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13C NMR Studies on the Preferential Solvation of Li* in PC+DMF
Mixed Solvents
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Abstract The preferential solvation of Li" in propylene carbonate (PC) and N,N-dimethylformamide
(DMF) mixed solvents has been studied by **C NMR technique at various solvent and lithium salt concen-
tration. The difference in the chemical shifts of the solvent with and without the el ectrolyte was attributed to
the coordination of the solvent to Li*. Based on the observed dependence of the *C NMR chemical shift for
the solvents on the composition of the electrolyte, the coordinated atoms of the solventsto Li" have been
determined. The solvation ability of DMF to Li" was found to be stronger than PC from the variation of co-
ordination shift with the molar fraction of PC. It was shown that the molar ratio of PC to DMF molecules in
the first solvation shell of Li" was 0.12 in the ternary solution with equal mole of PC and DMF. These re-
sultsindicated that Li" was solvated preferentially by DMF molecules in the LiClO,+PC+DMF mixtures.
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Figure 1 **C NMR spectra of PC (a) and DMF (b) and the
numbering of each carbon for the solvents used in this study
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Tablel *C NMR chemical shift of DMF and PC in pure liquids, PC+DMF mixed solvents and PC-+DMF~+LiCIO, (1.0 molskg %)

solutions
a b DMF PC
e oo, c) c@) c@) c) c@ c@) c)

0.000 0.0 163.07 36.27 31.14

0.000 1.0 163.65 36.53 31.35

0.248 0.0 163.00 36.21 31.08 155.98 71.53 74.78 19.27
0.248 1.0 163.78 36.57 31.37 156.06 71.55 74.85 19.25
0.402 0.0 162.96 36.17 31.04 155.96 71.48 74.74 19.21
0.402 1.0 163.99 36.66 31.43 156.10 71.52 74.85 19.19
0.493 0.0 162.93 36.16 31.02 155.94 71.45 74.71 19.17
0.493 1.0 164.05 36.69 31.45 156.12 71.51 74.84 19.16
0.639 0.0 162.90 36.13 30.99 155.93 71.41 74.68 19.12
0.639 1.0 164.23 36.77 31.51 156.20 7151 74.87 19.10
0.711 0.0 162.89 36.11 30.97 155.92 71.39 74.67 19.10
0.711 1.0 164.34 36.82 31.54 156.27 71.52 74.91 19.08
0.869 0.0 162.86 36.09 30.94 155.90 71.34 74.64 19.04
0.869 1.0 164.60 36.97 31.63 156.69 71.66 75.16 19.03
1.000 0.0 155.89 71.31 74.61 19.00
1.000 1.0 157.06 71.79 75.40 18.99
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Figure2 Dependence of the relative **C NMR chemical shift of
PC or DMF on the molality of the electrolyte in PC+LiClO, (a)
and DMF-+LiClO, (b) solutions

RO BE LU BBUR (R A BOR), T LRI LiT 285 C=0
FRRR T RAE T BERIIBCALAER. /£ PC 4 F 1, C=
0 5 0—C(Q# O—C(R)—C@)K Mtk %, C=0
RS LTS, BEAMERIE T oMK
AT AR, AR R DR I KT RS, Wik 2E A
B HASAR IR TS. X T DMF 43 12k, =4 C J5i 1
[C(1), CFI CQ)IMIM =R FEIIBE LiClO, # B I
Mg, AR Z R 1049 0 041 [FIFEARYE
DMF 3 [R5 S 1 IR 2 S e R B 11 SBURK R FE
ALK LiT 3%, O=CN L& R 7R TR
FCAVER. B2t 5B DMF 23 A&7 1
) J5 1~ L (— 0.5025) 2418 K40 1 117 i e (—0.1097),
[Fi) o} R0 3 2 B AN O (R SR, 2 TS B 20 5
K. PIEAT LA, Lits DMF 2% 1 B0AH BAE ) 32
Wik O=CN LM% s 1ok dAT 1.
22 Li'EREBHFRIMERTIL

FIEFATHRAIHT LiCIOs+PC+DMF I8 &4 %5
7 BC NMR {5 S BIRAE 4R AL R, [
5E LICIO e ly 1.0 molekg Y, £ PCAEIR A ¥ I
JEE IR G35, T LA BT B J5 1 (A 2 7 A B VR 45 5 77 201
ARG R, A TR, FA 1w LA O WAL AL
(coordination shift){e, Jfimel = iH545 5

Agy =M — o ®



2148 % %

Eivd Vol. 64, 2006

Horpr op™ FON RN A AESA LICIO, (1.0
molekg ) ff] = Tutk R RIS LiCIO, (K —Tui ) *C
NMR (b2 REAE. BAR, A Sa R T 35115 ¥ 751 HOAH 1
YRR, HaWnT gk 1 il 51 3.

SRR, T IREE YT, PC 4> L
C@ R T IBAL AL R AR/, HOoA . e R 11
BCAEAL B 35 A IEAE, JFRE PC & BB s k. (22,
PC /> 1 C=0 3L L ikJR 7RI DMF %3 1-1h O=CN
BEFA T S5 RGN AN 8 T VR AL B 3 A e UK. X
FW, #£ LiCIOs#+PC+DMFIR &, Li™ 35 PC oy 1
Hiff) C=0 A5 1» DMF 4 1) O=CN A Ji 1k ‘E
BORECALAE . B2, BRI RS B R H g e
YLIAS Ao 15 857 A FAE FHAE O, AN RE 2 SR AE
IXFRAN AR PSR EE. Ak, BATE R A R 247 0 —
TeAb 3, w2 SUH— BRI

S =(™ = Rk — ) @

Horh ox 1 0y M BIRARSERS T A FETHEER0
molskg ) RIAE 4 ER 150 R ) °C NMR L2 47 A5 {8
K| 3 #RHI7E LiClO,+PC+DMF A%, PC 5 DMF
TSR IE 1 — AR BCAL AL RS S BHIR AL
B R &R, Horpr PC 431 11K C(4) 11— 1k Iic
PR BETR A T PC EEIR 73 B AR G R A E
HRoR, DA LB AR /N, T V55 H R — 1k
BCAE A B HAT TR iR 22

—s— DMF C(1)
34 |—e— DMF C(2)
—a— DMF C(3)
—0— PC C(1)
—o— PC C(2)
—— PC C(3)

0.0 02 0.4 0.6 0.8 1.0
XpC

B3 7 LiCIO,+PC+DMFIEAY)H PCHI DMF 41 Hfi Jit
T I — A BCALAL R B G R h PC BEIR 23 B AR G &
Figure3 The normalized coordination shift for carbon atoms of
PC and DMF in LiClIO,+PC+DMF mixtures as a function of
molar fraction of PC in the mixed solvents
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Figure 4 Solvent composition in the first coordination shell of
lithium ion against the molar fraction of PC in the mixed solvents
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