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AN E ARS 7Fs S viRIY] sl tigk a7t FoiE el whet oldll Adet Wakskdo] v
g HRITIE SASEH mdge) Z|wketed AlQtetarat sk ZF aAt poly(acryl amide)(PAM),
poly(methyl acrylate)(PMA), poly(vinylidene fluoride)(PVDF), poly(hexafluropropylene)(PHFPYI]
tisted W E 4 "W (Semi-empirical method) 3 B = &4~ ©] & (Density Functional Theory,
DFT) W& ol-gato] Tl RE] ALA7EA o] At vijlv el gk A A B4 A=g
(Highest occupied molecular orbital, HOMO) o]\ =] ¢} ©]23} of L] X] (lonization Potential, IP) %t
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-7 55 (Linear Sweep Voltametry, LSV)S.ZFE A& A g} AX|slAc) E3t o] A=
HOMO em=e] +x25 FA st Witshdo] £2 9e 38tk

Abstract : As the development of available binder in the harsh conditions is needed, we propose
the proper binder for high-voltage lithium-ion secondary batteries based on the quantum chem-
istry modeling. The optimized structures, HOMO (Highest Occupied Molecular Orbital) energies
and ionization potentials of 4 binders, which were considered from monomer to tetramer, were
investigated by the semi-empirical and DFT (Density Functional Theory) calculations. The results
show that the ionization potential values by calculation tend to be close to the oxidation poten-
tials from the measurement of linear sweep voltametry (LSV). The order of oxidative resistance
from high value to low value is following: poly(hexafluropropylene), poly(vinylidene fluoride),
poly(methyl acrylate) and poly(acryl amide). Also these results correspond with the experimental
values. Thus, we find the reason why HOMO (Highest Occupied Molecular Orbital) energy of
PHFP has the highest value than other binders by analysis of HOMO orbital structures.
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Fig. 1. Polymer unit (a)poly(methyl acrylate) (b)poly(vinylidene fluoride) (c)poly(acryl amide) (d)poly(hexafluropropylene).
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Fig. 2. The relative HOMO energies(eV) of 4 binders from
monomer to tetramer by simulation with (a)NDDO/PM3
(b)GGA/PBE (¢)B3LYP/6-31+G(d,p). Lines are given to
guide the eye.
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Fig. 3. The relative ionization potential energies(eV) of 4
binders from monomer to tetramer by simulation with
(a)NDDO/PM3  (b)GGA/PBE (¢)B3LYP/6-31+G(d,p).
Lines are given to guide the eye.

Table 1. Calculated HOMO Energies and Ionization
Potential Energies (IP). NDDO/PM3, GGA/PBE and B3LYP/
6-31+G(d,p) are used for 4 binders of monomer(n=1),
dimer(n=2), trimer(n=3) and tetramer(n=4). Unit is electron

volt (eV).

. PM3 GGA 3B3LYP
Binder n
HOMO IP HOMO IP HOMO IP
1 -101 90 —-56 88 73 9.2
2 -102 92 =55 175 =7.1 8.8
PAM
3 -102 84 =51 70 —-69 8.7
4 -100 84 50 66 —6.6 82
1 -—11.1 10.1 —-62 9.3 -7.8 9.7
2 -—-11.2 103 —6.1 8.1 =7.7 9.2
PMA
3 —-112 106 —-6.1 76 =76 9.0
4 -112 100 —-6.1 7.2 —7.6 8.6
1 -108 103 —-64 100 =77 102
2 =127 119 =80 103 —-9.6 11.2
PVDF
3 —-128 120 80 98 96 11.0
4 =127 119 =77 92 —-9.2 105
1 -11.5 109 -7.1 102 -84 105
2 =137 122 =86 109 -102 11.7
PHFP
3 -138 11.6 —-86 105 -102 11.5
4 —-141 13.7 -89 106 -—-10.5 11.7
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Fig. 4. Linear sweep voltammograms obtained from 1 M

of (@) PAM, (b) PMA, (¢) PVDF, (d) PHFP in EC/EMC/
DEC(3/5/2) solution with 1 M of LiPFg at a 1.0 mm radius
Pt disk electrode with scan rates (from top to bottom) of
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