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& 2Ca) a A, IR TER . NC 1A FR i 48 3k 20 1 5
BEZ TN, EARTE, VIR ARGl & 2 R, R TR
Zn—Cl Wi JE B Wi R AR, W B IA R, IEHHBES,
2.2 2D Raman 43 #7

— YR AL RE SR A5 W L B RIS A OGS R . R
T AF B 5T NC, A Zn—Cl SR A28 (b A, iz 1 2D Ra-
man Y3 XF I ST 4B, B 3 Ca) B (b)) A>3 R R E R B T
NC, WRZEMF ALK, B 3 MDD 29 RREHRS T
Zn—CL [l 25 L 2 A

B 3(a)7E 973, 955 #1933 cm ™' ML B =4 A 3%,
H 955 e " {1 A B 05 BE AR X AR, 3 B E 1 T X R
AR AL S RURR . 7E (956, 932 em ™ DAL BB —ANIERS L IE, ¥
Tk o 5 AR A6 T[] A ) o 2 BH W 3 0 I8 B B sh A B TR e vz ]
SO FFAE =R X, (974, 936 cm™ '), (953, 936 cm™ '),
(960, 953 em™ DI IEAE . RUIE BB Z A A 1EAZ i 22
Sk, M4 Noda #LU, W] %01 DES ¥ ¥k FH ik ot B v, NC,

L L PR 2% T 3 I 06 72 A0 1 58 )5 IS CRE S =7 /7 93 3l 20w
“HETFURCET . d 1A, 974/953->936 cm ', 953960
et R A ) 2 R 06 R R kL O B . TR
953 em ' JJ&® T+ ChCL, 936 Fil 960 em " I Ja T+ 4 o I ik P 5
FCh,

#&1 DESEEH NC, B 4 SXiEHHF
Table 1 2D Raman spectroscopic analysis of

NC, in DES solution

vis v/ em Dy vy) Wy s v2) 141
074 cm™ 1 i i A8
974, 936 0 0
- - B4 T 936 cm !
53 em—! ¢ i P
953, 936 =0 =0 953 em ™! O 3% 9 A8
T 936 cm !
1k st FE AR
960, 953 >0 <0 960 cm ™! i i 4R i

fbJE T 953 cm™!




%1 S I T A5« U PR X AT o 4 0 R0 52 el 1 — 4 iz = S B O 101
AVA) (a) {1 (b)
A(V2) A(V2)
930 T — 930
g . = g
=, g R3}
946 E <> : 946 E
: 7 .
(=] (=]
o o
5 . 5
= 7 =
962 962
o 979 = C_\ X 979
979 962 946 930 979 962 946 930
Wave number/cm’ Wave number/cm™
A(V1) (©) A(V1) (d
A(V2) A(V2)
T~ =1 242
"8 "8
o 2
5 - 277 §
E ® E
3 K 3
] L =
(] . o
3 ‘ 5
= =
312
Z z 342
348 312 277 242 348 312
Wave number/cm” Wave number/cm’’
3 EEHZIT DES B NC, #1 Zn—Cl #J 2D Raman 3¢t
(a): NCy WA (b): NCy B (o Zn—CLIREEE; (D Zn—Clig 58 A
Fig. 3 2D Raman spectra of NC,; and Zn—Cl in DES solution under temperature perturbation
(a): Synchronzation graph of NCy; (b): Asynchronous of NCy;
(¢): Synchronzation graph of Zn—Cl; (d): Asynchronous of Zn—Cl
H e H A, fE DES ¥, B, K4 ChCl ) x 2 DESRFEH Zn—Cl ) 44 8 ik 554
Ch' W s 72, Table 2 2D Raman spectroscopic analysis
& 3(c)7E 332 F1 287 em 'MW A g, H 287 of Zn—Cl in DES solution
em Y E Bl B AR A, R U RE o E ARE E AR P A visw/eml D) W, w) B
287 cm HHE . P 3() HEBL AN U, (334, 316 em 1), vas 0 Lo sshem G
’ 316 cm ™!
(334, 275 em '), (316, 291 em '), (302, 275 cm '), LZLEl o
334 em o % R JE A5
(283, 260 em DHHEM . RO FRAZMRARALEE 530205 >0 >0 o JCHRIER
e TF 275 em
- 316, 291 >0 <0 816 em ™" ) i i 1% 22
£ 2 A[ %0, 334/291—316 cm ', 334—>275 cm™ ', 302 R JETF 291 em ™!
=275 cm ', 260—>283 cm ', HARK Y SE )G OC BB 4k - 302 em 'Ol % #R AR
302, 275 >0 >0 s T 275 oot
o5 & 43 B, T 334 F 260 em ' JE T Zn,Cls L 316 o em
—1 >l RSN
em BT ZnCly » 283 em R F ZnCl,, 275 cm IR 283, 260 >0 <o B3 em DEMBEL

F ZnsCly o AT, 75 DES ¥ » BEH LB 1T . A7
TEFE R & 4 2 18] I FH e A

)5 T 260 em !




102 S 5 6 M

542

BRI I R i b= s, AT DA A R LR R
W% 4 F WA BLAR L RUAE (R o b, 78 44 2 %
AEWLZE 2] NC, Fl Zo—Cl 1 Z A FRAE TS A, 1075 — 4B 42 2 0%
T HBE& R — A TE ikl
2.3 EpiteE

AT B GE 2D Raman S, RA®SEZ KL, &
B3LYP/GENECP 34l 7K - 1 % A % 48 8 3E 47 4k, %k 5k
&) Zo*" il LanL2DZ JE#IEA, % C, H, O, N fil Cl{ili
JH6-31G(d, p) B . DLk 5 Mt B A&l 4 s, X i # )
FEBRESROLE 3 5% 4,

J )
o 00 ° @ 0920
"] 'Y d
ZIICIZ Zl’lCl}‘ Zn2Cl5-
9
J o o 5:0{1 ) N (*)
o0 o0_0 ¥ J‘/‘J

0 e AN F38

9

ZnsCly Ch ChCl
4 B3LYP{i{L5Z DES Bk XEAZKMRERE
Fig. 4 B3LYP optimized the stable configuration

of clusters in DES solution

£33 BREMNBANFZEY

Table 3 Thermodynamic constants of each reaction
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SR (3) 144. 4 146. 8 117.3
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Study on the Effect of Temperature on Deep Eutectic Solvent by
Two-Dimensional Raman Spectroscopy

WU Xiao-jing', LI Zi-xuan', ZHANG Yan-dong', CHENG Long-jiu*
1. School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China
2. College of Chemistry & Chemical Engineering. Anhui University, Hefei 230601, China

Abstract A new green solvent, deep eutectic solvent (DES) performs well in many chemical processes. It should have broad
application prospects in popular fields. The spectral analysis of DES is usually based on one-dimensional spectroscopy.
However, the spectral data are inaccurate due to low resolution and overlapping peaks. Two-dimensional Raman spectroscopy
(2D Raman) can significantly improve spectral resolution and find overlapping peaks. In addition, important conclusions such as
the changing order of different spectral peaks and their interaction under external disturbance could be obtained to realize the
accurate analysis of complex systems. In this article, DES has been synthesized from choline chloride (ChCl) and ZnCl,. Raman
experiments of ChCl and DES have been carried out by micro confocal laser Raman spectrometer. It has been found that the
overall intensity of each peak in DES is significantly decreased compared with that of ChCl, and the original spectral peaks
remain, indicating that Zn*" dose not damage the skeleton structure of ChCl. A new characteristic peak appears at 287 cm ™!,
which is speculated to be the stretching vibration of the Zn—Cl coordination bond, and the Raman experiment of DES is
conducted with the temperature rising. The results have shown that, with the increase of temperature, the intensity of
asymmetric stretching vibration peak of NC, decreases, the peak width increases and the peak shape slows down. Furthermore,
the intensity of stretching vibration peak of Zn—Cl decreases gradually, the position of the peak remains unchanged, and the
peak shape overlaps obviously. 2D Raman studies the characteristic peaks of NC, and Zn—Cl. The results reveal that the
dissociation process of ChCl to Ch" occurs in the solution, and Zn®" forms various complexes with Cl . There is a mutual
transformation between ZnCl; , Zn,Cl; and Zn;Cl; . The peaks at different positions have different orders of temperature
change. The characteristic peaks and clusters are assigned, and the sensitivity of each cluster to temperature is obtained. The
structure optimization and parameter calculation of the speculated material structure are carried out, which confirm the possibility
of its existence. Meanwhile, the feasibility of 2D Raman analysis results is also verified. These results will provide theoretical

reference for the research of DES and further expand the application scope of two-dimensional spectroscopy.
Keywords Deep eutectic solvent; Two-dimensional Raman spectroscopy; Density functional theory
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