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lonic liquids: A brief introduction

A liquid that is composed entirely of ions

De-localized charges Asymmetric ion shape

(poor packing)
\ /

Melting point below 100 °C
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lonic liquids: A brief introduction

A liquid that is composed entirely of ions

De-localized charges

N\

Asymmetric ion shape

(poor packing)

/

Melting point below 100 °C

Typical ions to form ionic liquids

\N/\N/C4H9

\ —/ F/ \F

Hydrophilic
Tg -81°C only

\(‘E/\ N— CaHo

\—/

F

o
/

F
F

Hydrophobic
M.P. of 6.4°C

/F
\F
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lonic liquids: Compounds synthesised

Cytec? routinely produces tetraalkylphosphonium halides such as the ionic liquid
trinexyl-tetradecyl phosphonium chloride

Trihexyl-tetradecyl phosphonium
chloride

Liquid at room
temperature

8 (‘34H9
S
P_C4H9
a
C4Hq 4Mo

Tetrabutyl phosphonium
chloride

M.P 67°C

o (|38H17
Br @
P—CgH47
/ N\

Tetraoctyl phosphonium
bromide

M.P 45°C
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lonic liquids: Compounds synthesised

ﬁ/ﬁ)\ﬁ Commonly used anion
FSC—ﬁ ﬁ—CF3
@) O
Exploring alternative
analoges
I 0 O
\ e |
2,2,2-trifluoro-N-(trifluoromethylsulfonyl)acetamide (TSAC) / N S CF3
9 FsC |cl

v© 1 Saccharinate Acesulfamate
S/ (Sacc) (Ace)
O/ \\O

LDso NaSacc: 14,200 mg/kg

ﬁx

LDso KAce: N/A
N-acyl-N-sulfonyl imides

Sacc and Ace are non fluorous and have well established toxicological profiles

Used as non nutritive sweeteners

E. B. Carter, S. L. Culver, P. A. Fox, R. D. Goode, I. Ntai, M. D. Tickell, R. K. Traylor, N. W. Hoffman and J. H. Davis, Jr., Chem. Commun., 2004, 630-631.
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’ ILs Studied

6 new ILs.

C14H29
O
N

CeH13 CeH13
CeH13

[P6,6,6,14] +

C4H9

P

1IN

C4Hg C4Hg

[P4,4,4,4] +

[Ace]

[Ace]-

[Cycl

ZT

ZT

[Cycl-

O—wn—"0

n—=U2:o0

o
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ILs Studied

Purchased ILs

®| R
/T\ FSC—ﬁ/ \ﬁ—CF3
CeH1s CeH13 o) o)
sH13
[Ps.6,6,141" INTE
CgH17
o o
C8H17/ | \C8H17 CSH17/ | \CSH17
CSH17 CSH17
[Ngs,ss]" [N} s,88]"

[dca]

Cl

[CIT

[dbsa]”
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Thermal analysis

IL T, / °C Taee/ °C
[Psssi4][Sace] =56 197
[Pé.6.6.14][Ace] -61* 196
[Pé.6.6.14][Cyc] -53 194
[P6s6.14][NTER]**  -76 400
Psssa4l[dcal*™  -67 395
[Ps.6.6.4][Cl] -61 373
Py y4.4][Sacc] =04 300
Pissd[Ace]  -47 (To) 280

S (crystallisation)

42 (melt, AS; = 43(10) JK-'mol™)

[Py444)[Cyc] -32 280
[N;s.58][Cl] 202
Nis.s.54][Cl] 33 (Syr- Sy ASr = 12(10) JK-'mol!) 196

44 (S - S; ASy = 68(10) JK'mol™)
54 (Twer ASy = 59(10) JK-'mol)
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Thermal analysis

IL T, / °C Taee/ °C
[Psssisl[Sacc]  -56 197
[Ps.s.5.14][Ace] =0~ 196
[Ps.6.6.4][Cyc] =3 194
[P6ss14][INTHR]**  -76 400
Psssi4]ldcal*™  -67 395
[Ps.6.6.4][Cl] -61 373
Py444l[Sacel—"=37 300
[Py 444]|Ace] -47 (Ty) 280

S (crystallisation)

42 (melt, ASy = 43(10) JK-'mol Y

[Py 444][Cyc] -32 280
[N;.555][Cl] 202
Nzazal[CI] 33 (S - Sy ASf = 12(10) JK-'mol) 196

44 (Sy - S; ASy = 68(10) JK-'mol)
54 (Twer ASy = 59(10) JK-'mol)
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Thermal analysis

IL T, / °C Taee/ °C
[Psssu4][Sace]  -56 197
[Pé.6.6.14][Ace] -61* 196
[Ps.4.6.441[Cyc] -53 194
[Psss24] [NTH]**  -76 400
Psssa4l[dcal*™  -67 395
[Ps.s5.6.14])[Cl] -61 373
Pyyq4llSacet—"=3% 300
PrssdlAce] 47 (Ty) 280

S (crystallisation)

[Ps444][Cyc]

42 (melt, AS; = 43(10) JK-'mol-")
-32 280

33 (S-S ASy = 12(10) JK-'mol') 196
44 (Sy - S; ASy = 68(10) JK-'mol)
54 (Tpen ASy = 59(10) JK-'mol ")

Wednesday, 22 June 2011



Density

1.1

1.05

Density (gcm'3)
)
3

0.9

0.85

0.8

- 8 8 8 @® [P ][Sac]
i 0 ’ 6,6,6,14
cC 5 ® o ® [»__ ICyc]
o & e
O O v [P6,6,6,14][Cl]
- . [P4’4’4’4][Sacc]
S
[ .: * o o + N Jen
B ® o o ® o . B Idbsal
’ . . ’ O [P666 14:| [NTfZ]
2 ® ® o
B . ¢ m [P dea]
i ! ! : - ' [ : ‘ P @ [P . JAce]
i T ! ! i m | A N
X
] ] 1 ] ] |
20 40 60 80 100 120

Temperature ("C)
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Viscosity

1.5

S
W

Log Viscosity (Poise 1)

—
()]

-1.5

[N JICl]

1,8,8,8

[P ][Sacc]

44,44

[P lldca]

6,6,6,14
[P JINTE]

6,6,6,14

[P ][dbsa]

6,6,6,14

[P JICI]

6,6,6,14
e JCycl

6,6,6,14

[P ][Sacc]

6,6,6,14

[P6,6,6,14] [ACG]

N, JICI]

8,8,8,8

Temperature (1000/K)
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Viscosity
19477 mPa S

S S
H [N 1888][Cl]
1 ® |r 4444][Sacc]
~ v [P6 6.6, 14] [dea]
;sj 0> [P 66614][NTf]
E: T [P 66614][dbsa]
§ 0 A [P 66614][ 1
=
é" 4 TP 66614][Cyc]
-0.5 H [ 6.6.6. 4][5300]
¢ 66614][Ace]
-1 A N 8888][C1]
-1.5 1 1 1 |
4

Temperature (1000/K)
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Conductivity

CeH13
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Conductivity

-3 g [rossesmesme ey oo
: i ) ‘ | (B) | ] [P, JSacc]
AR Tty IR LM ICE
i & PS ¢ ¢ 4 | V¥V [P ][Ace]
C ® ¢ | BN A\ | 44,44
~ _f ¢ mY o ¢ N Jc]
< 5 el @) g O Vo I 1,888
QE) [ | 4 = v ® [N8888][Cl]
N | ¢ B .
B -6 b . & |v --------------------
g | e I
< [ | | |
£ J A T L [ |
s [ 4 ¢
o0 - e o
= - O-gg PS |
[ | |
9 e O |, ..................................
i : 100 °C :50 °C 0°C | O
qo L v 0 by v b e e e

26 2.8 3 32 34 36 38 4 4.2
T (1000/K)

C4H9 C.H C4H9
4179

[Pygqal”

\ @
/

CgHy7 CgHy7
CgHy7

[N;sssl"

CgH47

/ \
| CgH17
CgH17

[Ngsssl™

CgH47

Wednesday, 22 June 2011



Interesting points about the data

IL

Conductivity (S cm™) (40 °C)

Viscosity (Pa.s) (40 °C)

[Pé.6.6.14)[Cl]
[Ps.s6.14][Cyc]
[Ps.s.6.14]|dbsal
[Psss14][Ace]
[Ps.s4614][Sacc]
[Ps.6.6.14][NTH]
[Ps.s.6.14][dca]
[Ps.s44][Sacc]
[Psys4]|Ace]*
[Psss4][Cyc]*

[N7.5.55][Cl]

95%10°
8.9x10°
6.7 x 10°
6.4x 107
3.0x 107
1.8 x 10
3&x 10"
4.0x 107
5% 102
8.7 x 107
54x107

1.2x 103

0.70

0.62

0.95
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Interesting points about the data

IL Conductivity (S cm™) (40 °C)  Viscosity (Pa.s) (40 °C)
[Ps.6.6.14][Cl] 9.5x 106 0.70
[Ps.46.46.14][Cyc] 8.9x 10¢ 0.62
[Ps.s.6.14][dbsa] 6.7 x 10° 0.95
[Ps.s414][Ace] 6.4 x 107 0.67

@acc] 3.0x 107 0.58
[Ps.5.6.14][NTH] 1.8 x 104 0.15
[Ps.4.4.14][dca] 3.8x10* 0.12
[Ps.s44][Sacc] 40x 107 1.58
[Psyq4][Ace]* 1:5x 107 --
[Pss44])[Cyc]* 8.7x 107 =
[N7ss5][Cl] 54x 107 0.57
[Ns.sss][C1]** 1.2 x 10 -
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Interesting points about the data

IL Conductivity (S cm™) (40 °C)  Viscosity (Pa.s) (40 °C)
[Pé.6.6.14)[Cl] s & [l 0.70
[Pss5.14][Cyc] 8.9 x 10 0.62
[Ps.s.6.14][dbsa] 6.7 x10* 0.95
[Ps.s.4.14][Ace] 6.4 x 107 0.67

@acc] 3.0x 107 0.58
[Ps.5.614][NTH] 1.8 x 10 0.15
[Ps.4.4.14][dca] 3.8x10* 0.12

@[Sacc] 4.0x 107 1D
[Psyq4][Ace]* 1.5x 104 --
[Pss44])[Cyc]* 8.7x 107 =
[N;555][Cl] 54x 107 0.57
[Ns.sss][C1]** 1.2 x 10 -
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Interesting points about the data

As an example of these effects, [P4444][Sacc], although being almost three

times more viscous (1.58 Pa.s at 40 °C) than [P¢6,6,74][Sacc] (0.58 Pa.s at 40

°C) nonetheless has similar conductivity,
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Interesting points about the data

As an example of these effects, [P4444][Sacc], although being almost three

’ times more viscous (1.58 Pa.s at 40 °C) than [Ps6,6,/4][Sacc] (0.58 Pa.s at 40

°C) nonetheless has similar conductivity,

One could consider [Pg,6,6,14][Sacc] to be surprisingly fluid given the size

of the cation.
’ Consider the low conductivity, one realises that it 1s not behaving as a true i1onic
liquid and 1s better thought of as reflecting the properties of a liquid 1on paired

compound.
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Interesting points about the data

As an example of these effects, [P4444][Sacc], although being almost three

’ times more viscous (1.58 Pa.s at 40 °C) than [Ps6,6,/4][Sacc] (0.58 Pa.s at 40

°C) nonetheless has similar conductivity,

One could consider [Pg,6,6,14][Sacc] to be surprisingly fluid given the size

of the cation.
’ Consider the low conductivity, one realises that it 1s not behaving as a true i1onic
liquid and 1s better thought of as reflecting the properties of a liquid 1on paired

compound.

’ Presumably because the degree of ion correlation and association 1s lower

1n the former case.
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COIL-3

3" Congress on lonic Uguids
May 31 - June 4 2009
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lonicity: A qualitative analysis (quantitative is another talk)

To relate the fluidity and conductivity of an 1onic liquid

1t 1s best considered 1n terms of the Walden rule.
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lonicity: A qualitative analysis (quantitative is another talk)

To relate the fluidity and conductivity of an 1onic liquid

1t 1s best considered 1n terms of the Walden rule.

States that the equivalent conductivity, 1s
directly proportional to the fluidity of the
medium through which the 1ons move.

An= constant
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lonicity: A qualitative analysis (quantitative is another talk)

The Walden rule 1s temperature independent,
The change in equivalent conductivity is the same

rate as the imnverse viscosity.

—

States that the equivalent conductivity, 1s
directly proportional to the fluidity of the
medium through which the 1ons move.

An= constant
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“Ideal” Walden behavior
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“Ideal” Walden behavior

Wednesday, 22 June 2011



Non 1deal behavior
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lonicity: A qualitative analysis

Show 1s a classification system of the Walden plot and deviations from the

Walden rule as proposed by Angell et al.

..—l superonic glasses |
E Grotthus and other
3
=1
c
]
'] vapor
E supenonic liquids
i
=
3 pressures
e
8

[ 1 i 1 [ ]

MW liquids

|

high vapor press unes

| nen-ionic liquids
1 1 i

uidi
M. Yoshizawa, W. Xu and C. A. Angell, J. Am. Chem. Soc., 2003, 125, 15411. hg "LH 'tﬂ

Wednesday, 22 June 2011




lonicity: A qualitative analysis

Show 1s a classification system of the Walden plot and deviations from the

Walden rule as proposed by Angell et al.

“Poor Tonic Liquids” are 1onic liquids that

exhibit only 10% of the “Ideal” molar

conductivity for a given viscosity.

M. Yoshizawa, W. Xu and C. A. Angell, J. Am. Chem. Soc.,

[ 1 i 1 [ ]

— aqueous KCI
. Ilr"IEE mglasueal calibration point

|~ good ,é-"/

Z Grotthus and other ionic

% MW liquids

_E iy

[ —

o

(1] vapor

il

E supenonic liquids

-

=

=3 Pressures

g

E high vapor press unes
| nen-ionic liquids

2003, 125, 15411 log (fluidity)
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% A EAN \

aPic-Tf 2
m [C, mpyr][NTf,]
x [C,mpyr][dca]

Log [Molar conductivity (Scm=2 mol™1)]

. i3 -1 0 1 2 3
Log [1/Viscosity(Poise‘1 )]
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Log [Molar conductivity (Scm=2 mol™1)]

A EAN
aPic-Tt

m [C, mpyr][NTf,]

x [C,mpyr][dca]

-2 -1 0 1
Log [1/Viscosity(Poise‘1 )]
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3
® (P66 14][Sacc]
® [Ps.6.614[Cyc]

—_ 2 WP, 1Sacc]
3 [N, 5.5,5](CI]
g [Ps.6.6.14[Cl]
~ A EAN
| 1 e
= aPic-1Tt
gx A [Pa,a_o,/ﬂ[N'l‘f:]
; [Ps.6.614][dca] X
S 0 [Py.6[dbsal 42
g m [C,mpyr]|[NTf,]
= x |C,mpyr][dca]
c
8 -1
| .
L.
(@)
=
= -2
o
)
=3

-3

-3 -2 -1 0 1 2 3
Log [1/Viscosity(Poise 1)]
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Log [Molar conductivity (Scm=2 mol™1)]

[
—

1
N

@ [P 4614][Sacc] /

@ [Ps.6.614[Cyc]

(P, ]Sacc]
IN; 555I[Cl]
[Ps.6.6,14[Cl]

A AN
aPic-Tf

s [Ps6614[NTH, ]
[Ps.6.614][dca]
[Ps.6.6141[dbsal

m [C, mpyr][NTTf,]

x |C,mpyr][dca]

-2 o | 0 1 2
Log [1/Viscosity(Poise ™ 1)]
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Log [Molar conductivity (Scm=2 mol™1)]

@ [P 46 14][Sacc]
@ [Ps.6614[Cyc]
WP, 41Sacc]
IN; 555][Cl]
[Ps.6.6,14[Cl]
A AN
aPic-Tf
A [Pg6.614[NTT, ]
[Ps.6.6 141 dca]
[Ps.6.6.14][dbsa]
m [C, mpyr][NTTf,]
x [C,mpyr][dca]

-2 -1 0 1
Log [1/Viscosity(Poise’1 )]
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Extraction of data

Log [Molar conductivity(S cm?mol™?)]

Ideal KCl line

Log [1/Viscosity(Poise )]
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Extraction of data

Ideal KClI line AW

Between 0 -1
Associated IL

Log [Molar conductivity(S cm?mol™?)]

Log [1/Viscosity(Poise™!)]

Wednesday, 22 June 2011



Extraction of data

Ideal KCI line AW

Between 0 -1
Associated IL

AW

<1

Log [Molar conductivity(S cm™?mol™)]
o

Poor IL: Angell

=3 -2 -1 0 1 2 3 .
Log [1/Viscosity(Poise™*)] LIPs: Fraser
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Extraction of data

- AW (£0.1)
Psss.4][Cl] 14
Pss6.4][Cyc] 14
[Pss.6.14][dbsa] 13
[Ps.s5.14][Sace] 09
[Pss44][Sacc] 00
[N 5.5.8][Cl] 1.0
[N .5.5.8][Cl] 0.9
Psss.14l[dca] | OO

0.7
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Ab initio

To further investigate the role of 1on pairs (and by implication larger 1on

’ aggregates) in the large AW observed for some of the salts, ab initio

calculations of the corresponding ion pairs were carried out
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Ab initio

L AW (£0.1) AEgs

14 46, - ST
[Ps.4.6.14][C1] s A negative AEqisp indicates a more

Psss14l[Cye] 14 o tightly bound ion pair.

[dbsa] 13 -44.7

..........................................................

[Psss.141[Sace] 07 -32.4

Pyyqq4][Sace] | 0O

Ns.s85][Cl] kil

[N 1 ..:5"..:5',.!5',] [C l ] Ui

|Pss.6.14][dca 0 Tkt

PELPEEAPE N N B TP FR s

[Ps.s.614][NTE] | 07 0.0
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Ab initio

-

LRRARRAININI D L SAAAAAAAAANAA,

........................................................

PELPEEAPE N N B TP FR s

0.9

0.6

1.0

0.9

0.6

0.7

-44.7

-32.4

[P4444][Cyc] and
more strongly bound

almost 50 kJ mol-!,

Ps444]

-46.0 : ST
>}negauve AEdisp Indicates a more
-48.5

1ghtly bound 10n pair.

[Cl] are

Ps444]

NTf] by
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Ab initio

-

...............................

-44.7
0.9 -32.4
0.6

1.0

0.9

0.6 -14.2
0.7 0.0

negative AEdisp iIndicates a more

-403
48.5 1ghtly bound 10n pair.

[P1444][Cyc] and [Py444]

[Cl] are

more strongly bound [P4 44 4]

almost 50 kJ mol-!,

NTf] by

Indicating a tendency for very

strong 10n pairing in the former two

ILs.
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Ab initio

[P+244CI]

|Psvve]INTH2

[Piss]|dbsa) |Pisss]|deal

Optimised structures for the calculated 1on pairs.
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Conclusions

The fact that some of these liquids lie 1n the liquid 10n
pair zone of the Walden plot does not necessarily mean

that they are not of interest as solvents or media.
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Conclusions

The fact that some of these liquids lie 1n the liquid 10n
pair zone of the Walden plot does not necessarily mean

that they are not of interest as solvents or media.

For example, if 10n pairing 1s significant, 1t may
be predicted that such compounds would exhibit

higher vapour pressures.
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Conclusions

The fact that some of these liquids lie 1n the liquid 10n
pair zone of the Walden plot does not necessarily mean

that they are not of interest as solvents or media.

For example, if 10on pairing 1s significant, 1t may
be predicted that such compounds would exhibit

higher vapour pressures.
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Conclusions

The concept of ionicity does not necessarily describe the
chemical availability of individual ions, which may depend
more strongly on the associated nature of the ionic liquid.

Such chemical reflections of the state of ions will be
described by much needed thermodynamic activity
measurements in ionic liquids
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