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Abstract Ten habgen-free bnic liquids ( Ls) based on 1 3-diakylm dazolum cations and m e hanesu lfonate [M S|~ or

p-tolienesulfonate [ TS]™ anbns were synthesized via one-step reaction and their physicochan ical properties such as ag-

gregaton behavior surfice property themal property density viscosity refractive ndex and ekctiochen kal propertes

have comparatvely been studied The resulis showed that bn cluster behaviorw as observed ©r the m ethanesu lfonate an on

ILs The an Bsbn spectra of neat [ BEin ]M'S only gave relatvelyweak fhiorescence whereas [BEm | TS exhibited strong

em Bsbn behavibrunder sane conditbns Ten sudied ILs disp hyed fwe different phase behaviors ofwhich [ C,M m [M S
exhibited a Iiquid ciystalbehavibr The [TS]™ based ILs shoved high refractve ndices of > 1 51
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In genera] organic molten salts containing bns
(lonic cluster) and wih a meltng pont of below
100 C are defined as“ bnic Lijuils” (Ls)'". Dit
ferent fran molecular liquids ILs have m any pecu liar
properties mchdngw de liquid range neglgble va
por pressure higher themal stability and good ionic
conductvity Hencg over he past decade the poten
tial app lcations of ILs have spread rap dly to num ewus
fields such as catalysis[ . electrochan istlym, sepa-

. [4]
raton

, polymellsl, synthesis[ . material” etc

However further development of the ILs’ applicatbns
was encounlered sane obstacles due to he difficulty in
acquirng he hihly pure ILs especially n those fields
sensitive to halogen ions Presentl, the mostwidely
used wute to prepare ILs still enploys a wo-step m eth-
od ie,

fom ng an IL precursor contain ng a taget cation and

a quatem ization reactbn wih the am of

follow ed by a metathesis process kad ng to the desired

Received date 2010-10-26;, revised date 2010-11-08.

product Thismethod nevitably ntroduces the contan-

. . . . 18 9]
inatbn of trace amounts of halde ion

thereby re
sultng n the uncleanness of he taget ILs Now it has
been recognized that n same transition-metal catalyzed
reactions even ppm quantites of halide n Ls can po+
son expensve calalysts renderng then useless .
On this accoun} to develop halogen-free routes to ILs
has been one of the hot topics in current Il synthesis
To achieve the goal of synthesizing halogen-free
ILs great endeavor has been made and several hab-
gen-free synthetic approaches ncluding one-step alky-

latbon of N-alkylm dazole by using alkyl su lfated ',

13
or phosphates[ ' et

cathonates ", as alkylating
agent have been devebped Among them, the mehod
utilizing akyl sulfonates to tawget ILs i e one-slep
akylatbn of N-akylm idazole with alkylsulbnates ( e

g methanesu lfonate ester p—tolenesulfonate esteg

etc ), has attracting great nterest Recently Dupont
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et al reported that the anions of the alkanesulfonate-
based Ls can be easily substiuted by a series of other
anbns such as [BF, ], [PFs] , and [NTH£]

etc "' That is these m ehanesulfonate ( mesy late)

orp—toluenesu lfonate ( tosylate) based ILs can be used
as mportant “ ntemediate ILs” lke [ BMm ] Cl and
[EM in | Br to prepare the target ILs w ith other an bns

which thereby supports an altemative approach to syn-
thesize habgen-free Ls based on conventional fiorna-
these [MS] and
[TS] based ILs should be given much more atten-

ted anbns On this account
ton especially consderng their mportance to some
habgenfree ILs And acquiring the detailed proper
ties of these d akylim dazolium salts based [MS]  and

[TS] anions is also necessary Up to now, however

he suudies on these [MS]  and [TS] based ILs are
still relatively lin ited and the in-depth exp bratbns of
their properties and its canparative study wih the

[BF;] 1ILs have been lacking yet In this woikk an

atten pt wasm ade to systematically characterize a seres
of L 3-dakylm dazolim [MS]  or [TS] based
ILs and a detailed study on the ir physicochem ical prop-
erties such as bn aggregation, fluorescence surface
property,

tive ndex and electrochen ical property

hemal property density, viscosity, refrae

1 Experin ental Section

M aterials M ost of the chem icals used in this woik
were of analytial grade and were used w ithout further
purificaton. p-Tolienesu lfonyl chlorde orm e hanesut
fonyl chlorde and all alecohols were purchased fran
Shanghai R eagent Copp  Lid and Tianjn R eagent
Comp. Lid, respectvel. N-Methylnidazole (9% )
and N-ethylin dazle (99% ) were purchased fran
Aldrich N-hexylm tazok was prepared according to
the approach reported prev 'I)usly[ . For the pumpose of
canparison [ BM in | BFy and [ BM i | PFs with high
purity were purchased fran M erck

Ri=methyl, Ry=ethyl, [EMim]*;

R,=methyl, Ry=n-butyl, [BMim]*;
R{=methyl, R,=n-hexyl, [HMim]*;
R,=methyl, R,=n-octyl, [OMim]*;
Ry=methyl, R,=n-decyl, [DMim]*;

Ry, A T.R
1 \N 2

—s0y; MS

—@»sog T8

R4=methyl, R;=n-dodecyl, [C,Mim]*;

Ry=ethyl,

R,=n-butyl, [BEim]*;

Ry=n-butyl, R;=n-hexyl, [HBim]".

Schane 1 Stwicture and abbreviations of cations and anions en ployed n ths work

1 1 Synthesis and Characterization

A Il akyl m ethanesulfonates alkyl p—toluenesu+
bnates and he Ls (Schane 1) were prepared accord-
ng to the lierature procedures with slight modifica-
ton . Ebu tyk3-m ethy lin idazo lim
mesylate ([ BM m[MS) was prepared w ith high yield
fran the reacton ofN-me hylin dazole and bu tylmeth

anesulfonte n an appropriate solvent such as aceton+

For exampleg

trile under mild conditions | FM m |MS [HM i |
MS [OMm]|MS [DMm]|MS [CoMm]MS
[BEm|MS [HBm|MS [BEm]|TS [HBm]TS

were prepared sinilarly via the quatem ization reactions

of corresponding N-akylin idazole w ith akyl sulfonate
or akylp—tolienesu lfonate W e used them ethod which

L. 16
was descrbed n literature

to monitor the end—point
of the akylation reactbn and detem ine the levels of
unreacted N-m eyl dazole to < Q 2mobo. All the

sanp les, were washed with diethyl ether, for five tines

and then treated under reduced pressure ( 10° .10’
mbar) at80 C for 12 h to ranove the organic mpurt
ties orwater The purified ILswere stored n a desie
catorw rapped by alm inun foils under dry nitrogen In
order to ensure that he ILs were free fran volatile in-
purities such as watey they were purified agan before
physicochem ical property testng The water content n
ILs was detem ned by means of aKartFischer titration
(M itsubishi CA—06 M oisturem eter) o be kss than 400
ppm. 'H NMR spectra were recoded on a Bruker
AMX FT 400MHzNMR spectraneter Electrospray +
onization ( EST) mass spectranetty was recorded on a
Bruker Daltonics APEX 1I 47e Fourier transfom mass
spectrameter The fliorescence spectra were recorded
at 25 ‘C on aH itach im ode 1 F-7000 FL spectrophotam-
eter at a scan speed of 1 200 nm /m n and PMT voltage
700 V. The excitation and emission slit width were

kept.et5. O nm, and 2 5 nm  respectively The X-ray
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photoe lectron spectroscopy ( XPS) analyses were per
Ppmed wih aVG ESCALAB 210 nstrun ent (M g Ka,

150 eV) by depositing I on he Au substrate M eas-
uremen ts of phase-transition tem peratures melting and
freezing pontswere carried out on aM ettlerToledo d i
ferential scannng calormeter model DSC822°, and
the data were evaluated using the M ettlerToledo
STARe software versbn 7 01 The samples were heat
ed up 10 120 C and m an tained 30 m n for further pur-
ifation because of their strong hydroph ilic properties

The scanning rate was 10 C /min M eltng points and
glass-transitbn temperatures were obtaned fran the
second heating curve The sanples for TG /DTA m eas-
urements were sealed tightly n A }O; pans and ana
lyzed with a BeijngW CT-2C TG /DTA analyzer The
hemal decanpositon temperature (T,) wih %

weiht loss was obtaned with a heating rate of 10 C /
min under nirogen amosphere The density (P) was
measured at 25 'C usng a 10mL volun etric flask cal+
brated with water by mass method The viscosity was
measured on a Bwok field DV=III ULTRA P rogranm a-
ble Rheometer M easurement of refractive ndex was
conducted w ith aWAY-2s Abbe refractaneter The bn
conductw ity was measured using aM ettlerToledo Sew
enMulitimeter The cyclic voltanm ety was conducted
using a CHI660A E lectrochem icalW ork Station w ith a
GC working electinde and an A g w ire pseudoreference

electinde

2 Results and D iscussion

Ten [MS]  and [TS]  based ILswere prepared
accordng to the sin ilarm ethod reported prevusly i
e, one-step alkylation of N-alkylin dazole wih omga
nic sulfonate ester The purity of each treated IL was
verified by NMR spectroscopy to check for resdues of
unreacted reactants or residual solvents and the analy-
sis resulis ndicated hat these canpounds had been
seven of
hem (i e, [EMm|MS [HM m|MS [OM m [MS
[BEm]MS [HBm|MS [BEm]TS and [HBm ]
TS) are liquids at roan temperature (25 C), whilst
he other ILs (i ¢, [BM m|MS [DM i |MS and
[ CioM i | MS) ~are white; solids = Except that [ Cp

canp ktely elin nated Among the ten ILs

M i |[MS is parth soluble in water all oher ILs are
m iscb le w ith water and the hydrophilicity gradually de
creased as the alkyl chan length on the catbn -
the ILs still

even after

creased Ow ing to their hygwoscopicities

contained water content of 200~ 400 ppm,
rgorous drying For exanple the water content n
[EM in |[MS was 380 ppm, that in [ BEm [MS was
388 ppm, that n [HBm |MS was 300 ppm,

Duplicate measurements were performed on

respee-
tively
each samplew ith resu lts agreeing tow ithin 3% . Before
each physicocham ical property testng the Ls were
purified agan
2 1 Ion aggregation behavbr

E lectrospray pnization (ESI) m ass spectranetry
n both positve and negative modes has been success-
fully applied to characte-rize the behav br of catbnic or
"l The

acqu ired infom atbn is of great valie for understanding

anionic supramolecular aggregates of s
nirnstcally bn nature of Ls and therebre it & help-
ful to understand sane unijue properties Here the ion
chister behavor of these [MS]  and [TS] based ILs
were also estin ated by positve ESHnass spectran etry

and Wo representative positve ion spectra were provid

ed n Fig 1
g
3170821 A: [EMim]
4 o
o 81110919 B: MS
S
[ =
Ee 112.0053 '2{?11:‘1)]; LB, 93[2\313313* [ABd [ABJ
N 095 523.1994 729, 525 .25
, L4204 2 2.300 _:__11412 211347.2430
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Fig 1 The positive ion ESIm ass spectra

of [EM in [MS and [HM in | MS
Al the peaks corresponding to the aggregates of
cations and an bns confom very favorably w ith the the
oretical valies thus confim ng their dentities For
the [ EM m |MS in additon to observing the parent
cation [EMim]" (m /& 111), the positively charged
on clusters ([A, Boo1], 2 n < 6 A is the cat

ion., B_js the an bn). and the Botope patiemns can - also
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be detected clearly The chister [ (EM m)- (MS)6]+

(m /z 1347) was also found cleary fium Fig 1 and
no larger clusters was obsewed pethaps because their
sgnals were tooweak to be detected Additbnall, the
relative abundances of positvely chamged ion clisters
ndicated that the dmer cluster n [ EM m M S is easier
to forn than other larger clistet even much richer
", Asto [HM in]MS

its spectrun was s ilar to that of [ EM m |[MS For
[DM i MS and [ CoM im ]M'S, only parent catbn w as
detected whichwas causedmanly by the difficulty of

than the parent cation [ EM i |

both ILs in fom ng larger clisters along w ith ncreasing
the cation size
2 2 Fluorescence behavbr

A lthough fluorescence behavbr ofmany in dazol+
un—based Ls has been extenswely studied ™ "', the
reports on fluorescence behavior of [MS] ™ and [ TS]"

an bns based dialkylm dazolim ILs have been not a

vailable yet In ths work flhiorescence propertes of
neat [ BEm|MS and [BEm|TS were studed Fi 2
800 [
(d)
hgxc (MM)
600 (@) 270
3 (b) 290
3 {©)310
= d) 330
£ 400 b} fe; 350
g i 370
= (g) 390
- (hy 410
200 F
ok
250 300 400 500 600 700
Wavelength (nm)
Fig 2 Excitaton wave kngth-dependent en sson

behaviorof neat [BEin M S
and Fig 3 The resulis showed that the fluorescence
behavior of both Lswas strongly dependent on the ex
citation wavelength For[ BEm [M'§
cited wavelength was 334 nmm, and the fliorescence be-
100) when excited
wavelengths were belbw 250 nm or over 470 m. Sm+

lar o [ BEm ] MS the fliorescence behavior of

[ BEm]TSwas also dependent on the excitation wave-

itsmaxmum ex

came very weak ( ntensity <

length (Fig 3), and ils maxinum excited wavelength
was 397 nm. Different fom [ BEm]MS the ntensity
of |BEin TS ( ntensity >, 2600) was much_ stronger

than the fomer A ccording to previus report by our

group the [MS]  based ILs fran capwlactan have no

2800
2400 [
L Roye (M)
_ 2000 (@) 330
3 (b) 350
\cg; 1600 (c) 370
Z (d) 380
‘z L (e) 410
E 1200 f) 430
E (9) 450
800 (h) 470
(i) 490
400
oF (a)
L L L
300 400 500 600 700

Wavelength (nm)
Fig 3 Excitation w ave length-dependen t

an ssbn behavior of neat [ BEin | TS

fluorescencewhile the [TS]™ based Ls fuum capwlae
tan exhbited w eak fluorescence behavir''. That is
the weak fliorescence behavior of [ BEm |MS should
be attributed to he midazolum moiety, and for the
[BEm]TS both [BEm]" cation and [TS]  anion
made the respective con tributions and the an bnm ade
grealer contribution to the wholly fluorescence behav-
ior
2 3 Surface property

In canparison with the widely swudied “ bulk”
propertes such as them al] soluble and electrochem +
cal properties etc , the study of the surface properties
for Ls are still very lmited it has attracted more and
more attentobn ow ing to its great valie for understand-
ing he surface science of ILs Here the surface stud es
of these [MS] ™ and [ TS] based ILs utilizng XPS
were perfomed The survey scan XPS spectra for the
five ILs ([EMm |MS [BM m|MS [OMm |[MS
[BEMm|MS [BEm]|TS) showed that the expected et
ements O, N, C S were detected no evidence of m—
purities by other elements ( such as habgen metal )
and any substrate (Au) related spectral features was
found The hgh resolution spectra of [ BEm | TS
showed that all the Ols or N1s core level spectrum
were fitted w ith only one sharp peak and the S2p core
transiton curve can be fitted w ith two canponents due
to the contrbution of 2pl1/2 and 2p3/2  respective-
lym]. The electon em issbns fran O1ls N 1s and S2p

werewell resolved for all ILs and he high resclution
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spectra didnt change w ih akyl chain lengthm], the
binding energies (B. . ) were531. 0 =0 2 (01s),
401 6 £Q 2 (Nls), 167 5 £Q 2 (S2p 3/2), re
spectvel. Due to the presence of C i various chem +

cal environrments the structure of Cls was as expee-

ted, more canplicated The spectrum for Cls core lev-
el can be fitted w ith at least three different curves .
The atam ic ratio (A. R. ) for each element n the ILs
was lisled n Table I The expermental A, R. O/S

N/S C/S for all mesylate Ls was higher than the

Tablel TheB E. (eV) and A R for each elanent in the studied ILs

[FM in ]MS [BM in]MS [OM in]M S [ BEin]MS [BE in] TS
RE AR (Cal) BE AR(Cal) BE AR (Cal) BE AR (Cal) BE AR (Cal)
0 5309  39(30) 5309 37(30) 5311 41(30) 5308 37(30) 53L2 38530
N 4015 22(20) 4014 22(200 4016 20(20) 40L4 2220) 40L8 22(20)
C 2850 94(70) 2850 96(90) 2850 146(130) 2850 1L0(100) 285 0 15 8(16 0)
S 1674 10(10) 1674 LO(LO0 1675 1LO(LO) 1673 10(L0) 1677 1.0(L0)

AR : atmic mtonO/S N/S C/S

corresponding theoretical valug this result suggested

that sam e O— and C-containng contam nations should
exist in these ILs whichmay be ntroduced durng the
synthesis and purification proceduresl22 !
XPS analysis
2 4 Themmal property

The phase behavior of ten ILs based [MS]™ and

or durng

[TS]
(Tw, Ty), crystatecrystal ansition (T.), glass phase

anbns such as meltng and freezing ponis

transiton (T,), meltng entropy change ( AS,) were
nvestigated w ith DSC (Table 2).

Smilar to those [ BF; ]~ and [ PFs]  ILs rels
tively canplicated phase behavior were exhbited for
these [MS]™ and [TS] ™ based salts and four types

Table 2 Themn al properties of diakylin idazolium organic sulfonate ILs

Entiy ILs T, T, T, T, AC, AH, AS, T,
1 [EM in |MS 37.9 -6 -92 0 373 781 25 1 342
2 [BM in |MS -224 76 6 -5.0 -17.8 0420 24 03 68 7 330
3 [HM in M S 44 3 -5 10 1 0 348 1187 374 05
4 [OM in ]MS 40 4 -50 -709 0 431 28 82 91. 9 322
5 [DM in JMS 63 62 3 38 28 114 1 330
6 [C,Min]MS 232 69. 8 48 67 141. 9 323
7 [BEinMS - 623 0 358 318
8 [BE in]TS - 439 0 335 328
9 [HBin M S - 54 0 308 324
10 [HBin]TS - 403 0 413 343

T,( C): freezing point T,( C): glass ransiion T, ( C): melting point T,( C):

decan position tam peraturg T, ( C): cold ciystal tan peraturg AC (] g KT

heat capacity

change during the glass trans tion; AH, (kJmol'): melting enthalpy change AS, (JK™'mol'):

calcuhted fom AH /T, & the entwopy change during the meltng

of DSC them ogran's and phase d iagran s w ere observed
(Fg 4). Among hemn, except that[DM m [MS and
[C2M m [MS have onky aT, and T; in a heatng and

cooling cycle  other Ls all exhbit a glass transition in

both heatng and cooling pocesses For [EM m [MS
[HM in ]MS and [OM n ]M S n the heating process a

phase transition fran the glass state to a cold crystal
occurred at— 9 2°C, 10 1°C and - 7 9°C, respee
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tvel. The tansitbns ofmelting enthaly ( AH,,) and
entropy ( AS,) have been calculated over those ILs
bot}I A‘[_IHI arld AS"

valies were reamaikably affected by changing the

wih a melting point Obvbpusly

length ofalkylchan forthe ILs For exanplg except for

[BEim]TS

[OMim]MS

-100 -50 o 50 100

d A [DMim]MS

-100 -50 o] 50 100

[C,,Mim]MS

Fig 4 DSC curves of five Ls (a~ ¢) and POM picture of
[C,Min]MS (§ magnificaton 40% )

[BMin [MS the AH,, and AS, valies of other ILs n-
creased w ih increasing the alkyl chain kngth of the
catons And all the [MS]  and [TS] based sals
which have the glass transitbns gave the heat capacity
changes ( AC,) of Q 308Q 431 Jg ' K ', which
were slishtly bwer than [BMin | BF, (1 66 J g
K~ 1 )[ I5]
were ndicaled that the ability to vitrify and to crystat

Themodynam ic properties of these salis

lize anong the sudied ILs strongly depends on the at
kyl chan Ekngth n the midazolum ring and anbns
Additbnally, during he cooling process fun 150 C to
- 100 C,
occurred fran a lquid to a anisotropic lgud ( liquid
crystal) at42 2 C,
anisotropic liquil to a sold at 23 2 C. However mno

a phase transitobn of [ CoM m [MS firstly
follwed by a crystallization fran

lqud crystal phenanenon was observed durng the
heatng process which suggested that [ CoMm]|MS
was monotropic liqud crystallzsj. Fg 4f gave the
POM ( Polarizing Optical M icroscopy) picture of [ Ci»
M m]MS under conditbns of anisotropic crystal phase
at42 2 C. Except for [CoM m|MS no liquid crys-
tallne phase was observed for other nine ILs

Fi 5 showed he change trend of the meling
poits for ten [ C,M in | BF, and [ C,M i |M S salts with

ncreasing the alkyl chain lengths It can be seen that

different fran the trend exh bited by the [ BF, ] salis
(i e thelLs T, valies the decreased w ith increasing
the alkyl chan fim C, to Cy and Gs) '™, the T, vat
ues obvbusly ncreased fiom 37. 9 C of [ EM m |MS 1o
76 6 'C of [ BM in [MS when the alkkyl chan length
was hcreased fran the ethyl to the butyl If further
ncreasing the alkyl fran butylto hexylor octy] theT,
valies of [HM m |MS and [ OM m |MS decreased to
44 3 C and 40 4 C,

difficult to conclude a regular rule since the phase be-

respectivel, Anyway, itwas

havbrs of the ILs depend on many factors For these
80
| M

40 F

Temperature (C )
(=3
T

-80 -

1 1 1 1 1 1
2 4 6 8 10 12
Alkyl chain length (n)

Fig 5T, change trends of [CM in]* wih [ BF,]~"*®

(cick) and [MS]~ as anbns ( square)

ten Ls obvbus characterstic was that all those ILs
based [C,M in]" cation have amelting pont and all
those ILs based [BEin]" or [HBimn]" only exhbit a
glass transition n their heating and coolng cycles
most of these ILs showed a stong trend to be
supercootng

According to the them ogravinetric curves of these
ILs the themal decamposition tenperaures (which
were listed inTable2) of ten ILswere ranged 0f318~
343 C, whichwas slightly affected by he carbon num-
ber of the alkyl chan and anbns [TS]  anion based
ILs gave higher themal stability than that of corre
sponding [MS]™ ILs A lthough itwas bwer than those
m dazolium [ BFs] ™~ or [ PFs]  salts (ca 400 C)
[26], it is stabk enough for nom al usage i e as sot
veni extract and catalysf etc Among all the studied
ILs [HBm]TS exhbited the highest themal stab ility

(T¢= 343 C) and [ BEm ]MS gave the lowest ther
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mal sability (Tq= 318 T).
2 SDensity Viscosity and Refractive Index

The densities (P) of seven ILs which are liquids
at25 C werem easured (Table 3), and the P valies
were ranged of 1 069~ 1 242 g/cm3. The P valies of

[EM in |[MS and [BEm |MS obtaned in our exper+

ments are approxin ately n agreement w ith previously

7]

2 . .
reported resu 1", which shoved that our experm ent

results were reliable For a given anion with increa

sing the akyl chan Ength the Ls exhbited lower

Table 3 Density, viscosity, refractive ndex and bnic conductivity of selected ILs at25 'C

Ls Density( g/an’) V scosity( cp) Refractive index Conductirity
(MS/em)

[EM in M 1242 173 1 4922 2280
[HM in]M$ 1119 906 1. 4828 234
[OM in]M S 1 084 1236 1. 4797 134
[ BEin M S 1141 456 1. 4344 586
[ BEin TS 1156 2819 1. 5300 97

[HBin]MS 1 069 1474 1 4776 103
[HBin]TS 1 089 4394 1. 5159 25

density. For exanple when the alkyl chan lengh was
ncreased fum the ethyl to hexyland octy] the dens+
ties of [EMm|]MS [HM m]MS and [OM m | MS
were 1. 242 g/(m3 to 1L 119 g/(m3 and 1 084g/cm3,
respectvely. On the other hand when the catbn &
sang the ILswih a [TS] anbn shoved a slehtly
higher densities than those ILswith a [MS] ~ anion
The viscosities of the siudied ILswere ranged fran
173 &P 1o 4394 &P at 25 C, which were obviously
higher than thatof [ BF4]
Among than, [ EM in ]MS had the lowest vBcosity of
173 cp whik [HBin | TS exhibited he highest viscos-
ity 0f4394 ¢P. Obviously both the cation and the an+

on have same effect on the ILs’ viscosities For a

saltsw ith the san e cation.

given anbn the viscosities of ILs increased obviously
when the akyl chan ncreased (e g fran 173 cP of
[EMin [MS t0 906 &P of [ HM in [MS to 1236 cP of
[OM i [MS). When the cationwas sang the [ TS]"

based ILs exhbited higher viscosities than those
[MS]  based ILs for exanple the viscosities of
[HBm]MS and [HBm |TS were 1474 &P and 4394
cP respectively Additionall, the viscosity ( 1)

measuranent under varied temperatures showed that
the viscosities of all ILswere strongly dependenton the
temperature For example the viscosity of [ HM i |

MS was 906 cp at 25 C and 45 cp at 80 C, respec-
tvel: .And it shoul be noted hat the ILs’, viscosities

weremore affected at bw temperature than that at high
tem perature

The refractive indices (n) of seven [MS]  or
[TS] based ILswere ranged frm 1 4776 to 1 5300
at25 C (Table 3), and anong the swuded ILs
[ BEin | TS had the h ghest refractive index of 1. 5300
Smikr to the viscosity, the types of cation and anion
also have obvious effect on the ILs’ refractive nd ices
W ith ncreasng the akyl chan of the catbn the
refractve ndices obviously decreased For examplg
the refractve ndex of [ EM m |[MS was 1 4922 at 25
C, and for [OM in | MS this value decreased to 1
4797 Additonally the refractve mndices of the
[ TS] based ILswasmuch higher than hatof[MS]~
anion ILs For example the n valie of [HBm |MS
was 1 4776 while the vabhie of [HBm ] TS was 1
5159 Furthemore the effect of temperature on the
refractve index was also sudied and the n values de-
creased Inearly with the increased tenperatures
2 6 Electrochan ical Prop erty

E lectrochem ical stab ilities of the selected ILs such
as [EM in [MS and [ BEm|MS (which have the lower
viscosities n our stud ed ILs) were evaluated by cyclic
vo ltamm etry at 25 ‘C. In order to test the accuracy and
reliability of the electrochen ral statbn canm ercially
available ILs [ BM i | BF; and [ BM in | PFswere firstly
nvestigaled The data were consistent w ith the repos
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ted results . A typical curve of cyclic voltanm etry

for[ EM m |M'S showed that it was high ly pure accord-
ng to the absence of other reducton or oxidatbn
peaks and its electrochem ical w ndow (EW ) is ca
3 3V. In canparson with [ BMin |BE, (EW = 4 7
V) and [ BM in | PFe (EW = 4 8 V)'®!, decreased
electiochem ical stabilities were manl caused by the
reduced oxidatve voliages (< 1 8 V) of the electro-
active anion [MS]  and [TS]"

The conductivity of an IL is of vital mportance if
it is to be considered as a supporting electolyte in
electiochem ical devices

- 18]
sons ,

According to the conclr
the bnic conductwity (K) of an L should be
fomuhb weght (FW ),

and density (), and the radiiof its catbn and anbn
( and r.), as described by Equaton (1),

related to its viscosity (1),

in which
0< y< 1 is the degree of dissociatbn F is the Faraday
constant ¢, and ¢, are the anion and catbn m iciovis-
cosily factors respectively

K= yF*O/( 6N FWN)[ (G ) '+ (G )" ")) (1)

In thiswork the ionic conductivities ( K) of sew

en ILswhich are lguds at 25 C were also m easured
and the K values were ranged fran 25 HS/am to 2 28
mS/an. At25°C, [EM m]|MS exhbited the highest
conductvity of2 28 mS/an, which was obvbusly bw-
er than hat of [EM m] BF, (14 mS/an) or [ EM m |
PFs(5 2mS/an)'"', buthiher than thatof[ BM in]
BF,(1 73 mS/an) or [ BUm] PFs ( 1L 46 mS/
an)'™. For a given anion with ncreasing the akyl
chain the K value of [ C,M m M S decreased obvious-
k. which was smilar to the change trend of the
[CGMin | BE, salts For example
[EMin[MS [HM in]MS and [OM in]MS were 2 28
mS/an, 234 US/an and 134 HS/an, respectively

Additbnally, the [MS] based ILs had higher con-
ductwites than hose ILswih a [TS]  anion Forex
anple the K values of [ BEm [MS [HBm |[MS were
586 HS/an and 103 BS/an at 25 C, respectiely,

while only 97 BS/an of [ BEm | TS and 25 BS/an of
[HBm]TS were obtaned The reasonm ght be attrb-
uted to the larger bulk of [TS] . Smilar to the vis-

cosity and refractive index the temperature had great

the K values of

effects, on the, ILs. conductivites, For exanple . the

conductivities of [HM m |[M'S mncreased fran 234 HS/
am at25C 103 79mS/a at80 C. The conductv+
ties of these ILs based [MS]
more affected at high temperature than that at low tem-

and [TS] anionswere

peraure, a possble explanation was that the K value
was strongly affected by its viscosity at bw tenpera
tures and the intrnsic structure and characteristics of

the ILs may detem ne K value athgher tem peratures

3 Conclusions

As an mportant type of “ ntemediates” for syn-
a series of [MS]~
based ILswere synthesized and character

thesis of many halogen-free ILg
and [ TS]
zed and their physicochem ical propertes such as ag-
fliorescence

gregaton behavbr surface property

thermal property, density viscosity refractive ndex
and electiochem ical property were camprehensively
studied Among ten devebped ILs seven of hem are
liquids at roan temperature (25 C), n which
[EM n ]MS showed the lowest viscosity of 173 P and
the h ghest conductivity of 2 28 mS/an. Ten studied
ILs displayed five different phase behaviors of which
[ CoM i [MS exhbited a liquid ciystalwhen cooled to
42 2°C. The [TS] based ILs (i e, [BEm]TS
and [HBm | TS) showed the refractve ndices of >
1 51, which are higher than that of dialkylin dazo lium
[BFs] and [PFs] salis Additbnall, aggregation
behavior n those short akyl chan [MS] based ILs
was observed by ESI mass spectrametry which m ight
be explaned by the reason resultng n higher viscost
ties and bwer conductiities of these salts than that of
those diakylm idazolum [ BFs]  and [ PFs]  salts
Anyway the detailed study on these [MS] and
[TS] ILswillbe in favor of mpwving understanding
concerning the ILs properties and their applications
especially consderng their mportant wle as “ ntem e
date Ls” like [BM m]C] [BM m|By and [ EM i |
Br
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