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Figure 1 Applications of in situ TEM in electrochemistry (color
online).
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Figure 2 Schematic diagram of liquid cell classification. (a) An
experimental device based on ionic liquid [10]; (b) a structure diagram
of the TEM based on a differential pump vacuum system [11]; (c¢) an
electrochemical liquid cell [12]; (d) a static liquid cell [13]; (e) a
graphene liquid cell [S]; (f) a graphene liquid cell structure diagram
based on MEMS technology [6] (color online).
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Figure 3  Structure diagram of an additional-functional liquid cell. (a)
A flow liquid cell [7]; (b) a heating liquid cell [8]; (c) an
electrochemical liquid cell [9] (color online).
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Figure 4 Schematic diagram of an electrochemical liquid cell. (a) An
electrochemical liquid cell with a 120 nm-thick Au electrode [17]; (b)
an electrochemical liquid cell with a 90 nm-thick Ti electrode [19]; (c) a
multi-electrode electrochemical liquid cell [20]; (d) a scanning electron
microscope image of an electrochemical liquid cell with a Pt heater [21]
(color online).
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Figure 5 Electrochemical deposition of Cu. (a) Cluster nucleation and
growth. The four-color dots in the upper figure represent the center-of-
mass positions of Cu clusters during four deposition experiments on the
same electrode area. Inset is the micrograph that corresponds to the
black dots. Below is a small region extracted from a video recorded
during the deposition at 5 mA/cm’. Scale bar 500 nm. [12]; (b) from top
to bottom, the morphological evolution of the growth front of
electrochemically deposited Cu by no control, pulse control, and
additive control versus time, respectively. Scale bar 200 nm[22]; (c) the
upper figure shows the Cu island density at different potentials, and the
below shows the TEM images at different potentials (red: no additives,
blue: suppressor and leveler additive) [23] (color online).
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Figure 6 Studies on dendrite growth of metal batteries. (a) Electro-
chemical deposition of Na on Ti electrodes with flat (I) and rough (II)
configurations [26]; (b) the formation of Zn dendrites ((bl) initial state
just after application of an electrical bias, (b2) formation of a Zn metal
layer and a depletion region at the interface between the electrode and
solution, (b3) formation of distinct facets of Zn crystals, and (b4)
generation and growth of dendrites from the apices of hexagonal plates)
[27]; (c) electrodeposition morphology transformation under different
current densities [28] (color online).
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Figure 7 Schematic of microbattery structures and the morphology
changes of electrode materials during lithiation processes. (a) Open
microbattery structure and the lithiation process of a single SnO,
nanowire [10]; (b) a closed liquid microbattery and the lithiation
process of a single silicon nanowire [30] (color online).
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Figure 8 (a) Two-step growth mechanism of Li,O, [43]; (b) in-situ
TEM observation of C/TiO,—TiN/S [46] (color online).

AR T P R, FHEBHAS Fb s REEAT . P AP AL B
Li,O,7E 78 Lt A2 35 0] DAy S5 AR 3 1) L4, O,
SHRESZ BT AR R HAR T R I Li,0, 50 i 23 T RR
O™, HAE B AP BB S I FE Bl 2. X
T T A HLi-O, Hith R 48 7 2218 [ ORRFIOER ) /) %
EIRAE T ke XER NI R ILRE R 1 — 018 T e it
MR R g R BTt A e, AN T B ek sh /)
RN PRV RE B Li-O, FL .

ST Li-SHIM R 45, Seos N IHFoE T 814k A o
BT RARRT ZRRACEE T A B s . g5 SRR, 5
TR B S I AT DLAE 2% % 30 A 4K K 22 TRk B I 9 B
0 2 AR ZEAR AN, A FEI IR I e D AR
MAEAFE . XuZe NOREMBT T T LieS H b -
[ R RS RE, 2 B A ) B R I 2 i e o 2k
A AR KL = A EE e, AR AT DL &
TRACAR BRI BiA%, B S 2B o ) 21 e L RR ) ) AR K
B 772 B AR AR AR B TR SE 2 BRAL A
Wt B A n] DU G b [ v, (EAE AR R AR TR 1
IR A SRR, T U8, hilss
— P LA AR TIONTIN A EE ., JERRIEC MR

JE45K, W EI8b T, 1XFET 1 IR G5 M e v H AT LA 2L
b 2R B, fE6 mL/gHIRARIRE T, 40071
WG 8 A DMEER4.3 mAhem®, FIHAELITTERS.

N FH T LV RIF S0 PR JER AT L 435 A4 F R BIAS [] R
WREMTEMBF 7, S+ REMEDRE, Bk
G R JEADIN S B 2 R R, EE TR
AT A EE R MU AR, R R R EIR R+,
Ll an It A4 5 F ok 15 T TG i 3 5K F th PR 353 (R s Ak, ot
AL 2 i R FE AT A ME I o LA AL, [ AR R
BRI 4 R A MU AN SELRR 4%, B Bt —
PATDO A B B 1 B 7 TAE I FEAE B,
PEREA 7 (1) FEAR A R A Ll Ak 2R

3.3 wfifk

FELHE AL 7 E B AL S A I R bR 25 SRV E D, Bl
ERATEMEAR IR E, 1550 WG REAT N
CATR DN 25 T EL AL T O FE B PT R, IX0 A 2
Wit v i R AR M AR TR RN T R AL
AR IR S

Zheng% NVE AT W5 T Pegh K50k K 3h 25 4 K
R, SRR T RALAH TEMAF 7t 44K S A2 K50 /72
IFFEIPE TAE. 95 K Pl K 0K A7 78 3 Rl 22 K T
(E9a): H—, @k A R AW AR K,
KL TR R A — BT H B SRR AR, 5 Ah— P K
bz [ E RS &, IRk — DRl & i kT
PRS0 A e R B AL AR R R S, 1
F AN AP FURL R BUA [ A K g 2 3 T H R TR
TEASHCH) A RE /IR IR 53 4, FRARYNK A 1) i
TR R AR T 43 ) 9K AR TR T B3 L Th e
AL R B AU L. Liao% A"H38 T Peghk
SRR R SR A AR, aniEob, B R K
HIHA[100]. [1101F[111] AT BAFRLE R A K, faok
F[100]1H _FRCAIER REBAR, FEOZEAEKSZHE, M
FoAR T AR S KT R T R N[ 1001199 K 37 77 4.

B BRI 1 B S 9K d Ak, FER R K
e i A K B A T i R F R B e, Suds
N5 /76 R 5 FIAETE BT HAUCL VA W PAg KR T
[ SR IET T R EALE T FE S iR R
SR, PAGK KL FAEHAUC] VAR AW s e, e+
I\ B = P IERAL AR (CTABRR SEFIIVER T, PAKL T
PLaseE KON, Rk, i@ 5 A e A mr LU AL

IR

1495



PSS BRALE G B A F Ak A U (K

B9 HHASHREAEKIRE. ) ANy REA
Ko, I RIOROAR TSR 45 A4 (b) W0 11 b Al 52
SREPR ST 7 A ) A K R P i AR AR (1 2 R R )
Figure 9 Single-component nanocrystal growth process. (a) The two
growth trajectories of a Pt nanocrystal [13]; (b) the facet development of
a Pt nanocube viewed along the [011] axis [14] (color online).
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Figure 10 Growth trajectories during the two-stage dendritic pathway
resulting in PtNi nanoparticles [49]. (a) Sequential images captured
during the growth process; (b) the area of dendrites versus time; (c) a
plot of particle numbers (black dot) and particle size evolution (blue
square) as a function of time; (d) size distribution of nanoparticles (color
online).
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Application of in situ transmission electron microscopy in
electrochemistry

Yue Sun, Tiqing Zhao, Honggang Liao

School of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
*Corresponding author (email: hgliao@xmu.edu.cn)

Abstract: In situ transmission electron microscopy (TEM) is a high-spatial-resolution observation tool that can provide
real-time electrochemical process monitoring, thus analyzing mechanisms, building material structure-property
relationships, and enhancing electrochemical performances. Based on the development of liquid cell chip fabrication
technology, this article reviews the application of in sitzu TEM in the electrochemical field in recent years, including
electrochemical deposition, energy storage, electrocatalysis and electrochemical corrosion. In addition, we summarize
the challenges of the in situ TEM and its potential applications in electrochemistry.
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