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Abstract—The adsorption of tris(1,10-phenanthroline)-ruthenium(Il) (Ru(phen),>+) by two kinds of col-
loidally dispersed clays, sodium montmorillonite and synthetic saponite, was studied by spectrophoto-
metric and electron-optical methods. Montmorillonite adsorbed this complex stronger than saponite. The
electronic spectrum measurements suggested that the electronic states of the complex were more perturbed
on adsorption by montmorillonite than by saponite. High-performance liquid chromatography was at-
tempted on an ion-exchanged adduct of optically active Ru(phen);2* and these clays. 1,1'-Binaphthol was
eluted with a 1:1 (v/v) water-methanol mixture as an eluent. The compound was resolved with a separation
factor of 15 and 1.4 on the saponite and montmorillonite columns, respectively. If tris(acetylacetonato)-
chromium(III) was eluted with water, the compound was resolved with separation factors of 1.9 and 11
on the saponite and montmorillonite columns, respectively. These separation tendencies were probably
due to the difference in the external surface area and the density of the bound chelates.
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INTRODUCTION

Yamagishi (1985) recently developed a method of
optical resolution using a clay-chelate adduct as a chiral
adsorbent. The method is based on the fact that op-
tically active chelates are adsorbed in different amounts
by a clay, depending on whether they are added as a
pure enantiomer or as a racemic mixture (Yamagishi,
1982). A racemic mixture of tris(1,10-phenanthro-
line)iron(IT) (Fe(phen),®*), for example, covers the
whole surface in racemic pair units, whereas the pure
enantiomer of the same chelate is adsorbed, leaving
half of the surface unoccupied because of steric inter-
ference among the adsorbed species. These situations
are shown schematically in Figures la and 1b,

From a comparison of these two adsorption states,
the surface loaded with pure enantiomers (Figure 1b)
should exhibit rigorous stereoselectivity towards the
further adsorption of a molecule. This selectivity is
expected because the unoccupied space in such a sur-
face accepts only the opposite enantiomer of an already
adsorbed chelate. In fact, if sodium montmorillonite
is ion-exchanged with optically active Ru(phen),>*, the
adduct exhibits remarkable stereoselectivity towards
the adsorption of some organic and inorganic mole-
cules (Yamagishi, 1983). These results have been ex-
tended to the development of liquid chromatography
on a column packed with a clay-optically active chelate
adduct (Yamagishi, 1985).

The present paper compares saponite and sodium
montmorillonite as ion-exchangers in these types of
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liquid-column chromatography. The synthetic sapo-
nite used in the present study was prepared by one of
the present authors (Koga, 1985) and has smaller crys-
tallite size and lower cation-exchange capacity than the
sodium montmorillonite. The effects of these differ-
ences in structures on the adsorption properties and
separation efficiency of these clays as packing materials
are also examined.

EXPERIMENTAL

Ru(phen),>* was prepared as described by McCaffery
et al. (1969). A-Ru(phen),®* ions were obtained as a
poorly soluble salt by adding potassium antimony
d-tartrate to a racemic solution of the Ru(phen),2* ions.
Cr(acac), and Co(acac), were prepared by the method
of Collman (1965). 1,1'-Binaphthol was purchased from
Tokyo Kasei Chemical Industry Corporation, Japan.
1,1’-Binaphthyl amine was donated by R. Noyori, Na-
goya University. Other compounds were used as pur-
chased.

Sodium montmorillonite was obtained from Kuni-
mine Industry Corp., Japan. The nominal composition
in wt. % was as follows: SiO,, 58.0; Al,O,, 21.2; Fe,O;,
1.92; MgO, 3.44; Ca0, 0.54; Na,0, 2.98; K,O, 0.14.
The cation-exchange capacity (CEC) was 115 meq/100
g as determined by the proton titration method. Syn-
thetic saponite was prepared as described by Koga
(1985). The composition in wt. % was SiO,, 52.5%;
AL, 0;, 5.1%:; Fe, 05, 0.04%; MgO, 29.9%; Ca0, 0.10%;
Na,O, 2.8%; SO;, 1.24%. The CEC was 80.2 meq/100
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g. About 0.1 g of a clay was dispersed in 100 ml of
water and centrifuged at 14,000 rpm for 30 min. The
supernatant solution was analyzed to determine the
adsorption of metal complexes. Silica gel particles,
Merckogel SI 500 A and Neopore Gel, were purchased
from Merck (Germany) and Nishio Industry Corpo-
ration (Japan), respectively.

Packing materials were prepared as follows: 0.5 g of
polyvinyl alcohol (PVA) (degree of polymerization =
2000) was dispersed in about 200 ml of water. Two
grams of clay dispersed in about 50 ml of water was
added slowly to the polyvinyl alcohol. After adding 50
g of silica gel, the mixture was boiled on the water bath
until the water was evaporated. The resultant solid was
ground and passed through a 0.074-mm sieve. The
powder was soaked in an aqueous solution of
A-Ru(phen),2* until it was saturated with the Ru-com-
plexes. A column for high-performance liquid chro-
matography was prepared by filling a stainless steel
tube (4.6 i.d. x 250 mm) with a slurry of the above-
prepared silica gel coated with a clay chelate adduct.
The amounts of Ru(phen),2* adsorbed by the mont-
morillonite and saponite columns were estimated to
be 2.5 x 1073 and 2 X 10~° mole per gram of adsor-
bent, respectively. The amount of the same chelate
adsorbed by silica gel and PVA was about 1 x 107
and <10-7 mole per gram of adsorbent, respectively.

The electronic absorption spectrum of the metal
complex bound to a clay was recorded on a Uvidec
450A spectrophotometer (JEOL, Japan) at room tem-
perature. The circular dichroism spectrum of the same
complex was measured with a spectropolarimeter,
Model J-20 (JEOL, Japan). The high-performance lig-
uid chromatography on a clay-chelate adduct was car-
ried out with a chromatograph, BIP-1 (JEOL, Japan),
equipped with a UV detector, Uvidec-100-VI (JEOL,
Japan). The elution was monitored by the absorbance
change at a fixed wavelength. The fraction was col-
lected at every 3 ml, and the electronic spectrum and
circular dichroism spectrum were measured. Electron-
optical measurements of the samples of dispersed clays
were carried out with an equipment described by Ya-
magishi (1984). Electron-optical measurements of the
colloidal clay suspensions provided information on the
size of the clay particle and on the orientation of ad-
sorbed molecules. Electric birefringence was measured
by monitoring the intensity of the polarized light after
applying an electric field pulse. The pulse had the du-
ration of 1 ms and the intensity of 3 kV/cm. A polarizer
and an analyzer were placed in front of and at the back
of the sample, respectively. The polarization angles of
the polarizer and analyzer were set at 45° and 135° with
respect to the electric field, respectively. Scanning elec-
tron microscopy (SEM) was performed with a model
JSM-T20 (JEOL, Japan) instrument. The silica gel
samples binding a clay or a clay-chelate adduct were
placed on a brass plate and ion-sputtered with Au-Pd
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Figure 1. Schematic representations of clay surface loaded
with racemic or enantiomeric Fe(phen);?>* ions. Hexagon de-
notes hexagonal hole surrounded by six SiO, tetrahedra. One
Fe(phen),>* molecule occupies three neighboring hexagons.
Open and solid hexagons indicate holes unoccupied and oc-
cupied by Fe(phen),2*+, respectively. (a) Surface loaded with
racemic Fe(phen),2+. (b) Surface loaded with enantiomeric
Fe(phen),?*.

at 1200 V and 7 mA. Photographs were taken at 20
kV. The X-ray powder diffraction patterns of a clay
and its ion-exchange adduct were recorded with a Ri-
gaku Geigerflex CN4026A1 at 35 kV and 15 mA, using
CuKa radiation.

RESULTS

Adsorption of Ru(phen);®+ ions by sodium
montmorillonite and synthetic saponite

Figure 2 shows the change of the visible spectrum
of an aqueous A-Ru(phen);>* solution in the presence
and absence of sodium montmorillonite. On addition
of a clay, the absorption band in the 400-500-nm
wavelengthregion (band 1) was displaced towards longer
wavelength, whereas the absorption peak at 262 nm
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Figure 2. Electronic spectra of aqueous suspension of
A-Ru(phen),?*-montmorillonite: curve a = after 5.1 x 10—
mole/liter A-Ru(phen),2*; curve b = after 12 x 10~-° mole/
liter (in cation-exchange capacity units) sodium montmoril-
lonite had been added.

(band 2) decreased in magnitude and split into two
components. Band 1 was assigned to the charge-trans-
fer absorption from Ru(Il) ion 1o the phenanthroline
ligands (McCaffery er al., 1969). Band 2 arose from the
w—* transitions in the coordinated ligands.

An Ru(phen),2* ion is attracted by a clay particle
mainly through electrostatic force. The bound chelate
experiences electrostatic fields arising from the nega-
tively charged clay and neighboring positively charged
chelates. The chelate may interact electronically with
the oxygens of a silicate surface. The electronic states
of Ru(phen),>* may also be perturbed if the structure
of the Ru-complex is deformed between the clay layers.
These effects may depend on whether the chelate is
located on an external surface or in the interlayer re-
gion. At present these contributions cannot be esti-
mated independently.

The absorbance at 262 nm decreased linearly with
the clay concentration until the concentration of a clay
(in terms of CEC/liter) was double the initial concen-
tration of the chelate (in mole/liter). These results sug-
gest that A-Ru(phen);2* was adsorbed quantitatively
and occupied two cation-exchange sites per molecule:

A-Ru(phen),?* + 2 M~ = A-Ru(phen);?*-2M-, (1)

where M denotes the binding site of a clay. The binding
constant of the above reaction,

K = [A-Ru(phen),2* -2 M~ }/[A-Ru(phen),>* JIM~1?,

was estimated to be larger than 1 x 107 (imole/liter)~!.

Figure 3 shows the spectral change of an aqueous
solution of A-Ru(phen),?* to which synthetic saponite
has been added. The spectrum of the chelate changed
in a manner similar to that shown in Figure 2. Two
principal differences, however, were noted: (1) the
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Figure 3. Electronic spectra of aqueous suspension of
A-Ru(phen),2+ synthetic saponite: curve a = after 5.1 x 10~
mole/liter of A-Ru(phen),2*; curve b = after 2 x 10-* mole/
liter (in cation-exchange capacity units) synthetic saponite had
been added.

bathochromic shift of band 1 was about 4 nm, com-
pared with the shift of about 6 nm shown in Figure 2,
and (2) band 2 did not split into two peaks. These
differences suggest that the perturbation to the chelate
on adsorption by a clay was larger for montmorillonite
than for saponite, although the exact nature of the per-
turbation was not clear.

A plot of the absorbance at 262 nm against the con-
centration of the clay in terms of CEC/liter shows a
gradual decrease of the absorbance until it levels off at
[clay)/[chelate] = 4. Assuming the exchange equilib-
rium of Eq. (1), the binding constant was estimated to
be 8 x 10° (mole/liter)~!. The synthetic saponite ad-
sorbed these cationic complexes much less strongly
than sodium montmorillonite.

Electron-optical measurements of colloidal
suspensions of sodium montmorilionite
and synthetic saponite

Figure 4 shows the transient change of electric bi-
refringence of a 0.012 wt. % suspension of sodium
montmorillonite at 640 nm. The birefringence attained
the saturated value after the onset of an electric field
and decreased non-exponentially in the absence of an
electric field. Although the intensity of the field varied
from 2.5 to 5.0 kV/cm, the amplitude of the birefrin-
gence stayed constant, implying that the orientation of
a clay particle was complete in this range of electric
field. The sign of the birefringence was positive, i.e.,
the refractive index parallel to the electric field was
larger than the refractive index vertical to the electric
field. Most probably, the clay particie was oriented such
that its silicate surface was parallel to the field direc-
tion. The non-exponential decay of the curve indicates
that the size of a colloidal particle was not uniform.
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Figure 4. Transient electric birefringence of aqueous sus-

pension of sodium montmorillonite: 0.012 wt. % clay and 2.5
kV/cm electric field intensity.

Time —

The half-life of the decay curve was calculated to be
0.33 ms. The average size of a particle was estimated
to be 0.37 um, according to the following equation
(Oakley and Jennings, 1982):

t,, = Tpl*/26kT In(//d), )

in which t,, 5, k, T, d and / are half life-time, the
viscosity of the medium (0.010 poise), Boltzmann’s
constant, absolute temperature, and the thickness and
diameter of the clay particle, respectively.

Transient electric birefringence was measured on a
0.033 wt. % suspension of the synthetic saponite. The
sign of the birefringence signal was positive and its
amplitude was constant in the range 2.5-5.0 kV/cm.
Therefore, the synthetic saponite particle was also ori-
ented such that its silicate surface was parallel to the
electric field. From the half-life of the decay curve (0.046
ms), the average size of a saponite particle was esti-
mated to be 0.19 um, about half that of the sodium
montmorillonite.

Electric dichroism was measured by monitoring the
absorbance change of a clay-complex suspension on
application of an electric field pulse. The monitoring
light was linearly polarized at either 0 or 90 with respect
to the electric field. Figure 5 shows the transient change
of an electric dichroism signal for a suspension of
A-Ru(phen);?*-montmorillonite at 450 nm. The rela-
tive amplitude of the dichroism, AA/A, obeyed Eq. (3),
indicating that the observed dichroism was induced by
the orientational motion of the Ru-chelate bound to a

clay particle (Dourlent et al., 1974):
AA/A = (p/6)(1 + 3 cos 20), 3)

where 4 is the angle between the electric field and the
polarization of monitoring light. The reduced linear
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Figure 5. Transient electric dichroism of aqueous suspen-
sion of 5.4 x 10~¢ M A-Ru(phen),2*-montmorillonite at 450
nm. Electric field intensity was 2.5 kV/cm.

dichroism, p, in Eq. (3) is related to ¢. the angle between
the three-fold symmetry axis, C;, of the adsorbed
Ru(phen),2* chelate and the silicate sheet of a clay as
follows (Yamagishi, 1984):

p = (=%)1 + 3 cos 2¢)-®(E), @

where ®(E) is the orientation function using a value of
0 for random orientation and a value of 1 for complete
orientation. In deriving Eq. (3), the transition moment
at the observed wavelength was assumed to be equally
probable in every direction on a plane perpendicular
to the C; axis.

In the present experiment, p was constant at the value
of 0.76 in the range of electric field intensity of 2.5-
5.0 kV/cm. Thus, the orientation of a clay particle was
complete at this electric field strength. The observed
value of 0.76 nearly coincided with the upper limit,
0.75, predicted from Eq. (4) at 90°. Thus, the chelate
was probably adsorbed with its three-fold symmetry
axis almost perpendicular to the clay surface. The half-
life of the decay of the dichroism was calculated to be
0.67 ms, from which the average size of a
A-Ru(phen);>*-montmorillonite particle was estimat-
ed to be 0.41 pum. This value is about 1.3 larger than
that of free montmorillonite obtained from the bire-
fringence measurement. Thus, a clay particle appeared
to form a larger aggregate when it adsorbed the Ru-
chelates. In such an aggregate, the silicate sheets were
all parallel to one other; otherwise, the aggregate would
not have exhibited the dichroism observed above.

Transient electric dichroism was measured for a sus-
pension of A-Ru(phen),?*-saponite in which the clay
was added in four times excess of the chelate. The
reduced linear dichroism was calculated to be 0.54 at
the field strength of 2.5-5.0 kV/cm. For &(E) = 1, and
p = 0.54 in Egs. (4) and (6) ¢ was calculated to be 72°.
Therefore, the chelate was adsorbed with its C, axis
inclined about 20° from the perpendicular direction.
The half-life of the decay of the signal was 0.23 ms,
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Figure 6. Chromatogram obtained for Cr(acac), eluted with
water on the montmorillonite column. Absolute configuration
of A-Cr(acac), is shown.

leading to the value of 0.33 um for the average size of
a particle of the A-Ru(phen),?*-saponite. Comparing
this size with the average size of unexchanged synthetic
saponite (0.19 um) suggests that a colloidal particle of
synthetic saponite formed a larger aggregate when it
adsorbed Ru-chelates.

Liquid-column chromatography on a
clay-chelate adduct

High-performance liquid column chromatography
was performed on a column of the ion-exchange adduct
of a clay and an optically active chelate. In the follow-
ing, the term, ‘“montmorillonite column”, denotes a
column of a silica gel coated with A-Ru(phen);2t-
montmorillonite, and the term “‘saponite column” de-
notes a column of a silica gel coated with A-Ru(phen);>*-
saponite. About 1 X 10-% mole of the compound to
be resolved was placed on the column and eluted at
the flow rate of 0.5 ml/min.

Figure 6 gives the chromatogram of tris(acetylace-
tonato)chromium(IIl) (Cr(acac);) eluted on the mont-
morillonite column. The eluent was pure water. One
sharp and one broad peak were observed at elution
volumes of 5.2 and 14.6 ml], respectively. The two
peaks were completely separated, indicating that the
two enantiomers of Cr(acac) were resolved completely.
Based on the circular dichroism (CD) spectra of the
collected fractions, the first and second peaks were as-
signed to the A- and A-enantiomers, respectively (Drake
et al., 1983). The absolute configuration of A-enan-
tiomers of a tris(chelated) complex is shown in Figure
6. A separation factor of 11 was calculated by the fol-
lowing equation:

a=(V, = VJ/(V, = Vy), &)

where V|, V,, and V4 are the elution volumes of the

first and second peaks and the dead volume, respec-

tively. V, was estimated to be 4.2 ml using acetone.
A chromatogram of Co(acac); was obtained under
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Figure 7. Circular dichroism spectra of the collected frac-
tions for eluting Co(acac), with water on the montmorilionite
column. Number indicates the order of elution.

the same conditions. Although two peaks were present,
they overlapped appreciably with each other, indicat-
ing that the enantiomers were only partly resolved.
Figure 7 shows the CD spectra of the collected frac-
tions. Surprisingly, the spectra indicate that Co(acac),
was eluted in the enantiomeric order of A-Co(acac),,
A-Co(acac);, and A-Co(acac),. In other words, part of
the A-enantiomer was eluted faster than the A-enan-
tiomer, although the main peak position of the A-en-
antiomer was located behind that of its antipode. This
kind of behavior should not have happened if the sep-
aration had been caused by the competitive adsorption
of the opposite enantiomers on the same site. The sep-
aration factor between the two main peaks in the chro-
matogram was calculated to be 3.1.

A chromatogram was also obtained for 1,1’-binaph-~
thol eluted on the same column with 1:2 (v/v) meth-
anol-water. Two peaks were observed at the elution
volumes of 8.1 and 9.3 ml and overlapped each other
appreciably. From the CD spectra of the fractions, the
first and second peaks were assigned to the R- and
S-enantiomers, respectively (Hanazaki and Akimoto,
1972). The separation factor was calculated to be 1.8.
If the eluting solvent was 1:2 (v/v) methanol-water,
less separation was achieved (separation factor of 1.4).

The resolution of Cr(acac);, Co(acac),, and 1,1'-bi-
naphthol was attempted on the saponite column (Table
1). Comparing these results with those obtained on the
montmorillonite column, the resolution of Cr(acac),
and Co(acac); was less for the synthetic saponite col-
umn than for the montmorillonite column. The reso-
lution of 1,1'-binaphthol was also remarkably greater
for the synthetic saponite column. To confirm these
results, 1,1’-binaphthol was eluted with 1:3 (v/v) and
1:5 (v/v) of methanol-water mixtures. Using these sol-
vents, only one peak due to the R-enantiomer was
present in the chromatogram, and the S-enantiomer
was not eluted at all. The S-enantiomer was recovered
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Table 1. Optical resolution on A-Ru(phen),>* ion-exchange adduct.!

Compound Resolution Synthetic saponite column Montmorillonite column
Cr(acac), A-A a =19 H,0) a = 10.8 (H,0)
Co(acac), A-A a = 1.0 (H,0) a = 3.1 (H,0)
1,1’-binaphthol R-S a = o0 (MeOH/H,O = 1/3) a = 1.8 (MeOH/H,0 = 1/2)
R-S o = 14.8 MeOH/H,0 = 1/1) a = 1.4 (MeOH/H,0 = 1/1)
1,1’-binaphthylamine R-S a = 4.8 (MeOH/H,O = 1/2) a = 2.3 (MeOH/H,0 = 2/3)

! Values of a show separation factors using solvent shown in

from the column, if the eluent was changed to 3:1 (v/
v) methanol-water.

The saponite column was found to resolve other
organic racemic mixtures with reasonable efficiency.
The results are also summarized in Table 1.

Scanning electron microscopy of packing materials

The morphology of the packing materials used in the
high-performance liquid chromatography was ob-
served with scanning electron microscopy. Figures 8a
and 8b are SEMs of the materials used in the mont-
morillonite and saponite columns, respectively. They
show that the clay-chelate adducts were in fact attached
to silica gel particles; however, the adduct did not cover
the silica gel surface uniformly, as was expected. In
addition, the clay-chelate adducts were 1000 A thick.
Assuming that one layer was about 10 A, the clay-
chelate adduct was composed of at least 100 layers.
Thus, the present column materials were far from the
desired situation in which silica gel particles were uni-
formly coated by a thin film of clay-chelate adduct.

X-ray powder diffraction measurements of
clay-chelate adducts

The 001 basal spacings of clay-chelate adducts were
determined by X-ray powder diffraction measurements
to be 18.0 and 18.6 A for A-Ru(phen);** -montmoril-
lonite and A-Ru(phen),®*-saponite, respectively. By
subtracting the thickness of a layer, 9.5 A for both
montmorillonite and saponite (Bailey, 1984), from the
observed values, the heights of the interlayer regions,
Ah, were estimated to be 8.5 and 8.9 A for A-Ru
(phen),2*-montmorillonite and A-Ru(phen),2*-sapon-
ite. These heights are nearly equal to that of bound
A-Ru(phen),>* (about 9 A), if the chelate is assumed
to have been adsorbed with its C; symmetry axis per-
pendicular to a clay surface. Because Ah for the mont-
morillonite was 0.6 A smaller than Ah for the saponite
suggests that bound Ru{phen),®>* became somewhat
deformed in the interlayer space of montmorillonite,
whereas such deformation was less in saponite.

After the adducts had been soaked in water over-
night, values of 18.4 and 19.2 A were found for
A-Ru(phen);?>*-montmorillonite and A-Ru(phen),>+-
saponite, respectively. Thus, both samples expanded
slightly by the intercalation of water molecules, prob-
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ably because bound Ru(phen);?* chelates acted as a
bridge in combining the upper and lower layers.

DISCUSSION

The adsorption of Ru(phen);>* on naturally occur-
ring montmorillonite and synthetic saponite showed
two differences: (1) montmorillonite adsorbed the Ru-
complex more than 10 times more strongly than did
the synthetic saponite, and (2) the adsorption by mont-
morillonite caused more change in the electronic spec-
trum of the Ru-complex than that by saponite.

From the electric birefringence measurements, the
average size of a montmorillonite particle in the dis-
persed state appeared to be about twice that of a syn-
thetic saponite particle. The CEC of the montmoril-
lonite used was 1.43 times greater than that of the
synthetic saponite. Accordingly, a montmorillonite
particle carried a negative electric charge about three
times greater than that of a saponite particle. This higher
charge is at least one reason for the first difference noted
above. The higher charge density in the montmoril-
lonite implies that the bound chelates were exposed to
a stronger electric field than in the saponite. In addi-
tion, the chelates appeared to be more closely packed
on the surface of a montmorillonite particle than on
that of a saponite particle, which contributed to the
larger interactions between the adsorbed species, there-
by explaining the second difference noted above.

High-performance liquid-column chromatography
resulted in different resolutions of M(acac); (M = Cr(III)
and Co(IIl)) and 1,1’-binaphthol. M(acac), was re-
solved more efficiently on the Ru(phen),2*-montmo-
rillonite column than on the Ru(phen),>* -saponite col-
umn, whereas the efficiency was reversed in the
resolution of 1,1’-binaphthol. Inasmuch as the order
of an enantiomer elution in the chromatogram was
identical for these columns, the mechanism of resolv-
ing an eluted molecule must have been the same for
both columns. If the chirality of a motlecule is a func-
tion of the stacking interaction with the adsorbed
Ru(phen),2* ions, the difference in the particle size and
CEC of'these two clays may have affected the resolution
efficiency, as below:

1. The montmorillonite had a larger CEC than the
saponite, and the density of adsorbed Ru(phen);>*+ was
higher for the montmorillonite. On the surface of
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Figure 8. Scanning electron micrographs of packing mate-
rials used in high-performance liquid column chromatogra-
phy experiments; (a) montmorillonite column and (b) syn-
thetic saponite column. Magnification = 1 x 103,

A-Ru(phen),2*-montmorillonite, a molecule may have
interacted with more than two adsorbed chelates si-
multaneously. On the surface of A-Ru(phen),**-sapo-
nite, such cooperative effects may have been less due
to the smaller density of the adsorbed chelates. The
higher resolution efficiency of M(acac); on the mont-
morillonite column can be attributed to this effect.

2. The particle size of the saponite was smaller than
that of the montmorillonite. Thus, the saponite had a
larger surface area than the montmorillonite if the same
amounts of the montmorillonite and saponite were at-
tached to silica gel. The higher efficiency of resolving
1,1’-binaphthol by the saponite column can be attrib-
uted to this effect. Here, the 1,1’-binaphthol was pre-
sumably resolved by the stacking with a single Ru-
chelate in such a manner that the lower chelate density
on a saponite surface did not affect the resolution ef-
ficiency.

X-ray powder diffraction measurements showed that
the basal spacings of the clay-Ru(Il) chelate adducts
expanded only by 0.4-0.6 A, if the samples were soaked
in water. These results suggest that a molecule such as
Mi(acac); or 1,1’-binaphthol was not intercalated be-
tween the clay layers, but was adsorbed on an external
surface.

The elution behavior of Co(acac); on the montmo-
rillonite column (Figure 7) suggests the presence of
more than two kinds of adsorption sites in the packing
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material. Possibly, the basal planes and edges in the
external clay surface exhibited opposite stereoselectiv-
ities towards the adsorption of Co(acac);. Why such
an anomaly was observed only for the Ru(phen);**-
montmorillonite column is not clear.
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