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ABSTRACT

Color Change of Imidazolium Based Ionic Liquids According to
Temperature, Atmosphere, and UV Imadiation

Ki-Hyun Kim
Advisor : Prof. Dong-Chan Shin, Ph.D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

Recently ionic liquids have attracted attention as a solvent to replace the toxic
highly organic solvent to save environment through using green solvents. Ionic
liquids have low wvolatility, minor toxicity, stability in the liquid state at high
temperature, thus there is no comparable candidate in terms of environment friendly
solvents. However, the high temperature stability of ionic liquids should carefully be
investigated to substitute the organic solvent in industrial processes. A few research
showed the darkened color change of ionic liquids at elevated temperature, the exact
mechanism is not fully understood yet. We investigated color change mechanism of
imidazolium based ionic liquids according to temperature, atmosphere, and UV
irradiation. Mass variation of the ionic liquid corresponding to the temperature was
analyzed by thermogravimetric analyzer(TGA). Imidazolium based ionic liquids of
[Comim][TFSI], [Csmim][TFSI], [Ciomim][TFSI], which have different alkyl chain
length, were used. The color change was evaluated by UV-visible spectrophotometer.
The structure change was verified by pH measurements and NMR. As the
temperature and oxygen concentration increase, the color of the ionic liquid turns to
dark brown. The pH number was lowered according to color darkening.
[Csmim][TFSI] showed faster color change compared to [Comim][TFSI]. Color change
of [Ciomim][TFSI] was slower and light brown despite long alkyl chain than
[Csmim][TFSI]. The color change is strongly related to the thermal stability.
Coulombic packing by symmetry affects the thermal stability larger than Van der
Waals force generated by the alkyl chain. The deprotonation of the 2-position of the

- VIl -
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cation was revealed to cause the color change by the pH measurement and the NMR
measurement. To turn back to original color, ionic liquid was illuminated by UV-A
(352nm), UV-B (306nm), and UV-C (254nm). UV-B (306nm) was proved to be
effective to returning color compared to UV-A and UV-C because absorption
wavelength (330nm) of imidazole is similar to UV-B. This research might enlarge
application of ionic liquid in chemical processes by providing color change
mechanism of imidazolium based ionic liquids according to temperature, atmosphere,

and UV irradiation.
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Fig. 8. UV-Vis spectra of ionic liquids after r-irradiation at
550kGy under nitrogen atmosphere (dilution factor 600)
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H,C /\\\N+/\ CH, 1-Ethyl-3-methylimidazolium : [C,mim] F F
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1-Metyl-3-octylimidazolium : [Cgmim] 0 58\ ﬁ E
\—/ |
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Fig. 12. Structural formula of imidazolium based cations and anion [TFSI]
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2. Ol24d A2 S2xcl &

Ol24 HHe 2% ZRII0 e MBSGE 2F6HI| o Fig. 132t 20l
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Fig. 13. Heat-treatment system of ionic liquids
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Fig. 14. Schematic of procedure conditions
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Fig. 15. Heat treatment process of ionic liquids
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Fig. 16. UV irradiation system used 254nm, 306nm
and 352nm UV lamp
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Fig. 17. UV-Vis spectra of 254nm, 306nm and 352nm UV lamp
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Fig. 18.(a) (b) TGA and DTG curves for pyrolysis of [Comim][TFSI], [Csmim][TFSI]
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Fig. 20. Absorbance of (a)[Comim][TFSI], (b)[Csmim][TFSI], (c)[Cimim][TFSI] by

temperature and atmosphere
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UV-Vis SpectrophotometerES &0t 024 %X =&std EHds sHE

20 252 220101 2gt ol=2d A
2EXZ FHotA =0l 012 &Qlot A Ol2d MMl pHE =&EOoIRULE litmus
QA

D Ar29IJI0lA 150C, 250C2 S Xcelgt

Hel Blste 20122 C2-position?] E

paperE AFEGIH pH H3tE =016t
[Comim][TESI], [Csmim][TFSI], [Comim][TFS|Sl pH 312 Fig. 2101 LIEFRHCH

(]

Ref. [Comim][TFSI]= pH6, [Csmim][TFSI]= pH6.5, [Ciomim][TFSI]=
LIEFHQACH 150C2 FH2lE  [Comim][TFSI= pHS5, [Csmim][TESI[S pH6,

[Comim][TFSI]= pHs©| 22 LIEFARICH 250C2 ZH2IE 024 AHs &

AMOZ  BIMEIO litmus paperd M3 ZHTN F!et pHO =HO|
pap p

= S5 pH SZHES 0/24 AuH O piAMoz ol

EJI0IACH  litmus papers

[

Z&tet pHE =dol)| 83) 20 X5 SF -0l OtLICh
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[Cymim] [Csmim] [Ci;mim]
[TFSI] [TFSI] [TFSI]

250

150°C

250°C

Fig. 21. The pH value of the ionic liquids was measured using litmus paper
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2) pH meter

i

ro
>
fo
Q'E
o
T
=
ujo
ne
S

Litmus paperS O|Z8&' pH

meterS ALEOH0 4 B 3tst 0

ro oz
ox
2
10

gl M0l pH
pHE =ZFGIAUCL Fig. 22(a), (b),

(o= 2k =29 8ol OHE ol2d HAHe pH =XIE pH meterS S06tH

i

FZRII0AM 150C2 SXelg [Comim][TESI]Sl pHE= 4.580/1) 200C=2

gt ZWO0ICH [Cmim][TFSI]2] pHE &=20A 5242 UEHHU

2N,
Z X clst
[Comim][TFSI]C] pHE 3.32, 250CZ g€Xc2lst [Comim][TFSI|2 pH=

2185

LIEFHQICH. Air 2SI0101A 150C2 LH2IE [Comim][TFSIIS pHE 4.6801 2
200C2 ZH2ls [Comim][TFSI]S pHE 3.28, 250CE2 LA 2|8t [Comim][TFSI]=
pHE 242 LIEFHQUCE 0, 2SI 150CE2 S X 2l8t [Comim][TFSIS pHE

4580110 200C2 LMl [Cmim][TFSI]Q pH= 3.70010{ 250C2
[Comim][TFSI]2 pH= 2302 LIEILARACE EX™ele &It

st0l &

A5t AE  FHOIGIALCE  [Cemim][TFSII2l pH= &=20M
LIEILIRI D N, FII10A 150C=2 S ™eldt [Csmim][TFSI]S) pH= 5.360112

2 Xl

Soteas

pHS
7.028

200C2 Y28 [Csmim][TFSI]C pHE 0.63, 250CE 2 X 2l8t [Csmim][TFSIS
pHE 0.002 LIEHHRICL Air 2SIII0AH 150C2 X2l [Csmim][TFSIS)

pH= 5800110 200C2 X2l [Cymim][TFSII2l pHE 0.95, 250C &
[Csmim][TFSI][= pH= 0242 UEIUHRACE O, ZRIII0MA 150CT=2

2 Xclst
E X elst
[Csmim][TFSI]Sl pH= 631011 20002 ZH™elst  [Cemim][TFSI

pH=

0320101 250CZ2 LX2l8t [Cemim][TFSI]Sl pHE  0.122  LIEHLHQUCH

[Csmim][TFSI]2] HS2 200C Ol&2 2Z0 A pH meter® =& St

]
OlotZ Z40otRdd, 150C O0l=FEH pHS S ZFLE ol &=+

[Comim][TFSI]2] pH= &=20A 4.835 UEIUHYRLD N, ZRII00A

A X2 [Comim][TFSI]S pHE 3.68012 200C2 ZX2l3t [Cromim][TFSI2
pHE 1.76, 250CZ& <&Xxecls8t [Ciomim][TFSI]S pH=E 0.762 LIEHLHRUCE  Air

22I10M 150C2 X2l [Cmim][TFSI]2 pHE 3.950110 200C &

g xclst
[Comim][TFSI]2 pHE 1.07, 250C2 ZXMealst [Cmim][TFSI]= pHE=

1.042

LIEFHQACE 0, 21101 150C2 SH2I8 [Comim][TFSIIS pHE 3.67012
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200Cc2 ZX™elst  [Cpomim][TFSI]2 pH= 0920104 250C& ZXelst
[Comim][TFSI]2 pHE 0772 =X5tQUCH  [Comim][TFSIE 200C 0|2
2E0AHA= pH meter® =& &H gt= HOLl= pH &0l 2ZEEUCH
[Comim][TFSI]OF  pHSl HstE0] Jt&  IH  UEISD  [Csmim][TFSI],
[Cmim][TFSII&=2 2 B#3tE HEIL MIUCH 0, > Air > N, =%1J] 22 pH
H3OF A UEtG =0 0I248 Bl A

3 2
2= 20l22 C2-position2| & X0 2o pH 20l &&=z H3t
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[a—
o

ol (c) [C,,mim][TFSI] o

+N2

81 k- Af
T
6 I
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S
3 -
2
1k
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Fig. 22. pH values of (a)[Comim][TFSI], (b)[Csmim][TFSI] and (c)[C;.mim][TFSI]

by heat-treatment temperature and atmosphere
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Table. 1 pH changes of ionic liquids according to heat-treatment temperature and

atmosphere

N, atmosphere Air atmosphere 0, atmosphere

Ionic

Liquid 25°C  150°C  200°C 250°C 150°C 200°C 250°C 150°C 200°C 250°C

[C;mim]

[TFST] 524 458 332 218 468 328 24 458 370 230

[Csmim]

[TFST| 702 536 063 000 580 0595 024 631 032 0.12

[C1ymim]
[TFSI]

=

.83 3.68 1.76 076 3.95 1.07 104 367 092 077
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3) Universal Indicator
pH meterE O0/E&H pH SEY 01202 ZHEHO=Z pH HIIE 2F5)|
universal indicatorS ALEGHN AEOIULCH 024 HHMA H,O ALOIS] ZHHHI =
Xolol 2gt =42 0S8 SotH H,0=2 EobE #4291 LZ2  universal
indicator2 ZSEE2Z2ZM 0124 HX2 pHE =tCIGHRICH[28] & 20AM2
[Comim][TFSI], [Csmim][TFSI], [Crmim][TFSI]®l pHS 242t pHS, pH7, pH5J}
LFSLCH 150COIA  SHM2IE  [Comim][TESI, [Csmim][TFSI], [Cimim][TFSI]2]
pH=E 22t pH4, pH6, pH4IF U2 250CUHA EXelE  [Comim][TFSI],
[Csmim][TFSI], [Cimim][TFSI]2| pHE= 212f pH4, pH4, pH3Z LIEFRICH pH
meter® Z 2 FALCHA pH gt0| 2482 &0l & &= A/UCE
— 45 -

Collection @ chosun



7 8 9 10 11 12 13 14

[Comim] [Cgmim] [C;,mim]

[TFSI] [TFSI] [TFSI]

150°C

250°C

Fig. 23. pH values of [Comim][TFSI] and [Ci»mim][TFSI] by universal indicator
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4. Ol24d AH<2 XA Hal

Fig. 24= 20|22 FXE HsE 2FEol)| 2ol Ar2®IJI0M 250C=2
1AI2E EX™e2l8 [Cmim][TFSIIE 'H-.NMRZ =Z35 JeiZO0|Ch. 'H-NMRS
FHs  ZI Ref[Comim][TFSI]®  C2-position UlF= 8762  Ligt
[Comim][TFSI](250C,ain)2 HlAE QQEXOZI shifitt 8712 LIYLCH Fig. 25
20l22 C-FZg B3E 2Eo6HI| floi Air =III0AM 250C2 ZX2l&t
[Comim][TFSI]Z “F-NMRZ =ZH& ZWUE LEHHACE "F-NMRE I3=
B30 LIEFLHER 2RUCH)29] Ol EH™20 el & BHEE 0|24 dAHls
C2-position2| & &KXt 2lst MA L& HeIF MACD &HE £~ QULCH

Spectral data for [Ciomim][TFSI] : 'H-NMR(CDCl, 300MHz): &/ppm= 0.87(t, 3H,
N(CH»)1:CH;), 1.25-1.32(18H, NCH.CHx(CH:)s), 1.86(t, 2H, NCH.CH:), 4.16(t, 2H,
NCH:), 7.27(s, 1H, CDCly), 7.29(s, 1H, NCH), 7.31(s, 1H, NCH), 8.76(s, 1H,
NCHN). ""F-NMR(CDCls;, 470MHz): §/ppm= -79.12.

Spectral data for [Cmim][TFSI](250°C,0,) : 'H-NMR(CDCl;, 300MHz): §/ppm=
0.87(t, 3H, N(CH.)iCH3), 1.25-1.32(18H, NCH,CHx(CHa)s.), 1.86(t, 2H, NCH,CH5),
4.16(t, 2H, NCH,), 7.27(s, 1H, CDCls), 7.32(s, 1H, NCH), 7.36(s, 1H, NCH),
8.71(s, 1H, NCHN). "F-NMR(CDCl;, 470MHz): §/ppm= -80.44.
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103 | — Ref [Cp;mim][TFSI]
0ed | — (250°C,Air) [C1,mim][TFSI]
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Fig. 24. 'H-NMR spectrum of [Ciomim][TFSI] at heat-treatment 250°C for 1h in the air
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Ref. [C{ymim][TFSI]

Mormalized Intensity
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1

T
-0 80

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
&0 80 100 -110 120 1300 -140 150 160 170 1800 180 -200  -210 -220
Chemical Shift (ppm)

T
-7l

1.0+
o (250°C,Air) [C;,mim][TFSI]
0.84
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0.6

0.5

Mormalized Intensity

0.4+

0.3

024

0.1
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Fig. 25. “F-NMR spectrum of [C1;mim][TFSI] at heat-treatment 250°C for 1h in the air
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5. 012d Al €M

1) UV Light Irradiation

MHS = UV-B(306nm) > UV
Z &0l [Comim][TFSIIS 1R &=
St 2 AS L = ULL Table.

Z0t gt2 2 Ref [Ciomim][TFSI]S pH&=
ZAFE [Comim][TFSI|2| 2t2 2.872
X

/\}El [Clzmlm] [TFSI] _O__|

OlSGtASM OIOIXT At&IDE 22
0l

Collection @ chosun

—

—

C2-position
[C;,mim][TFSI]1E DJIZ& [C;;mim][TFSI]&
UV-A(352nm), UV-B(306nm), UV-C(254nm)
£ A Ch. Fig. 262+ Table. 2= 102
LIEFH OI0IXIt pH HIIE B0=F1

A2 ZMO=Z OrRHel 8ol

-A(352nm) > UV-C(254nm)
T+ & (330nm)
2 ZAME [Ciomim][TFSI]2l pH
1.042 Z4&t8 =S LIEFAXICH UV-BOI
. Fig. 272 UV-Vis spectra® &
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A= AFALZE 0 Day 5 Day 10 Day

a2

UV-A(352nm)

UV-B(306nm)

UV-C(254nm)

Fig. 26. Color changes of ionic liquids by UV irradiation

Table. 2. pH changes of ionic liquids by UV irradiation

Ionic Liquid pH
[C,mim][TFSI] 4.83
[Crymim][TFSI], 1.04
250°C,Air 52| 7|
UV-A 2.27
UV-B 2.87
Uv-C 1.9
5y
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——[C,,mim][TFSI]

5 —— UV-A(352nm)
—— UV-B(306nm)
4 —— UV-C(254nm)

Absorbance

-1 | \ ! s | . | . | .
300 400 500 600 700 800

Wavelength (nm)

Fig. 27. Absorbance of dark [C;»mim][TFSI] according to different UV light
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