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By the reaction of [EMIm]Cl with TiCl4 in two different sol-
vents the three new chloridotitanate complexes [EMIm]2-
[TiCl6] (I), [EMIm][TiCl5MeCN] (II) and [EMIm]4[TiCl6]-
[Ti2Cl10] (III) were obtained. The crystal structures and the
unit cell parameters were determined. The Raman spectra
were measured to investigate the distorted octahedral sym-
metry of the corresponding anionic unit. Differential scan-

Introduction

Homoleptic chloridotitanates(IV) and their adducts with
acetonitrile are a class of fundamentally important coordi-
nation compounds. In general, they are accessible by ad-
dition of halide ions to titanium tetrachloride. Four dif-
ferent homoleptic anionic complexes and two adducts with
acetonitrile are known, the enneachloridotitanate [Ti2Cl9]–,
the decachloridodititanate [Ti2Cl10]2–, the pentachloridotit-
anate [TiCl5]–, the hexachloridotitanate [TiCl6]2–,[1] the ace-
tonitrile pentachloridotitanate [TiCl5·MeCN]– and the ace-
tonitrile tetrachloridotitanate [TiCl4·2MeCN].[2] Addition-
ally, a complex of undecachloridodititanate [Ti2Cl11]3– is
proposed, which exists as a mixture of [Ti2Cl10]2– and
[TiCl6]2–.[3] All of these complexes were prepared by using
inorganic salts like CsCl, quaternary ammonium or phos-
phonium salts and only a few by ionic liquids.[4] Ionic li-
quids (ILs) have received much attention due to their wide-
spread applications in extraction chemistry,[5] as “green”
solvents in organic synthesis,[6] as precursor materials for
catalysts[7] and as electrolytes in electrochemistry.[8] Com-
monly used ILs are dialkylimidazolium and N-alkylpyrid-
inium salts, because of their easy synthetic route. As a result
of the growing interest in metal-ion-containing ILs for ex-
ample as catalysts, the increase in information about crystal
structure and chemical behaviour is essential. Thomson and
Scheffler already prepared a number of mixtures with dif-
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ning calorimetry and thermal gravimetric measurements
were accomplished to characterize the thermal stability. In
addition, NMR and IR spectroscopy and elemental analysis
were made to complete the characterization.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

ferent metal halides and [EMIm]Cl as the IL.[9] Further-
more, the workgroup of Chongmin et al. determined a
series of [BMIm]2[MCl4] metal-ion-containing ILs.[10] Also,
the crystal structures of [EMIm]2[CoCl4],[11] [BMIm]2-
[AuCl6],[12] [EMIm] [VOCl4],[13] [EMIm]2[PtCl6],[14] [EMIm]-
[PF6],[15] [EMIm][NbF6], [EMIm][TaF6][16] and [EMIm]2-
[IrCl4][14] have been reported. Though, both metal-ion-con-
taining ILs and chloridotitanates are of interest. In this
work, we present the syntheses of three new complexes
[EMIm]2[TiCl6] (I), [EMIm] [TiCl5·MeCN](II) and [EMIm]4-
[TiCl6][Ti2Cl10] (III), which were characterized by X-ray,
Raman and NMR spectroscopy and thermal (DSC, TG)
and elemental analysis.

Results and Discussion

Syntheses

The addition of two equivalents of [EMIm]Cl as a chlo-
ride donor to TiCl4 in acetonitrile at room temperature re-
sults in a colour change in the reaction mixture from
colourless to yellow. The crystalline product of this reaction
is the hexachloridotitanate(IV) complex [EMIm]2[TiCl6] (I)
[Equation (1)].

(1)

When changing the stoichiometry to one equivalent of
the chlorine donor, [EMIm]Cl, the acetonitrile penta-
chloridotitanate(IV) complex II was obtained [Equa-
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tion (2)]. By changing the stoichiometry to one equivalent
of chlorine donor to two TiCl4, the already known
TiCl4·2MeCN was found.

(2)

In the next step, the solvent was switched from acetoni-
trile to the donor-free dichloromethane. When using the
same stoichiometric relation as depicted in Equation 2, the
mixed decachloridodititanate(IV) hexachloridotitanate(IV)
complex was obtained [Equation (3)].

(3)

All products were received in a pure state, which was
confirmed by comparison of the X-ray data of the corre-
sponding powder and single crystal.

Crystal Structures

Title compounds II and III belong to the monoclinic
crystal system with the same crystallographic space group
P21/c. Compound I crystallizes in the orthorhombic space
group Pbca. All crystal structures consist of isolated cations
and anions. Compound I involves two cations and one
anion (Figure 1), compound II one cation, one anion and
one solvent molecule (Figure 2) and compound III four cat-
ions and two anions (Figure 3).

Figure 1. Coordination polyhedron in [EMIm]2[TiCl6].

Figure 2. Coordination polyhedron in [EMIm][TiCl5·MeCN].

www.eurjic.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2009, 4837–48434838

Figure 3. Coordination polyhedron in [EMIm]4[TiCl6][Ti2Cl10].

Details of the X-ray structure analyses and crystallo-
graphic data for compound I, II and III are presented in
Table 9. Fractional atomic coordinates and equivalent ther-
mal parameters of the three different structures are shown
in Tables 1, 2 and 3, and selected bond lengths and angles
are gathered in Tables 4, 5 and 6.

Table 1. Fractional atomic coordinates and thermal parameters of
I.

x y z Ueq

Ti 0 0 0 0.0278(1)
Cl1 –0.1227(1) 0.0700(1) –0.1259(1) 0.0380(2)
Cl2 0.0428(1) 0.1421(1) 0.0714(1) 0.0380(2)
Cl3 0.1675(1) 0.0152(1) –0.1095(1) 0.0384(2)
N1 –0.5413(1) 0.0374(2) 0.1338(2) 0.0345(5)
N3 –0.4639(2) 0.1708(2) 0.1537(2) 0.0333(5)
C2 –0.4455(3) 0.0829(2) 0.1678(2) 0.0348(6)
C4 –0.5762(3) 0.1815(2) 0.1103(3) 0.0462(8)
C5 –0.6241(3) 0.0990(2) 0.0978(3) 0.0487(8)
C6 –0.3792(3) 0.2443(2) 0.1825(3) 0.0451(7)
C7 –0.2591(3) 0.2346(3) 0.1305(5) 0.0722(14)
C8 –0.5547(4) –0.0618(2) 0.1345(3) 0.0451(7)

Table 2. Fractional atomic coordinates and thermal parameters of
II.

x y z Ueq

Ti 0.2282(1) 0.4875(1) 0.2333(1) 0.0290(1)
Cl1 0.2936(1) 0.4161(1) 0.0908(1) 0.0358(2)
Cl2 0.1370(1) 0.5777(1) 0.3546(1) 0.0415(2)
Cl3 0.0826(1) 0.3295(1) 0.2135(1) 0.0399(2)
Cl4 0.3518(1) 0.6646(1) 0.2279(1) 0.0422(2)
Cl5 0.3628(1) 0.3709(1) 0.3300(1) 0.0451(2)
N1 0.3377(2) 0.8964(2) 0.3893(1) 0.0363(4)
N3 0.3084(2) 1.0143(2) 0.2627(1) 0.0354(4)
N9 0.0979(2) 0.6059(2) 0.1376(1) 0.0396(5)
C2 0.3912(2) 0.9557(2) 0.3233(1) 0.0350(5)
C4 0.1977(3) 0.9907(3) 0.2911(2) 0.0473(6)
C5 0.2167(3) 0.9167(3) 0.3695(2) 0.0482(7)
C6 0.3300(3) 1.0841(3) 0.1754(2) 0.0472(6)
C7 0.2948(8) 1.0079(5) 0.0877(3) 0.0903(17)
C8 0.3974(3) 0.8132(3) 0.4647(2) 0.0499(7)
C10 0.0331(2) 0.6758(2) 0.0956(1) 0.0360(5)
C11 –0.0483(3) 0.7662(3) 0.0417(2) 0.0499(7)

The angles and bond lengths of the relevant cationic unit
[EMIm]+ were investigated intensely by X-ray analysis.[17]

Therefore, just the anionic unit is described in detail. Com-
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Table 3. Fractional atomic coordinates and thermal parameters of
III.

x y z Ueq

Ti1 0 0 0.5 0.0301(2)
Ti2 –0.3923(1) 0.0945(1) 0.0442(1) 0.0366(2)
Cl1 0.0511(2) 0.0365(1) 0.6620(1) 0.0707(4)
Cl2 0.1573(1) 0.0935(1) 0.4708(1) 0.0500(3)
Cl3 –0.1537(1) 0.0935(1) 0.4719(1) 0.0620(3)
Cl4 –0.2312(1) 0.0003(1) 0.0933(1) 0.0512(3)
Cl5 –0.3549(1) 0.1541(1) 0.1920(1) 0.0512(3)
Cl6 –0.5727(1) 0.1750(1) –0.0044(1) 0.0544(3)
Cl7 –0.4595(1) 0.0087(1) –0.1023(1) 0.0368(2)
Cl8 –0.2688(1) 0.1724(1) –0.0310(1) 0.0675(5)
N1 0.4521(3) 0.0937(2) 0.6701(2) 0.0448(8)
N3 0.5238(3) –0.0218(2) 0.6282(2) 0.0376(7)

pound I consists of parallel layers of one hexachloridotitan-
ate unit and two IL molecules (Figure 4). The anionic unit
is situated in an approximately octahedral Oh symmetry.
The Ti–Cl bond lengths range from 2.335 to 2.355 Å. The
Cl2–Ti–Cl1 angle is 89.8°, the Cl2–Ti–Cl3 angle 89.5° and
the Cl1–Ti–Cl3 angle 90.0° (Table 4). These values compare
well with those of reported hexachloridotitanate(IV) com-
plex.[18] Compound II consists of parallel layers of alternat-
ing blocks comprising one IL and one acetonitrile penta-
chloridotitanate (Figure 5).

Figure 4. Perspective view of the unit cell of I along the a axis.

As a result of the acetonitrile ligand, the octahedral sym-
metry is distorted. The average Ti–Cleq bond lengths are
between 2.303 and 2.347 Å. The Ti–Cl bond length for Cl5
(2.252 Å) is slightly shorter than the Ti–N bond length
(2.226 Å). The orientation of the other chlorine towards the
acetonitrile molecule is the reason for this distance. Conse-
quentially, the Cl5–Ti–Cln angles are greater than 90°: Cl5–
Ti–Cl1 95.0, Cl5–Ti–Cl2 95.6, Cl5–Ti–Cl3 95.6 and Cl5–
Ti–Cl4 95.3°. The angles within the chlorine plane are
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Table 4. Selected bond lengths [Å] and angles [°] for compound I.[a]

Ti–Cl1 2.3545(7) Ti–Cl1i 2.3545(7)
Ti–Cl2 2.3345(7) Ti–Cl2i 2.3345(7)
Ti–Cl3 2.3432(7) Ti–Cl3i 2.3432(7)
Cl2–Ti–Cl2i 180.00(5) Cl2–Ti–Cl3 89.48(3)
Cl2i–Ti–Cl3 90.52(3) Cl2–Ti–Cl3i 90.52(3)
Cl2i–Ti–Cl3i 89.48(3) Cl3–Ti–Cl3i 180.00(2)
Cl2–Ti–Cl1i 90.20(2) Cl2i–Ti–Cl1i 89.80(2)
Cl3–Ti–Cl1i 89.98(3) Cl3i–Ti–Cl1i 90.02(3)
Cl2–Ti–Cl1 89.80(2) Cl2i–Ti–Cl1 90.20(2)
Cl3–Ti–Cl1 90.02(3) Cl3i–Ti–Cl1 89.98(3)
Cl1i–Ti–Cl1 180.00(4)

[a] Symmetry code i: –x, –y, –z.

Figure 5. Perspective view of the unit cell of II along the b axis.

nearly 90° (88.1–91.5°) (Table 5). These values compare well
with those of the reported acetonitrile pentachloridotitan-
ate(IV).[19]

Table 5. Selected bond lengths [Å] and angles [°] for compound II.

Ti–N9 2.2261(2) Ti–Cl5 2.2521(8)
Ti–Cl2 2.3031(7) Ti–Cl3 2.3079(7)
Ti–Cl4 2.3133(7) Ti–Cl1 2.3468(7)
N9–Ti–Cl5 178.85(6) N9–Ti–Cl2 84.52(6)
Cl5–Ti–Cl2 95.59(3) N9–Ti–Cl3 85.58(6)
Cl5–Ti–Cl3 95.56(3) Cl2–Ti–Cl3 90.25(3)
N9–Ti–Cl4 83.57(6) Cl5–Ti–Cl4 95.29(3)
Cl2–Ti–Cl4 91.47(3) Cl3–Ti–Cl4 168.79(3)
N9–Ti–Cl1 84.90(6) Cl5–Ti–Cl1 95.01(3)
Cl2–Ti–Cl1 169.38(3) Cl3–Ti–Cl1 88.07(3)
Cl4–Ti–Cl1 88.21(3)

Compound III consists of two different chloridotitan-
ate(IV) anions, [TiCl6]2– and [Ti2Cl10]2–, and [EMIm]+ as
the cationic species. The [Ti2Cl10]2– units are located on the
cell edges and in the middle of the unit cell. The [TiCl6]2–

ions are situated in the middle of the edges and the cation
is arranged in between (Figure 6). The anionic [TiCl6]2– unit
has an approximately octahedral Oh symmetry in agreement
with compound I. As a result of the point symmetry, there
are three different Ti–Cl bond lengths: 2.329 (Cl1), 2.343
(Cl2) and 2.328 Å (Cl3). The Cl1–Ti–Cl2 angle is 88.4°, the
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Cl1–Ti–Cl3 angle 90.1° and the Cl2–Ti–Cl3 angle 89.2°.
The [Ti2Cl10]2– unit features an edge-sharing dichlorido-
bridged bioctahedral geometry. The Ti–Cl bond lengths for
Cl4, Cl5, Cl6 and Cl8 range from 2.227 to 2.298 Å, and the
bond lengths of the bridging Cl7 and Cl7ii are 2.486 and
2.535 Å, respectively. As a result of this bridging geometry,
the octahedral symmetry is distorted. Especially, the Cl–Ti–
Cl angles involving the bridging chlorine are slightly de-
formed. The Cl5–Ti2–Cl7ii angle is 169.8°, the Cl5–Ti2–Cl7
angle is 168.3° and the Cl4–Ti2–Cl6 angle is 172.4°

Figure 6. Perspective view of the unit cell of III along the a axis.

Table 6. Selected bond lengths [Å] and angles [°] for compound
III.[a]

Ti–Cl1 2.3289(10) Ti–Cl1i 2.3290(10)
Ti–Cl2 2.3425(9) Ti–Cl2i 2.3425(9)
Ti–Cl3 2.3277(10) Ti–Cl3i 2.3276(10)
Ti2–Cl8 2.2274(12) Ti2–Cl5 2.2705(12)
Ti2–Cl4 2.2914(12) Ti2–Cl6 2.2983(12)
Ti2–Cl7 2.4867(10) Ti2–Cl7ii 2.5355(10)
Cl7–Ti2ii 2.5356(10)
Cl3i–Ti–Cl3 180.00(4) Cl3i–Ti–Cl1 89.87(5)
Cl3–Ti–Cl1 90.13(5) Cl3i–Ti–Cl1i 90.13(5)
Cl3–Ti–Cl1i 89.87(5) Cl1–Ti–Cl1i 180.00(8)
Cl3i–Ti–Cl2i 89.18(4) Cl3–Ti–Cl2i 90.82(4)
Cl1–Ti–Cl2i 91.60(4) Cl1i–Ti–Cl2i 88.40(4)
Cl3i–Ti–Cl2 90.82(4) Cl3–Ti–Cl2 89.18(4)
Cl1–Ti–Cl2 88.40(4) Cl1i–Ti–Cl2 91.60(4)
Cl2i–Ti–Cl2 180.0 Cl8–Ti2–Cl2 100.62(5)
Cl8–Ti2–Cl4 93.47(5) Cl5–Ti2–Cl4 91.18(5)
Cl8–Ti2–Cl6 93.26(5) Cl5–Ti2–Cl6 91.04(5)
Cl4–Ti2–Cl6 172.40(5) Cl8–Ti2–Cl7 91.07(4)
Cl5–Ti2–Cl7 168.29(5) Cl4–Ti2–Cl7 87.19(4)
Cl6–Ti2–Cl7 89.17(4) Cl8–Ti2–Cl7ii 169.82(5)
Cl5–Ti2–Cl7ii 89.55(4) Cl4–Ti2–Cl7ii 85.57(4)
Cl6–Ti2–Cl7ii 87.17(4) Cl7–Ti2–Cl7ii 78.76(3)
Ti2–Cl7–Ti2ii 101.24(3)

[a] Symmetry code i: –x, –y, 1 – z; symmetry code ii: –1 – x, –y,
–z.
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(Table 6). These values compare well with those reported
for hexachloridotitanate(IV)[18] and decachloridodititan-
ate(IV).[1]

Spectroscopic Characterization

The title compounds are composed of the respective cat-
ionic and anionic units, and compound II additionally con-
tains one acetonitrile molecule. The relevant cationic unit
[EMIm]+ was investigated intensely by vibrational spec-
troscopy.[20] Therefore, just the Raman frequencies of the
corresponding anionic units are shown in detail in Figure 7
and summarized with their assignments in Table 7. For the
octahedral anion [TiCl6]2–, three Raman active vibrations
are expected because of its Oh symmetry, the total stretch-
ing vibration (A1g) at 320 cm–1, the symmetric stretching
vibration (Eg) at 271 cm–1 and the deformation vibration
(T2g) at 173 cm–1. Two of these expected vibrations could
be observed in agreement with earlier reports, the A1g and
the T2g one. The Eg vibration was not found because of
its extreme weakness. The intensities of bands of an ideal
octahedral complex decrease in the order IA1g � IT2g � IEg.

Figure 7. Raman spectra (λexc = 1064 nm) of compounds I, II and
III.

The spectrum of compound II shows two vibrations as-
sociated to the Oh symmetry, which are split as a result of
the minor symmetry of the distorted octahedron. The A1g

vibration splits up into three bands at 320, 358 and
383 cm–1. The T2g vibration is subdivided into two bands
at 174 and 192 cm–1. The spectrum of compound III pres-
ents a combination of two pure spectra when compared to
the literature. On the one hand the two vibrations at 320
and 176 cm–1 can be identified as the A1g and T2g vibration
belonging to the [TiCl6] octahedron. On the other hand the
vibrations at 387, 350, 305 and 242 cm–1 can be attributed
to the edge-sharing dichlorido-bridged bioctahedron
[Ti2Cl10]. Furthermore, the dimer–monomer conversion [see
Equation (4) in the next subchapter] could be observed by
temperature-dependent Raman measurements (Figure 8).
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Table 7. Raman frequencies.[a]

IIII II [TiCl6][b] [TiCl5][c] [Ti2Cl10][d]

r.t. 373 K

387 389 (s), 381 (vs)
383
358 350 350 351 (s) 355 (m), 351 (m)

320 320 320 320 320 (vs) 317 (vw)
305 308 (s), 309 (s)

271 (vw)
248

242 242 252 (ms) 233 (m), 244 (m)
192

176 174 176 176 173 (s) 180 (s)
128

[a] Band intensities are denoted as: very strong (vs), strong (s), me-
dium (m), weak (w) and very weak (vw). [b] From ref.[24] [c] From
ref.[21] [d] From ref.[25]

Figure 8. FT-Raman spectra of compound III at different tempera-
tures.

When comparing the Raman spectra at room tempera-
ture and at 373 K, the disappearance of the specific vi-
brations of the [Ti2Cl10] complex anion at 387, 305 and
242 cm–1 is noticed, whereas the medium intensity of the
vibration at 350 cm–1, which is characteristic for “TiCl5”,
becomes stronger.

Thermal Properties

Melting points and decomposition temperatures of the
three chloridotitanate(IV) complexes were measured
(Table 8). The melting points were determined using
differential scanning calorimetry (DSC) methods.

In addition, the reversible dimer–monomer conversion
for compound III could be detected by Raman spec-
troscopy and DSC [Equation (4); Figures 8 and 9].

(4)
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This conversion is similar to the one published by
Brockner.[21] In the present case it is accompanied by a re-
versible colour change from yellow to red.

Table 8. Melting points and decomposition temperatures.

Compounds M.p. [K] Tdecomp. [K] Ref.

[EMIm]2[TiCl6] 435 558 this work
[EMIm][TiCl5 MeCN] 348, 582 this work
[EMIm]4[TiCl6][Ti2Cl10] 567 this work
[EMIm]Cl 357 564 [22]

[EMIm]Br 354 [22]

[EMIm]I 354 576 [22]

[EMIm][PF6] 333 648 [22]

[EMIm][NbF6] 272 [23]

[EMIm][TaF6] 275 [23]

Figure 9. Differential scanning calorimetry results for compound
III.

[EMIm]2[TiCl6] melts at 435 K. The melting point of
[EMIm] [TiCl5MeCN] could not be determined because it
decomposes at 348 K, resulting from the loss of acetonitrile.
[EMIm]4[TiCl6][Ti2Cl10] possessed no melting point.

Figure 10. TGA measurements for I, II, III and [EMIm]Cl.
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The thermal stability for all compounds was studied by

thermal gravimetric analysis (TGA), which is shown in Fig-
ure 10.

Compound I possessed a slight weight loss at 350–500 K,
which may be attributed to desorption of acetonitrile, and
it decomposed at 558 K. Compound II decomposed in two
steps. The first step occurring at 348 K can be ascribed to
the loss of acetonitrile. Compound III decomposes at
567 K. In comparison to the pure IL (564 K), all these com-
pounds decomposed in the same range, which means that
the decomposition is dependent on the IL. In contrast to
the pure IL, all three compounds show incomplete decom-
position up to a temperature of 800 K, which may be attrib-
uted to stable titanium compounds.

Conclusions

This work shows that the coordination chemistry of
chloridotitanate(IV) complexes with ionic liquids is based
on the known titanium coordination chemistry with hal-
ogens. So, the hexachloridotitanate(IV) complex [EMIm]2-
[TiCl6] (I) and [EMIm][TiCl5MeCN] (II) can be predicted
as reaction products with 1-ethyl-3-methylimidazolium
chloride. However, a new compound with two different an-
ionic species, [Ti2Cl10] and [TiCl6], could surprisingly be ob-
tained. Furthermore, the monomer–dimer conversion of
[Ti2Cl10] ↔ 2[TiCl5] could be investigated for [EMIm]4-
[TiCl6][Ti2Cl10] (III) by DSC and Raman measurements in
detail. Future experimental work is expected to provide in-
dication of additional chloridotitanate(IV) species with
ionic liquids.

Table 9. Crystal data and refinement parameters for compound I, II and III.

I II III

Empirical formula C12H22 N4TiCl6 C8H14N3TiCl5 C24H44N8Ti3Cl16

Formula weight [g mol–1] 482.94 377.37 1155.57
Crystal colour yellow yellow dark yellow
Temperature [K] 293 293 293
Wavelength [Å] 0.71073 0.71073 0.71073
Crystal system orthorhombic monoclinic monoclinic
Space group, Z Pbca (no. 61), 4 P21/c (no. 14), 4 P21/c (no. 14), 2
a [Å] 11.081(1) 11.211(1) 10.517(1)
b [Å] 14.723(1) 10.405(1) 16.275(1)
c [Å] 12.890(1) 14.090(2) 14.156(1)
β [°] – 97.48(1) 101.16(1)
Volume [Å3] 2103.3(4) 1629.9(3) 2377.3(3)
Z 4 4 2
Dcalcd. [g cm–3] 1.525 1.538 1.614
F(000) 984 760 1164
Θmin, Θmax [°] 2.77, 25.68 1.83, 29.90 1.93, 25.03
Index ranges –13 � h � 13 –15 � h � 15 –12 � h � 11

–17 � k � 17 –14 � k � 14 –19 � k � 19
–15 � l � 15 –19 � l � 19 –16 � l � 16

Unique reflections 1995 4676 4198
Data, restrains, parameters 1995, 0, 150 4676, 0, 210 4198, 0, 320
GooF on F2 1.153 1.073 1.056
R indexes R1 = 0.0382 R1 = 0.0433 R1 = 0.0438
[I � 2σI] wR2 = 0.0647 wR2 = 0.0769 wR2 = 0.0978
R indexes R1 = 0.0534 R1 = 0.0673 R1 = 0.0511
(all data) wR2 = 0.0684 wR2 = 0.0769 wR2 = 0.1016
Largest diff. peak, hole [eÅ3] 0.262, –0.204 0.333, –0.424 1.390, –1.009
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Experimental Section
General: Manipulations were performed under a dry nitrogen or
argon atmosphere by using Schlenk line and glove box techniques.
Acetonitrile was purified by distillation from phosphor pentoxide
and dichloromethane by distillation from calcium hydride. All
other reagents were obtained from commercial sources and used
without further purification. NMR spectroscopic data were re-
corded with a Digital FT NMR (Bruker Digital FT-NMR “Avance
DPX 200”, Bruker Optik GmbH). Infrared and Raman spectra
were recorded with an FTIR/Raman spectrometer (Bruker IFS 66v
with Raman-Modul FRA 106, Bruker Optik GmbH) by using ves-
sels and CsI pellets. Elemental analyses of C, N and H were deter-
mined by using a Heraeus CHNS Elemental Analyzer. X-ray pow-
der diffractions (XRPD) patterns of the samples were recorded
with a STOE STADI P diffractometer. Thermal analyses were re-
corded by using a TA Instruments 951 Thermogravimetric Ana-
lyzer and a Linseis HDSC L62H1550.

[C6N2H11]2[TiCl6] (I): To a solution of 1-ethyl-3-methylimidazolium
chloride (2 mmol, 0. 29 g) dissolved in acetonitrile (10 mL) was
dropwise added titanium tetrachloride (1 mmol, 0.19 g, 0.11 mL).
The slightly yellow mixture was concentrated under reduced pres-
sure and yellow crystals were obtained. 1H NMR (300 MHz, [D6]-
DMSO, 25 °C): δ = 9.54 (s, 1 H, C2), 7.89 (s, 1 H, C4), 7.78 (s, 1
H, C5), 4.20 (q, 2 H, 6C), 3.85 (s, 3 H, 8C), 1.38 (t, 3 H, 7C) ppm.
13C NMR (50 MHz, [D6]DMSO, 25 °C): δ = 136.5 (C2), 123.6
(C4), 122.0 (C5), 44.1 (C6), 35.7 (C8), 15.3 (C7) ppm. [C6N2H11]2-
[TiCl6] (482.91): calcd. C 29.85, H 4.59, N 11.60; found C 29.84,
H 4.52, N 11.61. IR (CsI): ν̃ = 3112, 2979, 1621, 1571, 1453, 1344,
1166, 1123, 826, 761, 640, 619, 326, 184 cm–1.

[C6N2H11][TiCl5CH3CN] (II): To a solution of 1-ethyl-3-methyl-
imidazolium chloride (1 mmol, 0.15 g) dissolved in acetonitrile
(10 mL) was dropwise added an equimolar amount of titanium tet-
rachloride (1 mmol, 0.19 g, 0.11 mL). After concentration under
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reduced pressure yellow crystals were obtained. 1H NMR
(300 MHz, [D6]DMSO, 25 °C): δ = 9.47 (s, 1 H, C2), 7.86 (s, 1 H,
C4), 7.76 (s, 1 H, C5), 4.21 (q, 2 H, 6C), 3.85 (s, 3 H, 8C), 2.07 (s,
3 H, CH3CN), 1.39 (t, 3 H, 7C) ppm. 13C NMR (50 MHz, [D6]-
DMSO, 25 °C): δ = 136.9 (C2), 124.0 (C4), 122.4 (C5), 118.6 (CN),
44.5 (C6), 36.1 (C8), 15.6 (C7), 1.7 (CH3CN) ppm. [C6N2H11]-
[TiCl5(CH3CN)] (377.35): calcd. C 25.46, H 3.74, N 11.14; found
C 24.63, H 4.16, N 10.58.

[C6N2H11]4[TiCl6][Ti2Cl10] (III): To a solution of 1-ethyl-3-methyl-
imidazolium chloride (1 mmol, 0.15 g) dissolved in dichlorometh-
ane (10 mL) was dropwise added titanium tetrachloride (1 mmol,
0.19 g, 0.11 mL). The yellow mixture was concentrated under re-
duced pressure and yellow crystals were obtained. 1H NMR
(300 MHz, [D6]DMSO, 25 °C): δ = 9.60 (s, 1 H, C2), 7.98 (s, 1 H,
C4), 7.89 (s, 1 H, C5), 4.30 (q, 2 H, 6C), 3.96 (s, 3 H, 8C), 1.50 (t,
3 H, 7C) ppm. 13C NMR (50 MHz, [D6]DMSO, 25 °C): δ = 136.5
(C2), 123.5 (C4), 121.9 (C5), 44.0 (C6), 35.8 (C8), 15.2 (C7) ppm.
[C6N2H11]4[TiCl6][Ti2Cl10] (1155.57): calcd. C 21.17, H 3.53, N
8.03; found C 20.70, H 3.18, N 8.05. IR (CsI): ν̃ = 3149, 3110,
2986, 1572, 1465, 1431, 1388, 1339, 1292, 1167, 1091, 847, 762,
703, 649, 622, 598, 329, 189 cm–1.

X-ray Diffraction Analysis: Data were collected by using graphite
monochromated Mo-Kα radiation (λ = 0.71073 Å) with a STOE
IPDS II diffractometer. The crystal structures were solved by direct
methods using SHELXS-97,[26] whereas in all cases heavy atom po-
sitions were obtained. Subsequent difference Fourier analyses and
least-squares refinements with SHELXL-97[26] allowed localization
of remaining atom positions. All H-atoms attached to carbon could
be localized by different Fourier maps. The drawing of the struc-
tures were realized with the help of Diamond[27] and POV-Ray.[28]

Crystal data and refinement parameters for the three compounds
are shown in Table 9. CCDC-714259 (for I), -714260 (for II) and
-714261 (for III) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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