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Development and applications of self-propelled micro/nanomotors that have high
controllability

Yamamoto, Daigo

3,100,000

Most catalytic micro/nanomotors that have been developed so far use hydrogen
peroxide as fuel, while some use hydrazine. These fuels are difficult to apply because they can cause
skin irritation, and often form and store disruptive bubbles. In this paper, we demonstrate a novel
catalytic Pt micromotor that does not produce bubbles, and is driven by the oxidation of stable,
non-toxic primary alcohols and aldehydes with dissolved oxygen. This use of organic oxidation mirrors
living systems, and lends this new motor essentially the same characteristics, including decreased
motility in low oxygen environments and the direct isothermal conversion of chemical energy into
mechanical energy. Interestingly, motile direction is reversed by replacing the reducing fuels with
hydrogen peroxide. Therefore, these micromotors not only provide a novel system in nanotechnology, but
also help to further reveal the underlining mechanisms of motility of living organisms.



Paxton

0O,
Paxton

1 pm

2H202 - 2H20 +

kJ

1 vol%
Pt

(M

1-
1 vol%
2-
>10 vol%

tert-

10

0.03-95 vol%

(@) ITH/—)L (A (82) T /=) (2%5)

(a3) T5 /)L (BE)

~u
{0
&
O0s 1s 3s 4s
v & ¥ »
10&s
< » =
6s 7s 8s 10s
(©)1-Fo/S /=) (6) TFLYT YDl
=
<
Os 2s 4s 6s

“ 2%

. ' ‘ gation

8s 10s 12s 14s

(&) P FTPILTE 13 255 (H2-70/5/ =)

20s

0s 3s
155 sy 15W6s
10s 27s be 4
24s 12s
5s
Os “
1

10 um

(a-e) 1 vol% (f) 10

vol%



(@) 1vol%ITH J —)LIKiBHRK )
i) 1 vol%
200
180 + 1 . n
160 CH,CH,OH + 502 (dissolved) —— CH,CHO +H,0
14oﬁ;15’/—)b(~o4171\/|) ’
N T ii) 1 vol%
2 06
£ 1 . o
= —_— CH,CHO+—O0, (dissolved) —— CH,COOH
iy PERPILTER 2
@ug 0.4 E
1000
0.2
HEER
0 {
0 20 40 60 80 100 120
B5& [min]
(b) 1vol% Ptz b PILTE FKBIR
200 ————————
180 ¢ 3
160 - 2)1,5F ~ ]
10 PErPILTER 1
T + ~10"7W
= [
=06l ~108wW
£
N
g 04
[
02}
002020 60 80 100 120 )
658 [min]
2 (a) (b) 1
vol%
3
2 4
1 vol%
20 °C
~3x10* M
2
i) i)




I5./=)U - @EE{EIKZR

(a) ME i
ETHE
Y L
30s
0s bg 55 108 =
(b) 2381
73 ¢
R gy A
Os ) 30s
20s w 10s
10s 0= &&%s
(c) Ber
E17731a =
P & ,4‘”
5 * J
>} ) N
0 s' 2 5. 4 5, 6s Os 2s 4s 6s
- > . -
155 108
. - - - 1 » 3 .
a5 e Bonee e His e D. Yamamoto, T. Takada, M. Tachibana, Y.
—_— lijima, A. Shioi, and K. Yoshikawa,
3 Micromotors working in water through

artificial aerobic metabolism, Nanoscale,
,vol. 7, pp. 13186-13190, 2015
D. Yamamoto, and A. Shioi, Self-propelled
nano/micro motors with a chemical reaction:
Underlying physics and strategies of motion
control, KONA Powder and Part. Journal,
, vol. 32, pp. 2-22, 2015

P—, >

10 um

> > >

, J. Soc. Powder

Technol. Japan, , vol. 51, pp. 19-23,

2014

14

81 2016

3

APPIE
2015 2015
. 10




47
2015 9

66
2015

2015
2015 8
D. Yamamoto, Micromotors powered by
organic oxidation in water without
disruptive byproduct production,
International ~ Symposium  Hierarchical
Structures and Dynamics at Soft Interfaces
-from surfactants, cells to peacock's train-,
Shiran Kaikan (Kyoto), May 2015

95 2015
3
95
2015 3
4 CSJ
2014
2014 10
46
2014 9
2014
2014 9
2014
2014
8
D. Yamamoto, A. Shioi, and K. Yoshikawa,
Catalytic micromotor exhibiting

shape-dependent regular motion, 2014
"Oscillations & Dynamic Instabilities in
Chemical Systems" Gordon Research
Conference, Melia Golf Vichy Catalan
Business & Convention Center in Girona
(Spain), July 2014

2014
2014 5

1
D. Yamamoto, E. Nawa, and A. Shioi, Royal
Society of Chemistry, RSC Smart Materials
Chemoresponsive Materials,
Chapter 17 Autonomously Moving Interface
and Colloidal Objects, pp. 483-515, 2015

http://www]1.doshisha.ac.jp/~molcheng/

YAMAMOTO, Daigo

90631911



