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882

5 CO, RAEMFERAER, X HE5 IR A= 4 E % b
ERE 8); a2 FHETHEERIAN, B 21%1
[aEmim]BF, 5 CO, KA T 1:1 HIL2EI/ER, b2
WSR2 RIS R B ) 94%, Tl [aEmim]BE, il id 4
HEE F TR CO, IR i ST R 25 2 1) 6%.

BEAh, R RER T BOE T TR TS IR TR
TR BT, 58 T SRR ORCT  A, B SRSRAE
BT BRI, LRGSR B B T R T B
MR (55 5 X o> S0 i, TR0 A B A
VR T T RN FH R SR T 0z

5 R IE SR 35 9 O IR B A B
R 5

R, UG S A1 08 1% 2 0T 4 R M O 9 TR
IS B —F 7. T EES T &8 hiE
BT RAR R L SR H T R S R I 0 I T R S
FWARRI BRI R, — B BEAER R I H B2
HE T, 0 2,2,6,6- P9 FEEDRIE - 1-4(TEMPO) 28!

(@) 1
B\S’fj\ﬁr{/ NH, F\E/F
9

- roe
5 F
Unreacted 8 7 9
u Spectra 1
(physically interacted)
Reacted Spectra 2
54 /(chemically
6'
M, intereacted)
74 73 72 4 3 2
ppm
(®) 4

6 Spectra 1
ke (physically
intereacted)
’,SSpectra 2
&—{chemically

@ intereacted)
160 140 120 40 20 0
ppm

B 8 [aEmim|BF, & AL CO, /5 '"H NMR (a)
A1 13C NMR (b) &3, DL D,O M)



hERE: (b 20144 HF44 % FoW

5 A T BRI B, B AT 5% BT R LR
T R B I B8 YR 22 W I 7 TG 1) A R X A b
Wi & B B A T B AT R RS 7 IR L AR
PG F B 0 A R, 1T FLKE 2 4 AT 8 Lo
SRR B F 32 2 T T 7 8 48 H T R
ST BUAE SRR AR T 9 T PR DR A
Kawai 2Pl 4-%3-2,2,6,6-PY H 3 0k g
(ATEMPO) AHRE 73, K HL 7 URG L 418 30 15 AF
TR SRR B A 1T 2 -3 FE S DR S SRR R
([Bmim]PFq) M Z= % B 1R an 2-F4 20k — 2 5L
i VU SR 2 (INR4IBE) Al M, SCHK T ATEMPO Hr
TSR B3R N ESR %% 1) 5 M RS A0 AR 4 H
H(an) 5IEFIREZ R H L Ex(30) (B 9), 5452
[Bmim|PFq & 7141 Ex(30)E 9 54.8 kcal/mol. It

an an

16.54

[omim][PFg4]

16.0

ay (G)

15.54

T T LI B s e e e e i

S
30 35 40 45 50 55
E; (30) (kcal/imol)

B 9 ESR & In 7 G an il & % (an) 5 B 7R P 2206
W Er(0)K R EPY, HEy 293 K I ATEMPO #
[Bmim]PF, & ¥t it ESR i

H 5 E A ORI E 1) ExGOYE 4%, &Y
TGS IR AT R AR B T AR AR

SR A, R R IR i 1 3 W AT T 4R 2 T
FEAN [ B 780U b (¥ 3l g 2 2™, gy AT 9 A
ez, MR 28 8 1 WA P 8 AR Bl 0 45 4 AT R LA
H.

6 Bai5REY

ASCHF LA B2 LREIEIRAT L L R 55
T 2 T BUAE 3 B R IR BTN 25 1 VA4 B FL i A =
T IR A4 BT T R R ik R IR AT T RN A
A 2 B, WHIT T B WA TR0 46 Fg A0 R LA
FINTF, RIBRE TR 2 0 IR 2 B, AT
LS B BAT T A 1 1 UM S EL VA 2R P T ) Rl
IS5, T LR ) S VAR 4 A - 5 TR R R
K F BOHRFER DD REAL B TR IR L E iR 8 3. H AT,
R 2 T BORIR B TR IO 3 22 1 R S S
Tt R, (R AR R I S AU L E R TN
TR IR 7 5 5 5 T 5TV 2 Tl e R A A
P (1) dnAar R P 2 T B B S TR AR R
AN 5 DN E R 25 PR T, T B AR LR AR
BT R 52 1 B B 1 A AR A7 A A o)1 R
TR RS, 2) WA A MK B AR S B
#HDhAe, RIVEFE K255 MWL S HOk G
WEBS AT AR B () WD 1 2 D5 VA A
B SBRRRR N TR, e m B S N T, JF
RIKBLTI EANTII AT AR XL R BA PR
P (R F 72 AT

H A TEGRER 8 REF I 4(21206085). H7 L4 B4R H E AT E (2011R50007). 34 &A% 2Lk AL A 2 4
Ao B AR F I A (Y4090453) K B, #F bk — I Bt

e PN

1 Welton T. Room-temperature ionic liquids. Solvents for synthesis and catalysis. Chem Rev, 1999, 99: 2071-2083

2 Hallett JP, Welton T. Room-temperature ionic liquids: solvents for synthesis and catalysis. 2. Chem Rev, 2011, 111: 3508-3576
3 Cadena C, Anthony JL, Shah JK, Morrow TI, Brennecke JF, Maginn EJ. Why is CO; so soluble in imidazolium-based ionic liquids? J Am

Chem Soc, 2004, 126: 5300-5308

4 Wu WZ, Han BX, Gao HX, Liu ZM, Jiang T, Huang J. Desulfurization of flue gas: SO, absorption by an ionic liquid. Angew Chem Int Ed,

2004, 43: 2415-2417

5 Zhang JM, Zhang SJ, Dong K, Zhang YQ, Shen YQ, Lv XM. Supported absorption of CO, by tetrabutylphosphonium amino acid ionic

liquids. Chem Eur J, 2006, 12: 4021-4026

883



VRRRANAE: B IR Sk R A ) 2 Bl R B (R i e

10

11
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29
30

31

884

Bara JE, Camper DE, Gin DL, Noble RD. Room-temperature ionic liquids and composite materials: platform technologies for CO, capture.
Acc Chem Res, 2010, 43: 152—-159

Wang CM, Luo XY, Zhu X, Cui GK, Jiang DE, Deng DS, Li HR, Dai S. The strategies for improving carbon dioxide chemisorption by
functionalized ionic liquids. RSC Adv, 2013, 3: 15518-15527

Jin YD, Fang SH, Yang L, Hirano SI, Tachibana K. Functionalized ionic liquids based on guanidinium cations with two ether groups as new
electrolytes for lithium battery. J Power Sources, 2011, 196: 10658—10666

Peng L, Zhang JL, Li JS, Han BX, Xue ZM, Yang GY. Macro- and mesoporous polymers synthesized by a CO,-in-ionic liquid
emulsion-templating route. Angew Chem Int Ed, 2013, 52: 1792-1795

Johnston KP, Meredith JC, Harrison KL. Spectroscopy: the fourth vertex on the molecular thermodynamics tetrahedron. Fluid Phase
Equilib, 1996, 116: 385-394

PR, whn, A, AR AR T UG A M U SRR, R A4k 2, 2010, 40: 1217-1225

Xu YJ, Qian W, Gao QQ, Li HR. Prediction of vapor-liquid equilibria of alcohol + hydrocarbon systems by 'H NMR spectroscopy. Chem
Eng Sci, 2012, 74: 211-218

Dohnal V, Tkadlecova M. A simple relation between 'H NMR data and mixing enthalpy for systems with complex formation by hydrogen bonding.
J Phys Chem B, 2002, 106: 12307-12310

Asprion N, Hasse H, Maurer G. Thermodynamic and IR spectroscopic studies of solutions with simultaneous association and salvation. Fluid Phase
Equilib, 2003, 208: 23-51

Xu Z, Li HR, Wang CM, Pan HH, Han SJ. The methyl C—H blue shift in DMF-water mixtures probed by two-dimensional FT-IR spectroscopy. J
Chem Phys, 2006, 124: 244502

Ma L, Li HR, Wang CM, Xu YJ, Han SJ. Prediction of vapor-liquid equilibria data from C—H band shift of Raman spectra and activity coefficients
at infinite dilution in some aqueous systems. Ind Eng Chem Res, 2005, 44: 6883—6887

Zhang LQ, Xu Z, Wang Y, Li HR. Prediction of the solvation and structural properties of ionic liquids in water by two-dimensional
correlation spectroscopy. J Phys Chem B, 2008, 112: 6411-6419

Zhang LQ, Wang Y, Xu Z, Li HR. Comparison of the blue-shifted C-D stretching vibrations for DMSO-d, in imidazolium-based room
temperature ionic liquids and in water. J Phys Chem B, 2009, 113: 5978-5984

Gao Y, Zhang LQ, Wang Y, Li HR. Probing electron density of H-bonding between cation-anion of imidazolium-based ionic liquids with
different anions by vibrational spectroscopy. J Phys Chem B, 2010, 114: 2828-2833

Lv YQ, Guo Y, Luo XY, Li HR. Infrared spectroscopic study on chemical and phase equilibrium in triethylammonium acetate. Sci China
Chem, 2012, 55: 1688-1694

Berg RW, Deetlefs M, Seddon KR, Shim I, Thompson JM. Raman and ab initio studies of simple and binary 1-alkyl-3-methylimidazolium
ionic liquids. J Phys Chem B, 2005, 109: 19018-19025

Fujii K, Fujimori T, Takamuku T, Kanzaki R, Umebayashi Y, Ishiguro SI. Conformational equilibrium of bis(trifluoromethanesulfonyl)
imide anion of a room-temperature ionic liquid: Raman spectroscopic study and DFT calculations. J Phys Chem B, 2006, 110: 8179-8183
Endo T, Nishikawa K. Thermal phase behavior of 1-butyl-3-methylimidazolium hexafluorophosphate: simultaneous measurements of the
melting of two polymorphic crystals by Raman spectroscopy and calorimetry. Chem Phys Lett, 2013, 584: 79-82

Wang HY, Wang JJ, Zhang LM. Temperature dependence of the microstructure of 1-butyl-3-methylimidazolium tetrafluoroborate in
aqueous solution. Vib Spectrosc, 2013, 68: 20-28

Xu YJ, Gao Y, Zhang LQ, Yao J, Wang CM, Li HR. Microscopic structures of the ionic liquids 1-ethyl-3-methylimidazolium
tetrafluoroborate in water probed by the relative chemical shift. Sci China Chem, 2010, 53: 1561-1565

Zhang QG, Wang NN, Wang SL, Yu ZW. Hydrogen bonding behaviors of binary systems containing the ionic liquid
1-butyl-3-methylimidazolium trifluoroacetate and water/methanol. J Phys Chem B, 2011, 115: 11127-11136

Daniel CI, Chavez FV, Feio G, Portugal CAM, Crespo JG, Sebastiao PJ. '"H NMR relaxometry, viscometry, and PFG NMR studies of
magnetic and nonmagnetic ionic liquids. J Phys Chem B, 2013, 117: 11877-11884

Evans RG, Wain AJ, Hardacre C, Compton RG. An electrochemical and ESR spectroscopic study on the molecular dynamics of TEMPO in
room temperature ionic liquid solvents. ChemPhysChem, 2005, 6: 1035-1039

Stoesser R, Herrmann W, Zehl A, Strehmel V, Laschewsky A. ESR spin probes in ionic liquids. ChemPhysChem, 2006, 7: 1106-1111
Barrosse-Antlle LE, Hardacre C, Compton RG. SO, Saturation of the room temperature ionic liquid [C,mim][NTf,] much reduces the
activation energy for diffusion. J Phys Chem B, 2009, 113: 1007-1011

Shkrob IA, Wishart JF. Charge trapping in imidazolium ionic liquids. J Phys Chem B, 2009, 113: 5582-5592



hERE: (b 20144 HF44 % FoW

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58
59

Thornazeau C, Olivier-Bourbigou H, Magna L, Luts S, Gilbert B. Determination of an acidic scale in room temperature ionic liquids. J Am
Chem Soc, 2003, 125: 5264-5265

DL, 450, BB, WIE. B TWABMIMIBr 5[BMIMI[BFECEL K XS Br £ 1 654 FO Y. MBAL 23], 2013, 29:
1618-1622

Saha S, Hamaguchi HO. Effect of water on the molecular structure and arrangement of nitrile-functionalized ionic liquids. J Phys Chem B,
2006, 110: 2777-2781

Katsyuba SA, Vener MV, Zvereva EE, Fei Z, Scopelliti R, Laurenczy G, Yan N, Paunescu E, Dyson PJ. How strong is hydrogen bonding in
ionic liquids? Combined X-ray crystallographic, infrared/Raman spectroscopic, and density functional theory study. J Phys Chem B, 2013,
117: 9094-9105

Berg RW. Raman spectroscopy and ab-initio model calculations on ionic liquids. Monatsh Chem, 2007, 138: 1045-1075

Castner EW, Wishart JF, Shirota H. Intermolecular dynamics, interactions, and salvation in ionic liquids. Acc Chem Res, 2007, 40:
1217-1227

Iwata K, Okajima H, Saha S, Hamaguchi HO. Local structure formation in alkyl-imidazolium-based ionic liquids as revealed by linear and
nonlinear Raman spectroscopy. Acc Chem Res, 2007, 40: 1174-1181

Bankmann D, Giernoth R. Magnetic resonance spectroscopy in ionic liquids. Prog Nucl Magn Reson Spectrosc, 2007, 51: 63-90

Giernoth R. NMR spectroscopy in ionic liquds. Top Curr Chem, 2009, 290: 263-283

AR, MEE, ERY. BRITRMOE R SR B TWURRT A P R kR, 2009, 21: 1040-1051

Sk IIRE, BVEIR. R LLA G ML & Gk BF 7C 8 T IR S5 M S AT ELAE R . M B AL 242541k, 2010, 26: 28772889

Danten Y, Cabaco MI, Besnard M. Interaction of water highly diluted in 1-alkyl-3-methyl imidazolium ionic liquids with the PFs~ and BF,~
anions. J Phys Chem A, 2009, 113: 2873-2889

Stange P, Fumino K, Ludwig R. Ion speciation of protic ionic liquids in water: transition from contact to solvent-separated ion pairs. Angew
Chem Int Ed, 2013, 52: 2990-2994

Jeon Y, Sung J, Kim D, Seo C, Cheong H, Ouchi Y, Wawa R, Hamaguchi HO. Structural change of 1-butyl-3-methylimidazolium
tetrafluoroborate + water mixtures studied by infrared vibrational spectroscopy. J Phys Chem B, 2008, 112: 923-928

Chang HC, Jiang JC, Chang CY, Su JC, Hung CH, Liou YC, Lin SH. Structural organization in aqueous solutions of
1-butyl-3-methylimidazolium halides: a high-pressure infrared spectroscopic study on ionic liquids. J Phys Chem B, 2008, 112: 4351-4356
Wu B, Zhang YM, Wang HP. Insight into the intermolecular interactions in [Bmim]BF./[Amim]Cl-ethanol-water mixtures by near-infrared
spectroscopy. J Phys Chem B, 2009, 113: 12332-12336

Tran CD, Lacerda SHD, Oliveira D. Absorption of water by room-temperature ionic liquids: effect of anions on concentration and state of
water. Appl Spectrosc, 2003, 57: 152-157

Fumino K, Wittler K, Ludwig R. The anion dependence of the interaction strength between ions in imidazolium-based ionic liquids probed
by far-infrared spectroscopy. J Phys Chem B, 2012, 116: 9507-9511

Fumino K, Fossog V, Wittler K, Hempelmann R, Ludwig R. Dissecting anion-cation interaction energies in protic ionic liquids. Angew
Chem Int Ed, 2013, 52: 2368-2372

Yoshimura Y, Goto T, Abe H, Imai Y. Existence of nearly-free hydrogen bonds in an ionic liquid, N,N-diethyl-N-methyl-N-(2-methoxyethyl)
ammonium tetrafluoroborate-water at 77 K. J Phys Chem B, 2009, 113: 8091-8095

Yokozeki A, Kasprzak DJ, Shiflett MB. Thermal effect on C-H stretching vibrations of the imidazolium ring in ionic liquids. Phys Chem
Chem Phys, 2007, 9: 5018-5026

Koddermann T, Wertz C, Heintz A, Ludwig R. Ion-pair formation in the ionic liquid 1-ethyl-3-methylimidazolium bis(triflyl)imide as a
function of temperature and concentration. ChemPhysChem, 2006, 7: 1944—1949

Zhang Q, Wang N, Yu Z. Hydrogen bonding behaviors of binary systems containing the ionic liquid 1-butyl-3-methylimidazolium
trifluoroacetate and water/methanol. J Phys Chem B, 2010, 114: 4747-4754

Fumino K, Stange P, Fossog V, Hempelmann R, Ludwig R. Equilibrium of contact and solvent-separated ion pairs in mixtures of protic
ionic liquids and molecular solvents controlled by polarity. Angew Chem Int Ed, 2013, 52: 12439-12442

Earle MJ, Esperanca JMSS, Gilea MA, Canongia Lopes JN, Rebelo LPN, Magee JW, Seddon KR, Widegren JA. The distillation and
volatility of ionic liquids. Nature, 2006, 439: 831-834

Wasserscheid P. Chemistry: volatile times for ionic liquids. Nature, 2006, 439: 797

Ludwig R, Kragl U. Do we understand the volatility of ionic liquids? Angew Chem Int Ed, 2007, 46: 6582-6584

Esperanca JMSS, Canongia Lopes JN, Tariq M, Santos LMNBF, Magee JW, Rebelo LPN. Volatility of aprotic ionic liquids: a review. J

885



VRRRANAE: B IR Sk R A ) 2 Bl R B (R i e

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

886

Chem Eng Data, 2010, 55: 3-12

Verevkin SP. Predicting enthalpy of vaporization of ionic liquids: a simple rule for a complex property. Angew Chem Int Ed, 2008, 47:
5071-5074

Emel’yanenko VN, Verevkin SP, Heintz A, Schick C. Ionic liquids. Combination of combustion calorimetry with high-level quantum
chemical calculations for deriving vaporization enthalpies. J Phys Chem B, 2008, 112: 8095-8098

Verevkin SP, Zaitsau DH, Emel’yanenko VN, Yermalayeu AV, Schick C, Liu HJ, Maginn EJ, Bulut S, Krossing I, Kalb R. Making sense of
enthalpy of vaporization trends for ionic liquids: new experimental and simulation data show a simple linear relationship and help reconcile
previous data. J Phys Chem B, 2013, 117: 6473-6486

Fumino K, Wulf A, Verevkin SP, Heintz A, Ludwig R. Estimating enthalpies of vaporization of imidazolium-based ionic liquidsfrom
far-infrared measurements. ChemPhysChem, 2010, 11: 1623-1626

Zaitsau DH, Fumino K, Emel’yanenko VN, Yermalayeu AV, Ludwig R, Verevkin SP. Structure-property relationships in ionic liquids: a
study of the anion dependence in vaporization enthalpies of imidazolium-based ionic liquids. ChemPhysChem, 2012, 13: 1868-1876
Ewefe, FEZ, RueH, 5@t B TR IERENER L. WAL AR, 2005, 21: 528-533

Koddermann T, Wertz C, Heintz A, Ludwig R. The association of water in ionic liquids: a reliable measure of polarity. Angew Chem Int Ed,
2006, 45: 3697-3702

Papanyan Z, Roth C, Wittler K, Reimann S, Ludwig R. The dissolution of polyols in salt solutions and ionic liquids at molecular level: ions,
counter ions, and Hofmeister effects. ChemPhysChem, 2013, 14: 3667-3671

Hunt PA. Why does a reduction in hydrogen bonding lead to an increase in viscosity for the 1-butyl-2,3-dimethyl-imidazolium-based ionic
liquids? J Phys Chem B, 2007, 111: 4844-4853

Umebayashi Y, Mitsugi T, Fujii K, Seki S, Chiba K, Yamamoto H, Lopes JNC, Padua AAH, Takeuchi M, Kanzaki R, Ishiguro S. Raman
spectroscopic study, DFT calculations and MD simulations on the conformational isomerism of n-alkyl-n-methylpyrrolidinium
bis-(trifluoromethanesulfonyl) amide ionic liquids. J Phys Chem B, 2009, 113: 4338-4346

Berg RW, Lopes JNC, Ferreira R, Rebelo LPN, Seddon KR, Tomaszowska AA. Raman spectroscopic study of the vapor phase of
I-methylimidazolium ethanoate, a protic ionic liquid. J Phys Chem A, 2010, 114: 10834-10841

Berg RW, Riisager A, Fehrmann R. Formation of an ion-pair molecule with a single NH"--Cl™ hydrogen bond: Raman spectra of
1,1,3,3-tetramethylguanidinium chloride in the solid state, in solution, and in the vapor phase. J Phys Chem A, 2008, 112: 8585-8592
Holomb R, Martinelli A, Albinsson I, Lassegues JC, Johansson P, Jacobsson P. Ionic liquid structure: the conformational isomerism in
1-butyl-3-methyl-imidazolium tetrafluoroborate (BmimBF,). J Raman Spectrosc, 2008, 39: 793-805

Fazio B, Triolo A, Di Marco G. Local organization of water and its effect on the structural heterogeneities in room-temperature ionic
liquid/H,O mixtures. J Raman Spectrosc, 2008, 39: 233-237

Waulf A, Fumino K, Ludwig R, Taday PF. Combined THz, FIR and Raman spectroscopy studies of imidazolium-basedionic liquids covering
the frequency range 2-300 cm™'. ChemPhysChem, 2010, 11: 349-353

Endo T, Nishikawa K. Thermal phase behavior of 1-butyl-3-methylimidazolium hexafluorophosphate: simultaneous measurements of the
melting of two polymorphic crystals by Raman spectroscopy and calorimetry. Chem Phys Lett, 2013, 584: 79-82

Kobayashi A, Osawa K, Terazima M, Kimura Y. Solute-solvent hydrogen-bonding in room temperature ionic liquids studied by Raman
spectroscopy. Phys Chem Chem Phys, 2012, 14: 13676-13683

Fujii K, Fujimori T, Takamuku T, Kanzaki R, Umebayashi Y, Ishiguro SI. Conformational equilibrium of bis(trifluoromethanesulfonyl)
imide anion of a room-temperature ionic liquid: Raman spectroscopic study and DFT calculations. J Phys Chem B, 2006, 110: 8179-8183
Katayanagi H, Hayashi S, Hamaguchi HO, Nishikawa K. Structure of an ionic liquid, 1-n-butyl-3-methylimidazolium iodide, studied by
wide-angle X-ray scattering and Raman spectroscopy. Chem Phys Lett, 2004, 392: 460—464

Ribeiro MCC. High viscosity of imidazolium ionic liquids with the hydrogen sulfate anion: a Raman spectroscopy study. J Phys Chem B,
2012, 116: 7281-7290

Takekiyo T, Hatano N, Abe H, Yoshimura Y. High pressure Raman study on the local structure of 1-ethyl-3-methylimidazolium
tetrafluoroborate. High Pressure Res, 2012, 32: 150-154

Faria LFO, Nobrega MM, Temperini MLA, Ribeiro MCC. Ionic liquids based on the bis(trifluoromethylsulfonyl)imide anion for high-
pressure Raman spectroscopy measurements. J Raman Spectrosc, 2013, 44: 481-484

Yoshida K, Iwata K, Nishiyama Y, Kimura Y, Hamaguchi H. Local structures in ionic liquids probed and characterized by microscopic
thermal diffusion monitored with picosecond time-resolved Raman spectroscopy. J Chem Phys, 2012, 136: 104504

Zhu X, Wang Y, Li HR. The structural organization in aqueous solutions of ionic liquids. AIChE J, 2009, 55: 198-205



hERE: (b 20144 HF44 % FoW

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Tokuda H, Hayamizu K, Ishii K, Susan MABH, Watanabe M. Physicochemical properties and structures of room temperature ionic liquids.
1. Variation of anionic species. J Phys Chem B, 2004, 108: 16593-16600

Tokuda H, Hayamizu K, Ishii K, Susan MABH, Watanabe M. Physicochemical properties and structures of room temperature ionic liquids.
2. Variation of alkyl chain length in imidazolium cation. J Phys Chem B, 2005, 109: 6103-6110

Tokuda H, Ishii K, Susan MABH, Tsuzuki S, Hayamizu K, Watanabe M. Physicochemical properties and structures of room-temperature
ionic liquids. 3. Variation of cationic structures. J Phys Chem B, 2006, 110: 2833-2839

Tokuda H, Tsuzuki S, Susan MABH, Hayamizu K, Watanabe M. How ionic are room-temperature ionic liquids? An indicator of the
physicochemical properties. J Phys Chem B, 2006, 110: 19593-19600

Ueno K, Tokuda H, Watanabe M. Ionicity in ionic liquids: correlation with ionic structure and physicochemical properties. Phys Chem
Chem Phys, 2010, 12: 1649-1658

Singh T, Kumar A. Aggregation behavior of ionic liquids in aqueous solutions: effect of alkyl chain length, cations, and anions. J Phys
Chem B, 2007, 111: 7843-7851

Zhao Y, Gao SJ, Wang JJ, Tang JM. Aggregation of ionic liquids C(n)mim Br (n = 4, 6, 8, 10, 12) in D,O: a NMR study. J Phys Chem B,
2008, 112:2031-2039

Wang CM, Cui GK, Luo XY, Xu YJ, Li HR, Dai S. Highly efficient and reversible SO, capture by tunable azole-based ionic liquids through
multiple-site chemical absorption. J Am Chem Soc, 2011, 113: 11916-11919

Wang CM, Luo XY, Luo HM, Jiang DE, Li HR, Dai S. Tuning the basicity of ionic liquids for equimolar CO, capture. Angew Chem Int Ed,
2011, 50: 5020-5025

Cui GK, Zheng JJ, Luo XY, Lin W, Ding F, Li HR, Wang CM. Tuning anion-functionalized ionic liquids for improved SO, capture. Angew
Chem Int Ed, 2013, 52: 10620-10624

Chen Y, Zhou XQ, Cao YY, Xue ZM, Mu TC. Quantitative investigation on the physical and chemical interactions between CO, and
amine-functionalized ionic liquid [AEMMIM][BF,] by NMR. Chem Phys Lett, 2013, 574: 124-128

Chu Y, Deng H, Cheng JP. An acidity scale of 1,3-dialkylimidazolium salts in dimethyl sulfoxide solution. J Org Chem, 2007, 72:
7790-7793

Zhang PF, Gong YT, Lv YQ, Guo Y, Wang Y, Wang CM, Li HR. Ionic liquids with metal chelate anions. Chem Commun, 2012, 48:
2334-2336

Wang CM, Guo Y, Zhu X, Cui GK, Li HR, Dai S. Highly efficient CO, capture by tunable alkanolamine-based ionic liquids with
multidentate cation coordination. Chem Commun, 2012, 48: 6526-6528

Kawai A, Hidemori T, Shibuya K. Polarity of room-temperature ionic liquid as examined by EPR spectroscopy. Chem Lett, 2004, 33:
14641465

Strehmel V, Rexhausen H, Strauch P. Influence of imidazolium bis(trifluoromethylsulfonylimide)s on the rotation of spin probes comprising
ionic and hydrogen bonding groups. Phys Chem Chem Phys, 2010, 12: 1933-1940

887



VRRRANAE: B IR Sk R A ) 2 Bl R B (R i e

New progress in relationships between the spectroscopic and
thermodynamic properties of ionic liquids
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Abstract: Macroscopic properties of ionic liquids (ILs) are stemed from their microstructure and interaction, which
governed their applications. Spectroscopic technologies have been developed and utilized to probe microscopic
environment and interaction of ILs. Recently, spectroscopic methods also have been played important roles on
correlation or prediction of macroscopic properties of ILs. In this review, the recent progress in the studies of the
relationships between the spectroscopic properties such as IR, Raman, NMR, ESR, and thermodynamic properties of
ILs and ILs/solvent mixtures are introduced and reviewed.
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