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Chapter 3

The H; o TBDA structure crystallises in the monoclinic system, space group P2:/n,
with Z = 2. The host single layers pack in an open channel manner, due to bulky
guest molecules. The host and guest molecules pack efficiently and are stabilised by
O-H--O hydrogen bonds that are moderately strong, the distance being 2.742(2) A.
The carbonyl group of each guest is hydrogen bonded to the hydroxyl group of each
host, creating a hydrogen-bonding network that stabilises the structure. Due to the
size of the guest molecules the unit cell volume is four times larger than that
observed in the H¢ e 4PP and Hq * PA structures.
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Chapter &

An extensive hydrogen-bonding network is formed between host anions and water
ligands surrounding metal ions. Intermolecular hydrogen bonds include carboxylate
oxygen atom bonded to carboxylate carbon and water oxygen bonded to a neighbouring

caesium ion. These hydrogen-bonding interactions stabilise the H; e Cs structure.

Caesium ions can accommodate a large number of ligands due to their size. As was
the case in the H; e Rb structure, H; o Cs caesium ions, Cs2, are coordinated to eight
oxygen atoms that lie at the vertices of an iregular dodecahedron (Figure 4.39). Four
of these eight ligands are water molecules that take part in the hydrogen bonding of the
H; » Cs structure and four ligands are oxygen atoms belonging to the carboxylate
groups of the host anions. The distorted trigonal pyramid is the geometry of the water

molecules around the caesium ions.

Caesium, Cs1, ions are coordinated to nine oxygen atoms. This symmetrical
arrangement that occurs with regularity for this coordination number is derived from a
trigonal prism (Figure 4.40) by placing the three additional atoms outside the centres of
the vertical faces. The irregular trigonal prism is shown by dotted lines in Figure 4.40.
The ligands that are coordinated to the Cs1 ion comprise four water molecules and five

oxygen atoms that belong to the host carboxylate group.
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Chapter 4

DISCUSSION

In this chapter the hydrated salts H; ¢ RPEA, H, » REPEA, Hye PEA, H, e Na, Hy»
Rb and H; » Cs have been described and analysed. All six structures crystallise as
hydrated salts comprising the host anions, the guest cations and water molecules. In
four of these structures host anions are located on the centre of inversion, while
guest cations and waters of crystallisation are in general positions. However in the H;
« RPEA and H; » PEA structures the host, guest and water components are all

located on the general positions.

The guest components in H, ¢ RPEA, H, » REPEA and H,; ¢« PEA are structurally
related. The H; ¢ RPEA structure has (+)-R-1-Phenylethylamine as a guest.
However, in H; « RSPEA the two enantiomers cannot be differentiated because of
the disorder that is present in B-carbons of the guest cations. The H, » PEA structure
contains 2-Phenylethylamine as a guest. In each of the structures the individual
molecular components, are linked by an extensive series of hydrogen bonds. With
the exception of the intramolecular C-H---O hydrogen bonds, all the hydrogen bonds
are of N-H---O type where the nitrogen atom acts as a proton donor and the oxygen
atom acts as a proton acceptor. In the two-centre hydrogen bonds, the N-H--O
angles range from 160(2)° to 170(3)°. The N-O distances are in the range of 2.735(3)
to 2.842(3)A, which would describe moderately strong hydrogen bonds, since the
literature values of N-O distances (oxygen atom belongs to a carboxylate group of
the host anion) attain a maximum value of 3.253(7)A°.

The structure analysis has shown that in each of the three structures water
molecules are included. These waters of crystallisation appear to play a major role in
stabilising the structure, since they take part in hydrogen bonding.

In H; « RPEA the host molecules form single layers that stack in a manner of
sinusoidal curves that are in a phase with each other. Guest cations are located in
the interlayer spaces forming hydrogen bonds with host anions. H, « RPEA

crystallises in the space group P2, (Z = 2).
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