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Stabilizing Effect of Amine on Small Molecules in
Electrolyte of Lithium Batteries

ZHANG Zhong XU Xuan" ZUO Xiao-Xi LI Wei-Shan”
(School of Chemistry and Environment, South China Normal University, Guangzhou 510631, P. R. China)

Abstract: Intermolecular interactions between ethylamine or ethylenediamine and H,O or HF were studied
theoretically using density functional theory (DFT) at the PBE0/6-31+G(d, p) level. Natural bond orbital (NBO) analyses
were employed to elucidate the hydrogen bond characteristics in these complexes. Energy decomposition analysis
(EDA) method was applied to complexes of 1I-1, II-2, III-1, and III-2 at the PBE/TZP level. From this study, four
important conclusions were drawn as follows: (1) Both HF and H,O can be stabilized by amines through N---H—F(O),
F(O):-*H—N or F(O)---H—C hydrogen bonds; (2) Amines have the priority to stabilize HF, because the high
electronegativies of florine atom results in the intense N—H---F hydrogen bonds; (3) Stability of the ethylenediamine-
associated complexes is higher than that of ethylamine-associated complexes; (4) The most stable complexes, formed
by amines with HF or H;O, include F(O)—H---N and F(O)---H—C hydrogen bonds.
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Fig.1 Structures of HF, H,0, and amine molecules
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Fig.2 Structures of complexes of ethylamine or ethylenediamine combined with H,0 or HF
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Table 1 Bond length (R/nm), bond angles (4/(°)) of intermolecular hydrogen bonds and NBO charge (g)

Hydrogen bond 1
No.

Hydrogen bond 2

R A —q q>

R A — q2

-1 0.1582(N8HI11) 177.2(NS8H11F12) 0.965(N8) 0.564(H11)
-2 0.1867(N8H13) 167.7(NS8H13011) 0.965(N8) 0.509(H13)
-1 0.1550(N7H14) 175.6(N7H14F13) 0.956(N7)  0.561(H14)
-2 0.1558(N10H14) 174.6(N10H14F13) 0.963(N10) 0.562(H14)

III-1  0.1842(N7H14) 166.0(N7H14013) 0.968(N7)

-3 0.2130(N7H8) 174.1(N7H8O13)

0.512(H14)
III-2  0.1844(N10H15) 165.4(N10H15013) 0.973(N10) 0.510(H15)
1.010(013) 0.423(H8)

0.2880(F12H4) 119.9(F12H4C1)  0.662(F12) 0.272(H4)
0.2703(H4011) 127.9(C1H4011)  1.044(011) 0.274(H4)
0.2100(H12F13) 152.6(N10H12F13) 0.661(F13) 0.426(H12)
0.2864(H6F13) 121.0(C4H6F13)  0.669(F13) 0.266(H6)
0.2122(H12013) 158.2(N10H12013) 1.044(013) 0.425(H12)
0.2632(H6013) 129.8(C4H6013)  1.050(013) 0.269(H6)
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*2 HEYHNHEEIERRAE,,BSSE KIERNMHEIERBE
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Table 2 Interaction energies (AE;,), interaction
energies with counterpoise correction (AE:, ), deforma-
tion energies (AE,,), binding energies (AE)(unit in kJ-
mol™), and total energy E(a.u.) of the complexes

-AE, -AE%, -E, AEs -AE  -E;
I-1 79.563 75.060 4.503 8.678 66.387 235.401
1-2 39.276 35463 3.813 1.672  33.791 211.384
1I-1 84.561 80.089 4472 15976 64.109 290.694
11-2 87.193 82.672 4.521 11.064 71.608 290.697
-1 46.005 41.453 4.552  6.420 35.033 266.678
III-2 43986 40.128 3.858 2211 37917 266.679
-3 14.283 11.579 2.704  0.205 11.370 266.669

MFE 2 A] 0L 21 . 2 Zle43 515 HE H0 454
B 7 NGRS S REAE Y i, R 2 . 2
T AR RERS E HUAIR R Y HF B H,0. Z %5 HF B
R O 255 fiE M —66.387 KT mol™, 5 H,0 454
RE{N-33.791 kI-mol™; £ i HF JE LS5
454 HE —64.109 F1-71.608 kI -mol™, 5 H,0 454
REAUR-11.370 — —=37.917 kI-mol™; 7 BASFENY) 111-3
P45 -G RER R (-11.370 kI -mol™). 45 G REd R, 454
MR E. FIRBIRR N . S HE (454
H,0 5k, X JE i T F AH fPEE O KRG
b, B2y I f e 5 e A R T 1 HF T BRSO 1 &
B X SZHF T Aurbach PO TFIERY F S LR
/NG F HF T B8 SRR 1T & #5082 R4 F 1% S s
WAk, 454 BEBEIR £ W 2 — e Xt HE H,0 254
Lt LB ).

P AT TATHE ATALL & AR A Y 111 A 1-1
7 FUAF R A SR A T1-2 01 TI1-2 0 S B e L I 5 | 4
PR A7) 11-2 1 11-1 (9455682051 —71.608 .
—64.109 kJ -mol™, E\fE it 531 4 —290.697 . —290.694
au, B I1-2 He 111 SRS 2. TI1-2 A T0-1 A945-6 6401
H-37.917.-35.033 kI-mol™, M BEHRE3 51 -266.679
—266.678 a.u., III-2 1 T1-1 F&E . WX SR AR il AR
HAEFHBEAES ¥ AL, 45 A RE 225 £ A7
-1 1 TII-1 A B2 BE AE . R BANTRE IR 157
Wil 38 3 SEY A S B e, SRR T R A AR
H % 3 Al WL, H—F ## i HF 43+ 1119 0.0923 nm
KR T-1.11-2 14 0.0989.0.0986 nm; £, —f&Hh
N—C 84K K 0.1452 nm, 1 11-1.11-2 H 43 6
4 0.1476 ,0.1465 nm. 1] UL P A>3 S BE 9 11-1
H—F H#H1 C—N a5 1] 55 50 0 BH 5. B Ay T
KT Ak, e C1CANT #8A°h 109.8°, 1T

x3 BLGEYEKOm).BHS5 HF . H0 M
sy -4z o)
Table 3 Some bond lengths (nm) and bond angles in
HF, H,0, ethylenediamine, and some complexes
HF, H,0, ethylenediamine 1I-1 11-2 1I-1 1I-2

0.0923 (H14F13)" 0.0989  0.0986
0.0961 (O13H14) 0.0986  0.0985
0.1452 (CIN10) 0.1476  0.1465 0.1469  0.1462

109.82° (C1C4N7)* 111.6° 108.6° 111.6° 109.6°
108.71° (CIN10H12) 111.9°  107.5° 111.7° 107.7°
‘bond lengths or bond angles in HF, H,O, or ethylenediamine

SRR, T1-1 B C1CANT 34Kk 111.6°, 1 11-2
H U/ 108.6°. B UL TI-1 Hr % CON 8 25 2
TSy TR E A R A T1-2 B R TII-1 ANIIL-2 R
WA LAY I O W AR 25 26 0 < AR T1-1 \TI1-1
SRR B R R A T1-2 TTT-2 AR, (H i TR A T3 A
¥ 11-1.100-1 vp H—F .O—H #HI55 - NI R, 2 =
J¥i e 25 BAA P R e A RO o (B 2, BT LS ISR R
S -1 100-1 YIRS RS 11-2 \11-2 K.

-1 5 -2 F1 MI-1 5 11-2 P9 %6 54 7K i A0 5
YERTREAER 143 AR I, {H -2 AAE tE -1/ 171,
B T2 {9 AR AR IS R T -1, i — 25T 11-2
PR AH EAE FH BE EE 3 A S VR ) -1 A R A D A
1E PBE/TZP /K b JH ADF #cf4: i i B 20 o0 A
D5 (EDA) A TAH AR R BB /0 fiff. th& 2 3% 4 7]
UL, A0 HAF I BE7E PBE/TZP /K i 145 R 5
PBE0/6-31+G(d, p) AR H AL —3. B4R 11
L AR F RE AN B /R FH E-134.136 .-104.793 kJ -
mol ™' Fb 11-2 [ #f HL B —125.776 kJ -mol ™' Fl#iE
fi£—94.677 kJ-mol ™" F§ i1 ; {H 11-1 ¥ Pauli HEJ% A&
159.592 kJ - mol™ I 11-2 (¥ 139.905 kJ -mol™ X, H.
II-1 11 Pauli HEJF G K 040 B2 K T # HAE FH RE AN
BUIEE I RESE A MR, i 11-2 B AH B F RE
U 10-1. T 2 /5 H,0 B %6 44 TI-1
Pauli HE/F BE Hb -2 3% K (14 5 132 DI /N 5 e AR
AEFILIE BEIG R A I B, ik 11 1 AE,, B £ T T11-
2 1.

R4 BOEHEEWHEEEREK] mol )M N REER
Table 4 Decomposed interaction energies (kJ-mol™?)
of some complexes

-AE;, AEpy; —AE —AE,;,
1I-1 79.378 159.592 134.136 104.793
1I-2 80.549 139.905 125.776 94.677
1II-1 41.215 90.539 83.475 48.321
1I1-2 38.790 70.935 69.890 39.835
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1£ PBE0/6-31+G(d, p)/K¥ PR M . 4 %
5 R /N HO FHF 1945675, 15 31
T (1) BeRY Bi#fRE S5 HF H0 JE i N---H—
F(0).F(0):*H—N & F(0)---H—C By%aE &5 (2)
F iyl Pk L O K, HF 54 & HRuE, k)
Bt feta e HE; (3) & M5 /N F HF H,0 454
M FE e VE e O (4) O 2 5 HF(H0)E
B s e A B i F(O)y—H-+-N #il F(0)---H—C
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