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ABSTRACT

UV-vis absorption and emission spectral studies of enantiomeric and racemic
RuL3*-hectorite (L = 1,10-phenanthroline; 2,2'-bipyridine) adsorbates are reported.
Differences in the spectral behaviour of the enantiomeric and racemic forms are
rationalized as arising from interaction(s) between optical antipodes, either in the
final state or during the process of sorption. Results of luminescence quenching
studies with methyl viologen (MV**) and (—)-Co(edta)” are also discussed.

INTRODUCTION

THERE 1S considerable interest in the study
of binding modes of chiral compounds in
smectite clays since such clay types may have
played an important role in the natural chiral
selection process during prebiotic evolution*2.
Moreover, a detailed understanding of clay-
molecule interactions may permit development
of clay-based chromatographic columns for
optical resolution and solid-supported stereo-
selective synthesis of organic molecules' ™.

The study of optically active poly(pyridyl)
metal complex-clay intercalates has been of
some interest, in this regard. Such complexes
are useful probes since they are amenable to
routine spectroscopic investigation and can be
readily converted into the pure enantiomeric
forms®. Yamagishi and coworkers have sug-
gested that such complexes exist as racemic
pairs within the clay matrix, and have illus-
trated the potential applications of chirally
modified clays™ 7", More recently, this
laboratory has provided direct spectroscopic
cvidence for interactions between optical anti-

podes, even when these complex wns are.

secrmingly lightly packed in the clay inter-
layer” ', As part of our ongoing research in
this area, we now wish to highlight the lumin-
escence profiles of Ru(bpy)i* and Ru(phen)3®
(bpy = 2,2"-bipynidine; phen = [,10-phenan-
throline) adsorbed on Na-hectorite clay, In

addition, Stern-Volmer plots for the quenching
of the adsorbed complexes by methyl violgen
(MV?*) and (—)-Co(edta)™ are also reported.

EXPERIMENTAL

Hectorite clay (SHCa-1) and methyl viologen
dichlortde (MVCL,) were obtained from the
Clay Minerals Repository, University of
Missouri, and Aldrich Chemical Company,
respectively. The clay samples were further
treated'' to obtain aqucous disperstons of Na-
hectorite. Ru(bpy).Cl,, Ru(phen),Cl, and
K[Co(edta)] were synthesized according to
literature procedures'='*, (=)-Co(edta)”™ was
obtained through rcsolution of the racemate
with d-[Co(en)-(No-)]NO}*, while the Ru(ll)
complexes were resolved with potassium anti-
monyl tartrate’, However, in a slicht modifi-
cation of the original procedure, the partwally
resolved Ru(bpy)i* complexes were converted
to the bromide salts, which yiclded pure enun-
tiomers upon recrystallization from hot water
(4 times). Finally, the Ru(ll) complexes were
redissolved in water and converted into the
perchlorate salts, The purity ot the metal che-
lates was checked by elemental analyses and
polarinietry, and found to be satistuctory.

Appropriate concentrations of the metal
chelates were prepared in water and  these
solutions were then added to the agqueous Na-
hectorite dispersion (2)-Ru(ll) was prepared
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by pre-mixing aqueous solutions of the (-)-
and (+)-enantiomers. Similarly, quenching
studies were carried out on samples prepared
by pre-mixing the aqueous solutions of the
Ru(ll) complex and quencher followed by
addition into the clay dispersion. All spectra
were recorded on fresh samples and adsorption
of Ru(ll) and MV** was checked by high
speed (16.000 rpm) centrifugation followed by
spectral analysis of the supernatant.

UV-vis spectra were recorded on a spectro-
photometer (either on a Pye Unicam Model
SP8-100 or Shimadzu Model UV-160), while
luminescence studies were carried out on a
spectrometer (Perkin Elmer, Model LS-5)
interfaced to a data station. Optical rotations
were measured on a digital polarimeter
(JASCO DI1P-140) and an elemental analyser
(Carlo Erba, Model 1106) was employed for
carbon, hydrogen and nitrogen analysis.

RESULTS AND DISCUSSION

Smectite-type clays, such as Na-hectorite
(figure 1), consist of a stack of face-to-face
aggregates of clay platelets which are held to-

Figure 1. Structure of Na-hectorite clay bearing the
unit  cell  formula  Nage|LiyesMgs 14](Six).
O(OH,F),. (@)= OH/F, (O)=0. Mg*/Li*
occupy the octahedral site while the tetrahedral
sites contain Si**.

gether by non-covalent forces. Each clay plate-
let, in turn, is constituted for an octahedral
layer sandwiched between tetrahedral silicate
sheets. Substitution of a part (ca. 10%) of the
Mg?* ions in the octahedral layer with Li*
results in a charge imbalance in the lattice
which Is compensated by the incorporation of
exchangeable cations, ¢.g. Na™, both in the
interlameliar space as well as on the exterior
surface of the clay. Smectite clays such as Na-
hectorite possess high surface area and large
cation exchange capacity — typically, the
values are 700m®/g and 1mequiv/g, respec-
tively'® — and readily swell in the presence of
water or other polar solvents. Such swelling
may eventually lead to delamination of clay
platelets and concomitant reduction in the size
of the clay particles. Indeed the particle size
can be reduced sufficiently this way so as to
yield colloidal aqueous dispersions with excel-
lent transparency.

The Na™ ions in Na-hectorite can be readily
exchanged with Ru(bpy);* and Ru(phen)i*
(figure 2). The facile nature of the exchange
process 1s evident from high speed centri-
fugation of an aqueous dispersion containing
2 x 107> M Ru(bpy)$* and 1g/L. Na-hectorite,
whereupon a colourless supernatant is pro-
duced whose spectral analysis suggests complete
retention of the Ru(ll) complex in clay. The
Ru(I1) complex has been shown (by X-ray ana-
lysis) to intercalate between clay sheets although
adsorption of some Ru(II) on the external sur-
face cannot be ruled out'’. The uv-vis absorp-
tion spectrum of ()-Ru(bpy)}*-hectorite has
been reported by many authors and our own
result (figure 3, trace ¢) 1s in good agreement
with the literature data''-'’#'®, The spectrum
differs substantially from that of the racemate
in water (not shown in the figure); e.g. a
17mm red shift in the metal-to-ligand charge
transfer (MLCT) maximum (Aq(MLCT) =
469 nm in Na-hectorite vs. 452nm 1n water),
with an accompanying increase (ca. 30%) in
molar absorptivity. These spectral changes
were earlier attributed to clay-molecule inter-
actions'’®. However, previous results'! had
indicated a non-statistical distribution of the
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Figure 2. Structures of Ru(bpy);* and Ru(phen)3*.

racemic complex within the clay matrix while
Yamagishi had noted discernible differences in
packing geometries of enantiomeric and
racemic forms of similar complexes”3. Most
remarkably, Yamagishi had suggested that
these ions intercalate in the clay interlayer as
racemic pairs. These observations suggested
that racemic pairing may be the driving force
for aggregation of the complex within the clay
matrix'”, and that such aggregation in turn
may lead to non-covalent molecule-molecule
interactions which may, at least in part, be

responsible for the absorption spectral shifts
noted above. Consequently, we examined the
spectral profiles of the enantiomeric forms of
Ru(phen);* and Ru(bpy);* as well, and the
spectra of the latter are shown in figure 3
(traces a and b). As is evident from the figure,
these spectra differ {from the spectrum of the
racemate (trace c), e.g2. A,h(MLCT) = 461
nm for absorbed enantiomers vs. 469nm
for absorbed racemate'®. We emphasize that
such spectral differences are not observed
when the complexes are dissolved in water or
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Figure 3. UV-vis absorption spectra of 1.25 X 107°M (a) (=)-, (b) (+)-, and (¢) (*)-Ru(bpy);* in 1/L
Na-hectonte. The racemate was prepared by pre-mixing the pure enantiomers prior to adsorption on clay.
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Figure 4. Luminescence spectra {460 nm excitation) of 1 X 107>M Ru(bpy}* (A) and Ru(phen)3* (B) in
1g/L. Na-hectonte clay; (a) = (=) enantiomer, {(b) = (+) enantiomer, (c) = racemate formed by pre-
mixing above enantiomers prior to adsorption, (d) = clay sample not containing Ru(II).

adsorbed on SDS micelles or ion-exchange
polymers such as Nafion. Thus, smectite clays
seem to offer a unique geometry for alignment
of the complexes in 2 manner suitable for inter-
action between optical antipodes.

Although the uv-vis absorption spectral data
have enabled us to distinguish between binding
states of the enantiomeric and racemic forms
of Ru(ll) complexes, the spectral differences
are indeed small® in the case of Ru(phen)3*.
We therefore proceeded to search for more
sensitive probes of binding state differences’”.
Figure 4A shows the luminescence spectra of
(+)-, (-)-, and (F)-Ru(bpy)3** in 1g/L Na-
hectorite while figure 4B shows the correspond-
ing spectra of the Ru(phen);** complex. We
have found that the peak emission intensity of
racemic Ru(bpy)i** is 60—100% higher than
that of the excited enantiomers, and its loca-
tion is red-shifted by 5-6nm w.r.t. the cnan-
tiomers’ spectrum (A, (emiss)(E) = 596 nm
vs. 590nm for (+)- or (—)-Ru(bpy)3**). Sur-
prisingly, the luminescence intensity trend is
the opposite in the case of Ru(phen)3™*, the
racemate intensity being 50-60% lower than
that of the enantiomers. Further, unlike in the

case of Ru(bpy)i*, the position of the emission

maximum is nearly the same for the enantiomers
and racemate. OQur luminescence spectra there-
fore show up differences between Ru(bpy);”
and Ru(phen);' intercalation not apparent
from the uv-vis absorption data. Additionally,
the differences between racemate and enan-
tiomers is amplified as a result of the sharp
differences in emission intensity of the two
forms. Although not pertinent to the present
work, we would like to mention recent studies
on the luminescence enhancement of MV?*
upon adsorption in clay?’.

We have obtaned further confirmation of
the steady state luminescence spectral differ-
ence from time-resolved luminescence studies.
These studies indicate a faster decay of (%)-
Ru(phen)s5* *-hectorite emission as compared
to that of the e¢nantiomeric adsorbates, while
the reverse is found with Ru(bpy)3™*. As in
the absorption spectral studies, no differences
have been observed in the room temperature
luminescence spectra and luminescence decay
profiles of the enantiomeric and racemic forms,
when these complexes are dissolved 1n water.

We have also carried out luminescence
guenching studies on the Ru(Il)-adsorbates.
Figure 5 shows. Stern-Volmer plots for the
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Figure 5. Stern-Volmer plots for the quenching of
enantiomeric [@ = {+); O = (-)] and racemic (A)
Ru(phen);* (A) and Ru(bpy);™ (B) by methyl
viologen {(MV**) in a 1g/L aqueous Na-hectorite
dispersion. MV? and the Ru(II) complex were pre-
mixed prior to adsorption onto clay. The lziu(gzhen)ﬁ+
and Ru(bEY)§+ concentrations were 1 X 107° M and
6.5 X 107° M, respectively,.

24 %

quenching of Ru(phen)s™ *-hectorite and
Ru(bpy);*-hectorite by methyl viologen
(MV?**). In these experiments, the Ru(ll)
complex was pre-mixed with MV?** prior to
addition into aqueous Na-hectorite. Analysis
of the supernatant following high speed centri-
fugation confirmed the total sorption of both
species in clay so that the effective quencher
concentration was ca. three orders of magni-
tude higher than that shown in the figure. Our
results indicate that enantiomeric Ru{(phen)i™*-
hectorite is quenched most effectively by MV
while the quenching is least effective for the
enantiomers of Ru(bpy);*. Clearly, the
quenching trends regarding enantiomers vs.

2+

racemate are not the same for the phen &nd
bpy complexes. Assuming bimolecular quench-
ing kinetics, the quenching rate constant (k) 1s
estimated to be 3x10/M7!s™! for (—)-
Ru(phen)i**-hectorite and <2 x 10°M™'s™"
for {(=)- and (+)-Ru{bpy);* *-hectorite. These
values are much smaller than the quenching
rate constant in water (k, = 1.03x 10"
M~!s™!). We believe that the assumption of
bimolecular kinetics for quenching within clay
may be invalid and that the effective concen-
tration of MV-* “seen™ by the Ru(Il) com-
plexes 18 less than the calculated value due to
the segregation of these ions in different inter-
layers. Indeed, we hypothesise that enantio-
meric Ru(phen);** is quenched more effec-
tively than the others since this ion presumably
has a binding state that permits maximum
accessibility to the MV?*™ quencher.

We have also studied the quenching of (—)-.
(+)-, and (£)-Ru(phen)s* *-hectorite by (—)-
Co(edta)” (figure 6). Unlike in the case of
MV<", the optically active Co(l1l) quencher is
anionic and therciore interacts only weakly
with the clay matrix. It may therefore be
assumed that the effective concentration of
Co(111) in the clay coincides with the concen-
tration scale shown in figure 6. The surprising
aspect about the data in the figure 1s the lack of
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Figure 6. Stern-Volmer Plots for the quenching of
1.5% 107°M (=)-(O). (+)-(0), and ()-Ru(phen)3”
(A) by (=)-Co(edta)™ in 0.5 g/L Na-hectonte. The
Ru(1I) and Co(Ill) solutions were pre-mixed prior
to addition of clay.
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discrimination between the (—)- and (4 )-enan-
tiomers of Ru(phen);* and the greater effi-
ciency in the quenching of the racemate (calcu-
lated k, = 2.8 x 10°M™'s™! for racemate vs.
1.2 % 10°M™'s™! for the enantiomers). These
values are somewhat higher™' than the rate
constant in water (k, = 0.3x10°M™'s7?),
indicating that the concentration of Co(edta)”
may be higher in the clay interlayer than in the
bulk solution. A comparison of the quenching
data obtained with MV** and (—)- Co(edta)™,
respectively, indicates that the latter is a
far more effective quencher of adsorbed
Ru(phen);** than the former, although their
quenching efficiencies follow a reverse order in
water. We ascribe this to the possible diffe-
rences in diffusion coetficients between cations
and anions and segregation of MV** from the
Ru(Il) complex''. We note that very facile
quenching has been observed with tons which
are likely to integrate with Ru(II) in the clay
interlayer, e.g. Co(phen)i* and Ni(phen)3
Results of these studies will be reported else-
where™.

CONCLUSION

Steady state and dynamic luminescence
spectral studies, with and without the addition
of quenchers, have enabled us to comment on
the binding state differences between the
enantiomeric and racemic forms of poly-
(pyridyl)-Ru(Il) complexes and to shed light
on the differences in sorption modes of
seemingly analogous complexes such as
Ru(phen);® and Ru{bpy)i*. However,
whether these differences stem from Kkinetic
factors or are due to spontaneous interaction
between adsorbed antipodes is unclear at
present.
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ANNOUNCEMENT

IAEA PROGRAMME OF SCIENTIFIC MEETINGS FOR 19838

The Scientific Conferences and Symposia con-
vened by the International Atomic Energy Agency
(IAEA) in 1988, are as under:

Conferences:

1. International symposium on applications of
dynamic functional studies in nuclear medicine 1n
developing countries, jointly with the World Health
Organization (WHOQO)—Vienna, Austria, 15-19
August; 2. 12th international conference on plasma
physics and controlled nuclear fusion research—
Nice, France, 12-19 October; 3. International
symposium on regulatory practices and safety
standards for nuclear power plants, jointly with
OECD/NEA—Munich, Germanay F.R., 7-10

November.

International conference on the acceptance, con-
trol of, and trade m irradiated food, jointly with the
Food and Agriculture Organization (FAQ), WHQ,
the International Trade Centre (ITC)—Geneva,
Switzerland, 12-16 December.

Seminars:

1. Regional seminar for European INIS (Inter-
national Nuclear Information System) experts—
Karlsruhe, Germany F.R., 6-10 June; 2. Seminar

on the improvement of crops in Africa through the
use ot induced mutation, jointly with FAO—Lusaka,
Zambia, 20-24 June; 3. Seminar on new approaches
In practices and process technology for the radiation
stenilization of medical supplies—Laval, Canada,
25-29 July; 4. Seminar on training on nuclear
medicine 1n developing countries, jointly with
WHO-—Vienna, Austria, 8-12 August; 5. Seminar
on radiation protection services for developing
countries 1n  Afnca—Nairobi, Kenya, 5-9
September; 6. Seminar on industrial radiation
applications for the region of Latin America—
Quito, Ecuador, 3-6 October; 7. INIS training
seminar for Asia and the Paacific for input prepara-
tion and output utilization—Beijing, China, 10-15
October, and B. Seminar for Asia and the Pacific on
nuclear techniques in parasitic and communicable
diseases—Bombay, India, 21-25 November,

Detailed information may be obtained from the
appropriate national authorities in Member States,
such as the Ministry of Foreign Affairs and the
National Atomic Energy Commission or by writing
directly to the International Atomic Energy
Agency, P.O. Box 100, Vienna International
Centre, A-1400 Vienna, Austrna.




