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Synthesis and Molecular Simulations of Point-positioned
Long-chain Alkylimidazolium Ionic Liquids

FENG Zhihang, TANG Haoqing, ZHENG Chao, TIAN Tian"*, MU Jingbo, GUO Zengcai
(College of Materials Science and Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract; 1-alkyl-3-ethylimidazole bromide ([ REhRIM]Br, R=C,,H,,, C,,H,s and C,,H, ) ionic lig-
uids (ILs) was synthesized. The molecular structure of [ REhIM ] Br was optimized by density functional
theory (DFT) at B3LYP/6-31 level, and the most stable configuration was obtained. The partial bond
length bond angle in the molecule was obtained by theoretical calculation, and the charge distribution
was analyzed. The interaction energies between anions and cations and[ REhIM ] Br were calculated by
calculating the single point energies. Finally, the LUMO energy, HOMO energy and energy gap
(AE, yos0m0 ) data in the electronic structure were obtained. The results showed that when the anion re-
maines unchanged, with the increase of alkyl chain of [ REhIM | Br ionic liquid, the bond length, bond
angle and charge distribution are independent of the length change of alkyl chain. The energy-related data
such as interaction energy of ions, LUMO energy, HOMO energy and energy gap (AE| yo0m0) are close-
ly related to the number of C atoms on the alkyl chain. With the increase of alkyl chain, the interaction
energy of ions and energy gap become smaller, and the structure becomes unstable.
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Tab.1 Main raw materials required for the experiment
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Fig. 1 Roadmap for the synthesis of cetyl, dodecyl

and tetradecyl imidazoles
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Fig. 4 Stereomolecular structure of [ REhIM ] Br ionic liquids
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Tab. 2 Average bond length data for selected chemical bonds of [ REhIM ] Br ionic liquids.

TEF RS DL SO K/ A

s C—H c—C N—C(1) c=cC N—C(2) c—0 0—H
[ DEhIM | Br 1. 100 1.539 1.349 1.370 1. 484 1.434 0. 997
[ DoERIM ] Br 1. 094 1.538 1.350 1.365 1.482 1.443 1.003
[ MERIM ] Br 1.097 1.538 1.350 1.367 1.487 1.439 1. 000
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Tab.3 Mean bond angle data for selected chemical bonds of [ REhIM ] Br ionic liquids.
e VAH R TR A/ ()
® N—C—N N—C=C N—C—C C—C—O0 H—C—H C—O0—H H—C=C

[ DEhIM ] Br 107. 903 106. 940 112. 370 109. 302 106. 815 105. 821 130. 876

[ DoEhIM ] Br 108. 209 107. 112 111.744 109. 428 106. 985 107. 958 130. 779

[ MEhIM ] Br 107. 841 106. 956 112.770 109. 271 106. 733 108. 054 130. 872
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Fig. 6 The labeling of some atoms on the
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cationic imidazole ring.
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Tab. 4 Mulliken charge distribution of some atoms on
the cationic imidazole ring and anions of
[ REhIM ] Br ionic liquids
Mulliken HLfaf 37
N(1) C(2) C(3) N(4) C(5) Br~
[DERIMBr -0.687 0.112 0.041 -0.538 0.272 -0.312
[DoEhIM | Br -0.687 0.112 0.041 -0.538 0.272 -0.312
[ MERIM]Br -0.687 0.112 0.041 -0.538 0.272 -0.312
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Tab. 5 Single point energies of stable liquid
configurations of [ RERIM ] Br

ILs

ILs HUSEE (a.u.)
[ DEhIM | Br -3305. 154 91
[ DoEhIM | Br -3 423.777 86
[ MEhIM | Br -3 502. 400 20
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Tab. 6 Single point energies of anions and cations of
[ REhIM ] Br ionic liquids

BIFHE T AR (a.u. )
[DERIM]* -773.357 96
[ DoERIM |* -851.974 85
[MERIM]* -930. 576 50
Br -2 571.636 10
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Tab.7 HOMO energy, LUMO energy and energy
gap of [ REhIM ] Br ionic liquids.

ILs Eyoyo(a. u.) Ejyyo(a. u. ) AE yopomo(a. u.)

[DERIM ]Br -0.18165 -0.026 52 0.165 13
[ DoEhIM]Br -0.18559 -0.029 94 0. 155 65
[ MEhIM]Br -0.184 13 -0.038 51 0. 145 62

T HREE FT LU Y BE A e e B 1 1
K, 1008 HE-3- 2 52 L Dk e Y5 55 1914 ([ RERIM ]
Br) i) E\omo il E\imo AELL X RERR AELUMO-HOMO 178
TEE B LA PE R 2R 1L, 42 IR BE B AE, yoiom0 #E
K, B A RO e BE B 22, 70 ORG R ( R

AEEAT R, [ DERIM ] Br & 13U 431 00 45 44 £
Fa2E , [ DoERhIM | Br & T &K Z , [ MERIM ] Br &5
TR S AT, X5 e HE-3-2 F2 LK
WA B R ( [ RERIM | Br) #4985 1~ 1) /E JH fig 15 3]
[ o0 F 25 A R A — 2L

3 it

1) TEREE B AR IGO0, de ik mR g 7Y
BT A 25 S Al B B A i e S 1
M & A 0 A A T A, LT 5 b 355 K T8¢,
A Z KA LE M EE DRI IR P BB Y C
JRF 1 C-H S B2 e S 119 C-H B K
PSR — 2t 156 BH T DR IE BRI 9 A AU Y C
JEF AL C JFEFEENRE .,

2) 1-BE5E-3-2 55 FE WK e Y5 B A ([ RE-
hIM ] Br) {4 BH 25 5 DR s R | (1) o faf 43 A7 I 1% A5 Bl
HON(4) JEF LA A Joe B B8 B < 1Y 34 I & AR
MR | eI 45 F TR A 59, B A e A 1Y) 3
1, I KPR ER | N(4) I F19-CH, DA S i 4E-CH,
X BRIEER 1 N (4) J5LF B4 H af 43 A 110 52 ]k O sk
AN EE R T HEE TR

3) [ DEhIM ] Br. [ DoEhIM ] Br 1 [ MEKIM | Br
BRI B R FHRE 430 R -422. 3 . -421. 7,
-420.7 kJ-mol™' , B F AR H &y Br B, 1-5¢
BE-3- 2 FRHEWRME IR B8 U ([ RERIM ] Br) (9 BRL 55,
R LA S HH B 68 Bl 2 e J2E I 5% < 88 31 1 s/
[ DERIM | Br & TR S5 e fa e

4) bt % Joe FE 4 1 39 4, [ RERIM ] Br 1Y E oy
L E o BELA BB AE, yyomomo FI7Z2 Ab 52 30 HH B
AL R IRAEBR AE, jyonono BOK, &R AL
ROV s Be i 2, 7 A2 2 , [ DEhIM ] Br B+
WARIY T SE M ek

SE 3k

(1] 55 B AR mE e A R T [ AR 26 R 11 BT A
QERHIBTFE[ D] KU IR R, 2017.

[2]XIE W, TAN S, YANG ], et al. Tonic Liquid Crystalline
Composite Membranes Composed of Smectic Imidazolium
Hydrogen Sulfate and Polyvinyl Alcohol for Anhydrous
Proton Conduction[ J]. Industrial & Engineering Chemistry
Research,2020,59( 18) :8632-8639.

[3]CHATTERJEE R, SANTRA S, ZYRYANOV G V,et al.
Brnsted Acidic lonic liquid-catalyzed Tandem Trimeriza-
tion of Indoles; An Efficient Approach Towards the Syn-

thesis of Indole 3,3’-trimers under Solvent-free Conditions



104 ok TR K %W (AR B FE R

2021 4F

[J]. Journal of Heterocyclic Chemistry, 2020, 57 (4):
1863-1874.

[4]BERTHOD A,RUIZ-aNGEL M J,CARDA-BROCH S. Re-
cent Advances on lonic Liquid Uses in Separation Tech-
niques[ J ]. Journal of Chromatography A,2018,1559.2-
16.

[5]MONIR T,EL-DIN A S,EL-NADI Y,et al. A novel Ionic
Liquid-impregnated Chitosan Application for Separation
and Purification of Fission 99Mo from Alkaline Solution
[J]. Rca-Radiochimica Acta,2020,108(8) :649-659.

[6]CAO S,DAN L,HUI D, et al. Bronsted Acid Tonic Liquid:
Electrochemical Passivation Behavior to Mild Steel [ ] ].
Journal of Molecular Liquids,2016,220.63-70.

[7]OLMO L D, MORERA-BOADO C,LOPEZ R, et al. Elec-
tron Density Analysis of 1-butyl-3- Methylimidazolium
Chloride Tonic Liquid[ J]. Journal of Molecular Modeling,
2014,20(6) :1-10.

[8]LAHEAAR A,ARENILLAS A,BEGUIN F. Change of Self-
discharge Mechanism as a Fast Tool for Estimating Long-
term Stability of Tonic Liquid Based supercapacitors[ ] ].
Journal of Power Sources,2018,396(31) :220-229.

[9]CHEN C C,CHEN C Y,WU J H,et al. Fire and Explosion
Hazards of lonic Liquid 1-Methyl-1-Propylpyrrolidinium
Bis ( Trifluoromethanesulfonyl) Imide[ J]. Journal of Loss
Prevention in the Process Industries,2019,60:233-240.

[10]LIU C,QIU S,DU P, et al. Ionic Liquid-Graphene Oxide

Hybrid Nanomaterial ; Synthesis and Anticorrosive Appli-
cations[ J |. Nanoscale,2018,10.:8115-8124.

[11]ZHANG Y M,CAO Y H,CHEN D, et al. Tonic Liquid As-

sisted Synthesis of Palladium Nanoclusters for Highly Ef-
ficient Formaldehyde Oxidation[ J]. Electrochimica Acta,
2018,269.38-44.

[12]AMINOV R I, KHUSNUTDINOV R I. Alcoholysis of Bi-

nor-S with Alcohols under the Action of Tonic Liquid[ ] ].

Russian Journal of Organic Chemistry,2019,55(5) ;587-
591.

[13]ZHANG G H,DONG Q C,ZHANG W B, et al. Corrosion
Inhibition of Q235 Steel by Octyl Dimethyl Benzyl Qua-
ternary Ammonium Salt Tonic Liquid[ J]. Chemical Jour-
nal of Chinese Universities,2019,40.130-137.

[14]XU J X,XU J M,ZHANG S, et al. Synergistic Effects of
Metal Salt and lonic Liquid on the Pretreatment of Sugar-
cane Bagasse for Enhanced Enzymatic Hydrolysis [ J ].
Bioresource Technology: Biomass, Bioenergy, Biowastes,
Conversion Technologies, Biotransformations, Production
Technologies ,2018,249 .1058-1061.

[ 15]MORANDEIRA L, LVAREZ M S, MARKIEWICZ M, et
al. Testing True Choline Ionic Liquid BiocoMPatibility
from a Biotechnological Standpoint[ J]. Acs Sustainable
Chem Eng,2017,5(9) : 8302-8309.

[16] Bmeid , A= [F 5, ntfe, 55 8 Tk — D ki &
JA4- BN R R A AR [ )] Ao Tl 5 TR, 2020
(4):1-8.

[17]BOSE P, DEB D, BHATTACHARYA S. lIonic Liquid
Based Nanofluid Electrolytes with Higher Lithium Salt
Concentration for High-Efficiency, Safer, Lithium Metal
Batteries[ J ]. Journal of Power Sources,2018,406(1) :
176-184.

CI8JERAFSC, T3 Rk, 5 R, 26, BT854 9y v Ak
AR V] DU S5 #52T, 2018, 64 (01)
17-27.

(19 ] Fi . R AE B RE AT (1% DK 2 8 MR 1) 7 10RO
(D] AR KA, 2017

[20] SHANMUGASUNDARAM K,MUTHURAMALINGAM P,
MUNEERAH M A et al. Alkyl Methyl Imidazolium-Based
Tonic Liquids at the Au (111) Surface: Anions and Alkyl
Chain Cations Induced Interfacial Effects [ J ]. Phys.
Chem. C, 2019, 23.15087-15098.

(THEHE EAH)



