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1 What are Ionic Liquids?

1-Ethyl-3-methylimidazolium bis(trifluoromethylsulf onyl)imide
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Ionic Liquid

� lower symmetry of cation and/or anions
� common definition:

„Ionic Liquids (ILs) is the generic term for a class
of materials, consisting entirely of ions and being

liquid below 100°C.“

„If they are liquid at room temperature, we call
them room temperature ionic liquids (RTILs).“
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What are Ionic Liquids?

Ionic Solid, e.g. NaCl Ionic Liquid
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Typical Cation and Anion
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Ionic Liquids – Properties

IONIC LIQUIDS

- thermal stability

- electrochemical stability

- low vapor pressure

- non volatility

- non flammability

- electric conductivity

- tuneable miscibility

- liquid over a wide range
of temperatures
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Ionic Liquids – Properties

In general it is not just one property that defines 
the uniqueness of an ionic liquid (as material), but 
their unique and characteristic profile of properties!
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Ionic Liquids – many fields of applications!

IONIC LIQUIDS

STATUS:

� R&D
� Pilot
� Commercialized

ELECTROCHEMICAL
APPLICATIONS
� fuel cells
� metal deposition

& metal finishing
� batteries
� dye sensitized solar

cells (DSSCs)
� sensors
� supercapacitors

PROCESS 
TECHNOLOGY
� deep desulfuration
� gas-separation
� extractive distillation
� liquid-liquid-extraction

SYNTHESIS & 
CATALYSIS
� enzymatic reations
� immobilization of 

catalysts
� nano-particle-

synthesis
� solvents for organic

reactions

THERMODYNAMIC
APPLICATIONS
� thermal fluids
� phase changing

materials (PCM)
� sorption cooling

media

FUNCTIONAL FLUIDS
� hydraulic oils
� storage media for 

gases
� lubricants
� surfactants

ANALYTICS
� electrophoresis
� solvents for GC-

head-space
� matrix-materials

for MALDI-TOF-MS
� solvents for Karl-

Fischer titration
� solvents for protein-

crystallisation
� materials for GC-

Columns

- thermal stability
- electrochemical stability
- low vapor pressure
- non volatility
- non inflammability
- electric conducting
- tuneable miscibility
- liquid over a wide range
of temperatures
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2 Ionic Liquids for the Synthesis
of Nano-Scaled Materials

N-Butyl- N-methylpyrrolidinium dicyanamide
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� for the stabilization of nano-particles typically 
surface active substances are used, e.g.

- thiols
- amines
- carboxylic acids

typically with long chain lengths (C 8 to C18)

� these are adsorbed on the surface of the particles
(“shell”)

� without surfactants typical properties of nano-
particles get lost due to aggregation of the 
particles

Conventional methods

aggregation

stabilization
by the shell



© IOLITEC GmbH, 2009.

� high polarity and low surface tension:

- this combination enables fast formation of crystal lites

- growth-inhibition of crystallites controlled by ionic liquids
leads to very small particles with small size distr ibutions

- polarity of ILs enables the use of very polar star ting materials

� high thermal stability and low vapor pressure:

- reactions above 100°C (up to approx. 250°C) are po ssible

- microwaves can be used for controlled input of energy

M. Antonietti, D. Kuang, B. Smarsly, Y. Zhou, Angew.Chem. 2004, 116, 5096.

IL and nano-materials
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IL and nano-materials

� hydrophobicity

- synthesis under non-aqueous conditions
(e.g. formation of hydroxides is suppressed)

� formation of molecular and supramolecular structures

- structure of ILs can influence the structure of na no-particles

- synthesis in „pure ligands“

- formation of supramolecular structures
(controlling the shape of structured nano-materials )

M. Antonietti, D. Kuang, B. Smarsly, Y. Zhou, Angew. Chem. 2004, 116, 5096.
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� non- or weakly-coordinating properties

- removal of solvents from the surfaces of nano-mate rials is often
a real challenge

- ionic liquids can be designed to have non- or weakl y coordinating 
properties

- the removal of suitable designed ionic liquids is much easier
compared to conventional solvents

> control of size, size-distribution and shape

> new synthesis methods

> removal of solvents

IL and nano-materials
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Reduction of metal-salts by H 2 in ionic liquids

AgBF4

H2, 4 atm, 85°C, 2h

BMIM BF4

Ag (nano)

AgOTf
H2, 4 atm, 85°C, 2h

N1114 NTf2
Ag (nano)

J. Krämer, E. Redel, R. Thomann, C. Janiak, GIT 2008, 400.
C. Janiak, E. Redel, T. F. Beyersdorff, M. Klingele, T. Schubert, DE 2007 045 878.0-24, Patent Pending.

Motivation:

� synthesis of nano-particles with diameters  <10 
nm and/or narrow size distributions are possible, 
still a challenge

� the smaller the particles the stronger is the 
tendency to aggregate
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Synthesis via decomposition of carbonyls

Ru3(CO)12

a) 90-230°C, 6 h
           or
b) UV-hn, 15 min

BMIM BF4

Ru (nano)

� very small Ru nano-particles ( � 1 nm)

� thermal decomposition or

� photolysis of carbonyls (here: Ru 3(CO)12)

J. Krämer, E. Redel, R. Thomann, C. Janiak, GIT 2008, 400.
C. Janiak, E. Redel, T. F. Beyersdorff, M. Klingele, T. Schubert, DE 2007 038 879.0-43, German Patent.
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Synthesis of Quantum Dots using ILs & Microwaves

G. Bühler, C. Feldmann, Angew. Chem. 2006, 118, 4982.
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� luminiscent nano-particles from raw earth metals

� ILs can be completely removed
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3 Dispersion of Nano-Materials

Choline Chloride
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� there are many techniques for the treatment and 
processing of nano-particles (spin-coating etc.)

� nano-particles can be toxic below a certain size 
and/or with a certain shape

� dispersions of nano-particles are easy to use and 
safe to handle

� the tunable surface active properties of ionic 
liquids can stabilize nano-particles, making them 
“soluble” in different solvents

Why are dispersions of nano-particles useful?

There is a strong demand in industry for dispersed nan o-particles!
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IL-pool

data base
of known materials

taken from literature
(>1500 entries)

and own
R&D (>500)

IL-Matrixpre-selection of 
ionic liquids by 
evaluation of 
our database

identification of 
lead-structures 
by screening 

processes

examination of 
lead structures 
by special tests 

and methods

modification of 
structures by 

rational design

Identification of suitable ionic liquids
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Dispersions of nano-particles

� the preparation of a stable dispersion is a multi-
parameter-problem:

- size of nano-particles
- size-distribution of nano-particles
- shape of nano-particles
- solvent
- concentration of particle and additive
- ionic liquids

� to crack agglomerates of nano-particles we use 
strong ultrasound-sources

� the evaluation was done by simple observation of 
the sedimentation of the nano-particles
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10 mol-% (in relation to the nano-particle)

1 without IL

2 IL: Cation 1 Anion 1

3 IL: Cation 2 Anion 1

4 IL: Cation 3 Anion 1

5 IL: Cation 4 Anion 1

day 1

1 week

day 3

Dispersions of silver in water

1 2 3 4 5
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day 1

Dispersions of silver in water

10 mol-% (in relation to the nano-particle)

1 without IL

2 IL: Cation 1 Anion 2

3 IL: Cation 2 Anion 2

4 IL: Cation 3 Anion 2

5 IL: Cation 4 Anion 2

1 2 3 4 5
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� Optically stable Ag-dispersiones in water
� additional: centrifugation for quick answers 
� a multiple of gravitational force

Dispersions of silver in water

1 IL: Cation 1 Anion 1

2 IL: Cation 2 Anion 3

3 IL: Cation 5 Anion 3

4 IL: Cation 1 Anion 4
5 000 rcf / 1 min 10 000 rcf / 1 min

1 2 3 4
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� in the case of Silver dispersions in water, the sta bilization of the 
particles was effected by the combination Cation 1 – Anion 1 or 4

� if the same cation was used with other anions, no s tabilization was 
observed

� no general trend is observed
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Dispersions of silver in water
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1 h day 1 day 2

1 week 1 month

Dispersions of Fe 3O4 in water

10 mol-% (in relation to the 
nano-particle)

1 without IL

2 IL: Cation 1 Anion 1

3 IL: Cation 3 Anion 1

4 IL: Cation 2 Anion 3

5 IL: Cation 2 Anion 4

6 IL: Cation 2 Anion 5

Water without IL-additive works extremely well!

1 2 3 4 5 6
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1 h day 1

1 month1 week

day 3

10 mol-% (in relation to the 
nano-particle)

1 without IL

2 IL: Cation 1 Anion 2

3 IL: Cation 2 Anion 2

4 IL: Cation 3 Anion 2

5 IL: non IL-Additve

Dispersions of Fe 3O4 in water

1 2 3 4 5
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� after 1 month the most stable dispersions were shak en briefly

� without IL-additive sedimentation was observed imme diately

1 month

Dispersions of Fe 3O4 in water

This result demonstrates clearly that ionic liquids are sui table additives
for the preparation of nano-particle dispersions !
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� Stress of “long-term stable” dispersions 

� Application of a multiple gravitational force

Dispersions of Fe 3O4 in water

10 mol-% (in relation to the 
nano-particle)

1 without IL

2 IL: Cation 2 Anion 2

3 IL: Cation 4 Anion 1

4 IL: Cation 6 Anion 1

5 000 rcf / 1 min 10 000 rcf / 1 min 15 000 rcf / 1 min 2 0 000 rcf / 1 min

1 2 3 4
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� Modified mol-% ratio of particles and additives (I)

� Application of a multiple gravitational force

Dispersions of Fe 3O4 in water

1 IL: Cation 4 Anion 1

2 IL: Cation 2 Anion 1

3 IL: Cation 5 Anion 1

5 000 rcf / 1 min 10 000 rcf / 1 min 15 000 rcf / 1 min 2 0 000 rcf / 1 min

20 000 rcf / 5min20 000 rcf / 5min1 2 3
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� Modified mol-% ratio of particles and additives (II)  

� Application of a multiple gravitational force

Dispersions of Fe 3O4 in water

1 IL: Cation 6 Anion 1

2 IL: Cation 7 Anion 1

3 IL: Cation 3 Anion 1

5 000 rcf / 1 min 10 000 rcf / 1 min 15 000 rcf / 1 min 2 0 000 rcf / 1 min

20 000 rcf / 5min20 000 rcf / 5min
1 2 3
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� in the case of dispersion of Fe 3O4 in water, no general trend was 
observed

� since no generalized theory is known, we have to lo ok carefully on 
each cation-anion-combination and concentration of additives and 
particles (=> current research)
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Dispersions of Fe 3O4 in water
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1 h day 3

Dispersions of MWCNT in water

10 mol-% (in relation to the 
nano-particle)

1 without IL

2 IL: Cation 1 Anion 1

3 IL: Cation 2 Anion 1

4 IL: Cation 3 Anion 1

1 2 3 4

Light microscope observation:

sample 1 sample 2

- no further changes observable so far
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1 h

day 3

Dispersions of MWCNT in water

10 mol-% (in relation to the 
nano-particle)

1 IL: Cation 1 Anion 1 

2 IL: Cation 1 Anion 3

3 IL: Cation 2 Anion 3

4 IL: Cation 2 Anion 2

1 2 3 4

-No further changes observable so far
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Dispersions of MWCNT in water

1 without IL

2 IL: Cation 1 Anion 1

3 IL: Cation 2 Anion 1

4 IL: Cation 3 Anion 1

5 IL: Cation 1 Anion 2

6 IL: Cation 2 Anion 3

7 IL: Cation 2 Anion 2

5 000 rcf / 1 min 20 000 rcf / 1 min 20 000 rcf / 10 min

� Application of a multiple gravitational force

1 2 3 4 5 6 7
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� In the case of MWCNT dispersions in water, the stabiliz ation of the
particles was effected by the combination Cation 1 – Anion  1 or 2

� If the same cation was used with another anion, the stabil ization
disappears

� no generalized theory is known so far => current re search
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Dispersions of MWCNT in water
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4 Summary & Outlook

Triethylsulphonium bis(trifluoromethylsulfonyl)imide
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� IL are suitable solvents for the synthesis of unique types of nano-
materials

� IL can influence size, size distribution and shape o f the nano-
particles

� IL can be used as additives for dispersions of nano- materials 
allowing an easier and safer handling

� a lot of work has to be done in order to understand m ore about 
how IL influence

- size, size-distribution & shape of nano-particles a nde
- the stability of dispersions

Summary and Outlook
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About IOLITEC

Foundation: May 2003

Branch: Chemistry / Cleantech

Facilities: 500 m 2 @ Denzlingen/Germany
2010: new production site is 
planned
July 2009: IOLITEC Inc.
@Tuscaloosa/Alabama/USA

Production Capacity: > 5-10 Tons per year
fast scale-up
2012: 50 Tons per year

Products: ~ 250 ionic liquids
10 in bulk quantities

~ 80 Nano-materials

Customers: 780 Customers worldwide 
(Q1 2009) from different
branches

IOLITEC

IOLITEC
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Ionic Liquids Nano-Technology Energy/Cleantech

Products @ IOLITEC

Ionic Liquids

� Fine Chemicals:
• 250 Products

& Custom Synthesis

� Special Chemistry : 
• 10 Products in bulk

quantities available
• Brands: IOLI Lyte

and IOLI Tive

� Solvents
� Process Chemicals
� Functional Fluids
� Surfactants

Available: 

� Nano-Particles
• 80 Products

Market Entry Q4/09:

� Nano-Coatings
� Nano-Particle-

Dispersions
• Brand IOLI Dispers

Available: 

� Materials for Dye
Sensitized Solar
Cells (DSSCs)

Market Entry 2010:

� Materials for
Heat - Transport
and - Storage

• Brand IOLI Therm

� Electrolytes for 
electrochemical
applications
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End of Presentation: Thank you!
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