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Communication 

A Two Dimensional Clathrate Hydrate: 
Tetraethylammonium Terephthalate.6 H,O 
W. SCOTT FUREY, C. V. KRISHNAMOHAN SHARMA and MICHAEL J. ZAWOROTKO 

Department of Chemistry, Saint May's  University, Hahfm, Nova Scotin, B3H 3C3, Canada 

(Receiaed 10 April 1996) 

The crvstal structure of tetraethvlammonium lamines and auaternarv ammonium 

veais a~ novel 2D clathrate hvdrate anionicsheet that is hvdrates are thermallv unstable above ambient 
sustained by a hexameric assembly of water mole- 
cules linking terephthalate anions through hydrogen 
bonds. The anionic lavers are intercalated bv lavers of 

&,&tions and it wouid clearly be of interest to 
generate more stable clathrate host materials 

close packed cations' and, via numerous hte; layer 
C-H ... 0 hydrogen bonds, form a stable crystalline ar- 
chitecture with high melting point (m.p. 160°C). 

that have controllable physical  feature^.^-^ In 
this context we report herein the synthesis of an 
anion sustained 2D clathrate h ~ d r a t e . ~  

Hydrate compounds can be readily classified 
into two distinct categories, simple hydrates and 
clathrate hydrates. In the former, water molecules 
typically function as a double hydrogen bond 
donor and a single hydrogen bond acceptor and 
they tend to form low stoichiometry cocrystals 
with molecules that contain excess hydrogen 
bond acceptors.' Clathrate hydrates, which rep- 
resent important early examples of host-guest 
complexes and the "template" effect, occur be- 
cause water can also act as a double hydrogen 
bond donor and a double hydrogen bond accep- 
tor. The 3D arrangement that results from tetra- 
hedral self-assembly of water molecules gener- 
ates cages which can enclathrate hydrophobic 
guest moieties such as gas molecules, alky- 

It occurred to us that one should be able to 
control the dimensionality of hydrate networks 
by crystallizing multifunctional hydrogen bond 
acceptors from aqueous environments. Tetraeth- 
ylammonium terephthalate, 1, represents an 
ionic system that has no strong hydrogen bond 
donors but has multiple rigidly oriented strong 
hydrogen bond acceptors. Crystals of the 
hexahydrate of I, 1-6H20, were prepared by re- 
fluxing terephthalic acid in tetraethylammonium 
hydroxide (40% aqueous solution) for one hour 
and slowly cooling to room temperature (m.p. 
160" C). The crystal structure of 1.6H208 reveals 
the presence of six equivalents of water mole- 
cules in a 2-D sheet with terephthalate anions 
which intercalates with layers of close-packed 
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cations. A unique discrete hexameric unit of wa- 
ter molecules (0 ... 0, 2.816(5), 2.816(3), 
2.754(4)A) links terephthalate anions (0 ... 0, 
2.768(2), 2.804(2)A) through hydrogen bonds 
and affords an infinite 2D layer structure (Figure 
1). The anionic layers contain cavities with an 
approximate 8A internal diameter. 1.6H20 
therefore exhibits a unique 2D architecture.' 'The 
water molecules in the layer form two different 
four membered hydrogen bond rings: i. with 
two water molecules and two anion 0 atoms; ii. 
exclusively with four water molecules. Two of 
the water molecules in ii exhibit 2-fold disorder 
and are possibly hydrogen bonded through a 
flzp$oy conformation. All water molecules do- 
nate two hydrogen bonds and accept only one 
hydrogen bond. The terephthalate anions in the 

FIGURE 1 PLUTO diagram of the 2D clathrate hydrate, 
1.6HZ0, formed through hydrogen bonding (shown as dotted 
lines) behveen terephthalate anions and water molecules. Note 
the presence of discrete hexameric assemblies ot rsater niole- 
cules and ca\ities. 

layer are completely surrounded by water mol- 
ecules and are additionally involved in C-H ... 0 
hydrogen bonds (C ... 0 3.48, 3.31A, C-H ... 0 
115.1, 118.9").'0 

The tetraethylammonium cations form a hy- 
drophobic layer that intercalates the anion-water 
layer (Figure 2), cavities in the anionic layer be- 
ing covered by the cations. Furthermore, they 
form interlayer C-H ... 0 hydrogen bonds with 
neighbouring hydrophilic layers. There are as 

FIGURE 2 PLLTO cell packing diagram of the ac plane in the 
cTsta.1 structure of 1.6H20. The intercalation of the anionic and 
cationic layers is illustrated. 
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2-D CLATHRATE HYDRATE 11 

many as sixteen independent C-H ... 0 hydrogen 
bonds between the two layers with C...O dis- 
tances and C-H ... 0 angles ranging between 3.3- 
3.75A and 108-174", respectively. It is likely that 
these interactions play a significant role in pro- 
moting the 2D clathrate hydrate architecture. 

In summary, 1.6H20 is a 2-D clathrate hydrate 
system that represents a class of compound, lay- 
ered hydrates, that is intermediate between sim- 
ple hydrates and 3D clathrate hydrates. 1.6H20 
is stable above the boiling point of water and 
exhibits a unique hydrogen bonding architecture 
with cavities. We feel that the structures of 
1.6H20 and tetraethylammonium acetate.4H20, 
which also forms a 2D grid," suggest that one 
can influence the water content and self-organi- 
sation in hydrates by simply varying cation size 
and anion geometry and functionality. We are 
presently investigating the nature of related net- 
works sustained by other multifunctional an- 
ions. 
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