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Abstract: This work is on the synthesis of EMI-BF, (1-ethyl-3-methylimidazolium tetrafluoroborate) and
purification of spectroscopic grade using aluminium oxide method, activated charcoal method, and liquid/liquid
fractional extraction method in order to make supercapacitor finally. But the aluminum oxide method and the
activated charcoal method were not suitable for obtaining high-purity ionic liquids. The liquid/liquid fractional
distillation method turned out that as the concentration of solvent (H,O) was increased, the higher purity of
EMI-BF, was obtained and the electrical capacity of this compound was increased to higher value. When the
solvent was changed to from methylene chloride to 1,2-dichloroethane, the higher purity of EMI-BF, was
obtained.

Key wards : ionic liquids, supercapacitor, 1-Ethyl-3-methylimidazolium tetrafluoroborate

% Corresponding author
Phone : +82-(0)31-750-5408 Fax : +82-(0)31-750-5389
E-mail : leeyh@kyungwon.ac.kr

— 477 -



478 P -

.M 2

ol 2/ HA|= ol FolR O o]FoJ do
2A G2 QAR EAEe ol 2g oA HA
(room temperature ionic liquid; RTIL)2} $tc}! 1-Alkyl-
3-methylimidazolium °l2& Zt= o4 A=
19820 Hx2 HIEET? o] 24 dA= It
AHoR £ 254 334 S 7HAWEA |
25 HAA ARG E FR|ste] 2 P
shshy AT He A9aks B2 f8 4F
7R AL ek Bgk F7) 9k Bl /FF 3 o] 2 A
Wolkes9} Zaworotko®ll 2]l 199219l tetrafluo-
roborate &0 &< 7| RO Z AAHAYT 1 o] F
Gt Fol2F Fol2E& VI o] 4 AA7} By
IS Ao tht 2 ol A A FEARN F
0] imidazolium, quaternary ammonium, pyridinium,
pyrazolium5°] 9lom, goleoRE HZF QT3
(perfluorinated) Al 8 &) Ho] & AMESith & A+
supercapacitorol] RAX 0 2 71 Wol AMS-E = Al
Ql o] MA EMI-BF,(1-ethyl-3-methylimidazolium
tetrafluoroborate) & A Z3ke] A 313t

ol HAE ste FBAA EFE U=
T8 EES 97 53 47149, 3R gEbel=
ol EAlg. gefols o] 22 o] AR e} HA
Agste] o] HAZ FE LA A A k=50
g0l A &L o] A A9 Afre] e, =84
A FIFS Fo o]2dHA Y 2x, 1714 A
o &S Zt}. Supercapacitore 1980t F-E] A2k
9 AAREOZ supercapacitor?] S-S 0] 24
HA o] Bl wpet A FFE WHOHR o] /gd
Aol Aol wel supercapacitore] 54L& depRh?
wZbA] supercapacitorel] AHE-E= A o] 2 A A
= E-EY A9 gle Aere o)A AAVF AL
Fojo} szt AeEe] o] AAHE A7) HsiA
= FoEgE AR ] FaETh
WA A O 2 AbslgFEn|Fhe o] 8-51A
105 o] &gk Aol AANE o] 28 A
E FEA AbstdErlgolv gde
Zk o] R X A] gro} x71H &7k

Fold-Fulgolu e ekl 3
o2 HA o FHol L& 4= Q)
AE 47 93 Ho == g
Aok A 2 As A/

T AAY R A A B

e go 2 rlo

e

o 1F
Mr o
ey

m o
0
o

s}

WL mT ol
=y S oox

i
Yo o
i)

t
e

>.

iz

o My

ox, M
o

12

¢

2 do O o & T
i
9

lo
o

=

2
3
2 3o Ay

o Mo
N
o

o b

2 4

olo T

2
_—)‘J_A,I
iy
o

o]k
ol AAE FHT =< F FEE 7] &=
o]-&3 F= AN FFHT ¥leH FE& 771
Erjo] THE HMSNA EE AAES o,
supercapictorg A|ZAle] o] 24 dAA| e} BFA A=
7re] A7) olFT &S SAsta A7 545 A
I AESAT
2 #

2.1. AlgF & (7]

1-Methylimidazole (Sigma-Aldrich, >99%), bromoe-
thane (Sigma-Aldrich, 98%), sodium tetrafluoroborate
(Sigma-Aldrich, >98%), acetonitrile-anhydrous (Sigma-
Aldrich, 99.8%) acetone (Sigma-Aldrich, 99%), magnesium
sulfate-anhydrous (Sigma-Aldrich, >99.5%), aluminum
oxide (sigma-aldrich, Type CG-20), activated charcoal
(sigma-aldrich, granula, 820 mesh), IR-spectrometer
(model : Shimadzu IR470 JAPAN), NMR spectrometer
(BRUKER 400 MHZ Germany), HPLC (ACME 9000),
TGA (TA Instruments TGA 2050), ICP-AES (UL TIM
A2C), Elemental Analyzer (Flash EA EA1112/CE Instru-
ments), Glove-box (MBRAUN unilab Germany).

22 MWy

2.2.1. 1-Ethyl-3-methylimidazolum tetrafluoroborate(EMI-
BF,2| Xz

EMI-BF, A %3}7] 98t ELEH R 1-methylimi-
dazoleZ} bromoethane2 AFE-3IA L 2] X8-S ¢
3l sodium tetrafluoroborate2 AHE-3HATH

IS Aa vkAR FA AR 8] UH H o
7 glove box tolA W # CH;CN 70 mLol| 1-methyli-
midazole (8.2 g, 100 mmol)3} bromoethane (12 g, 110
mmol)& ¥4 FH|E H7lste] &5 wnk A7 24
AIZF WA 7IE}, o] 3G S 53 1-methylimidazole
bromide ©]<3} ZA3}s}o] 1-ethyl-3-methylimidazolium
bromide”} A| 2% 3, A|Z% 1-ethyl-3-methylimidazolium
bromide-> acetone (70 mL)®ll %<1 NaBF,(10.9 g, 100
mmol)E 78] 2447+ F<t Wk RESA| A FE T
o] WE3-oA] anion exchange 7} ©]FoIR| A 1-ethyl-
3-methylimidazolium tetrafluoro borate”} | Z=|™ NaBr
A o] ek AAES AGAIA JAEH &4
YA EEE 89S BASF shed &viAl
acetone¥} acetronitrileS A A$Fo 2N 43 1-

ethyl-3-methylimidazolium tetrafluoroborate (15.8 g, 80%)

2 o rlo
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Fig. 1. The reaction mechanism of 1-ethyl-3-methylimidazolium tetrafluoroborate (EMI-BF,).

Table 1. Purification conditions

‘ 3-Methylimidazole(100 mmol) + Bromoethane (110 mmol) ‘

H,0 and ionic liquid ratio

Sample = 110+ fonic liquid) Solvent
A 4:1
B 10:1 Methylene chloride
C 15:1
D 4:1
G 10: 1 1,2-Dichloroethane
F 15:1
g Agith @4 #9e) AAIZE Fig 19] =M
ATt
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«— MeCN(70ml), 24h reflux

‘ 1-Ethyl-3-methylimidazolium bromide ‘

< NaBF4(10.09¢,100mmol)

‘ Filtration ‘

‘ Distillation(100mmHg | 24h, 10mmHg | 24h ) ‘

Crude 1-ethyl-3-methylimidazolium tetrafluoroborate  +
H0
<extract dichloromethane
(3v/w) 48h
Drying(MgSO4 Anhydrous)
distillation(100mmHg | 24h, 10mmHg | 24h )

Purified 1-ethyl-3-methylimidazolium tetrafluoroborate

Fig. 2. The outline of preparation of 1-ethyl-3-methylimi-
dazolium tetrafluoroborate (EMI-BF).

spectrometers 53l T2 E AL EF AAHA
S Yol ﬂﬁﬂ EFFHEA7IE ol &3l en A4
gas 3FolA B 10 °CE 52 A7 600 °C77]- ] AA
3kt 113]—1— AzE o]2A A ¢£E BAE ¢
& HPLC (Column type UGIZO)O]%’B‘}M 3, element

analysis® CHNE &4 siqith 8 E¢E UE
FNays #A317] 918l ICP-AESE 43813t %171
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Table 2. The electrical characteristics of EMI-BF, with purified conditions.

s

-+ 1,2-dichloroethane®] 7]
A9l 1-ethyl-3-methylimidazolium3}2] 218}& o] ¢ 7}

)& tt2A 3 sample C ¢} sample F
o] IR %2 Fig 3, 40l eIt

IR data®l] ¢]&HA sample C9} sample F7} 3400 cm™
FZo| A ZFet absorption peak’} UERI=1H] o] A&

Sample Purified methods CAP(F) ESR(O) LC(uA) Purity(%)
A 0.068 69.7 23.5 >97
B 0.074 62.1 20.0 >99
C Liquid/liquid fractional 0.077 76.2 21.0 >99
D 1quid/liquid fractional 0.075 71.0 192 ~08
E 0.077 68.8 212 >99
F 0.077 71.7 213 >99
G Activated charcoal 0.064 80.2 26.7 >95
1 Aluminium oxide 0.056 74.0 33.8 >95
3,870 3,485 3,009 2,713 2,328 1,942 1,556 1171 785 399

Fig. 3. FT-IR spectrum of sample C.
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3,870 3,485 3,099 2,713 2,328

Fig. 4. FT-IR spectrum of sample F.
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Fig. 5. H-NMR spectra of sample C.
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4 3 2 1 0 ppm

ag)a, FE8WME UEA ¢ sample C9) sample
Fo] NMRiEH 32 Fig. 5, 60l YR RITh.

o8 E B8] 2i AxE o] MA sample
C, Foll UEld peakE #4]a] B 142 ppmelAl
triplet (3H,-CH,-CH3), 3.85 ppm©ll 4] singlet (3H,-CH3),
4.18 ppmol| A= quartet (2H,-CH,-CH;), 7.66 ppm3} 7.74
ppmol A= singlet (H,-CH=CH-), 9.03 ppm singlet (H,
=CH-)°] Yehte 215 &< & = Sl
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Fig. 6. H"NMR spectrum of sample F.
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Fig. 7. The TGA of sample C.
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Fig. 8. TGA of sample F.
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