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Effects of Salts on the Microstructure of Methanol
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Abstract: We studied the effects of salts on the microstructure of liquid methanol using the Raman spectra. We
compared the excess Raman spectra of different methanolic salt solutions in the O—H and C—oO stretching regions.
These regions reflect the interactions between anions (cations) and methanol molecules. In the O—H stretching region,
the excess spectra show that the anions interact with methanol molecules by weak hydrogen bonding and the strength
of the hydrogen bonds decrease according to the order: CH,OH-CH,OH>Cl—CH,;OH>NO;-CH;0H>ClO; —-CH,0OH.
Additionally, no interactions between cations and methanol molecules are apparent, as determined after analysis of this
region. In the C—O stretching region, the excess Raman spectra show the interactions between anions (cations) and
methanol molecules. The C—O stretching vibration frequencies of methanol that interact with the anions and cations
increase according to the order: CH;—OH (anions)<CH,;—OH (bulk)<CH;—OH (cations). According to the excess
Raman spectra in the C—O stretching region, we fitted the Raman spectra and used the fitting results to determine the
solvation numbers in the first solvation shell of the ions. The Raman spectra show that the ions do not affect the
microstructure of liquid methanol beyond the first solvation shell at this concentration (~0.005).
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Fig.1 Raman spectra of pure methanol and salt/methanol solution
(a) Raman spectra in the O—H stretching region of pure methanol (solid line) and LiClO/CH;OH (dashed line); (b) Raman spectra in the C—O
stretching region of pure methanol (solid line) and LiCl10,/CH,OH (dashed line). The mole fraction of LiClO, is ~0.005.
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Fig.2 Excess Raman spectra in the O—H stretching region of different salt/CH;0H solutions
(a) comparison between the spectra of NaCl/CH;OH (solid line) and NaClO,/CH;OH (dashed line); (b) comparison between the spectra of
LiNOy/CH;0H (solid line) and LiClO,/CH,OH (dashed line). The mole fraction of salt is ~0.005.
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Fig.4 Schematic diagram for the interactions between ions and methanol molecules

(a) anions interact with methanol molecules through hydrogen bond, (b) cations interact with methanol molecules through charge—dipole interaction
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Fig.5 Excess Raman spectra in the C—O stretching region of different salt/CH;0H solutions
(a) comparison between the spectra of LiC10,/CH;OH (solid line) and LiCl/CH;OH (dashed line); (b) comparison among the spectra of LiCl1O0,/
CH;OH (solid line), Mg(Cl0O,),/CH;OH (dashed line) and NaClO,/CH;OH (dotted line). The mole fraction of Mg(ClO,), is ~0.0025, and the mole
fraction of all the other salts is ~0.005.
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(a) excess Raman spectra of LiC10,/CH;OH (cycle) and decomposed peaks(solid line); (b) Raman spectra of LiC10,/CH,;OH (cycle) and
decomposed peaks (solid line).
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B MEIGNL. B PG R AL 2 G5 21 Y 45 Rk
— G C—O MRS A7 & il nl IR i
B AT 3 =M R 5 S, ILIRT o(b). B TA1E
T OE PG T 7 WU A A A R H B AR,
N TR, X IR B B
C—O 45 9 5l HiC S0 AR T 0 — 3, IS i 06 5t 2 gl
IEHE T H R 21203 R 20 580 H AT LU
TEFEEA B A EAE A RO, ne=rde Fobon,
e BH BB AR AR T H R 58O, ro
B B8 R N0 ) i 7 5 JBE o ) L 31,y 2

BH (BH S B R IR A0 8. gl thd i i $LA A
DT RN 5 A b 2 0T s wT LA 2 5 B L BH AR
AR RS T4H.

FATHILE R BREEAS Lit Nat Mgl 5 (2.0
0.3)—(2.8+0.3).3.4+0.3 .2.8+0.3 > I 54> 741 H.AE
H, B4~ CI.C10:; 351 5 2.940.5,(4.940.6)—(6.0+0.6)
AW FAEAE (R 2). 545 R B A0 E
VEFR ) R B 5> 5 H AR & D, BT AFRATIA X B
A B F A H S S — R b2 b
BH, SO AT — R ZE R A S5
PR BAEE5 6, A — Rk )2 2 A i R i 5
2 38 3 Y B A3 R) ) SRR A S A — i, BT
C—O fh&ati s A H B C—O M 4a ik sk A
R 25, Hpr 2 6E LT 2R AE R R hr 2
i, BT LAk B S GG A B 0 25 R Sk 1A
— W) T B0 EE . st = DT E
FIL P A S S — B R4 2 DL AD ) H BEROW 45 44,
XS HTAAFEIE P2 LT AN 52 7K SR ) 4%

*1 B.ESTAERRE C—O0 MERDGENCEFESLE
Table 1 Position and full width at the half maximum (FWHM) of C—O stretching band of
methanol around cations and anions

CH;—OH (Li%) CH;—OH (Na*) CH;,—OH (Mg*) CH;—OH (CI") CH;—OH (CIOy)
Position (cm™) 1047.1+0.6 1046.1+0.1 1048.3+0.1 1025.4+0.2 1024.4+0.1
FWHM (cm™) 10.8+0.2 10.0+0.3 8.6+0.3 15.6+0.5 18.9+0.2

®2 W.HEBFE—BATALEFRESTFHHE

Table 2 Number of methanol molecules in the first solvation shell of cations and anions

Li* Na* Mg cr Cl0;
this work (2.0£0.3)—(2.8+0.3)  3.4+0.3 2.8£0.3 2.9£0.5 (4.9+0.6)~(6.00.6)
Ref. 4|l(), l.%lv')]’ 1_6[]]] (51’1)”“], 6|12] 6[]1]] 1_3[]]]’ 3.41_0.3[30]’ 3.56”4]’ 3.6i0.5[371’ 4|l(),13]’ 5[]3]’ 6[38] 2|l()]

Ref.[10]: IR/NMR; Ref.[11]: TOF; Ref.[12—-14]: molecular simulation; Ref.[15]: ab Initio calculation; Ref.[36]: extended X-ray absorption fine
structure (EXAFS); Ref.[37]: neutron diffraction; Ref.[38]: X-ray diffraction
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LERL I SETE AR LAY 40, Soper™ Al Smith™25fff
FEERRT K R SEAE RN, Qo3 B L BH B 1 XK 2544
R B R A S — K A2 Omta S i D
ARG TEAS B B B 7 75— K2 Koy
TARBAEL B ], 1%} 55— K5 JZ LMK i &5
FBA T, DA R | BH B 1 BE AT S s i iy
ol 3353 7K 0 LB P 2% 2 1. FRATTARAS O 28 — IR L =
H I EEAE H S LB RO S5 RIS AT AR R (R 2), 1 AT RE
SERAT 2% T AT A S5

3 & it

T AN () /R I R R A 2 o R
WFFE A B 1% B oM 45+ B 52 0. A1 A O—H
a1 B B A2 61, WL T R B B
PIAREAER, AR etk R 1 B 5 R A
HAEFHES T HEER A EAEN, HA TR
CH,OH-CH;OH>Cl—CH;OH >NO;-CH;OH>CIO; —
CH,OH, {HJ& X BOGE A BE B & i s e PR %5 1 5
P (A AR ELAE . B A = IS R B C—O P4 Bt
(R S n] LRI e e L BH e -5 F B A
YEF, H 5B (BH & A0 A H S C—O h4adik
FIRAT R 1Y% £ CH,—OH( % T)<CH,—OH
(1K) <CH;—OH(FHES 7). i 14 C—O {5k
BB A b S MR AR S i, s TR L BHE
TV RZ T RS T 5E, 2R BN
Li* \Na* Mg>4 — %14k )= 1 43 51 5 A (2.0£0.3) -
(2.8+0.3).3.4+0.3.2.8+0.3 P H FE 5> 1, Cl-.CIO; %6
—IEFMEIZ R 2.920.5 . (4.9+0.6)—(6.0£0.6)
AT, B T LA S e — 5 A2
Z A H B OULZE .
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