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for single-crystal growth from solution, such as any form of
(isothermal) evaporation of the solvent, freezing-out the
solvent, dry-freezing, and hydrothermal crystallizatioan-

not be applied. One further severe problem that is inherent
to most ionic liquid systems is the problem of glass
formation. This turns out to be a special problem when either
the anion and/or the cation of the ionic liquid become part
of the product to be crystallized. Then, the same technical
problems occur which are generally observed when crystal-

Single crystals of [mppyr][Ndlg] and [bmpyr][Ndlg][Tf,N] are the first
surprising examples of how the cation of an ionic liquid determines
the compound formation from an ionic liquid. Depending upon the
variation of the length of the alkyl chain of the quaternary
pyrrolidinium cation (C3 and C4, respectively), incorporation of the
anion of the ionic liquid, [Tf,N]~, can either be evoked or

suppressed. lizing an ionic liquid itself. On one hand, disperse interatomic
forces with a low degree of orientation, low symmetry of
. the ions, and packing frustration are desirable when designing
Introduction

ILs, as they lead to a low melting poih©On the other hand,

ILs (ionic liquids) are, by a common definition, salts that the same features easily lead to the formation of supercooled
melt below 100°C. RTILs (room temperature ionic liquids) liquids. Itis, therefore, not surprising that only a few reports
are even liquid at room temperature. This new and rapidly on crystal structures of ILs compared to the vast amount
expanding class of compounds of (mostly organic) salts is Synthesized so far have appeared and mostly of compounds
currently gaining tremendous interest and importance asthat are solid at room temperatfréurthermore, just a few
“green” solvents for organic catalysis and synthésist account for crystal growth of metabrganic or inorganic
electrochemical applicatiofsnd for f-element separatién.  compounds from RTILS.However, the large set of ILs
One of the important features of this class of solvents is their available should offer a great toolbox for crystal engineéring
negligible vapor pressure which, on one hand, makes themas it is already known that they are highly structured in the
environmentally benign solvents; on the other hand, due toliquid staté and can crucially influence the result of
their uncommon physical properties, it is difficult to isolate
any solvated compounds. In particular, any growth of single (4) ((S; |\_li\/illllfe, K.JTA; BohméﬂKrist?IIf"LEZtUEQ;ggfggi lzgun, 1988.
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reactions’® Whereas much work has been done on how
conventional solvents influence reactidhgompound for-
mation? and crystal growt}? little to no work has appeared
when it comes to ILs as solvents. In this Communication,
we report not only on the crystal growth of quasi-ternary
neodymium iodides from quaternary pyrrolidinium-bis-
(trifluoromethylsulfonyl)imide (T#N) ILs but also on the
influence of slight variations of the cation on the resulting
crystal structure.

Results and Discussion

The THEN™ anion is today one of the most popular anions
used for ILs since it has been found to frequently produce
low melting salts due to strong charge delocalization and
large conformational flexibility, together with a low tendency
to form hydrogen bond®.Recently, we were able to present
the first crystal structure determination of a divalent lan-
thanide complex, [mppyslYb(Tf,N),], obtained from a
solution of Ybb in [mppyr][TfoN] (mppyr = 1-methyl-1-
propylpyrrolidinium)? In this complex, four TAN~ anions
coordinatern?-bidentately to the metal center. In contrast,
under similar reaction conditions, with a trivalent lanthanide
iodide, Nd, and the same ionic liquid, [mppyr][2M], single
crystals of the quasi-ternary neodymium iodide, [mppyr]
[Ndl¢] were obtained. The general route to obtain crystalline
samples of sufficient quality for single-crystal X-ray analysis
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Figure 1. Details of the crystal structures of [mppfiiidie] (left) and

in this systems is to completely dissolve the educts in the [bmpyrlNdIg][Tf2N] (right). Projection of the crystal structures of [mppyr]

heat ~120°C) and to subsequently cool the solution slowly
to room temperature (12 °C/h).

The compound [mppys|Ndl¢] crystallizes in the tetrago-
nal noncentrosymmetric space groBfh2:2 (no. 92) with
eight formula units in the unit cell (Figure 1a). The

[Ndlg] (a) and [bmpyr)[NdI¢][Tf2N] (b) along the crystallographie axis.
Local surrounding of the [Nd) octahedral by [mppyr] in [mppyg[Ndle]
(c) and by [bmpyr] in [ompyg[Ndlg][Tf2N] (d).

la and c). It is noteworthy that the acentricity of the whole
crystal structure is introduced by these (highly symmetric)

asymmetric unit contains two symmetry-independent neody- octahedra which are tilted with respect to tbecrystal-

mium cations which are each surrounded by an only slightly

lographic axis and wind themselves along the parallel 4

distorted octahedron of iodine anions with a mean neody- Screw axis. Above each of the triangular faces of the {Ndl

mium—iodide interatomic distance of about 311.4 pm (Figure
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octahedron a mppyr cation is located tangentially (Figure
1c) like it was already predicted from molecular dynamic
studies for tetrachlorocomplexes of trivalent lanthanide
cations??

A small change of the ionic liquid, from [mppyr][I¥]
to [bmpyr][TfN] (bmpyr = 1-butyl-1-methyl-pyrrolidinium),
results surprisingly in single crystals of a (at first sight) rather
different compound, [bmpysNdlg][Tf 2N] (Figure 1b). That
exclusively either [mppyg[Ndlg] or [ompyr][Ndlg][Tf 2N]
are formed depending on the choice of the ionic liquid, hence
the cation of the ionic liquid, is reliable, as confimed by
X-ray powder diffraction. The powder diffractogramms of
the respective bulk samples are well matched with the from
single-crystal data expected one (Supporting Information).

[bmyprl[NdIg][Tf 2N] crystallizes in the (centrosymmetric)
space groug4,/a (no. 88) with four formula units in the
unit cell. Again, the main structural feature is neodymium
cations surrounded by a nearly ideal octahedron of iodine
anions (mean neodymiuniodine interatomic distancd{Nd—
[) = 310.6 pm). Not only is the first coordination sphere
around the neodymium cation in [bmpyidi¢][Tf2N] the
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same as in [mppy#Ndl¢] but also the second. Again, eight  2Ndl, + 6[bmpyr][Tf,N] —

cations of the ionic liquid (here: bmpyr) are residing bmovrl INdILTF N1 =+ Tomovrl.INd(Tf.N
tangentially above the faces of the [Ndbctahedron (Figure lompyrLINIITTNT: + [ompyrpNA(TEN)d
1d). and

The most important difference between both crystal 2Ndl; + 5[mppyr][Tf,N] —
structures is that in case of [bmpyfiyidig][Tf2N] not only [mppyrl[NdI]é + [mppyrLINd(Tf,N).]

the cation of the ionic liquid participates in the structure but
also the anion, BN, is incorporated in the crystal structure.

By extending the alkyl side chain of the quaternary 1-methyl-
pyrrolidinium cation by one carbon atom, optimal space

filling for a structure containing only pyrrolidinium cations X ” O
and [Ndk] octahedra seems not to be possible. The cation have recently characterized this species in case of the [bmpyr]

has become too large. To get optimal packing in the solid, onic liquid** The compound [bmpyfNd(Tf.N)s] is formed.
one formula unit of the ionic liquid itself has to get included H€ré neodymium is surrounded by five Mfligands. Four
into the structure. This is, thereby, an example of chemo- !|gand_s coordlpate bidentately, whereas thg fifth coordinates
specific crystal engineerirdy. By rewriting the formula just with one ligand oxygen atom. The N ligands adopt

[bmpyrl[NdIe][Tf :N] as [bmpyrb{Ndig]-[ompyr][Tf.N] not both a cisoid and a transoid conformation.
only the relationship to [mppy4Ndl¢] becomes obvious but
this formulation also shows that the compound may be
viewed as [bmpyg]Ndl¢] with one formula of the “solvent”, The examples of [mppy{Ndle¢] and [bmpyri[Ndlg][TfN]
[bmypr][Tf2N], added. This view is backed by the fact that show how crucially the structure of the self-organization of
the bis(trifluoromethylsulfonyl)imide anion gets incorporated matter in ILs can be influenced by only such small changes
in a noncoordinating mode. It has been well established thatsuch as replacing a butyl for a propyl side chain in the cation
the bis(trifluoromethylsulfonyl)imide anion shows the es- of the ionic liquid. At the same time, the high potential of
sential feature that is necessary for a low tendency to ILs for the synthesis of specially designed solid compounds
coordinate: delocalization of negative charge over an becomes obvious.

extended area of functional grouf§shfter many unsuccess-
ful attempt$® to crystallize rare earth complexes with the
Tf,N~ ligand bonded to the metal center only recently the
first structure determinations appeared, featuring limLa-
(szN)3'3Hzo,26 PE*, NdBt, Tmét in [bmpyr]3[Ln(Tf2N)5],
Tm3*, Lud™ in [ompyr][Ln(Tf2N)4], and Y in [mppyrx-
[Yb(Tf2N)4].2"

In [bmpyrly[NdIg][Tf2N], the bis(trifluoromethylsulfonyl)-
imide anion adopts a transoid conformation with respect to ~ Supporting Information Available: X-ray crystallographic files
the —CF; groups (Figure 1b), which is generally preferred in CIF format; X-ray powder patterns of [bmpyffidle] and
in the absence of suitable coordination centers as structurd®MPYkINdI6l[Tf2N]; and experimental details. This material is
determinations of ILs sho#® The transoid conformation of available free of charge via the Internet at http://pubs.acs.org.
the —CF; groups is also found in the free acid jNjH (i.e., IC060414E
(CRSO,).NH).2° Recent theoretical calculations revealed that - - _
transoid [TEN]H is about 8 kd/mol more stable than cisoid @n g") ,\BA?J%?:;]S;; A'\{I-lyrggl'tc?ﬁ-yrfahn'asgokggtilézzoscﬁelf? £230. (b) Babal,
[Tf2N]JH and that transoid [BENT] compared to cisoid  (28) (a) Golding, J. J.; MacFarlane, D. R.; Spiccia, L.; Forsyth, M.; Skelton,

aside from the two insoluble reactions products which both
have the [Ndi] octahedron in common, a second neodymium
complex which features the lanthanide cation in a coordina-
tion of bis(trifluoromethanylsulfonyl)imide must form. We

Conclusion
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