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Physical and Thermodynamic Properties of Imidazolium Ionic Liquids
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Abstract — [onic liquids (ILs) existing as liquid state at room temperature are composed of a immense heterocyclic cation
and inorganic anion which is smaller than cation's size . Thus, the species of cation and anion as well as the length of alkyl

o 55 vksk 7 20l (Green solvent)®]Th. 2 o4& 1-Butyl-3-methylimidazolium bromide ((BMIM][Br]), 1-
butyl-3-methylimidazolium Chloride ([BMIM][CI]), 1-butyl-3-methylimidazolium iodide ([BMIM][I]) 73 1-butyl-3-
methylimidazolium tetrafluoroborate ([BMIM][BF,]yS 24815121, 71 % [BMIM][Br], [BMIMI[I], [BMIM][BF,]¢]
group on the cation have influence on their physical properties. Their outstanding properties such as non-volatility, thermal sta-

Egkor, o

= AEEE
bility and wide range of electrochemical stability make these materials excellent candidates for green solvent which can sub-
A, W

stitute the conventional organic solvents. In this study, ILs based on imidazolium cation have been synthesized such as 1-butyl-
3-methylimidazolium bromide ([BMIM][Br]), 1-butyl-3-methylimidazolium chloride ((BMIM] [Cl]), 1-butyl-3-methylimida-
zolium iodide ((BMIM][I]), and 1-butyl-3-methylimidazolium tetrafluoroborate ((BMIM][BF,]). The density, viscosity, refrac-
tive index, heat capacity and ionic conductivity of [BMIM][Br], [BMIM][I], and [BMIM] [BF,] were measured over range of
temperature of 293.2 to 323.2 K. The density and refractive index values of [BMIM][I] were the highest among three ILs and
the viscosity values of [BMIM][Br] were the highest among three ILs. The heat capacities [BMIM][BF,] were higher than

those of [BMIM][Br]. The ionic conductivities of [BMIM][BF,] were higher than those of [BMIM][I].

Key words: lonic Liquid, Imidazolium Salt, Physical Property, lonic Liquid Synthesis
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bromide ([BMIM][Br]), 1-butyl-3-methylimidazolium Chloride ((BMIM)]
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2-1. A2

2 oAqte] AREE AJ2F 1-methylimidazole (99%), 1-chlorobutane
(99.5%), 1-bromobutane (99%), 1-iodobutane (99%), sodium tetra-
fluoroborate (98%)+= Sigma Aldrichol| A 3-F 1o} A& 11,
acetonnitrile, acetone (99.7%), dichloromethane (99.5%), 1,1,1-trich-
loroethane> JUNSEI®} SAMCHUNG®I|A &g%o} AR5t
AR E Aok F7h A Sk AT,
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2-2-1. 'Y= (Density)

T 719 9135118 (pycnometer)E ¢ st SISt 2 2H
g}el|(298.2~323.2 K) & F-91 & S4sh7] $18 D=2y <] AV
e 3 ERTE ol8ste] SAsIGItE A7k I mny ) ] &
BHE= 2% 9lo]glon, &2 8|8l 98t air bathD AM&-a}
SATHS].

2-2-2. = (Viscosty)

A 712] 273k 9w 2 ¥ 5 =4 (Ubbelohde viscometer)E ©]2-3}
St A=E st Gk AAE desta, ARAE g
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2-2-3. Z4E (Refractive index)

THES 3] Al of] =7 (Abbe refractometer) 3T
(Atago Co.)E AHg3to] S0t Addle =% S4& A
22X 9} B-2<=F (bath circulator), IR o] Fo] 4 ¢lon 9]
F 252 E o]gsi] AR 2% 23 HYE 0.1 K U= f
Asleieh. B AlRe] 42 334 sigloH, EEEE 04% olu
oJtH10].

2-2-4. Y-8 (Heat capacity)

AZFAFAZA(TA Instruments DSC Q100)E ©]-83510] d83-S
S7Asiion, 3 AlglololE RFEEARE 25 e 489S
S0 2 AFA |9 w2 3T Lithium bromide, 1,3-
propanediol 12|31 &= o] Fo|7] ZIHES o] g5k Al AFo] o]
Folxlon, eak M= 1.5% Aol et o] 24 A AES 5mg
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3-1. O|2MHH| &y

[BMIM][Br], [BMIM][CI]Z} [BMIM][I= ol 2] BkS-213} 73o)
Hkg-o] Yofutti(Scheme 1).

RIM + R-X—>RR-IM'X" )

=g [BMIM][BF, = oFefe] #E3-217} o] o] 2w ks 5o %
2] AoJZTh(Scheme 2).

RR-IM"X +MX'>RR-IM X" +MX )

3-1-1. [BMIM][Br]

1000 ml AFFEEtATe] nfaguls vl Yoigar, 517}

\N/\N/C4H9 ar
\ / + CI(CHy)3CH; ——— \ @ /

Scheme 1. Synthesis mechanism of [BMIM][CI].

BF,

~— /\ _—C4Hy cr ~— /\N/CAHQ

N\@/N + NaBF, — » N@/

Scheme 2. Synthesis mechanism of [BMIM][BF,].
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719} A7k F9]7] 18]3L Bromobutane 68.39 ml (53.62 g,
0.5 mol)y Jol& funnelks AST) AATEAE 302 o 2]
A 741715 TH= U, BromobutaneS 147+ <2} 1-methylimidalzole
39.67 ml(41.05 g, 0.5 mol)¥} acetonitrile 150 ml =gHg-oHof| ot
2t} o] 35S 70 75 °C 7gellA N, i2$171 stell 72 h o) 71
IRIAIZIGE 98- & AA7-E& A17]3L, Rotary-evaporators ©]-2-5F
of Wk L5 A A5 & l,l,l-tnchloroethane_i |23}, Rotary
-evaporators ©]€310] S0 A|A T Ay e ES o]8-310] 40 °Co]]
Al 3 FF A

'H NMR (ppm, D,O): 6 891 [s, 1H, H(2)], 7.64 [s, 1H, H(4)],
7.59 [s, 1H, H(2)], 4.32 [t, 2H, NCH,], 4.02 [s, 3H, NCHj;], 1.95 [m,
2H, NCH,CH,], 1.42 [m, 2H, NCH,CH,CH,], 1.00 [t, 3H, CH;].

3-1-2. [BMIM][CI]

1000 ml AFEekie] vid[Eulks vle] wolFtaL, ezt
719} A 471~ 529171 Z18] 3L Chlorobutane 52.6 ml (46.29 g, 0.5 mol)
< YoZF funnels QS AATIAE 308 o STl Ah
#9715 W U2, Chlorobutanes 147} 59 1-methylimidalzole
39.67 ml (41.05 g, 0.5 mol)¥} acetonitrile 150 m] &3-g-Hof] Hojrc
R}, o] F9E-3 70~75 °C dolA N, 1917] slell 72h o3 71
TWRIAZITE BES- & 21478 A17]1, Rotary-evaporators ©]-8-510]
WS- §llE AASE - acetone® = A gttt @ 81l|E Rotary-
evaporators ©|-8-3tod A AT g, -8 FFQBofA 12h st A
ZAIe

'"H NMR (ppm, D,0): 8.7 [s, 1H, H(2)], 7.5 [s, 1H, H(4)], 7.4
[s, 1H, H(5)], 4.2 [t, 2H, NCH,], 3.9 [s, 3H, NCH;], 1.8 [m, 2H,
NCH,CH,], 1.3 [m, 2H, NCH,CH,CH,], 0.9 [t, 3H, CH,].

3-1-3. [BMIM][T]

1000 ml AF-Eekaae] rkaEnls e Yoo, szt
719} A7k $2917] Z12] 31 Todobutane 57 ml (92.01 g, 0.5 mol)yS
YolE funnels AT} FAVEAE 30% oY EulFo] FAaw
1715 W= 3, lodobutanes 1417+ &<t 1-methylimidalzole
39.67 ml (41.05 g, 0.5 mol)} acetonitrile 150 ml Z3-g-allof] Hojrt
At o] ZFEE 70~75 °C “dollA N, F917] el 72h ol 7+
TRIAZICY, BES- & 21478 A17]31L, Rotary-evaporators ©]-8-51]
HES- 8wl E A AT 3 acetone®E AIF ST} T2 §1lE Rotary-
evaporators ©]-§-35to] A AT U3, 98 X3 2ollA] 24 h F3F
= k=

'H NMR (ppm, D,0): & 8.75 [s, 1H, HQ2)], 7.51 [s, 1H, H(4)],
746 [s, 1H, H(5)], 421 [t, 2H, NCH2], 3.92 [s, 3H, NCH;,], 1.86
[m, 2H, NCH,CH,}, 1.34 [m, 2H, NCH,CH,CH,], 096 [t, 3H, CH;].

3-1-4. [BMIM][BF,]

[BMIM][CI] 52.5 g (0.3 mol)¥} Sodium tetrafluoroborate (NaBF,)
32.94 g (0.3 molyS 300 ml acetone 5}llA] 48 h o1’ WHEA|AZTE,
g & AE NaCls 715FClE o83t A7 st F=r
Dichloromethane2 ©]-8-3}¢ "5 AEs MA st Rotary-
evaporators ©|-8510] & A|AsI, FF oA 3 Bk A
AT}

'HNMR (ppm, D,0): 6 8.71 [s, 1H, H(2)], 7.49 [s, 1H, H(4)],
7.44 [s, 1H, H(5)], 4.21 [t, 2H, NCH,], 3.91 [s, 3H, NCH;], 1.87
[m, 2H, NCH,CH,], 1.35 [m, 2H, NCH,CH,CH,] 0.94 [t, 3H,
CH;].
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Table 1. Measured refractive index of [BMIM][Br], [BMIM][I] and
[BMIM][BF,]

TK [BMIM][Br] [BMIM][T] [BMIM][BF,]
r
2982 1.5450 1.5695 14227
3032 1.5446 1.5680 14214
3082 1.5420 1.5670 1.4200
3132 1.5410 1.5662 14192
3182 1.5398 1.5639 1.4188
3232 1.5369 1.5608 14172

Table 2. Measured heat capacities of the [BMIM][Br| and [BMIM]

[BF,]
K [BMIM][Br] [BMIM][BF4]
Cp/J-g’lK’1

298.2 1.35 1.72
301.2 1.39 1.73
303.2 1.41 1.75
305.2 1.44 1.77
308.2 1.47 1.78
310.2 1.49 1.79
313.2 1.52 1.80
315.2 1.54 1.83
318.2 1.58 1.84
320.2 1.60 1.85
3232 1.64

3-2. 0|24 UHel =Y

A o] &4 MAES 2982 K H-3= 298.2~3232 K 2549
ol AAEL U, A%, =HE, 489, ol AEE T 53
3= Table 1, 2. 71831 Figure 1, 2, 39 YeRich 571 22}
Z4=% [BMIM][BF,], [BMIM][Br], [BMIM][1]¢] UE=¢} H T,
[BMIM][BF,]¢} [BMIM][1]¢] ©]& AEE& FF4ash, [BMIM]
[BF,]9} [BMIM][Br]®] G852 S7eh= 218 g8 & Qlch. =&
AEE 250 wet X9 W} gle Z1oR Hol Exef &

2E T T

é
)

e W] ok A0R YeRTh Al 7HA o)A dAlE %—01]*1
2982 KOlA] 1.46 gem™, 1.569% [BMIM][1]8] WL} 45 3
1.50
n
145 n n - - -
1.40
® [BMIM][BF4]
. v  [BMIM][Br]
IE 1.35 B [BMIM][]
Q
o
= 1.30 v v
© v v v v
125 |
1.20 [ ] [ ]
[ ] [ ] [ ] °
115 . . . . .
295 300 305 310 315 320 325
TIK

Fig. 1. Measured densities of [BMIM][Br|(O), [BMIM][I](¥) and
[BMIM]|[BF,| (@).
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Fig. 2. Measured viscosities of [BMIM][Br] (@), [BMIM][T] (M) and
[BMIM][BF,] (&).
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Fig. 3. Measured ionic conductivities of [BMIM][BF4] (O) and
[BMIM][I] @)

7} 71 Egkom | AE 3]0 1486.49 n/mPasE [BMIM][Br],
1.
[e]
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AEI|E
d : density
n : viscosity
r : refractive index
C, : heat capacity, kIxkg™'xK™'
) : chemical shift in NMR
T : temperature [K]

©n

: conductivity

IL  : ionic liquid

p  : density of liquid

: kinematic viscosity

=~ <

: correction factor of viscometer [mm?/s’]
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