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RIHELLE(PEO, M, =600000, 2l 99.98% , JE Aldrich A F]) 7E 50 C HZ=FH T 24 h, &
5 (CH,CN, HPLC 4li, &/K&E<0.05% , il ml) , RO 960 B SEhes R W0 e e ( LiTFSI, 4
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TR LA 1 AT AR AR AT . FEAk SR TR (CHI660B, L RAEALER) ), HifiE+ il
B (LEO 1530, JZ[E Oxford Instrument 23] ) , X HJZRA ARG HHL (Panalytical X'Pert, faf 24 Philip A H] ).
1.2 SKIETFE

B—E it LiTFSI, IMAGE RN, #A A5 )E, TER T2 h, ERPEAA T mA —E &
PEO, £ PEO W ff )5, I —7E it BMIMPF,, 4245+ 24 h A5 RE W, K2 mui be s 21 R U5 & 0
P, T 4A 53T A R 20 48 b, R R B2 THAET, 750 CEZS T 24 h IR L5k
M, SRR Ar K TFER T RAAR . il &2 A R AW #TE N PEO,,-LiTFSI-vBMI-
MPF, [ n(PEO)/n(Li) =20, m(BMIMPF,)/m(PEO) =x].

FTIR 375 55 R & S5 5236 T AR 2ol — i 0 S R 3 P AR RE B WL, 40 PR in 1) KBr 2140 B
LN ERE P Ve A 56 B B e pE, 2ead 5 R IRy e b AT R e . e R IR SS/
GPE/SS X FRELHIA R (SS HAEMEM ) , KA B2 mBH TR T &, J0RIEFE R 1 MHz ~0. 1
Hz, ZZmBHBCHNE SRR 5 mV. HALZFIEIAMR 2R I AR Li/GPE/Li (KR, fE = T 47
R, AR 1 mV/s, FRTERN -1 ~1 V.
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SEM SZiaE BB B F A E gt £ nl L% Fig.1 SEM images of PEO,,-LiTFSI-20 % BMIMPF, (A)
{EE%%%% E,% . and PEO,,-LiTFSI-40 % BMIMPF (B)
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[ERRlidzS ] [)ji@@]?ﬂﬁiﬁﬁ, 17T 7 i P PR Fig.2 Temperature dependence of the ionic conductivity
RS REARGE R A W B S b B T of PEO,,-LiTFSI-xBMIMPF, polymer electrolytes
KA R R AR EL R B RE ) Mg, BT from 30 to 90 °C

TRARAE L A e R/ AR S/ IN T (45 L 238 1 x=m(BMIMPFg)/m(PEO). a. x=0; b. x=20%;

HE R BE R c. x=40%.

2.3 ESHAMIE

K13 A YA BT 5 5 FTIR D63l 4 75 A s g i ) 28 4k, 4335 1434 3200 ~ 2800
em ™' [EI3(A)], 1500 ~1200 em ™' [ & 3(B) ] K 1200 ~900 em ™' [ & 3(C) 13 #4y, Hrhikig g W,
#1.
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Table 1 Assignment for FTIR bands of PEO and BMIMPF,

R . Type of vibration Type of vibration : . Type of vibration Type of vibration
v/em in PEO12] in BMIMPF, v/em in PEO1] in BMIMPF,
2945, 2887 v,(CH,) +v(CH,) — 963, 947 r(CH,) —
1462, 1455 8(CH,) — 3171, 3124 — »(CH) ( Cyclic BMIM * )
1359,1342 w(CH,) — 2966, 2939, 2879 — v( CH) ( Aliphatic)
1280, 1241 t(CH,) — 1462 — v(CH,)
1148, 1112, 1061 »(COC) —
3171 2966 (A) 1462! 11455 (B) ©
= \31%0 2939
<1V 2879
= Bl 15
32003100 .
#lem!
s,
i
=

T 1 — 1 1 ] 1 J
3200 3000 2800 1500 1400 1300 1200 1200 1100 1000 900
#lem™! plem™! glem™!

Fig.3 FTIR transmission spectra of PEO, BMIMPF, and PEO,,-LiTFSI-xBMIMPF, polymer electrolytes

(A) 32002800 cm~'; (B) 1500—1200 cm~'; (C) 1200900 em~'. a. PEO; b. PEO,-LITFSI; c. PEO,,-LiTFSI-20% BMIMPF ;
d. PEO,,-LiTFSI-40% BMIMPF, ; e. BMIMPF,.
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2881 em ™' Ab, UESE LiTFSI MIIMARRAR T REW RIS, H Lit 5 PEO H O [A] (1) i 5 W R il A FH 4
FHARHY C—H RS R BB, Y 4kEE A 20% BMIMPF, I}, 2881 cm ' &biid 4324 2907 F1 2875
em ™ NI, LI IGTE B I G R B R TR R A LR, 2907 F1 2875 em ' Ah BT I A iR
FEWEA B, SCHR[ 14,15 ] 5%F P(EO) n-LiTFST R RBFFT 45145, M4 & Ry g — e R UG,
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b, 25 AR T B TR S R A AR EAE AL
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AL, PR LT AN R — S, Bl TR T AR G 4 B ) 0 5 RN 2 A AR k. 4R
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Fig.4 Temperature dependence of emission FTIR spectra of PEO(A) and PEO,,-LiTFSI(B, C)
(A) The dot line is transmission spectrum at room temperature; (B) the dot line is emission spectrum of PEO,,-LiTFSI-20% BMI-

MPF4 at 40 C; (C) is the enlarged drawing of area a in (B).
2.5 XRD &f{E

M XRD SZEGZESH (K 5) af LB, 4 PEO A 18. 6°F1 22. 8° kb A WM&, FF7E 1591 28° kb A
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Fig.5

XRD patterns of PEO (a), PEO,,-LiTFSI (b)

and PEO,,-LiTFSI-xBMIMPF, (¢, d) polymer

electrolytes

x=m(BMIMPF, ) /m(PEO). ¢. x=20% ;

2.6 BURFEIRIMRHAR

d. x=40%.

Fig.6 CVs for PEO,,-LiTFSI-xBMIMPF,

polymer electrolytes
Scan rate; 1 mV/s. x =m(BMIMPF, )/m(PEO).
a. x=0;b. x=20%; c. x=40%.

& 6 4 Li/PEO,,-LiTFSI-xBMIMPF,/Li LB AE IR F7E -1 ~1 VIEFEMNAY CV E. HE 6 nl L,
PEO,,-LiTFSI &4l A2 i JFUR A AL R AL/ s A 20% 1) BMIMPF, J& AT LA 8 W4 21 #4114 4 Ak
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I, WL/ 5A 0. 279 F1 -0. 252 mA, AR E TR G N3] 40% J5 , A aA JR0g i B 3 43
FFEINE] 0.4 Al -0.4 mA, FALEFEIEHE T2 1.2 V. CV 255180, B FIRIRR AT LI & R
AW A LIS JEYERE. BMIMPE, R AR FR AR 0.5 V(ws. Li/ZLi*), BRI T HAEE B b
NFH ; K BMIMPF, il A% PEO-LITFSI A4 2 iy, Al LA SR GO A2, X 5 3CHk[ 4 ] FR3E A g 28
BRI AR IS, I, PEO,,-LiTFSI-xBMIMPF, 5849y i i J5 o] J1 T80 284 W v .
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FTIR Spectroscopic Studies of PEQ-based Polymer
Electrolyte with Ionic Liquid

JIN Lan-Ying, JIANG Yan-Xia“ , LIAO Hong-Gang, ZENG Dong-Mei, SUN Shi-Gang
(State Key Laboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract Polymer electrolytes based on poly ( ethylene oxide) (PEO) was prepared using LiTFSI as lithium
salt and doping with 1-butyl-3-methylimidazolium hexaflurophosphate ( BMIMPF, ) by solution casting method.
The addition of BMIMPF, resulted in an increase of the ionic conductivity. When the amount of the ionic
liquid is 40% , the ionic conductivity could reach 1.80 x10™* S/cm at 40 °C. The samples were explored by
emission FTIR spectroscopy at elevated temperatures, which illustrated the dependence of crystalline PEO
phase on temperature. Based on results of SEM, XRD, transmission FTIR and emission FTIR, the effect of
ionic liquid on the ionic conductivity was analyzed. It was revealed that the ionic liquid decreased cystallinity
of the polymer, and resulted in the increase of ionic conductivity. The study has demonstrated that the FTIR
spectroscopy is an important method for investigations of lithium batteries.

Keywords FTIR spectroscopic; Polymer electrolyte; Poly( ethylene oxide) (PEO) ; LiTFSI; Ionic liquid

(Ed. . S, I)



