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1. Introduction

LiPFgsalt iswidely used as an effedive dedrolyte salt
for lithium-ion battery due to its high conductivity. But itis
thermally unstable and easily decomposed by hydrolysis.
Our strategy to design rew organic lithium salts
LiPFe.(CFs) histo replaceunstable P-F bonds of PFg anion
by P-CF; bonds kegping their high conductivity and
eledrochemical stabili ty”. On the other hand, Merck group
also reported on LiPF3(C2F5)32). We report here the
structural effed of PFs ,(CF3), and PFg n(CoFs) , anionson
their properties sich as HOMO energy level, thermal
stabili ty fador (AAE(Anions)), dissociation constant fador
(AAE(Li salts)) by DFT (Density Functional Theory)
cdculation methods. We report also some performance of
lithium battery with LiPF4(CF3), which showed better cycle
charaderistics than that with LiPFs, and eledrode analysis
results by XPS.

2. Results and Discussion
2.1 DFT cdculation of PFg o(CFom1) n (M=1,2, n=2,3)
The relative stahilizing energies of LiPF,_, (CF,.,) , and
PFs.n(CFom-1)n @nions (AAE) are obtained by the following
isodesmic readions(l,Il) with total energy (AE) of
optimized  structures  of PFs, PFs.n(CFom-n s
LiPFG-n(CmFZm—l)m LiPFer PFS and PFS—n(CmFZm—l)n by
B3LYP/6-31G* or GGA(pw9l)/ DND cdculation.

I sodesmic reaction (1 )(n=2,3) :lon Diswciation

PFG_ + LiPFG-n(CmFZm-l)n <_> LiPFG + PFG—n(CmFZm-l)n_

AE(PFs) AE(LiPFen(CrFom1) n) AE(LIPF) AE(PFsn(CrFom1)n)

AAE(Li salts)=AE(PFg) + AE(LiPFg(CrFom1)n
'AE(LlpFG) - AE(PF&n(CmFZm—l)n-

I sodesmic reaction (11)(n=2,3) : Thermal Stability

PFs + PFsy(CoFomi)n € PFs + PR (CoFoman
AE(PFg) AE(PFsn(CrFam-1)n) AE(PFs) AE(PFon(CrmFom-1n)
AAE(Anions)=AE(PFg) + AE(PFs.(CFom-1)n)

- AE(PFS) - AE(PF&H(CmFZm—l)rl-)
where AAE(Li salts) becomes positive when lithium salts
LiPFg.(CFam-1)n are more dissociative than LiPFg , and
AAE(Anions) beaomes positive when the PFg.(CFom-1)n
anion is more thermally stable than PFg anion.

Table 1 shows that the conductivity ratio of
LiPFe (CFam-1)n does not decrease so much in spite of its
large anion size, because of high dissociation of
PFen(CnFom1)n . Therma stability is cdculated by
AAE(anion). PF4(CFom1),  with two perfluoroakyl(Rf)
substituents is more thermally stable than PF3(CFom1)s
with threesubstituents.

HOMO energy order was as follows. PF4(C,Fs), <
PF4(CF3), < or = PF3(CoFs)s < PRs <
PF3(CF3)s . Higher oxidation pdential was also predicted
for the salts with two Rf substituents compared with the
salts with their Rf substituents.

2.2 Battery Performances and XPS Analysis Result

We dedked the battery performance of the cdl with
LiPF4(CF3), becaise of its high conductivity and good
stability. LiPF4(CFs),-cdl showed aimost same cgadty as
LiPFe-cdl but better cycle charaderistics than LiPFg-cell.
Moreover, the impedance increase of LiPF4(CFs),-cdl for
60 °C- 20 days storage was small er than that of LiPFs-cell.

We analyzed the surfacecharaderistics of anode by XPS
analysis to investigate the reason for the differencein cycle
charaderistics. The anode surfaceof the LiPF,(CF;),-cdl is
mainly covered by organic compounds with Li compounds
such as LiF and LiPF4(CF3), salt component. The large
F 1S peak was ohserved at 687-688€eV (organic F such as
CF3-) for only LiPF,(CF3), surface These results suggest
that the LiPF4(CF3), salt might exist on anode surfaceor be
involved as surfacefilm with other organic compounds.
This surfacelayer might assst Li ion transportation.
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Table1l. AAE and Eledrochemicd Properties of LiPFg (CFom1)n  (M=1,2, n=2,3)
Anion Conductivity | AAE(Lisalt) AAE(anion)™ HOMO | LUMO
Ratio™* /kca/mol /kea/mol Energy * | Energy
B3LYP GGA(pw91) | B3LYP GGA(pw91) | /eV lev
16-31G* /DND 16-31G* /DND
PFg 1.00(0.1M) 0 0 0 0 -3.64 4.49
trans-PF,(CF3), | 0.88(0.1M) 2.1 5.2 7.3 7.0 -3.92 4.46
mer-PF5(CF3)5 0.88(0.1M) 8.6 9.9 41 5.0 -3.60 3.90
trans-PF4(C,Fs), | - - 8.4 - 134 -4.05 3.44
mer-PF;(C,Fs); | 0.82(0.1M) - 104 - 8.3 -391 2.75

*1 Conductivity Ratio=(conductivity of eledrolyte)/(conductivity of LiPF6 eledrolyte) in PC:DME(1/2 v/v) at 0.1 mol/l .

*2 AAE(Li salts) becomes positive when lithium salts LiPFg.,(CiFom 1), 1S more dissociative than LiPFg
*3 AAE(Anions) beames pasitive when the PFg ,(CriFam.1)n @nion is more thermally stable than PFg anion.
*4 HOMO Energy: Forlow value, high oxidation potential expeded.




