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The Application of Individual Nanomaterial Devices in
Energy Storage and Conversion

PAN Xuelei, WANG Junhui, YAN Mengyu, MAI Ligiang

(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: Nowadays, individual nanomaterial devices have been widely applied in many fields, such as applied physics
and electrochemistry. The individual nanomaterial devices based principle-researches play special roles in probing the
reaction principle and mechanism of optimization, especially in the field of energy storage and conversion. In this paper, the
authors introduce the fabrication process and the application of individual nanomaterial devices firstly. Afterwards, the
authors concentrate on the energy storage and conversion as well as introduce recent corresponding work. In the field of the
energy storage, three parts are presented, including researches on the reaction principle, the mechanism of optimization and
the in situ observation. In the field of the energy conversion, the solar cell device, thermos-electric device and hydrogen
evolution device are introduced. At last, a brief analysis of the present situation and the development direction of individual

nanomaterial device are presented.
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Fig. 1  Schematic of the monolayer MoS, field effect transistor (a) (2],

Optical microscope image of an FET device based on the 2L

MoS, film (b) [%]

3 BIRMAKF[HREEMTTEAILA

3.1 FREEMR

T AR A R B N A 2 X Ak (B RE R A
M IHE, HAMRREE . w5 e
PPERESFRF A B B 1 W T AR 2 L A R AR RE AR 1F 2
WO BT T B 1 ™ SR Th S B AR . s
P 5 LAV 01 E 22 268 ] R ] 17 48 8 1 L b Y A R
¥ RAERENL 5 19T — AR S 1 FL Yt i A A X 1 8
T FEREREN AT A ERE .

DR P REH AT R (9 45 1) S DR ) Bl 1)
HL TR 1) B8 19 B L, LR RE BE AR T 9 41
B IR AL A5 T5 AT A R BRI A B AT Ak A
PN TR R AR LA RE R A S A HE R
B, Mai %5 SOGITHAUR T Al F T 500K T 1 BAR
AR e A fEREROF (18 2) o fEBCA SN S
AR FIREZEFAN A S0, Beghe O n] LA 80 I3
[ PRGN AN R 2 A1) v 3 R A A A AL LA . DL AR LA
ARE N TARER DI R . 1L 100 pA LR
RS, AOKRRRHE S TR T 2 MO TR ERE,
LS UK B UK o X SRR ERCR LT,
FHERL T AR 5 12 110 4 DK £ 10 45 ) A8 A R mT i
1117308 1o AR ek 4 K 2 1 FE T L A B0 I 1 HL 3 M
TSR IR ANOR LR AE IR B 1 R rh 45 S 2B T AN ] 3
FOREIR o o T A 25 1 PR A K R AR 1 S5
B RIBTTE, Ak TR s, 4505 T
ARESHEARIRAR, 78 T 9K AL b (9 75 5 T 0ok 5 ri
T FERNZS MR B AR G MR 9K A RE A 1 A i o
I Rk R

Xu 27 T WFIEHR 59988 TR A0 K RUBE (1 i B b
Has LS, BT AL T RS R 5 RS Y AR 2
KLRAL AR TERLARPE, Hy VO AR EAE N IE]
FEBE, W E 1) SR A1 8 (HOPG) i F 1 S Ak 4 H



1

WA FURGORAR e RE AR A S L P I B 53

Solid Electrolyte El

Passivated current

collector Nanowire

Counter electr

Passivated curr

10 15 20 25 30 35

Vv
K2 BRGURAHE TR AR R (a) s SARPUE LY
AR 1.0 ~3.5 VY CV #HZ(b) 5 B4R Si 44K
LR HL MO BROR M () )

Fig. 2 Schematic of a single nanowire electrode device design (a) ;
Cyclic voltammogram (C-V) of single vanadium oxide nanowire
from 1.0 to 3.5 V versus HOPG at 50 mV/s scan rate (b) ;
Optical image of a typical Si/a-Si nanowire/LiCoO, electrode

device (¢) )
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Fig. 3 The schematic of the first configuration, in which the nanowire
is fully immersed in the electrolyte (a) ; The corresponding
optical microscope image (b) ; The schematic of the second
configuration, in which only the end of the nanowire is immersed
in the electrolyte (c) ; The corresponding scanning electron

microscope (SEM) image (d) [37]
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Fig. 4  Schematic illustration of a MnO,/rGO NW device and reduced

graphene oxide (a). Schematic illustration of a MnO,/pGO

NW device and porous graphene oxide (b) [**
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Fig. 5 Schematic of the fabrication process of planar nanobattery
device for in situ electrochemistry measurement (a).

Schematic of the fabrication process of devices for

electrical transport measurements (b) (4]
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Fig. 6 Schematics of device fabrication (a); SEM images
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Fig. 7 Schematic of the vertical single—nanowire radial p—i-n
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device (a) ; Doping structure of the nanowire, and SEM
image of a nanowire solar cell before adding the top (b) ;

SEM images of the device seen from the top electrode (c¢) ']
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Fig. 8 Cross—sectional SEM image of an EE Si nanowire array (a) ;

SEM image of a Pt—bonded EE Si nanowire (b) 5%
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Fig. 10  Photograph of the electrochemical microcell (a) ; Schematic
of the set-up (b). Optical microscope images of the different

types of microcells; CVD—-grown single—layer MoS, with

their edge covered (c¢) or exposed (d) (74]

Cummins %5 L3 15 41536 F 45 M 1 119 3 oS,
AR TR 1A Kk 3 AT L 5 JSE 0T A A P BE 1 52 mi L
(B 11) o SR HZ ) MoS,jiifill 10 V 4120 V il )
I, EACAE fR i H A W A D/ (50 ~ 100 mV) i HL
R AT 208 5 AR I3 . SR A R ST T
MoS, T8I F) L iy ¥ B ) 38 fim T DA s vl AL OIS 1. B
TP TAE, FE0 A TR 0F T 2R T s f ke, T4
Hofg R TR T BOCEMEN ) a0 Gk i . 2F- T AR R
A b AR AR LA SR A R S AR AL A RS, DA e i
AR B AR R T AR AL R

5 & &

ASCNARK AR IR T L e RE B il A7 A e

Working
electrode

Bl 11 MoS, 3% HER MR A8 F 45 H R B B (a) 5 B MoS,
PR G AR (b) L)

Fig. 11 Schematic of the gate—dependent electrochemical device (a) ;
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