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B L nm ORBB/NE CTH DT 7T ki1, S Z R T R ICIE R B R WIE E RO RIS PERCHT A e
WHEERTZENOLITHFETEHEED TN D, IERETIE, BB Z HIE L2V 75 ki oA i El
BICHREE S S TWDN, ZRICHRTARIFZETEHRA LT > R ~—%2 88 L+ ki A iER 7/ kiv
DA BNCTHEFICAEN R TETH D, AT, LIHEAAH TR EFH U HRTRIZEFEBHL, T R~
—FIEE WD Z L THIK - G877 VR T OB EIT ol Elo. T 6 OWMERGEH RS PERHM
FELTC, VT F R T OWEICB T3 BRGSOV THE L, S50, 7 F ki T 0T BT
ZEYNHET B Z & T, R OIS EE SARICTIE L. TR PR OIEEOR KL - 72,

B 1 ETIE, V7 R REA OREESCA I L AHEEC SN TE LDz, WEOYA X&) TF )
FTHhSLLTHZET, WHESCKIGHERKRELSENL, ZNOR ORI GTET A Z 2R Lz, &
7, BREAEAZASLSEDZ LT, BHEBRMICBIT DHEEIEN/EHES N, THENOHE —THICITA
DIV I BRMENBND Z LER LT, EHIZ, I s, a7 ki1 Cliiwd oMb
LABILOBITOMFEIC LD, PERDE IR LN WHE BRI 5 iR A RIE S iz, RIS, ABFZE T
AT R = —DHe, T EEE L LicY 7 ki DBB A RIEIC OV TR,

F2ETIL, FETETHD Au, Ag, CuZBH L, ZNOH06D R RN ORK ZILR RO HEK - 54V
TF IRAOREBEERICKI LTz, o, ZhbEd v 7 a~tvr ObOn g s LR35 Z 8T, Kk
PEIZ DWW TR ORI IME & BB ZNENDORIRICER LTI L7z, fERIIZ, Cu YA XE V7B G
Y7 ) A= NVET/HELTDHI LK o TG MEDS K ENZ A B35 Z LaVRE T, HWVWT, £Z~Au X
Ag ZIREEDEDZ LT, KW Au T K D ETFHIZNES Ag IZ L2 WAEREA B I, 1ERAEEAE KX <
BRI REHERIGED Z SR Lz, & 612, 2OV T I A e iSRSt CRIGEIT 2 EHR S 2
LD, KB TRZE TET R —WE THIHE Fu 4%y FEIEFICEVEIRRTE L Z LIckh L,

HIETIE, Ti 225 In £ TEHIMED 3d &Y 7 JhiF 2 KT THRL, 2D 0 CO kT HHHE
TEHESCERALTEPEIC D WD CGRIEANICEIMM L=, FERE LT, T R U ~—Zxd D5 S B0k - Ak D 5 %
W—9HZ & T, WROFETIIHEE L STV IR T8 E R 272 3d @RV 7 R+ &2 G T 5 Z L1k
L7z, F£72, UW-vis JIES XAFS JIFE, XPSHIEIZL D, 2N EORLIREIZOWTEZ AL, JTHRIZE
STHERRDIRKFICBIT DREBREBEFAE Lz, HWT, 26D 0L HHELHEEATMALIEE Z A, A
NI L L TlBEE b Z L VRIECTE T EZ L LV SR TRITEEZE R DL EWVWS, T F 2 27— o
PEEIC 3T DRI E R L2, S50, 2R oDY 7 F ki T4 CO bt s LT+ 52 LT, tHEi
KIF 5 CO BRALIEMEIC DWW T S 2T L,

FAFTTIE, A RBETENOHERENDINI VT F IR TEAZ DO RTA ) T4 — I I IGOfEE LT
ISR L, BV 7 2R O BJEEIZ DWW THAIE L7z, fERE LT, Ni DY o XE L 74Kk 6 F /R T,
Y7 F I RF (Nig) FT/HELTHIET, DRUTEMENRRKRELS M ET 2 Z E2VRENT-, &<IT. KCBIMGIEE
SOHEIRE IR DAL ROFMEA S | Nig 2l & L THWEERIZIE, ISR BT A AR IR 12V R EE &
20 FERIEM b= RV —% 1 keal mol 'R E TIRTFEE2 2 LIgkHh Lz, ZOEEEOER L LT,
DRM SR D 7235 HE A 23 Nigs ORI RIFNTIER L TV D Z &N FmEHE & STEMBIE bR STz,

BEHEETIL, Cor 7T JRiT-aAE L5252 & CEHAK 1 nmn OBIHED —KR T/ F2—7 (ONT) OARLIC
ik U7z, RERAIIT, Cog i E LTHWD Z & T, GlGEHONT A —F 2 ZHBICEZ BB LI L 2
5. C0 & HBRISHE L LTH500 °C T60 min {7729 Z & CEHAK 1 nm @ ONT SpEER L=, £/, Z0%
ERET 238 L C, ONT OEARCARR B 2 RS R RFEC RS R RME A EE R Ui,

RS BIT B0 7 F R ORG-S ERHME 28 LT, 7 ki + OB T 5 R R IFE %
O LT, S BT, 7 kOB 142 MU R 35 Z & T R OSSR E TR
YL ENTE, THEOEMEAREKRBECH ELSEL L LAETHLZENTBREINE, TABDOFAIT,
Y7 ) A= BT DT FEOBEICEN Y . B EICHEET D2 R BRN CENTMEI ORI A B
9 IEHREIE) L0 )T, BFAABRESC 3 L X— « \BEREOMRICM T -7 e —F L2 b L HIfF S
%
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Sub—nano particles (SNPs) with a diameter of 1 nm have attracted much attention due to their high reactivity and unique
property not found in the bulk states and nanoparticles. In this work, the precise synthesis of the mono— and multi-metallic
SNPs consisting of period 4 and group 11 elements was realized by the template method using a dendrimer molecule, and
their properties were evaluated from the various viewpoints.

First, mono—, bi—, and tri—metallic SNPs consisting of Au, Ag, and Cu were successfully synthesized and were
systematically evaluated in the reactivity over a catalytic oxidation of cyclohexene. As a result, the miniaturization of Cu
catalysts to a sub—nano scale enhanced the reactivity. The alloying Au and Ag to Cu SNPs further heightened catalytic
performance by electronic and adsorption effects. Moreover, the mild reaction condition by SNPs generated hydroperoxide
with high selectivity.

Secondly, it was succeeded in the precise synthesis of 9 kinds of 3d metal SNPs with atomicity of 28 from Ti to Zn under
the unified condition. It realized systematic evaluation of the oxidation state and the reactivity to CO of their particles. Its
examination found out elemental dependency of the property in a sub—nano scale and the unique activation behavior of
SNPs to CO.

Thirdly, Ni SNPs with 4 types of atomicity were successfully synthesized and were applied to dry reforming of methane
(DRM) as catalysts. As a result, the DRM activity was enhanced by miniaturization of Ni catalysts to a sub—nano scale,
leading to extremely low activation energy (<1 kcal mol™) by Niss operated in the thermodynamic equilibrium state with
stable durability. This extraordinary reactivity was considered to be induced by the unique atomic arrangement in the Nigg.

Lastly, the growth of carbon nanotubes (CNTs) with an ultra—fine diameter (1 nm) was achieved by application of Cog as a
catalyst. Furthermore, the examination of reaction conditions gave the reaction temperature— and time—dependency of the
diameter and yield of grown CNTs.

These findings are expected to lead to the building of new scientific theory on the sub—nano scale.
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