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1. Surface area of LMN and acetylene black (AB).

The BET surface area of the LMN and AB powders was ~ 0.6 and 80 m?/g ', respectively. Considering
the weight percentages of LMN and AB in the electrode (80 and 10 wt. %, respectively), the surface
area of AB exposed to the electrolyte is at least 10 times larger than that of LMN. Thus, it is
anticipated that the functionalization of AB will strongly affect processes at the electrolyte/electrode

interface and have a strong influence on cell performance.

2. X-ray diffraction

The XRD patterns of modified and unmodified AB carbon powders are presented in Figure S1. This
carbon showed three distinguishable diffraction peaks (002), (100) and (110), which indicate a
partially graphitic structure. An additional low intensity peak (004) at 26 = 54° confirms that AB
carbon is slightly graphitized, is generally observed for graphite but is more intense . This result
confirms that PF, anions could intercalate in the graphitic domains of AB carbon at high voltage,

leading to its degradation and poor cycle life of the Li-ion battery °.
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Figure S1. XRD patterns of modified and unmodified AB carbon powders. The patterns are typical of
a slightly graphitized carbon.

3. Electrochemical characterization.

Cyclic voltammetry. Figure S2 shows the cyclic voltammogram (2™ cycle) for the aluminum current
collector (bare electrode) recorded between: a) 2.5 and 4.8 V and b) 2.5 and 5.3 V vs. Li/Li*. In
contrast, the intensity of the current between 4.5 and 5.3 V vs. Li/Li" is much lower for the carbon
electrodes in Figure 2. The charge evaluated for unmodified and modified AB carbons are included in

Table S1.
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Figure S2. Cyclic voltammograms (2™ cycle) for the aluminum current collector (bare electrode) in 1
M LiPF, EC:DEC:DMC electrolyte at a scan rate of 10 mV.s"' recorded between: a) 2.5 and 4.8 V and
b)2.5and 5.3 V vs. Li/Li".

Table S1. Q charge and Q discharge (mAh) determined from cyclic voltammograms (2™ cycle)
obtained for the Al current collector (bare), unmodified (AB) and modified carbon (AB-X, where X =
CF;, N(Et),, SO;H and COOH) electrodes in 1 M LiPF, EC:DEC:DMC electrolyte at a scan rate of 10
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Q charge Q discharge Q charge Q discharge
(Oxidation) | (Reduction) (Oxidation) (Reduction)
mAh mAh mAh mAh

Al bare 0.00029 0.00026 0.00046 3.25x 107
AB 0.01334 0.00841 0.24978 0.01238
AB-CF, 0.00575 0.00576 0.28262 0.06227
AB-COOH 0.01532 0.00552 0.19395 0.01814
AB-SO;H 0.00634 0.00696 0.20192 0.04389
AB-N(Et), 0.00698 0.00529 0.17535 0.00896




Galvanostatic cycling of carbon electrodes. Figure S3 presents the charge (Figure S3a) and the
discharge (Figure S3b) capacities obtained for unmodified (AB) and modified carbon (AB-X, where X
= CF;, N(Et),, SO;H and COOH) electrodes over 10 cycles. The charge capacity of the modified
carbon electrodes was one order of magnitude lower, suggesting that electrolyte degradation was
considerably reduced. The discharge capacities for all of the carbon electrodes were relatively low and
primarily due to the electrical double-layer capacitance’. However, the slightly higher discharge
capacities obtained for unmodified AB carbon electrode could be due to the

intercalation/deintercalation of PF, anions between the graphitic sheets of carbon’.
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Figure S3. a) Charge and b) discharge capacities (per g of active material) obtained for unmodified
(AB) and modified carbon (AB-X, where X = CF;, N(Et),, SO;H and COOH) electrodes cycled with a
constant current of 50 mA.g" between 2.5 and 5.3 V vs. Li/Li* for 10 cycles. Note the break (between

300 and 1000 mAh.g™") on the charge capacity axis of the left-hand side figure.



Galvanostatic cycling of LMN electrodes. Table S2 reports the discharge capacity of several half-cells.
The electrochemical experiments were repeated three times and the discharge capacities of the LMN

half-cells (10" discharge capacity at C/10) are reproducible.

Table S2. Discharge capacities (10" cycle, in mAh.g") obtained for three different LMN half-cells
containing unmodified (LMN-AB) and modified carbons (LMN-AB-X, where X = CF;, N(Et),, SO;H
and COOH) and cycled at a rate of C/10 between (top) 3.5 and 5 V and (bottom) 3.5 and 5.3 V vs.

Li/Li". Average and standard deviation (SD) values are also included.

5V LMN- LMN- LMN-AB- | LMN-AB- | LMN-AB-
AB AB-CF, COOH SOH N(EY),
Celll
(mAh.g") 86.8 117.7 106.7 116.2 104.1
Cell2
(mAh.g") 85.1 116.6 1054 1154 103.8
Cell3
(mAh.g") 86.5 1153 105.9 116.1 104.0
Average +SD | 86.1+0.7 | 116.5£0.9 | 106.0+£0.5 1159+0.3 104.0+0.1
53V LMN- LMN- LMN-AB- | LMN-AB- | LMN-AB-
) AB AB-CF, COOH SOH N(EY),
Celll
(mAh.g") 88.7 114.3 106.9 121.3 106.2
Cell2
(mAh.g") 87.1 113.8 105.1 120.8 105.9
Cell3
. 114. 106. 121.1 106.
(mAh.g") 88.6 5 6.7 6.5
Average+SD | 88.1£0.7 | 114.2+0.3 | 106.2+0.8 121.120.2 | 106.2+0.2




Comparison of discharge capacities. Table S3 compares discharge capacities obtained for LMN-AB

half-cells containing unmodified carbon (LMN-AB) and those extracted from the literature.

Table S3. Discharge capacities of LMN-AB half-cells from our study and the literature.

Capacity (mAh/g) Voltage (V) C rate References
87 3.5-49 C/12 6
103 3.5-5 C/10 7
100 3.5-4.85 C/1.5 8
97 3.4-49 C/10 9
108 3.5-49 C/10 10
127 3.5-5 C/5 11
121 36-4.9 C/10 12
131 3.5-49 C/5 13
88 3.5-5 C/10 This work
96 3.5-53 C/10 This work




Table S4. Atomic content (at. %) determined from XPS spectra for: a) unmodified (AB), modified
carbon electrode (AB-X, with X = N(Et), or SO;H) following cycling at 50 mA/g between 2.5 and 5.3
V for 7 cycles and: b) LMN electrodes with unmodified (LMN-AB) and modified carbons (LMN-AB-
X, where X = CF; and SO;H) following cycling at C/10 between 3.5 and 5.3 V for 15 cycles.



Cls

AB electrodes Fls P2p
cc |en, | co |0 | cF LiF PF PVDF Li,PF,0, LiPF,
BE. (V) | 2844 | 286 | 2865 | 2884 | 2007 | 6857 | 6877 688.8 1343 135.9
=
FWHM (V) | 15 | 15 15 15 15 15 15 1.8 18
- 0,
AB Peak area (%) 179 | 208 19.6 6.2 26.4 10.1 56.2 33.7 76.9 23
Atomic content Cls Fls P2p Ols N1s S2p
(at. %) i 243 o 153 - -
Cls Fis P2p
cc |em | co | c=o | cF, LiF P-F PVDF | LiPF,0, Li,PF,
BE (eV) | 7845 [286.1| 2865 | 288 | 290.8 - 687.1 | 6883 134.4 135.9
FWHM (eV
AB-SO,H @ s | s 1.3 1.33 13 - 1.7 1.7 2.1 2.1
e 0,
Peakarea (%) 1 505 | 156 9 10 | 151 - 25.9 74.1 333 66.7
Atomic content Cls Fls P2p Ols N1s S2p
(at. %) 61.1 275 05 95 | 03 | 04
Cls Fls P2p
c-C CH, C-0 Cc=0 CF, LiF P-F PVDF Li,PF.0, Li,PF,
BE (V) | 2845 | 2863 | 2868 | 2886 291 - 687.2 688.2 134.5 135.6
FWHM (eV
AB-N(Et), @y | 1.1 1.1 11 - 15 15 15 15
Peak area (%
eakarea () | 58 | 169 | 105 36 | 162 - 35.7 643 417 58.3
Atomic content Cls Fls P2p Ols N1s S2p
(at. %) o 61 07 115 0.3 -

The unmodified and modified acetylene black (AB) carbons were mixed with polyvinylidenedifluoride

in a 0.8:1 weight ratio to fabricate the electrodes.



b)

Cls
LMN electrodes Ots Fls P2p
cCc | cH | cO | c=0 | CF, |cO| c=0 |M-0| LF | P-F | PVDF | LiPF,O, | LiPF,
BE@V) | a346 |2862 | 2866 | 2882 | 2006 | 533 | 5316 |529.6 | 6855 [6873| 6883 | 1342 | 1359
FWHM (6V
@ e | ] 16 |ws | e |2 22| 12 ]1s] 1s 19 19
. Peak area (%
LMN-AB | PeakareaCo) | o5 | gqs | noa | o7 | 222 [3na| ses |33 | 93 |53 s | aa | oses
Atomic content Cls Ols Fls P2p Nis | S2p | Mn2p | Ni2p
(et %) 56 172 235 038 R
Cls Ols Fls P2p
c-C CH, | c-O | c=0 | CF, | c-0 |c=0 [M-O| LiF | P-F | PVDF | LiPF,0, Li,PF,
- 529
BE V) | a347 |2s62 | 2865 | 2881 | 2907 | 5333 | 5319 w - | 68741 6883 | 1343 1362
LMN-AB- | FWHM (eV
MN-AB @ s sl || [ a2 - s e 21 21
SOH
Peak area (%
kaal | gy | aa | oes | s | 2 a2 | se2 |ns| - a4 es | o7 643
Atomic content Cls Ols Fls Pp Nis | S2p | Mn2p | Ni2p
(at. %) 53.4 187 04 11 02 | 01 2 | 03
Cls 01s Fls P2p
¢C | CH | CO | C=0 | CF, |CO|C=0 [M-0| LF | P-F | PVDF | LiPF,0, | LiPF,
BE (V) | 2846 | 286 | 2863 |288.0 | 2004 | 533 | 5316 [5203| - [6s73| ess2 | 1342 1362
IMN-AB- | FWEMG@EV) |5 s s | s | s 22| 22 |22 - 14| 18 18 18
CF,
Peak area (%
wkae (o) | g0 | e | w0 | 15 | 75 [sss|oss |77 ] - |33 67 | es 315
Atomic content Cls Ols Fls P2p Nls | S2p | Mn2p | Ni2p
(et %) 621 10.1 257 07 R R
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