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lonic liquids have attracted considerable attention during the past
few years due to their very low vapor pressure, their wide liquidus \N/\N/\/\
range, their good electric conductivity, their large electrochemical @
window, and their potential as solvents for liquiliuid extraction® x-3
Metal-containing ionic liquids based on imidazolium salts are Figure 1. Structure of [BMIML-3[Ln(NCSk(H20)] (x = 6—8;y = 0—2;
regarded as promising new materials that combine the properties* ¥ = 10; Ln =Y, La—Yb); BMIM = 1-butyl-3-methylimidazolium.
of ionic liquids with additional intrinsic magnetic, spectroscopic,
or catalytic properties depending on the enclosed metal ion4used.
However, the solubility of lanthanide complexes in ionic liquids is ! ! ! ! ! ! ! ! !
generally rather low. An ionic liquid containing high concentrations La I Pr  Nd Sm Eu Gd Th He Er Yb
of lanthanides possesses potential for applications related to

electrodeposition, catalysis, or photophysics. Therefore it is desirable ! i
P ysis,or photophy TN -

to design lanthanide compounds that are highly soluble in ionic
liquids or that are ionic quuids themselyes: So-me- recent publicatigris Figure 2. lonic liquids of the type [BMIMKLN(NCS)/(H,0)] with Ln =
have addressed lanthanide-doped ionic liquids, which exhibit | a pr, Nd, Sm, Eu, Gd, Th, Ho, Er, and Yb. The color is due to the metalate
interesting luminescent properties and a good photochemical anion.
stability 3

The melting points of ionic liquids are affected by several

3-x
[Ln(N CS)x(HZO)y ]

Table 1. Characteristic Physical Data of Selected lonic Liquids?

parameters. Primarily, the size and charge delocalization of anions compound (0  Twc(®C)  plgem™) n
and cations, as well as their symmetry, play an important role, but [BMIM] 4[Y(NCS)s(H20)] 39 284 1.29 1.560
also a poor packing- and hydrogen-bonding ability have to be taken [BMIM] 4[La(NCS)(H20)] 38 308 132 1.564
. e o . i [BMIM] 4[Pr(NCS)(H20)] 33 340 1.34 1.568
into account. Metal-containing ionic liquids with low melting [BMIM] J[Nd(NCS)(H20)] 28 294 1.35 1.565
temperatures have already been reported for some mono- or divalent [BMIM] 4[Sm(NCS)(H,0)] <rt 312 1.37 1.572
transition metal anions, but for a metal-containing ionic liquid with ~ [BMIM] [Eu(NCS)(H0)] <rt 343 138 1.579
an anionic charge of-3, a low melting point is not expected. To [BMIM] J[GA(NCS)(H;0)] =t 332 1.44 1.580
SR ) [BMIM] 4[Tb(NCS)(H.0)] <rt 297 1.45 1.580
the best of our knowledge, no metal-containing ionic liquids with [BMIM] 4[Ho(NCS)(H0)] <rt 289 1.48 1.579
highly charged species have been described yet. Typical ligands [BMIM] 4Er(NCS)(H20)] <rt 302 1.49 1.581
for metalate ions are halides or thiocyanates. The classification of [BMIM] J[Yb(NCS)/(H;0)] <rt 296 153 1.582
s[La(NCS)] <rt 349 1.35 1.563

the thiocyanate ion as a pseudohalide emphasizes its chemical (BMIM]

similarity to the halides in several ways, put the inorganic  aelting point (T, onset of decompositionTged, density ) at 21
thiocyanate salts have much lower melting points than the corre- °C, and refractive indexn); <rt = below room temperature.

sponding h_a“de_ salts, due io the diﬁgrent charge distribution. by differential scanning calorimetry (DSC) and range from 28 (Nd)
Lanthanide isothiocyanate anions, especially of the type [Ln(§ES) to 39°C (Y).
(Ln = Sc, Y, La—Lu), havg been the subject of several spectro- The crystal structure of [BMIMJLa(NCS)(H,0)] was deter-
scopic and structural studiés. . _ mined by single-crystal X-ray diffractometry. This compound
Inthis communication, we report on the first lanthanide- o ystallized spontaneously from the molten state after standing for
containing ionic liquids based on the 1-butyl-3-methylimidazolium g days at 16C. The structure shows that the lanthanum(l1l) ion is
(BMIM) cation and lanthanide thiocyanate anions of the general coordinated by seven isothiocyanate anions and one water molecule
formula [Ln(NCS)(H,0),)** (x = 6-8;y = 0-2) (Figure 1). The (Figure 3). The coordination number of the lanthanum(lll) ion is
compounds were synthesized by a metathesis procedure startingjght, and the coordination polyhedron of the lanthanum(lll) ion
from stoichiometric amounts of lanthanide(lll) perchlorate, am- can be described as a slightly distorted square antiprism. Although
monium thiocyanate, and a thiocyanate ionic liquid with the the thiocyanate anion has an almost linear structure, théNMS
corresponding imidazolium cation. Most of these ionic liquids are angles deviate from strict linearity and range from 157.6 to 178.2
found to be liquids or supercooled liquids at room temperature and Each [La(NCS)H20)]*~ moiety is surrounded by four imidazolium
tend to form glasses rather than crystals upon cooling (Figure 2). cations. The coordinated water molecule forms strong hydrogen
A few of the compounds of the type [BMIM]5[Ln(NCS)(H-0),] bonds ¢(O—H---S) 2.48 and 2.58 A) to the isothiocyanate anion
(x=6—8;y=1-2; Ln = La, Y, Nd) with water coordinated to  of the neighboring [La(NCS}H,0)]*~ unit with a C-S---H angle
the lanthanide ion crystallized at about & from the molten state  of 90.8 and 97.4 respectively, which is in the range of reported
(see Table 1). The melting points of these crystals were determinedvalues for hydrogen bondirfigThe hydrogen bonding results in a
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Figure 3. Molecular structure of the anionic unit [La(NG&)}.0)]*~

showing the hydrogen bonding from coordinated water molecules to the
isothiocyanate anions. The [BMIM)]cations were omitted for clarity.

columnar stacking of these units along the direction ofalais.
The acidic hydrogen atoms of the imidazolium cation form weak
hydrogen bonds to the sulfur of the thiocyanate anionsH&-S
from 2.73 up to 2.84 A). This kind of hydrogen bonding from the
imidazolium cation is in agreement with the reporteeHG--X
hydrogen bonding in imidazolium ionic liquids and metal-containing
imidazolium ionic liquids® The fact that some of the ionic liquids
that contain coordinated water molecules form hydrogen bonds,
resulting in a polymeric stacking of the anions, might explain the
better ability to crystallize. Indeed, the complexes of the type
[BMIM] s[LN(NCS)g] do not possess any €H---S hydrogen
bonding capability. At temperatures as low a0 °C, these
compounds are not solid but are highly viscous liquids.

The lanthanide-containing compounds exhibit a complete mis-
cibility with other imidazolium-based ionic liquids, such as [BMIM]-
Cl, but also with hydrophobic ionic liquids, such as [BMIM]pN]
(TfoN bis(trifluoromethylsulfonyl)imide) and [BMIM][PE].
Furthermore, a good solubility in apolar solvents, such as dichlo-
romethane, was found for the compounds with seven or eight
thiocyanates. In contrast, the compounds of the type [BM]IMi
(NCS)(H,0),] were found to be insoluble in dichloromethane. All
the compounds are soluble in water, but they undergo complete
hydrolysis (as proven by emission lifetime experimefits).

The absorption spectra for the crystalline state and the liquid
state of [BMIM],[Ln(NCS);(H;0)] (Ln = Pr, Nd) were compared.
No significant differences were observed for the ratios of the
integrated intensities of the-f transitions. The trivalent neodymium
ion has a hypersensitive transitié@s,, < *lg;> (at about 586 nm)
that can reflect small changes in the ligand coordination sphere.
Even the ratios of the intensity of this transition to the other
transitions are very similar in the solid and liquid state. Therefore,
the experimental data obtained from the absorption spectra of the
ionic liquids in the solid state and in the liquid state support the
hypothesis that the multicharged anionic species observed in the
solid compounds persist in the liquid state.

In summary, we synthesized low-melting lanthanide-containing
ionic liquids of the type [BMIM}_3[Ln(NCS)(H2O),] (x = 6—8,
y=0-2,Ln=Y, La, Pr, Nd, Sm, Eu, Gd, Th, Ho, Er, and Yb).

drogen bonding might influence the melting points. The compounds
exhibit a good solubility in apolar solvents as well as a good
miscibility with other ionic liquids, and they are therefore interesting
candidates for catalytic and spectroscopic applications. Extension
of the alkyl chain length of the imidazolium cation could lead to
the formation of liquid-crystalline phasés.
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