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Fig. 1 Schematic diagram of contact mode AFM: Z actuator

feeds back to keep cantilever deflection at a given

setpoint
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Fig. 2 Three work modes of AFM: contact-mode (A), non-contact mode (B), and tapping mode (C)
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Fig. 3 Schematic diagram showing AFM force spectrum measurement
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B
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£

200 nm .
—

O M |18 nm
v

Discharged to 3.90 V

% 4 (A)LiCoO, ¥ A ) SEM(a)Fl XRD(b)E , LI K & i & F LiCoO, ik i) AFM JE 5 (c-e), A7 L 1k 2% AFM #F 5% LiCoO,

WKL KL 17 (B) 134 1801 (C) 9 CET®Y

Fig. 4 (A) SEM image (a) and powder XRD pattern (b) of LiCoO, microcrystals, and AFM images of LiCoO, particles on the
current collector (c-€) ; In-situ AFM studies of CEI for the LiCoO, particle on the base (B) and edge plane (C)©".



E NGRS IR A ok e IR R TRl RSO AL

<23 .

Immersed in electrolyte

Original
3 B
(b)

o™
E

] @
(=N

Discharged 1o 2.50 V Chargedto 450V W 8

o
>
@
=
]
2
(]

200

wm
(=]

=
o
o

o
o

o

two ALD cycles of ALO, coating
bare LiCoO,
1 1 1 1 1
0 50 100 150 200

Cycel Number

5 (A)E B AFM BF50 A R 3 R 28 F 78 ALO, (19 LiCoO, UK 5 i 19 CEI; (B B AR 4. ALO; 19 LiCoO, Hy 4 11y

EENeaiiA

Fig. 5 (A) In-situ AFM images of CEI on the edge plane of LiCoO, particles coated with Al,O; at different charge states;(B) Cy-

cle performance of LiCoO, electrodes coated and uncoated with ALO;!.

A RHTE i A it v 322 60 FL f RS RN S R B 4.5V (vs.
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FEHLF 4.5 V (vs. Li/Li) B, 44> 3 18 9% — 2 45 4k
R A IR 55 CH [ B 3.9 V (vs. Li'/Li) B, 45 4
D 28 IR 2 AT SR AEAE 5 Y 58 2 A #) 3.0 V (vs.
Li*/Li) B, £F 4E 505 2 . 3 A~ T AR J2& 40008 58 — Ik
B 2 W€ 3 LiCoO, i HL Al 25 4 72 Hh 9 CEL
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Fig. 6 AFM images of formation and dissolution of CEI on LNMO electrode surface during the first charge and discharge!®
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Fl 7 (A) MnO HUH 5 L il 2k (a) 5 B 62 AFM 3R AEAS [R] 4i Hi R 25 MnO 3R 1 AELTE 5 (b-g) ; (B)FI T AFM 1421145 0.01

V i AR ZS MnO H1 A #9 3% 1 (a-b)(®,

Fig. 7 (A) Voltage profiles of MnO electrodes (a) and in-situ AFM images of AEI on MnO at different charged states (b-g);(B)

AFM tip scratch test of MnO electrode at 0.01 V (a-b).
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Fig. 8 Voltage profiles of Si anode (A) and the AEI thickness distribution of Si electrode (B), and the corresponding in-situ AFM

topographies (C-H) at different charge states'®!
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Fig. 9 (A) Schematic illustrations of AFM force spectroscopic measurements; (B) SEI thickness and Young's modulus when MnO
anode was discharged to 0.1 V (a, ¢) and 0. 01 V (b, d)**
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Atomic Force Microscopic Characterization of Solid Electrolyte
Interphase in Lithium Ion Batteries

DONG Qing-yu', CHU Yan-li', SHEN Yan-bin", CHEN Li-wei'*
(1. -Lab, CAS Center for Excellence in Nanoscience, Suzhou Institute of Nano-Tech and Nano-Bionics
(SINANO), Chinese Academy of Sciences (CAS), Suzhou 215123, China; 2. In-situ Center for Physical Sciences,
School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: In recent years, the rapid growing in the electric vehicle market has raised higher requirement on the lithium-ion bat-
teries (LIBs) performance towards energy density and safety. However, considering the successful development of LIBs techniques
in the past 30 years, there is little room left for improving the LIBs performance on the aspects related to the electrode materials,
battery structure design and production processes. It is important to pursue more comprehensive fundamental understanding in the
entire system and working principle of LIBs. Solid electrolyte interphase (SEI), existing between the electrode material and the elec-
trolyte, has been proved to be an important factor affecting the performance of LIBs. However, at present, researchers both in the a-
cademia and industry still do not have full understanding on the SEI. Limited reports on SEI research with high resolution, in
operando, and multi-technology combined characterization are available. Atomic force microscopy (AFM), which works based on
detecting the interaction force between the AFM probe tip and the measured sample, can in operando characterize the morphologi-
cal and mechanical properties of SEI at a liquid state with atomic scale resolution. This is very important for the understanding and
regulation of SEI in LIBs. In this work, we summarize the application of AFM in investigating the SEI in LIBs in recent years by
mainly introducing the work done in our research group in this field. This review will contribute to the understanding and regulation
of LIBs interface towards construction of a high-performance LIBs with stable SEI.

Key words: atomic force microscopy; lithium ion battery; interface; morphology; mechanical modulus
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