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Organisms use matrices of organic macromolecules tocatalyze
inorganic crystal growth thereby constructing teeth, shells, bones,
and beaks.! Chemists also have been uniting inorganicand organic
materials. Zeolites, clays, and sol—gel glasses serve as vessels for
a variety of organic transformations.? Organic hourglass inclu-
sions (HIs) are simple ionic salts containing oriented dyes. First
described in 1854,3 HIs were most intensively studied in the 1930s.4
They were abandoned as curiosities before their structures were
determined.®* Here, we propose a model for the inclusion of
triarylmethane dyes in K,SO, that is consistent with polarized
absorption spectroscopy. We used this structure as the basis for
the rational design of an HI with prescribed optical properties.

The most appealing historical HI, K,SO, stained by acid fuchsin
(1a, Scheme 1), was discovered by Buckley.?2 Water solutions
(2.0 X 104 M 1a, 1b, or 1c and 5.0 X 102 M K,SO,) were
evaporated at room temperature; they deposited well-formed
crystalsé with dichroic fuchsia coloring in the {110}7 growth sectors
(Figure 1). We determined that there is 1 dye molecule for 103
unit cells in a substituted sector by quantifying the absorbance
of dissolved crystals.

Structures like 1 have two distinct diastereomeric propeller
conformations. Inthesymmetrical conformer (S) threesulfonates
point to the same side of the mean molecular plane while the
asymmetrical conformer (A) displays twoupand onedown (Figure
2). Their geometries, when associated with three K* ions, were
calculated using the AM1 Hamiltonian.®
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Figure 1. Photograph of K,SOjcrystals containing 1¢ (left) and 2 (right).
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Figure 2. Left: AMI1 geometry of 1a in the A conformation. Center:
K,SO4 lattice for a {110} growth sector viewed along [010]. Right: AM1
geometry of 2. Sulfonate S atoms are filled. The sulfate triangle in the
K,S0,lattice which serves as the site of attachment for 1 and 2 is indicated
in this way. Relevant triangles, drawn in fine line, are viewed in a
perpendicular direction. INDO/S calculated transition dipoles are marked
on the molecules (— for 1 and ——— for 2). Their experimental
counterparts, measured through polarized absorption spectroscopy, are
indicated on the K,SOy lattice. Blue-shifted (B) and red-shifted (R)
transitions for 1a are labeled. We cannot distinguish between symmetry-
related sulfate triangles. Lengths (A) of the legs (x, y, z) of the sulfur
triangles are listed below each drawing.

Scheme 1
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1a: H1=CH3; Hz. H3 =H
1b: R|,H2,R3=H
1c: R1,H2. Ra»‘-CH3

We measured the polarized visible absorption spectra of oriented
1/K,SOy crystals (Figure 3).° The broad bands in the visible
region were fitted as the sum of two Gaussian functions with a
separation varying between 35 and 40 nm for different crystal
orientations. From the ratios of integrated intensities of the
transitions for spectra with light incident in and polarized along
the principal directions, we determined the transition moments
for the guest in the crystal.’® Using the INDO/S method!! we
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Figure 3. Polarized absorption spectra for light propagating along [001]
in 1aand polarized parallel to a and b. Best sum of two Gaussians is fitted
to the a polarization. The base line is offset for clarity.

calculated the difference in the wavelength of the two visible
transitions for A (37 nm) and for S (1a, 7 nm; 1band 1¢, 0 nm).
The agreement of experiment with the calculation for A suggested
tous that the two peaks resulted from the lifting of the degeneracy
of the triarylmethyl first excited state in the nonaxially symmetric
A-type chromophore. However, it is conceivable that S in the
lattice could give rise to the spectra shown in Figure 2, depending
upon precisely how the host /guest interactions perturb the E-state
degeneracy.!2

Previous researchers presumed that dyes recognized ionic salts
by substituting negatively charged functionalities for anions.413
Triangles defined by sulfonate sulfur atoms in the dye conformers
were least squares fitted to triangles defined by sulfate sulfur
atoms in the lattice. For A, a reasonable superposition of sulfur
atoms occurs at lattice positions which correspond to @ and ¢
translations asindicated in Figure 2; the average distance between
corresponding S atoms was 0.39 A.!14 Byimporting the calculated
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dye structures!® with their attendant INDO/S transition moments
into the fractional coordinate space of K2SO,4 we could compare
our model for A with the experimental transition vectors. The
match was within 8° for the blue-shifted (B) transition and 15°
for the red-shifted (R) transition (Figure 2).

Pyranine (2), a laser dye and fluorescent probe,'é was chosen
as a rigid analog of A. Luminescent yellow crystals (Figure 1)
were grown by evaporating basic solutions (2 X 105 M 2, 5 X
10-2 M K,SO,, 0.1 M KOH). The characteristic hourglass is
difficult to observe because the dye is included in {010} and {110}
sectors. The absorbance at 470 nm is characteristic of the
deprotonated form of 2.16 The calculated transition moment is
essentially along the long pyrene axis as indicated in Figure 2.
The crystals only absorb light when the polarization is parallel
to[001]. Theseobservationsare consistent only if the SO~ groups
occupy three sites defined by a and ¢ translations proposed for
1/K;SO,. Wehavethusdesigned an organic hourglass inclusion.
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