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　　　　　　　　　　　　　　　　　　　　　　　　Abstract　づ

　　Anl-Ethyl-3-methylimidazolium-based room-temperature (RT)ionic liquid containi!lg cobalt

(II)ions[emim]2[COIICI4]was -investigated. (emim ° 1-Ethyl-3- methylimidazolium Cation)

The novel synthesis has been prepared follstudy in ambient-temperature ionic liquid，The salts have

been characterized both thermodynamic property and crystallographical property. The crystals are

isomorphous， and contain two distinctanions with differing interaction within the hydrogen-bonded

structures.

Key word ；X-ray, ionic liquid

lntroduction

　　　The choice of solvent is the very important in organic synthesis， and various

organic solvents have been used so far. However， the problem stlllremains that due

to their nature，organic solvents tend to be volatile and flammable. Therefore recently

several new environmental-friendly solvents have been developed. The importance of

green chemistry or a green sustainable chemistry is becoming more and more clear.

lonic liquids are ionic solvents that combine the advantages of both traditionalmolecular

solvents and melt salts，are considered as promising new reaction media， and have found

wide use in catalytic and non-catalytic reactions.I Not only can these useful materials

dissolve many organic or inorganic substances， but they are also readily recycled. The
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interest in lonic liquids is also a direct result of the diverse properties of these liquids

and the way in which they may be systematically varied，e･g･，the density, viscosity, and

water miscibility.Since they also have effectively zero vapo可pressure， this makes them

ideal engineering solvents for reactiye (;hemistry，allowing direct distillationof solutes

from the solvent and simple solvent recycling without the production of volatile organic

COmpOUndS●2　　　　　　　　　　　　　　・　　　　I　　　　I

　　　The ionic liquid is very interesting in the field of an inorganic chemistry. The role

and nature of cation-anion interactions in ambient-temperature ionic liquids are the

subjects of much current interest.Herein thisreport was the novel synthesis of has been

prepared for study in ambient‘temperature ionic liquid[emim]2[C♂CI4](1).We also

reported on structural properties were investigated.

　　　　　　　　　　　　　　　　　　　Experimental

lVlaterials｡

　　　Anhydrous cobalt(II)chloridjeCOC12(99.99％)and cobalt cobalt(II)hexahydrilte

COC12 °6H20 (99.99％)was obtained from Aldrich and used without purification.

[emim]Cl was purchased from Tokyo Kasei (＞97％)and purified according to the

literatureprocedure.3 0rganic solventswere distilledpriorto use.

Methods｡

　　　Melting(Tm， onset of the endothermic peak)，and decomposition(Td)temperatures

M/eredetermined by differential scanning calorimetry (DSC)thermograms(10℃min

l cooling/heating rate)on a Shimadzu DSC-60 and the tQmperature was calibrated by

water and indium. A suitable crystal of l was mounted in a glass capillary under argon

atmosphere and then onto a goniometer head. Data for complex l were collected by a

Rigaku AFC-7R diffractometer with a graphite-monochromated MooK radiation and

a 12 kW rotating anode generator. The incident beam commator was l.0 mm， and the

crystal-to-detector distance was 235 mm. Cell constants and an orientation matrix for

data collection，obtained from a least-squares refinement using the setting angles of 25

carefully centered renections， corresponded to the cens with dimensions listed in 7nEible

2，wheredetails of the data collection are summarized. The weak renections (I＜10(I))

were rescanned (maximum of three rescans)and the counts were accumulated to ensure

good counting statistics･Stationary background counts were recorded on each side of the

reflection.The ratio of peak counting time to background counting time was 2:1. Thtee

standard renections were chosen and monitored every 150 reflections. An empirical

absorption correction based on azimuthal scans of several reflections was applied. The
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data were corrected for Lorentz and polarization effects. Each decay (jfintensities of

three representative renections was －O.56％， and thus linear correction factors were

applied to observed data. Determination and Refineme紅 The systematic abseilce(h01)

with h十1＝odd,andj(OkO)with k＝odd indicated the space group P21/n(n0.14).The

structure ofthe complex was solved by Pet6rson methods (DIRDIF92 PATTY)4 and

refined by the ful1-mattix least'squ犀es meth6d. Me§1sured nonequivalent renections with

l＞3.0ぞ7･(7)were used for the structure determination. ln the subsequent refinement

the function Σw(IF｡卜IF｡|)2 Was minimized， Where lF｡l and lF｡lare the observed and

calculated structure factor amplitudes， respectively. The agreement indices are defined

asR＝Σ‖F｡巨IF｡|/ΣIF｡land Rw＝[Σw(IF｡巨IF｡|)2/Σwlp｡1211/2，where w‾1＝�(Fo)

＝(72(Fo2)/(4Fo2).The positions of all non-hydr6gen atoms and the hydrogen atom，

H(8)，were found from a difference Fourier electron density map. AIl non-hydrogen

atorns wererenned anisotropicalliy.AIl hydrogen atoms， except for H (8)，were placed in

calculated positions (C －H ° O.9?5Å)and kept fixed. AIl calculations were performe(!

using the TEXSAN crystallographic software package， and an illustration was drawn

with ORTER

　Syntheses of [emim][COIICI4](1)

　　　EquimQlar[emim][EtS04](1.609，1.0 mmol)and COC12or COC12 ・ 6H20 (i.709，

　1.89 g，1.0 mmol, respectively)were mixed at RT without any solvent and the dark blue

‘liquid(1)that forme(l was stirredfor 30minutes at RT. Crystalization of (1)was left

　thisionic liquid at RT in Draft Box.

ThermllI Properties.

　　　Thermal property of (1)

are shown in Figure 1. The

saltsl is liquids at RT with the

melting points within 98℃，

Decomposition temperature of

l is as high as 230℃，leading

to　the　吻ide　liquid range.

0n cooling， a transformation

from crystalline form to glass

form passing through the

supercooling liquid state was

absent dowli to 100℃.
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Figurel.TGA-DTG of [emim]2[ColIC14]
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CrystaI Sti｀ucture of 14.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ダ

　　　The crystal of (1)was prepared by recrystallization from solution Qf ethyl acetate.

XVe could not make the crystal using anhydrous COC12. The crystals was isolated and

dried under vacuum. 0ur synthesis method was newly， easy and efficient compared

with fornlerreport.4 The peak positions and intensities of Bragg rdlections yere

similar to thQse of the reported [emim]2[FeIIIC14]and[emim]2[NiIIC14]salts,5 and

thus the structure parameters of the C♂C14 saltyere usedﾆas the starting model for the

refinement. The salt l belongs to the tetragonal system: These data were shown by

lTable l，1�ble 2 and Figure 2. '　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
　I

　　　　　　Table lレヽCrystal data and structurerefirjementfor[emim]2[COC14]･(1)

ldentificationcode

Empirical formula

Formula weight

7rbmperature

lVavelength

Crystal system

Space group

unit celldimensions

Volume

Z

Density(calculated)

Absorption coe伍cient

F(000)

Crystal size

Theta range for data collection

lndex rangis

Renections conected

lndependent renections

Coinpieteness to theta ＝25.00°

Absorption corTection

Max.and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of･-fit on F2

Fina1 R indices [I＞2sigma(I)]

R indices (all data)

Laljgest diff･peak and hole

[emim]2[COCI4](1)

C12 H22 C14 CO N4

423.07　　　　　　　　　　　　　　　　　　　　　　　　　　　　　∧

150 K　　　　　　　　　　　　　　　　　　　　　　　　　　　　づ

0.71073A　　　　　　　　　　　　　　I･

letragonal

l4(1)/a　　　　　　　　　　　　＼

a＝14.0553(9)　　　　Åα＝90･.

b＝14.0553(9)　　　Åβ＝90･.

c＝19.139(2)　　　Ay＝9o°.

3781.0(6)Å3　　犬

8

1.486 Mg/m3

1.471 mm-1

1736　　　　ﾊ.

0.40 × 0.30 × 0.30 mm3

1.80 to 27.14°.

－17＜＝h＜＝14，－17＜＝k＜＝13，－24＜＝I＜＝23

9126

1980[R(int)＝0.0181]

100.0％

Empirical

0.6666 and 0.5907

Full-matrix least-squalles on F2

1980/O/97

1.233

RI＝0.0341,wR2＝0.1363

RI＝0.0375,wR2＝0.1427

0.511 and － 0.554 e.Å‾3
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Table2.Hydrogencoordinates（×104）andisotropicdisplacementparameters（Å2×103）

for［emim］［COIIC14］（1）.　　　　　　　　　　　　　　　　‥，
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Figure2.The local structurearound a single cation in [emim]2[COIIC14]
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Ｃｏｎｅｌｕｓｉｏｎ　　　　　　　　　　　　　　　　　　　　　犬

　　　ThQ novel synthesis of has been prepared for study in ambient-temperature ionic liquid.

The Saltshave been characterizedboth thermodynilmic property and crystanographical property･

The crystals are isomorpbous， and contain two distinct anions with differing interaQtion

within the hydrogen-bonded structures.lt appears thatitslower melting point than those of

isomorphousCOIIC14 saltsis related to its expandedlattice.We now are interested in making

magnetic RT ionicliquids.

　　This work was in partsupported by a Grant-Aid-for scien邱c Research(KAKENHI)

on Priority Areasfromthe Ministry of Edﾘcation， Culture，Sports，Scienceand
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