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Fig. 1 A. Picture of a Li-O, cell[type 2325] with multiple air diffusion holes™; B. Schematic setup for the in situ GC/MS mea-

surement of gas compositions during Li-O, cell charging processest
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Fig. 2 Variations of charge voltages and gas compositions (helium not included)®

A. The first charging process for the Li,O,/Fe;O,/SP/PVDF electrode in a carbonate electrolyte; B. The second charging

process for Fe;O,-based electrode after the first charging and discharging
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Fig. 3 A. Schematic representation of DEMS electrochemical cell; B. Schematics for principle and operation of DEMS. Valves:

a-inlet valve, b-purge valve (normally closed), c-leak valve, d-pump-out valve. (Position 1: Sample integration position;

Position 2: Transfer line load or discharge position)®”
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Fig. 4 Evolutions of isotopically labeled O, and CO, gases during charging processes of DME-based (A), 1:1 (V:V) EC/DMC-

based (B), and 1:2 (V:V) PC/DME based (C) cells®"
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Fig. 5 A. Schematic illustration of the three-part Li-O, cell®™); B. Schematic representation of the gas lines used for DEMS™!
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Fig. 6 Cross-section of the Li-air cell designed for the tests with all dimensions given in units of mm @ cell body made of
316SS-Ti; @ Kel-F annulus; @) virgin-PTFE O-ring seal®
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Fig. 7 OEMS system with a Li-O, battery cell (internal gas head space of 9 mL) connected directly through a calibrated crimped-

capillary leak (=~ 1 pL-min?) to a mass spectrometer with a closed ionization cage at a pressure of =~ 10* Pa. All gas

products evolved in the battery cell are continuously sampled™
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Tab. 1 Comparison of qualitative GC-MS and CV results on
solvent stability with theoretical predictions based on
computed free energy barriers (AG,q, kJ-mol™) for nu-

cleophilic substitution by superoxide*!

Solvent GC-Ms® cv® AG,,
EC Fail Fail 59.52
DMMP Fail Fail 60.15
PC Fail Fail 64.76
GVL Fail Fail 76.43
SLF Pass Fail 84.51
MeCN Not available Pass 104.31
BN Fail Pass 105.94
DME Pass Pass 132.11
NMP Pass Pass 168.19

a. A pass indicates that the signal from the reaction mixture has
roughly the same integration as the blank for that solvent,
while a fail indicates a significant loss of signal; b. A pass indi-
cates that the ratio of anodic to cathodic peak currents is close
to unity, while a fail indicates a significant deviation from uni-

ty; c. Computed free energy barriers
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a. The discharge-charge curves; b-c. The corresponding evolutions of O, and CO, gases during charging processes of cells

using cathode catalysts®™
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Fig. 11 A. Potential (U) versus discharge capacity (Q) for Li-O, galvanostatic discharge and charge at 200 A on a “C cathode;
B. Quantitative evolution rates (m') for O,, *CO, and *CO, + BCO, during the charge in (A) as measured by quantitative
DEMS; C. m' of various CO, isotopes as a function of charging potential U following a 1 mAh discharge at 200 pA with
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0.5 mV-s'under an Ar head space. The black solid line is the current*.
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Tab. 2 Summary of DEMS results for various salt and solvent combinations®?

Cathode Solvent Li* salt OER/ORR (€/03)ais (€/02) e CO,/ORR H,/ORR

XC72 DME TFSI 0.78 2.01 2.59 0.07 0.03

Trif 0.74 2.00 2.71 0.05 0.08

Clo, 0.77 2.00 2.59 0.05 0.08

BF, 0.78 2.06 2.65 0.04 0.08

BOB 0.36 2.33 6.41 1.26 0.01
P50 MPP-TFSI TFSI 0.33 2.30 7.04 0.01 0.28
P50 DMSO TFSI 0.51 2.05 4.05 0.03 0.02
XC72 INM3 TFSI 0.48 2.14 4.44 0.11 0.04
XC72 NMP TFSI 0.58 1.96 3.35 0.03 0.02
XC72 THF TFSI 0.72 2.01 2.80 0.03 0.09
XC72 DME TFSI 0.78 2.01 2.59 0.06 0.01
P50 CH;CN BF, 0.88 2.05 2.33 0.04 0.01
XC72 TGE BF, 0.75 2.04 2.71 0.03 0.08
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Electrochemical Mass Spectrometric Study of
Lithium-Oxygen Batteries

YAN Xin-xiu, MA Li-po, PENG Zhang-quan”
(State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese
Academy of Sciences, Changchun, Jilin 130022, China)

Abstract: Mass Spectrometry, coupled with electrochemistry, is a powerful research tool to study mechanisms for a broad range

of electrode reactions by identifying and quantifying reaction products and intermediates. In this review, we summarize the recent

advances in the Li-O, battery researches offered by electrochemical mass spectrometry based on our group investigations. These in-

clude the research progresses in electrolytes, cathode materials (electrocatalysts), and parasitic reactions, i.e., the key issues associ

ated with Li-O, research. In addition, we also discuss the effects of irreversible side reactions involved in battery systems on charge

and discharge processes.

Key words: electrochemical mass spectrometry; lithium-oxygen batteries; quantitative analysis
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