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The most common method of controlling the structure of a
product in a solvothermal synthesis uses structure directing agents
(SDAs, sometimes also called templates). In the synthesis of porous
materials such as zeolites and some types of coordination polymers
these are often organic cations of varying sizes, which are
incorporated into the structure of the product. Templating is much
less common in the preparation of coordination polymer materials
but can still produce interesting solids. In this Communication we
report an alternative method of controlling the structure of a product
in a solvothermal reaction of coordination polymers. In this method
we use the anions present in ionic liquids to control the structure
of materials formed in ionothermal synthesis. The cations of the
ionic liquid, which in this study are always the same, are
incorporated into the resultant materials, but the anions are not. Of
particular interest is that mixed anion ionic liquids show different
product selectivity to single anion liquids, indicating the level of
structure direction available in this synthetic methodology.

lonothermal synthesis has been used recently to produce zeo-
typest2 supramolecular architecturésnd coordination polymers/
metal organic frameworks (MOF&}.To date, much of the work
on ionothermal synthesis has concentrated on the use of 1-ethyl-
3-methyl imidazolium bromide (EMIm-Br) as the solvent. lonic
liquids have been referred to as “designer solvents” as their
properties, including melting point, density, viscosity, and miscibil-
ity with water, can be easily altered by judicious choice of cations
and anion$.The influence of the anion deserves particular attention;
for example, replacing the Brin EMIm-Br with bis((trifluorom-
ethyl)sulfonyl)amide (TAN~) dramatically decreases the melting
point (from 81 to—3 °C) and the water solubility (from highly
water-soluble to 1.4 wt % water content saturated 220 EMIm-

Tf,N displays exceptional properties, combining high hydrophobic-
ity, low polarity, good thermal stability, low viscosity, and a very  Figure 1. The structures ofl (a) synthesized from EMIm-Br and o
low melting point and has been used in synthetic and electrochemi- (COO) SBU and2 (b) synthesized using mixed EMIm-Br/EMIm-N:
cal applicationg® Nevertheless, very few investigations have been C€0: Purple octahedrdl or tetrahedra2); C, gray; O, red; H, white. The

. . L . EMIm* cations inl are severely disordered. EMim(blue line) outside
carried 0L_1t on how the ch0|ce_ of anion in ILs affects _the regctlon the unit cells are omitted for clarity.
outcome in materials synthesis, although our recent illustration of
chiral induction by a chiral IL anion is one exam§le. When the reaction was carried out in a less polar, more

Here we report four cobalt compounds (EMi@os(TMA) - hydrophobic solvent, that is, using an EMIm-Br/EMIm,Nf(1:1
(OAC)7] 1, (EMIm)[Co(TMA)] 2, [Cos(OH),(OAC)g](H20) 3, and molar ratio) mixture a different 3D anionic framewo was
(EMIm)[Cox(TMA) sH7(22bpy}] 4 (TMA = trimesate and 22bpy  formed. The overall structure is built from dinuclear,Gyn,anti
= 2, 2-bipyridine)®° The controlling feature of the synthesis is COO)(moneCOO), secondary building units (SBUs) where each
the IL anion chosen. Compouridis formed using EMIm-Br as cobalt is tetrahedrally coordinated (Figure 1). Four SBUs are
the solvent3 and4 when EMIm-TEN is the solvent, an@ when arranged in rectangular grids with dimensions~& A x 11 A,

a mixture of EMIm-Br and EMIm-TAN (1:1 molar ratio) is used. and which are further arranged in a herringbone packing mode in

Compound1 was synthesized from EMIm-Br in a sealed theabplane to form an infinite layer. Different layers are connected
autoclave and is isostructural to the nickel analogue (EMN)- into a 3D network through stacking in an ABAB sequence. The
(TMA) »(OAc);].42 The liquid solubilizes all the starting materials  staggered layers result in rectangular void space with small windows
very well, and the mechanism of formation appears be solution of ~4 A x 4 A along thec-axis. Each rectangular void encapsulates
mediated. The whole network can be described as a (3,6)-connectedwo EMIm* ions to compensate the negative-charge of the
net constructed by octahedral £g&-7:17?-CH;COO)(u2-RCOO), framework.

(chelatingRCOOQO) secondary building units (SBUs) and topologi- The solvent polarity has great influence on the coordination
cally 3-connected TMA ligands. behaviors of the metal atoms, and the partial replacement of EMIm-
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Figure 2. Inorganic framework o8 (a) and supramolecular framework of
4 (b) from EMIm-Tf,N: Co, purple ball or polyhedron; C, gray; N, blue;
H, white. (EMIm)" in 4 are omitted.

Br with EMIm-Tf,N leads to the change of coordination geometries
of cobalt from octahedral it to tetrahedral ir2. Further reducing
the solvent polarity results in poor solubilization of the starting
materials, and only a mixture of trimesic acid and an inorganic
compound [Ce(OH),(OAc)g](H20)x 3 was obtained from EMIm-
Tf,N. In the structure 08, three crystallographically distinct cobalt
atoms in octahedral geometry are linked by @ie€OH and four
different acetates (ong:nt, two :n? and oney27?) into a 3D
condensed hydroxide network with a nearly hexagonal motif when
viewed along thé-axis (Figure 2). Compoun8 can be prepared
by solvothermal treatment of cobalt(lll) acetylacetonate in a THF
solution containing 4 vol % bD.1* This accords with the solva-
tochromatic studies that ILs have polarities similar to those of short-
chain alcohol and other polar solverits.

To help solubilize the starting materials in the EMImyNfionic
liquid, 2,2-bipyridine was added as a co-ligand, yielding (EMIm)-
[Cox(TMA) sH7(22bpy})], 4, as the major product. Compou#dhas
a 2D layer structure connected by very strong hydrogen bonding
into a 3D supramolecular framework. While Inand 2 the TMA
units bind in several different modes to the cobalt, the TMA4 in
connect two cobalt atoms only via monodentate linkages. As two
of the coordination sites are blocked by "2h®pyridine, the metal
centers are linked in a seesaw shape into an infinite fluctuated (4,4)-
square net. Four carboxylate groups around the metal center form
two very short RY(8) hydrogen bonds (&H---O = 2.435(5) and
2.489(5) A), which helps cobalt to retain the octahedral coordination
geometry. Adjacent layers are held together by hydrogen bonds
among the uncoordinated carboxylate groups{@--O = 2.429-

(8) and 2.651(5) A). The EMIrhcations are highly disordered and
situated between layers.

A well-known function of the anion is to control the amount of
water present in the IL. EMIm-Br is hygroscopic and contains a
significant amount of water even after a moderate drying prodess.
Although this may be a problem for some applications, the trace
of water can act as a mineralizer and is essential for the cry-
stallization of the coordination polymers in these reactions.

In summary we synthesized two anionic 3D coordination
frameworks and one 2D layer compound from three relevant ionic
liquids with various solvent polarity/hydrophibicity, controlled by
changing the anion in the IL. Hydrophilic ionic liquids containing
small amounts of water tend to facilitate the production of
framework compounds, while the hydrophobic nature of the EMIm-
Tf,N solvent results in poor solubilization of metal ions and organic
ligands, which in turn inhibits the formation of polymeric structures.
We have also shown that adding a solubilizing agent such &s 2,2
bipyridine, can be used to circumvent some of the problems
associated with the use of hydrophobic ionic liquids.
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Synthesis: fold Co(OAc)-4H,0O (380 mg, 1.5 mmol, Fisons), Trimesic

acid (TMA-H;, 210 mg, 1 mmol, Avocado) ang10 mmol EMIm-Br

were sealed and heated in a 23 mL Teflon-lined stainless steel autoclave

at 150°C for 3 days. Dark-purple block crystals bfvere collected with

75% yield. The similar method was followed for other compounds.2For

Co(OAC)+4H,0 (1.5 mmol), TMA-H; (1 mmol) and~5 mmol EMIm-

Br and ~5 mmol EMIm-TEN were mixed and heated at 18C for 3

days. Purple plate crystals were collected with 65% yield. Some samples

of 2 contain a small amount of tiimpurity that is present in the EMIM-

Tf,N starting material. FoB Co(OAc)-4H,O (1.5 mmol), TMA-H; (1

mmol) and~10 mmol EMIm-T{EN were mixed and heated at 110 for

5 days. A mixture of orange bar crystals and white solid was collected

with a total 50% yield. Fo# Co(OACk-4H,O (1.5 mmol), TMA-H; (1

mmol), 22bpy (2 mmol) and~10 mmol EMIm-TEN were mixed and

heated at 150C for 3 days. Orange plate crystals were collected with

total 60% yield.

Crystal data foil: T = 90(2) K,/ = 0.67130 A, orthorhombid?bca a

= 14.2616(4) Ab = 16.1525(5) A,c = 16.4867(5) AV = 3797.9(2)

A3, Z =4, Dcarca= 1.629 Mg/n¥, 1 = 1.373 mn1l, 29 = 2.98 to 26.99,

data/restraints/parameters4883/0/251, GOF= 1.098,R; = 0.0454 WR,-

(all) = 0.1328. Crystal data fo: T = 113(2) K, A = 0.71073 A,

orthorhombic,Pbca}Qa = 15.425(2) Ab = 12.184(2) A,c = 16.059(2)

A, vV =3018.1(7) B, Z = 8, D, = 1.558 Mg/n¥, u = 0.800 mm%, 20

= 2.48 to0 26.00, data/restraints/parameters2828/0/235, GOF= 1.198,

R; = 0.0882,wRy(all) = 0.2199. Crystal data fd&: T = 113(2) K,1 =

0.71073 A, tetragonal4(1)/a, a = 23.705(3) A,c = 11.409(2) AV =

6410.6(18) &, Z = 8, D, = 1.726 Mg/n§, u = 2.608 mnt?, 20 = 1.98

to 25.99, data/restraints/parameters3118/0/196, GOF= 1.187,R, =

0.0906 wRy(all) = 0.2262. Crystal data fek T=113(2) K,A =0.71073

A, monoclinic,P2(1)c, a= 6.579(1) A )b = 16.775(3) A.c = 11.409(2)

A, p = 93.944(4}, V = 3002.0(8) R, Z = 2, D, = 1.400 Mg/ns, u =

0.636 mnT1, 20 = 1.93 to 26.00, data/restraints/parameters5684/0/

391, GOF= 1.065, R, = 0.0767,wR(all) = 0.2014. The program

SQUEEZE was used to model the electron density in the pores from the

severely disordered EMImcations inl and4.
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