fraction (z) of Potassium
Dodecanoate (a) and Decylammonium Bromide
(b) in Total Surfactant

(a) %Co 'H
T Avq/kHz  Avn/kHz  Avy/o/kHz
0 5.5 5.9 6.2
0.1 4.7 5.5 5.7
0.2 44 4.8 6.2
0.3 4.2 4.6 6.1
0.4 4.1 3.8 7.2
0.5 4.8 4.2 7.7
0.6 6.1 5.1 8.0
0.7 5.7 5.9 6.5
0.8 7.0 6.7 7.0
0.9 6.6 6.6 6.7
1.0 6.7 7.0 6.4
(b) % Co 'H
z Avq/kHz  Avn/kHz  Awvyjo/kHz
0 6.6 6.1 6.8
0.1 6.6 5.9 7.0
0.2 6.2 5.4 7.2
0.3 5.1 4.8 6.6
0.4 3.4 3.5 6.1
0.5 3.0 3.4 5.5
0.6 3.3 3.4 6.0
0.7 3.2 3.2 6.2
0.8 3.5 3.5 6.2
0.9 34 3.7 5.7
1.0 3.3 3.7 5.5

neutral surface of the liquid crystals in this composi-
tion range where the two opposite charges on the polar
groups compensated for each other and the interaction
of the polar groups with the neutral complex should be
the smallest.

In the system shown in Fig. 4(ii) larger quadrupole
splitting is observed in the TDTMABr system than in
the DABr system. As all the quadrupole splittings for
the ions and water molecules hitherto studied®?" have
larger values in the decylammonium system than in the
tetradecyltrimethylammonium system, this result for
the 5%Co of Co(acac)s is the first case having an op-
posite trend. This specificity in this system is probably
a consequence of hydrophobic attraction between the
acetylacetonato complex and the trimethylammonium
polar group. Such an appearance of the quadrupole
splitting even in a non-electrostatic system has already
been reported for 23Na spectra in a nonaqueous liquid
crystal in which the sodium ion is complexed by the
cryptand C222.22 Our result, however, showed that the
interaction of the non-charged complex with the ionic
polar group of the surfactants depends on the kind of
the polar group.
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Fig. 4. Cobalt-59 quadrupole splittings (Avn) for
Co(acac)s as a function of the mole fraction (z)
of (i) KDodec in the mixed KDodec/alkylTMABr
mesophase system and (ii) DABr in the mixed
DABr/TDTMABr. The data were taken from Ta-
ble 5. (For compositions of the mixed systems, see
Table 1).
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