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< B 22 e AU glof I8, SlAl, ZEAFEAIRA 2L Qs ol o el B
Z™ AY2] o] A1 N-ethyl-N-methylmorpholine Bromide, N-butyl-N-methylmorpholine Bromide, N-octyl-N-
methylmorpholine Bromide, N-ethyl-N-methylmorpholine Tetrafluoroborate, N-butyl-N-methylmorpholine Tetrafluoroborate,
N-octyl-N-methylmorpholine Tetrafluoroborate, N-ethyl-N-methylmorpholine Hexafluorophosphate, N-butyl-N-methylmorpholine
Hexafluorophosphate, N-octyl-N-methylmorpholine HexafluorophosphateE 3/33131tt. FAd &2 =7, 28 &%, A
718F8H2] QBAJE Z42F DSC, TGA, CVE 7SIt E=220 5ol2Br)e Ad ol Al A &2 &%
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Hof] 7] S01(BF,, PF; )= Ad o] AAEL Hlwa whe 25 (50~110 °CellA] 588 7M1, =2 48
3 25(250~380 °C), B> ol A3 771348H4 kA (6.1~6.3 Vs RSt Bk ofet FU g o]0 % oF
of-9] &k ARE2] ol me} EAdo] Adolde 2jld = JUGink. oWl ATE Fall A ARES ol Al
&85l W] E Zlofrh

Abstract — During the last few decades, toxic chemicals used in various industries have caused global pollution and
the side products such as carbon dioxide and methane gas have contributed to global warming. Thus, it is desirable to
develop new alternative solvents. It is well known that ionic liquids display a variety of environmentally friendly phys-
ical properties: nonvolatile, nonflammable, wide electrochemical windows, high inherent conductivities, wide thermal
operating ranges, chemically inert, and limited miscibilities with organic solvents. Because of these characteristics, ionic
liquids are promising candidates as solvents for synthetic chemistries, catalysis, and gas separations. In this study, we
synthesized morpholiunium salts as N-ethyl-N-methylmorpholine Bromide, N-butyl-N-methylmorpholine Bromide, N-
octyl-N-methylmorpholine Bromide, N-ethyl-N-methylmorpholine Tetrafluoroborate, N-butyl-N-methylmorpholine Tet-
rafluoroborate, N-octyl-N-methylmorpholine Tetrafluoroborate, N-ethyl-N-methylmorpholine Hexafluorophosphate, N-
butyl-N-methylmorpholine Hexafluorophosphate, and N-octyl-N-methylmorpholine Hexafluorophosphate. The melting
points, decomposition temperatures and electrochemical stabilities of the salts were measured by DSC, TGA, and CV,
respectively. The salts with halide anion showed high melting points (150~200 °C), low decomposition temperatures
(200~230 °C), narrow electrochemical stabilities (3.4~3.6 V). The synthesized salts with inorganic anions, on the other
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hand, presented low melting point (50~110 °C), high decomposition temperatures (250~380 °C), wide electrochemical
stabilities (6.1~6.3 V). We also found that the properties depend on the length of the carbon chain.
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ol 7P & 1%11]7} w31 Qlok. e B e el oF Hart
EeAA veERba A Sk 718k eRE] ARl thgt Al st
warglom, ool et S #7180 E tiAlsk ] f1sk AR 8
7g-gmfel] tsh 7itko] AlE3] e ETH1].

F A S AR g2 o] HAl|(lonic Liquids,
ILs), 294 A, &, liquid polymer 50 AT} o] T 0|24 HA|
T E AA e WL w5 Qs Tk 1, 7]
Gfjel] gt gell= 50 S0 % 38 Akle 3T vt Ak
ool A {78l Al Qb sar A1 oA HlE At
551 91EH2-4]. o} &4 A= o] ko 2 TH oAlE Welnd, o
o] &3} Fol& 0% o] FolA Q1= §-5% (molten salte]2} 3 < 3l
o} ofefst 7= A 720 ARUAIE HAA v e 2
T HSlelA oA el EAskAl gt 2o FT1ske] A9 %i
of 3 718 S e v 7|2 8lE wiEsHA] oot X
Z3#]OIEH5-7]. ©] Hiell k= o] 24 ‘ﬂﬂlh F2 ol ARs, W X*
7] 88k W9, o A% ebgrd o] EAL Arhg]. o3t =5
3t BAJS 7o R o] &4 A= Z%—%—UH ol X%oﬂﬂ e=9x=
Fdebr] f19k PgAIR S -8 5, thgt ool o]8 7hssitt
© AT A¥rt RuEIoH3,9]. 28U ool e} Fol-e] R d
Z3bol] whE veFet A4 549 d7sketa SAE ofx] W
BrelA QA ot ik ohdeh, EmE W w0 ol =4 4
& 71X7] Wzl AR = diE 47160 ofgwol

o]/ A= Fole B Yol A3|e] 3o w g vt
Al =35 AAIE 5 Sltk. oA WhEolxl o] A= 1 8%
off w2} g ARgo) Zhsaitt. ofe] o2 oAl T Al 5o
25 7R 0] 992 4-methylmorpholine, 1-methylimidasole, 1-
methylptrrolidine 52} 72 ol 227} Hi= B4} 2705 <&
Z Wkgol| oJa) WXt} Al Fol&-2 Ad A5 Yukdo
2 s, FAREE 94 54, 52 713k J9] 59 54
= Ay A -85 sh71ell AekebA] Eshri10]. o243 "—‘1*74131
23], 715k 548 A 5 Sl 7 kAl
o] A%k Wks-& B3l &2 oS BF,, PF,, TFSI” 12
7] Hol&o® A%ksl= Zlo|tt,

2 ATt M= BE= (morpholinium) AlE 2] o] 243 AAE A

a1, S o)A M0 FA EAJT} #7)3FeHA e Alo] ok

o
T
O

O,

ol& Az Zols) ol 20| F5o) uteh of A W= 2AkH
). o] A7 Ba Qe Ami ek Roleld ol ol
£ AR ATAIA Y B ARE AT F 2ok,

2. 4

ot

2-1. A|I=2
2 Aol ARE-E AJ2F 4-methimorpholine (99%), bromoethane

(99%), 1-bromobutane (99%)), 1-bromooctane (99%), sodium fluoroborate
(99%), potassium hexafluorophosphate (99%)> Sigma Aldrichol A1
T]I8te] ARE3FSIaL, acetone (99.7%), acetonitrile (99.5%), dichlo-
romethane (99.5%)= JUNSEI$} MERCKOIA F-4J&13iTh. 2E A
ke F7F FAE ARA oL ARSIt

2-2. 0|24 AMH| &y
[EMMor][Br], [BMMor][Br], [OMMor][Br]:= o}ej ¢} & Hh-3-2]
07 12} Hkg0] o] o)A TH(Scheme 1).

Me-Mor+R-X—>RMeMor X~

o] % oo} & W23} 2Fo] Br& BF, ", PF, & o] &u$h A
715 22 W8-S E3 [EMMor][BF,], [BMMor][BF,], [OMMor]
[BF,], [EMMor][PF,], [BMMor][PF,], [OMMor][PF]S 4 3tc}
(Scheme 2).

RMeMor' X +MX'—>RMeMor X" +MX

2-2-1. N-ethyl-N-methylmorpholine Bromide ([EMMor][Br])

82719} funnelZ}F A1 1000 mL A Sk vl
EukE: vl HolFa 30% Fet ALE Tl Ak RIS W
L. ©]% bromoethane 32.69 g (0.30 molys 1A%t &3t 4-methyl-
morpholine 30.35 g (0.30 mol)®] 3§+ acetonitrile 150 ml®l] dropping
&t F4taL 70~75 °C el AaEs17] shell 12h ol 71
WIAZITE RES- § A A7de A)71 3, 78 275 ol sl M=
Srlj25E st el E A4d=2] [EMMor][Br]ell acetone 100 mL
& F7ste] gAlEka 70°C, 2 b elA FH SH)E Fl
acetones A3} 18]al 142] [EMMor][Brls Z3 @E-oj4
48717} F9t 7AZA17] [EMMor][Br] 56.70 g (0.27 molyS- ¥4 313AT).

'H-NMR (DMSO, &/ppm, relative to TMS) 3.92-3.91 (s, 4H),
3.57-3.49 (q, 2H), 3.42-3.39 (t, 4H), 3.11 (s, 3H), 1.28-1.23 (t, 3H). FAB

MS: m/z=130.01 [Mor, ,]".
o _
[ j Br
v

O.

[ j + CH3CH2BI’
N
|

Scheme 1. Synthesis process of Morpholinium cation based ILs.

0. B
[+j + NaBFy, — [j + NaBr
SN

v
o -
Br
( j + NaPFy, —— [ j + NaBr
SN SN
Scheme 2. Metathesis reaction process of Morphohmum cation based

ILs.
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2-2-2. N-butyl-N-methylmorpholine Bromide ((BMMor][Br])

4-methylmorpholine 30.35 g (0.30 mol)Z} bromobuthane 41.11 g
(0.30 mol)& BF$-313 [BMMor][Br] 58.52 g (0.246 mol)yS 3Ads}
A},

'H-NMR (Acetone, &/ppm, relative to TMS) 4.12-4.05 (m, 4H),
3.68-3.61 (m, 6H), 3.38 (s, 3H), 1.94-1.87 (m, 2H), 1.48-1.41 (m, 2H),
1.00-0.97 (t, 3H). FAB MS: m/z=158.05 [Morm]*.

2-2-3. N-octyl-N-methylmorpholine Bromide ((OMMor][Br])

4-methylmorpholine 30.35 g (0.30 mol)¥} bromooctane 57.94 g
(0.30 molyS Wk&-5}o] [BMMor][Br] 81.23 g (0.276 mol)y> M3}
A},

"TH-NMR (DMSO, &/ppm, relative to TMS) 3.92-3.90 (m, 4H), 3.49-
341 (m, 6H), 3.15 (s, 3H), 1.73-1.66 (m, 2H), 1.30-1.27 (t, 10H), 0.89-
0.85 (t, 3H). FAB MS: m/z=214.08 [Mor]".

2-2-4. N-ethyl-N-methylmorpholine Tetrafluoroborate ([EMMor]
[BE,])

[EMMor][Br] 41.98 g (0.2 mol)?} sodiumtetrafluoroborate (NaBF,)
20.96 g (0.2 mol)S 200 mL acetone 3tollA] 48 h &t A=A 1L
HAAETE A E NaBre AFEolE ol &3t dydn
[EMMor][BF,Ji= dichloromethanes ©]-8-310] AAslET). 0% =
TLEL o] g5to] AAFAIA [EMMor][BF,] 35.55 g& $HJ5I3iTt.

'H-NMR (Acetone) 4.14-4.04 (4H), 3.79-3.75 (2H), 3.67-3.61 (4H),
3.39-3.36 (3H), 1.50-1.46 (3H). FAB MS: m/z=130 [Mor],2]+. Br
content: 5.6 ppm.

2-2-5. N-butyl-N-methylmorpholine Tetrafluoroborate ((BMMor]
[BE,])

[BMMor][Br] 47.50 g (0.2 mol)?} NaBF, 20.96 g (0.2 mol) Wb
-5-51] [BMMor][BF,] 40.00 g& §Hd51t).

'H-NMR (Acetone) 4.12-4.03 (4H), 3.67-3.60 (6H), 3.36 (3H), 1.92-
1.85 (2H), 1.48-1.40 (2H), 1.00-0.97 (3H). FAB MS: m/z=158 [Mor, 4]".
Br- content : 145 ppm.

2-2-6. N-octyl-N-methylmorpholine Tetrafluoroborate ([OMMor]
[BE,])

[OMMor][Br] 58.78 g (0.2 mol)?} NaBF, 20.96 g (0.2 mol)S Wt
2319 [OMMor][BE,] 51.14 g& 3HA3l3ich,

"H-NMR (Acetone) 4.13-4.05 (4H), 3.70-3.63 (6H), 3.39 (3H),
1.97-1.90 (2H), 1.44-1.36 (4H), 1.35-1.26 (6H), 0.88-0.86 (3H). FAB
MS: m/z=214 [Mor,58]+. Br- content : 101.1 ppm.

2-2-7. N-ethyl-N-methylmorpholine Hexafluorophosphate ([EMMor]|
[PFe])

[EMMor][Br] 41.98 g (0.2 mol)?} sodiumhexafluorophosphate (NaPF)
33.59 g (0.2 mol)yS 200 mL acetone StollA] 48 h B2t “d=4 1
HIAAET 4% NaBre 715501 ©]-8-81e] Ae{uial [EMMor]
[PFgli= dichloromethanes ]88 At o] % XFES
o] 4310 71417 [EMMor][PF,] 49.42 g& 33Tt

'H-NMR (Acetione) 4.16-4.07 (4H), 3.82-3.78 (2H), 3.69-3.66
(4H), 3.40 (3H), 1.52-1.48 (3H). FAB MS: m/z=130 [Mor,,]". Br-
content : 57.4 ppm.

2-2-8. N-butyl-N-methylmorpholine Hexafluorophosphate ([BMMor]
[PF,))

[BMMor][Br] 47.50 g (0.2 mol)Z} NaPF 33.59 g (0.2 moly= -5
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o

- o]dg- - A
3}o] [BMMor][PF,] 40.64 g& 3J3157 )

'H-NMR (Acetone) 4.13-4.11 (4H), 3.73-3.67 (6H), 3.43 (3H), 1.96-
1.90 (2H), 148-143 (2H), 1.01-0.98 (3H). FAB MS: m/z=158 [Mor, ,]".
Br- content : 80.1 ppm.

2-2-9. N-octyl-N-methylmorpholine Hexafluorophosphate ([OMMor]
[PFq])

[OMMor][Br] 58.78 g (0.2 mol)?} NaPF; 33.59 g (0.2 mol)& W5
319 [OMMor][PF,] 70.36 g& EHd&ith.

'H-NMR (Acetone) 4.12-4.11 (4H), 3.73-3.66 (6H), 3.44 (3H),
1.98-1.95 (2H), 1.45-1.38 (4H), 1.35-1.26 (6H), 0.88-0.86 (3H). FAB
MS: m/z=214 [Mor, g]". Br- content : 89.3 ppm.

2-3. AR

2-3-1. 94 54

A o]&4 2Floli= DSC Q1000 V9.0 Build 2755 &3l 10°C/
min?] 714 5 IF TV S T3 fo dF
¢Hg2d-2 TGA Q500 V5.0 Build 1645 53l 24 w97] 3ol
10 °C/min®] £52 7143 S435kATh

2-3-2. 7] 3eHA] 54

7] 3184 1542 Solartron 1287A potentiostat/galvanostatol]
3 Zd2olx STt A=A (electric conductor) ZA12] 217
3 mme] F2ld €A (glassy carbon) = U= (counter electrode)
o] Wi glo]o](platinum wire)?} 7155 = (reference electrode)2] =

}olo](silver wire)2} g7 ARE-EHATE.
3. dut ¥ &

3-1. @8 84

Table 1> Morpholinium A|G 2] o] &4 A E9]
T} Folo] Brel 21 K57 100 °C ode] 2
o] yhof] §7] 20)2(BE,, PF,)C.% o]F0]x o] 24 o
2ol 100 °C olake] Herls Bof L itk o= 2%
29| 7t [7159ms) wdo] gl shEal Sol-2] uf
[SER Q8] ol Fol& Alolo] Agah= 1Eo] %
AAAYGA 2 HEHE AYA =k
Fig. 1:> Sk AR o7lle] o] Aol oisl A} FAF D=
579 7| (Differential Scanning Calorimetry, DSC)% AN A4 £4
HolFq Qi) st 7l 20| (Br)s g3t o] 24 A9} F]
S0]&(BF,, PFy )= 2318t o] A= T vkgo] vERdtt.
BF, & 5020 7HA)i= o2/ A= Fol29] 'k Q1 o]
7h Aol o] whobA= A 3S Holal Qlar, Wl E PRy
£ Solo® ¥shs oA AAl= Yole] vha AlRldol7t
HAoldrE H5E7o] moE A3s Hola girk. &

=
9 Brg L3kt ol Al ANkAQ) AR 9o 1k o]
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Table 1. Melting point of Morpholinium Salts

Melting point (°C)
[Br] [BF,] [PF]
[EMMor] 189.66 85.53 86.70
[BMMor] 208.13 78.28 94.86
[OMMor] 155.49 50.51 107.83
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[EMMor][Br]
“_‘_‘——*——jf\ = [BM Mor][Br]

R ¥ Aottt it ’[0.\1 Mor][Br]

: V
é [EMMor][BF ]
§ ',_ — — —  [BMMor][BF,]
..... ~+ [OMMor][BF ]
_ [EMMor][PF]
|
—_—_———— V _____ [BMM or][PF]
------__--’\1'--.-----\ =* [OMM or][PF,]

Exo

0 100 200 300
Temperature (C)

Fig. 1. DSC results of synthesized ILs.

120 -

100

Halide anion

804 = = = Inorganic anion

60

40 4

Weight Loss /%

20

Temperature / C

Fig. 2. TGA results of synthesized ILs (Halide anion, Inorganic anion).

<1 [BMMor][Brle] 7Fg =& S5+=3s 71t

Fig. 2v= @270 S0 7] Fol&2] 0|24 dA|=e] thato]
A== -4 (Thermo Gravimetric Analyzer, TGA) A¥5-5 247+ 1.
o}FaL QITh. o] oA gRIE = Qlzo] AAF R FU] &
o] &g x 3 O]—Q/H M= Szl Fols e o] 24 A
off v]3l tiF=E ©F 100 °C o1 =& 25elA E3llES & 5 Stk
Table 2= O]‘E‘i"ﬂ st o] 24 HA2] & Eal =25 VR 9L

R

oH

B
ARSI} o5 o] e Sl aln Ha9S nah,
ol &aAl Fol-e] et W75 we w-do] qlvk. Al Fol
T 024 QA ofF 2 ko] RIS =/ Ak

tlo

Table 2. Decomposition temperature of Morpholinium Salts

Decomposing temperatures (°C)

[EMMor][Br] 230.8
[BMMor][Br] 2083
[OMMor][Br] 184.7
[EMMor][BF,] 231.8
[BMMor][BF,] 324.8
[OMMor][BF,] 379.1
[EMMor][PF,] 3532
[BMMor][PF,] 356.4
[OMMor][PF,] 343.7

2hA] ool 22| ¥k A|Qlo] Zoj AR HFAJo] AR v W

LEoA] wafigeh. gide] 7] §o]&]l BF, & o]Foixl o]

/3 A= Fol2-2] Bk AL Lot FETE W oA &

== APdE Bk PR S 50 20= ZH= o]/ di) &

& o9 A Folq) s BF, 0] 499} S AL Bolw
oIk, o= M wA I ISA RS okt 2] Sol el 9% A B
Sg0] 24 7] W] AL ol PolaFE v Qg
#7] upo]et.

3-2. My[sEre EM

Fig. 3= & A7l 39 o] AAE A7)5eh4] A
(Electrochemical windows)g 21531 QIt}. o] A7|s}sk4] QPgAde
Fig. 449 7} 0]9—/“ | 9] &) A7 AU (Cyclic Voltammograms,
CV) HiolElE 573 5 574 At AlelelA] 71881 Hdd&

HAFE 7208 &7ste] UeRdt. Fig. 3014 18 & 9}%01
ol w3 ¥H-& F3lo BF4 , PF €] 7] Hol&0% 2|3ke o]
274 MA} Brg Efshe EEall Fole-g Ad o] A rrt
O 5 #7]8}8H4 QPY/d-& HolEtt

Table 35 K1 7} o] 24 AAE2] ol oFol 2] AQ1Zo]e]
w2 A7)38HA XS SxF o7 nwdk 4 Q). [EMMor]
[Brl> 3.41 Ve Aks}kel Abole] 27818k QPgAE HolFal 9l
t}. 72831 [BMMor][Br] 3.58 V, [OMMor][Br] 3.49 V] A¥}=
HolFEL, o]= ofol29] vk A|1Zo|7t 17131 Qg Ade] &
AL X% 955 HoIFU} [EMMor][BF, < 6.14 V, [BMMor]
[BF, ] 6.37 V, [OMMor][BF, > 6.39 V, [EMMor][PF> 6.14 V,

Electrochemical Window / Voltage

0.00 1.00 2.00 3.00 4.00

[OMMor][PF6]
[BMMor][PF6]
[EMMor][PF6]
[OMMor][BF4]
[BMMor][BF4]
[EMMor][BF4]

[OMMor][Br]

[BMMor][Br]

[EMMor][Br]

Fig. 3. CV results of synthesized ILs.
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Electrochemical Windows

-3 2 -1 0 1 2
Voltage vs. Ag

Fig. 4. Measure a range of Electrochemical stability.

Table 3. Electrochemical windows of Morpholinium Salts

Electorchemical Window/Voltage

[EMMor][Br] 341 [EMMor][BF,] 6.14 [EMMor][PF,] 6.14
[BMMor][Br] 3.58 [BMMor][BF,] 6.37 [BMMor][PF,] 6.1
[OMMor][Br] 349 [OMMor][BF,] 639 [OMMor][PF] 625

[BMMor][PF & 6.11 V, [OMMor][PF & 6.25 V&2 %7]3}82 i
flelr] ALl SHE L g H o)tk drd o 2 d7)slekA oA
CVe] A3 $l= ofol22] Ealleh #ado] QT 11,12]. SFAIE e
22] Hzle] whE g9l A M) AJoli= A2l WekA] ei=t) 1
Y g 39 3 A9 BEY o]0 ©h AQldolo] A
8}—_0_ HL;(] o}p_ 749& ] %;}. :/_g] Nt’ﬂx—l_gi ai;ﬂ _O_O]_‘Q__
Br o] x718}ek4 QkxdAdel vlshd oF 1.8912] ePgAdS HolF
=

il
il

;O

4.4 B

2 ATrellM= BERA| ol& 71%2E Br, BF,, PF, 9 5]
&5 743, 7} gol mir} oFo] 2] whA 217 0] (ethyl, butyl,
octylyg 271 @elah F 7€) o] A MAE SIS olF
o] g3l DSC, TGA, CVE SA3te] 94, d71skers] 54l o
3l dotrgirt. AnkA 0% BF, U PRy &} 248 7] ol Ad
o] 243 AA7E Brg Al o]/ AAEC} o] vk ReoflA] iz
A& Aok g2]a 7] Fole] A ol A ARl Zo|
7} o= %:@01 Hashs Aes B3ink a8 7] 5o
0] Brr Br} U] & 204 EalEs g1 4 Al )
O] -5 A= o] A Al ol ' A1l 7t ol s

'Ex_
% 28 7 Z715hs AT wale, Bl fol Brd A
—“:_—‘— O]‘__ J Oﬂxﬂb O]:O]—Q—',] _/]’\__ jﬂq_]-z_:]_o]7]_ 221_01@‘{[\% %i]_ﬁ_H —‘Q__—E

7} AHashs TS RofET) o) Fole] whE 7} o] 24 )
Azte] A=) wiite]l dehohs ddo s deiA Qlvk A7) 3t
8H2] Zro = 7] 2ol &(BF; , PF; )0 Sl 50]2(Br)s.th
oF 1.8} o W& d71seba] Qb WS1E 7 ek ol

Aol uh2 G FEAAl UEhA] 33k
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1o

T3 st Lol B )
Eol webe AEe] e BAL nolx glek. olefst Py
B o2y olAle] AgWIIE ¥l & Zoltt

vl AI_
Ol T 20129 Serws it wuljEked ] o) XS o}
A3 A7)

N =k

Ionic Liquids

DSC Differential Scanning Calorimetry
TGA Thermo Gravimetric Analyzer

Cyclic Voltammogram

NMR Nuclear Nagnetic Resonance

EMMor][Br] N-ethyl-N-methylmorpholine Bromide
BMMor][Br] N-butyl-N-methylmorpholine Bromide
OMMor]|[Br] N-octyl-N-methylmorpholine Bromide
EMMor][BF,] N-ethyl-N-methylmorpholine Tetrafluoroborate
BMMor][BF,] N-butyl-N-methylmorpholine Tetrafluoroborate
OMMor][BF,] N-octyl-N-methylmorpholine Tetrafluoroborate
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