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Active matter often exhibits ordered collective motion, such as in bacterial colonies or swarms of fish and birds.
Understanding the mechanisms underlying the complicated collective behaviors is significant to develop innovative
chemical systems. We discovered that Pt catalytic particles with simpler structures exhibit a unique collective motion,
that is, repetitive cluster formation and disintegration in an aqueous ethanol solution. In this study, the collective behavior
of Pt particles is demonstrated in mixtures containing inert particles. Two distinct types of cluster formation were
observed by varying the mixing ratio of the Pt and Au particles: Pt/Au mosaic-like clusters and Pt/Au core—shell clusters.
In contrast, no Pt/silica cluster formation was observed in the silica particles mixed with Pt particles. In the Pt/Au core—
shell clusters observed in this study, the thickness of the Au particle shell could be controlled by adjusting the
concentration of the Au particle. This finding suggests that the spatial separation of Pt and Au particles can be realized

under controlled conditions.
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Fig. 1 Snapshots of particles observed with (a) an electron microscope and (b) an optical
microscope: (1) Pt particles (2) Au particles (3) silica particles
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Fig. 2 Time course of dissolved oxygen concentration

RHEREORVIZRON Lotz V) HRTAFIET T
DIFARIS, BB 0s 205 8.6~9.0 mg/L BET—ENiz
ML, BHEBEREOBRVIIASh o7z, T2, &
MERRE LT To T2 EE RV ¥ 7 — VKBRS
BOTH, BAEREEL 8.6~9.0 mg/L FEET—E Dl
ZRL, WY Ledholze 2O ENS, Eq (1) DERIL
BOGZxE LT PR F A3 S E 2 A3 2 012 L, Au
HFBLOVY AR FIEIRNEETH S 2 EHPHERTE 72,

3.2 AuKIFEATICHT S Pt BERFOLEMES)

Pt T & Au bl TRA TICBW TR TORE 2 Bl L2
EZh, MTORERIIHT 5 Au b F-OEEHE ()
WKIHUT, B 2/8% —> 07 5 2% =K%k
HENER DR TE . T3, x0 =50 W%l B 105
W) 72 BESRE R % Fig. 3a \IR o JGAEBHMEER TlE Ptk
TBLP Ak TIE, EhenBifa, BoTRENTED,
IC X > Tl T 52 LDMHETH o T TP T
& AURLTAEL TV BIRED S (0min), TRLF23 4
FORDBONERTTAY =D Bmin) ENb, £
D%, INLDONER T FTAY —FENEETHI LT,
EHITKER 7 T AY =R (10min) Shiz, DR
b, HUNE LRI FAT =PI EN, 7T X5 =T
DEEG LR K BEMES SR SNz, T,
B DWFFEIZ BT Pt ik 1 O A TR S M- HHE
BOIEFEPLEHTHY, NEWUTHS Aubi b Pt
WA EFABEDSLLTVELTWAINICRRI 2D
FAY =1, AukiT& PR IS OMmMY <, W
BRRED oM Tz LTwAIEnn, kK
IN%& PYAuEWA ZIRT TR — & L5,

WU, xp, =90 Wt%IZ BT 2 KW L BILHH R % Fig. 3b
WRT e ST PR T & Auki T L T B iIRME
Mo, PR EIHRICETY, TorthifFeaTel
THEDIZAuRF 2T S (80s)e ZDT% PR FIZH]E
FELN TV AufF2SEBICH S 1IED (90s), FHO
PR T DR D IZ Au b F255 ] & 45E 617z (100s). DLRE,
COEEDHEY K ENTe DY T ALY —IE, FULERT
1 PtRLT- DFEAERIA AN <, AhaB Tl Au ki T OAFFE
HENENE Vo R EROZ LS, DB, ThE

@ Au secondary particle

QM'

. | | @ Ptsecondary particle

L, oY)

: .'3‘3" d 2
...I,' -\
vee ! 1"*’!}

Fig. 3 Collective motion in Pt and Au particle mixtures: (a) x,, = 50 wt% (b) x,, = 90 wt%
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Fig. 5 Cluster size comparison: (a) Pt/Au mosaic-like clusters (b) Pt/Au core—shell clusters

Vol. 63 No. 3 (2026)

95



450
400 r
350
300
250 r
200
150

® | ”1

Time [s]

O 1 1 1 1
40 50 60 70 80

XAu [Wt%]

90 100

Fig. 6

b)

140
120 + {
100

80 |
60 |

20 r

Cluster diameter [pm]

(==

40 50 60 70 90 100

Xpy [Wt%0]

80

(a) Relationship between x,, and cluster formation time (b) Relationship between x,, and cluster diameter

)

88

g
o High o
2 °o
1S oo
3 020
2 0®
c u °
2 L
A ow

b) § High
> X
é Q..
= o:o
> 0®
s W %
2 Low
a

| @ Au secondary particle . Pt secondary particle |

Fig. 7 Collective motion mechanisms: (a) Pt/Au mosaic-like clusters (b) Pt/Au core—shell clusters

ZOWFEL D, PR FIILFEMEZ A L, BAARFRREE
DT RN TALI LTI IAY — 2B TH L%
ALNTWA[9]e Pt T-& Aubl TORAE T T, T3
PtRFEZHULE LT PN 7AE S h, 20D IZ
Au R TFDMEE 52 LT, PYAUIVNI T Y 2V 7 A5 —
PR ENE, 22T, AufiF 25 Pt/ 7ICTh -
TIRMYEB 2R THHIL, BEREREARICL->T
EREN 2T 5720 TH D, Au kT IZI3AEE L 2
W7)S PeRLT & [RIRR VAR R 3R IR L A B A2 E O AL AE
BHHILERBLTWE, COEEEZHTZLE, D
TOLIICEMEHA DAL E2FIEE L BT L
WTE S,

Fig. 7a ® £ 912, PYAu BV A ZK7 5 X5 —TlL, F
T PR TFEZHLELTAuRTAHET D, PrAufzha
TYIWTTRAY =D ENL, ZOR PR T O
WEPRKREWE, PYAUTUNIT > 2 V7 5 A% —[HL
WL THEIELTWED, 75 A7 =L H NI
G—L, KELU IR —RIEERT 5. ZOW%, HHEHE
FmEARDSHND &, 79 A7 —HTOHEE LD
MBS ND,

—7, Fig. 7b ® & 512,
B S N5 Y& b Ak

PUAUZI T V7 FAY —
FFPvAUTNT T v

96

FSAY =D EN S, 72721, 2Dk & PR oM
WEA/NEWE, PYAUT/NI T 2 2V 7 T A Y —[FL:
DERIFEECHEE L TWb 720, &—E 32 H D Au ks
T2BEXRAATY FAY—DHET S,

VLEoELZLY, IS5 PYAu/NI T ¥ =
WTFGAY—=PE—LTENA ZIRS A5 =127 5H,
BELTATY VT FTAY —I27% 5DDEEILRED P
ENIE, BNy T A5 —BOEEMEAE L T b EE 2
5N 5. Fig. 4 IZBWT x,, =60~70 wt%dH 7= 127 T A
5 —OBFMEPFAET HAHHS, PrAuiNI T 2 V7
FTAY—HOWHEIC L 2D DELFPTE %,

F72, Fig. 6 2B B2 5 A% —% A4 AOWKT, x,,
ANEVWEMITE Y 527 —OmRHLERIETRE L, B
BICET LR D B 2 DRSNS, o,
BT S PYAU TN 7 2 2 V7 5 A 5 — [l 8
=L, 7IAY—FRETLERIL-> THHTE %,
INOHORRIE, RKWICTERINS PYAU/NI T ¥ =
NI TR —MOWEEN T T A — DRI EL RED
J2 L) BREEFEMANTHEMBERD S %,

75 AE =D PUAUNT T Y 2 V7 T A
¥ — ORI L TWB T L DO L7212, Prhr
FEAEREE LT AukTE2Z LS MAEERE 17> 72,

LIRS



a)| ¢

o Wi b
00:s. 8 . T R g

et

5

Fig. 8 Control of core—shell cluster size: (a) Pt 0.2 g/L+Au 1.0 g/L (b) Pt 0.2 g/L

+Au 2.6 g/L

Fig.9 Collective motion in Pt and silica particle mixtures
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Table 1 Catalytic activity and chemotaxis: presence or absence

Pt particles ~ Au particles  Silica particles
Catalytic activity o x x
Chemotaxis o o x

RZBHFBV)ANTTH S, £9, PR T L 600s i
WHTOIAY =% L, ZDH% 620s 1) TRIPA~F
B L720 Z2D%D 640 s 205 660 s 1223 T, BLU690s
WD 710 s W0 THEE L EFDHR Y R LR S iz,
DX, PR TFIIES &z I I D K9 %
BaRL7ze —H, ¥ ARTIREHRTIC L > TPehE
TDrIFTAY—I1ZEZRAEINIHTIIBEINLEb00,
Aui RA T THRONA X9 % Pt TIBRT 2 8) &
R, PLATICHIEFREONTIAaT o Vs 525 —%F
B3 B EENI I S o 72,
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) ARAO 3 FHHICOWT, MEiETB & UMb
DOFMEE Table 1 12F & D7z, BHABREEENELY,
PRI TSI BEEE D D B 0%, Au ki T & ) AR TS
ARG A N EAERRCE J2e — T, PLRIT L
Au R IR FIRE O ABE T 5 & v ) i
EWEEATLOICHL, YU ARFIIFEFD L) L
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EEE 2RSS, PR T L ORERICBVWTIE, Pt
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