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Synthesiss, structure, and properties of noble metal nanoparticles/nanocrystal-clay
composites by using exfoliated inorganic clay nanosheets

HARAGUCHI, Kazutoshi
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We synthesized novel Pt-NC gels, consisting of ultrafine Pt nanoparticles
(average diameter: 1-2 nm) strongly immobilized within a unique polymer-clay network, through exfoliated
clay-mediated in situ reduction of Pt ions in nanocomposite (NC% ?el at ambient temperature. Also, we
synthesized novel bimetallic (e.g., Pt-Pt, Au-Pt, Au-Pd) core-shell nanocrystal-clay composite in a
single step by a facile wet-chemical co-reduction method, and revealed the striking potential of
exfoliated clay nanosheets to form bimetallic core-shell structure and achieve high stability, large BET
surface area and superior catalytic activities. Further, we developed novel core-shell t{pe bimetallic
(Co-Pt and Ni-Pt) nanocrystals consisting of noble and base metals. The resulting bimetallic nanocrystals
exhibited extraordinarily high catalytic activities compared with monometallic Pt nanoparticles.



B X C—19,. F—19, Z—19 (tm)

1. WFFEBHAE SO 5

(1) Pt Pd, Au, Ag 72 FOEE&ET /KL FI4.
ORI B BRI
X, BEROSROF )77 ) no—%%
ZDBEBERMEITH D, KT, Pt X°Pd 3%
DOENTFMERE D | 8SR-E UG 72 E 5%
< DAL 2 C, kb, &2 v —,
HEVEPET 28k, A7 7y F 7 Lo
TEBAICBWT RO CEEREE 2 -
LTCW5, itoT, b ELET k0
P A X - FBRERIEE A ICBE LT, AT
X B BN ITHOILTVN D,

(2) B&RET /RiFOMER X O EME,
nmA7—/LTOYA X, IRE L HR—
FNEMICKELIEKET A EnMbNATWY
5, A, TEX AR/ /e8RS i1
. BAfipyEcikiec, B, &k - KR
TOMATHEET LI LRI DIZH
Iz kO TS, Lanl, T/
B 13 A XA/ NS WE ERRNINEE T, B
O, BEMNEL 725, TNOLERT BT
ODFN IR FIEO—2L, FEiEEE2H T 5
i (&) a2 Hns 2L ThobH, L,
JEHE A (8) SRl & LT/
i+ HAIKDOREREN R b 510, BIRSCE
WFcofERIzck Y, B (8) 01030
L., TR FDEESTHZ ENMEE 2D,

2. WFEOEM

(1) ABFFETIX, FEEEN TN E TITHAFRE L
T&/=F/7aryRyy hNC) ey 7 b
T arRYy NCTER U TR T8
DALZFERE OB ) (2B 2 8%
EALT, BiRECEL2E58E8 T 2O
FOERS ) BEKROERK., R LUk
O, ZZEVEFEAN IS L OWEEEM: (R ME)
CINSERE =2

@) BEICFIHERICEIVUTOREERET
W5, QKL+ & B SRR vy ) ) a-1R
NI 5 Z & T, BEMeEE
PR U7 Ag T B OEE{AR % One—pot
THAZ LITHY) (Soft Matter.2012) 'V,
@7 7 VI VERZEVE IR KR (LDH) (1
XA A aETTHI LT, LH F /v
— b BB L 724 ki & Ak
(J. Mater. Chem. 2012) 2’, @EMEKE+F /o
— hOHFT HLFETHEZ EH AW T,
in—situ TPt F ki1 (3L OERRE1-7
BEKR) 20D CTHET 22 LTk
(Langmuir 2013) %, @Z OELSEOENT-
CO 1% 1k fih f 7% 4 (ACS Appl. Mater.
Interfaces 2013) *). & LK OMHEWE% 1000°C
FTEY 9D DA EEME (Phy.  Chem. Chem.
Phys. 2013) ®) #7R L7z, AHFZETIE, 2 b
DY FERA LML LT, N E&eE )/
ki DA R & R K OV @M O R
T, EEMOESEL X OEA SRR
L. #iicie T/ BEEROERKICE Y T, &

. @O NN A~OEERT R DE A,
EETZNVDOER., B L DL EM K Ol
TEVEREARIC & H Y $Hae,

3. WFEED Ik

(1) EHKE T L BB RiT8
K OEE RO G LR —i%ic, E&FEA
FACEW ST KA 2SR DI, A A
DORETLAPVLETH Y, HHo Errahiz (R
TER) BERNPRESBEBELRNEIICH
() D+ EAE LTHYWSNS, £,
SLEEEOAR T a0t AR @RS NN
WONE, ARBFE IR, RS T8 ofb
2 W PFRAYKRE 2 VN2 One-Pot 12 X A &4
BT RiFB IO iR EA RO AR
BvfEe, £72. BHOESBEB L OESE
— BB EAROERIC B Y e,
W NC NV EEERET R L oAb E B
59,

2) &&RET /h1 (BEIK) oY A X, B
HE. REREME (BRELTEME) 36 X OV PERim -
(D) TEHELNTESRET /B I OEAK
OME (A X, B, FEdtE) o0 T,
B RREE R TR T BEAEE (TEM) . X ARIEIT
(XRD) , =X —3 8% X #oHr  (EDX)
LA RAWTRHE - T4 5, BT, Fohi
BB /R B RO AR TR SIS
x93 D AREEEME 2B S35 L4k, fEx
D&M TCOREMNZFHET 5,

4. WFZEEE

(1) BRFEE L2714 F > — T LB
B&EA A OB TTREE R L2 &P ickk
S, 74 (BE~2 7 A b : Laponite
XLG) ZHZERAMEGAE LT/ a2
Ry b (NO) FUAdicEdEA 4 &EA
T 5 HIETEERT /R —NC FIVEAIK
DAERRICE Y F AT, ZDFEF. NC 7Lz
wAba&m Y v A (KPtCl,) #EALT,
AT 2 4FFMRFFT 57200 T GEAl O
JN4E L) . NC # LT Pt F 2 RS RE &
., B—Ba0Pt-NC FAengGbni (K1
a), TEMBIZORER, PRI 1. 75 n m DK
72 Pt F 2RI H3NC 7L Hc ) —2 45 L
TWBONRMER SN (K1b), £/, Pt
EEHIET 52T X/ hEWn Ptk (OF
¥J1.25nm) 725725 Pt-NC 7L bRl S
7o W, ZO Pt F R F13E DOH DOKE
WrallickoTchbrasfictians o b
1372, B —27 v A Fy NU—7 iR
SHEFERTWD Z EWRaEnz, —F. [
RFlZ, NC 7V DRIEIR (K,P t CL, KEHKR)
W2 Pt FRIEAERS L, BRAEE A
L7z, BERPICI AL Ehiz7 v
AFBRI SN o 722 L6 NC F VR E
T VAR VETLESNTE Pt B F JRIF &
o TREBRICET-LHfEEINT, Lo
R, thos LA Bl:EEYBRTAR)
FHAWESGE L RRICER ST,



X 1 (a)NC #* /v (/£) & Pt-NC 7 v ()
(b) TEM 122 (Pt F / hiF & RiFEHAR)

B oz Pt-NC vk, Aniz@a+ (R
UN-AY7uaENT 7 U7 I R) OREIG
BMEIZ IS 3 T CTOREERE (B BAE—
INHE) ZEhaERLT7Z, £72, 4 =Ftn 7=/
—/L® NaBH, |Z X 2320 STkt LTy i
B2 R T 2 AR LIz, BT, Pt-NC
FIDIBREA = (Pt A F D NC 7L
FCTO in situiBIT A =R L) TN TE
217,

Q2) ZVABMTR, 74 (FHRFA b
XLG) L7 AL Vg (B4 0 &Dff
Mz a4/ fESREA IR @ One-Pot
B T2, £9. Pt L PdDF
BIRIZONWT, 7 A Kok (BIRFIEEL
e VAT — R D) ICRED
K,PtCl, XY K,PdCl, iR AWML, IRWTT
A3V UERKIRIR RN, iR THREFL
77o FOFEH, Pt B X Pd ORIERIEA 4
X7 VA OFET. W biEmT ST Pt,
Pd, 7 LA ZETRTE LIZR 0 EiR 1S
ATz, TEM @152, X #REHTI L O EDX 4341 @
FER. RSk E. Pt BEXOVPd O F
JHERBLIOYI VAT v — B S
NTWAZ & BN 60-70n mDBAME R =
7 (Pd) = =)L (Pt) HE&ENLGRDT /i
mEARTHD Z L, BICHEAKKEH I L
A F o= eEHBETHL I EBHL
Mmereo7m (K2a, b),

PLEORERIT, Lo &R FEEICE
S, 27—z U EEEZ AT 5 Au-Pd F
J 5EEE SRR Au-Pt T/ FE R E AR SRR
Enitz, —H. BT LAFETTD

One-Pot ARIC L B a7 —v =S ) EE
KOBRA N = AL HER LT, TORER,
7 LA FEIFE T T, Db BERITE
LT (KEESBEO~ 7 uRBEMNELN
HDI), AT — = UREEERE L OER
BB EMITIZZ VA F ) S — RS
THEARBRHZEZLTWDZ ERHL
L7 or-, 728, One-Pot TOa7— =)L
BSBFEOREIX, KFESBOEITRICES
<, Bz, Bon-ar— o RS 84
RIFKRE R ERBEZATLIZE, 4=
T x ) —ILOBITIZT-WLT, FESFEHK
L EN T AEEEEZ RS R A D
MM LT,

(w

S0 nm

Pt= 47.5%
(b) Pd=45.1%

Counts
L7

|
|
|
\,_/\ | | \ A I:'l
- JDLW\ /x_/\/”\\\f\ N/

0 nm Distance 100 nm

2 (a) Pd(ay) —Pt (Vzh) T/ EEA A
(b) EDXIZ LD IFETHT T 7 7 A v

(3) BeBT /MEEAROREEZ I, &
N - RIS YE R L O R BA2 HEE L.
BB EEEBOMAGDOENLRD T )
FEREAIROARICEY AT, OB,
(2) L [FkEZR One—Pot FiEZ HWT, HAKH
\Zix, 7 vAF ) v— MNEIEF CEHEERA A4
> & NaBH, Il Z —FEIZIRINT 2 FiEIC &
V. FREET AT T, BeBERN 2
7. EBABRREN Y 2V o T
— vz UEEE AT D) EREA R Y
RifE=#20nm) BEo7-, BeRB IO
B&BEOMAEDELE LT, Co (a7) —
Pt (=) BIONLI (7)) —Pt (=)
DOF ) fEmEERES, BT LI,
Bon-isgE (a7) —&48F (V=)
F R EARIT, A= hr T = ) — LD
JERCRT LT, EEBEART 2R, 27
— Y VRIEERESEROVTIICHHE L
T, BWRETLEZ "9 Z LA LT -



7oo Bl ZIE, Co-Pt BLONiI-Pt F /L
BRI O HAE &+ HALRER Y 72 0 O fil
WM, Pt F 2 RIFOZFND 200 £238 L
120 L7052 &, BT, Pt EICHE
5 EHIZZOfE (400 5, 240 fi5) L7252
EERRHLE (K3, #£1)

88

Co-Pt

[ (a-1)

Absorbance {a.u)

250 350 450 550
Wavelength (nm)
4 3 Co(a7)-Pt (Vzl) T/ AR &
% A-=bn7 )=V DIEIC R

F 1 A=be7z) -V OEITSUSITRIT 5% &

& BT R ORRBETE%
Catalyst Weight* Rate Activity Activity
m (mg) Constant Parameter Parameter
k(s™ Kk (g™ per Pt k&
797
Co-Pt 0.03 3.3x10° 110 220
Ni—Pt 0.03 1.9 x10° 63.3 126.6
Pt 3.0 1.6 x107 0.53 0.53

4) 7 v A @ TiEE AV TE oz Pt kL
FBIOPL-NC 7 /v od Pt F /2 Ri 1 OREIR
KM COREMEZTM LT, Z<OBBLWV
o FLPRI SO ME PRI Izt L C Pt R
LBETHD EFH SN, —J7. BEmoE
R KIS TlE, Pt F RN R4 5 W]
REMEOH D Z ERBEH SN, DfEE T,
RO, PREFRE., REFRFFICKT L, &
TR - EEIE EERERE T T 2 & A3
Lk irote, iz, ZONMREOIHIEC
OWTHRI LT, —F, Pt /R Pt/
LA BERAFDESF TNV LONC 7~
O AT FEMEIZ SOW TR L2 R=, Pt
KA 137V ~DEANARETH B3, Pt/
VA BEERFITEALNRECH D Z & HH
St ilpoiz, In-situ BEE LT KT
FIUINS OHFE L HFETCEDA =X
LERETE Lz,

ZOM, FNT AR AR AT SRR
RiER-L hOE R EER L, S5 RT)
IV N RNMENTE T R R R R
EEH LM LT,

< 5| H3THk >
(ODharmesh Varade, Kkazutoshi Haraguchi,
One-pot synthesis of noble metal

nanoparticles and their ordered
self-assembly nano— structures, Soft
Matter, 8, 2012, 3743-3746.

@Dharmesh Varade, Kazutoshi Haraguchi,
Efficient approach for preparing gold
nanoparticles in layered  double
hydroxide: synthesis, structure, and
properties, J. Mater. Chem., 22, 2012,
17649-17655.

(3 Dharmesh Varade, Kazutoshi Haraguchi,
Synthesis of highly active and thermally
stable nanostructured Pt/cay materials
by clay-mediated in situ reduction,
Langmuir, 29, 2013, 1977-1984.

@ Dharmesh Varade, Hideki Abe, Yusuke
Yamauchi, Kazutoshi Haraguchi, Superior
CO Catalytic Oxidation on Novel Pt/Clay
Nanocomposite, ACS Appl. Mater.
Interfaces, 5, 2013, 11613-11617.

(®Dharmesh Varade, Kazutoshi Haraguchi,
Super—thermostable platinum nano—
particles on fluorinated clay,
Phys. Chem. Chem. Phys., 15, 2013, 16477-
16480.

5. E7pFEIGm L
(WFFEFRAE . WFIE5 8 M O 24 |2
(=)

UdEssam ) (B 5 1)

(D Kazutoshi Haraguchi, Soft nanohybrid
materials consisting of polymer-clay
network, Adv.Polym.Sci., & f, 267,
2015, 187-248
DOI: 10.1007/12 2014 287

@Dharmesh Varade, Kazutoshi Haraguchi,
Clay-supported novel bimetallic
core—shell Co-Pt and Ni-Pt nanocrystals
with high catalytic activities,
Phys. Chem. Chem. Phys., #@ef, 16, 2014,
25770-25774
DOI: 10.1039/c4cp04194a

3 Dharmesh Varade, Kazutoshi Haraguchi,
Novel bimetallic core—shell nanocrystal
—clay composites with superior cataly-—
tic activities, Chem.Commun., A Ft A,
50, 2014, 3014-3017
DOI: 10.1039/c3cc49110b

@®Kazutoshi Haraguchi, Dharmesh Varade,
Platinum—polymer-clay nanocomposite
hydrogels via exfoliated clay-mediated
in situ reduction, Polymer, & @ef, 55,
2014, 2496-2500
DOI: 10.1016/j. polymer. 2014. 03. 040

(®Dharmesh Varade, Kazutoshi Haraguchi,
Preparation and characterization of




highly planar flexible silver crystal

belts, Phy.Chem. Chem. Phys., &#Hf, 16,

2014, 880-884.
DOI: 10.1039/c¢3cpb4214a

B T INMGRECD

(DDharmesh Varade, Kazutoshi Haraguchi,
Catalytically active bimetallic
nanocrystals in the presence of clay, 6%
Asian Conference on Colloid and
Interface  Science (ACCIS  2015),
2015.11. 25, Arkas Sasebo (Nagasaki,
Sasebo)

@Kazutoshi Haraguchi, Dharmesh Varade,
Structures and characteristics of noble
metal nanoparticles in nanocomposites &
gels via exfoliated clay mediated
in—-situ reduction, Trends in Nano—
technology International Conference
(TNT 2015), 2015.9.9, Toulouse, France

3 Kazutoshi Haraguchi, Cell harvest
systems and highly protein-resistant
coatings, The 5" Asian Biomaterials
Congress (ABMC5), 2015.5.7, Taipei,
Taiwan

@Kazutoshi Haraguchi, Jinyan Ning, Guang
Li, Highly stretchable, mechanically
tough, zwitterionic sulfobetaine
nanocomposite gels with controlled
thermosensitivity, International Gel
Symposium (PN&G2014), 2014. 11. 12, Tokyo
University (Bunkyo—ku, Tokyo)

(® Kazutoshi Haraguchi, Synthesis and
functions of platinum—polymer—clay
nanocomposite gels fabricated via

exfoliated clay-mediated in situ
reduction, Trends in Nanotehcnology
International Conference (TNT2014),

2014. 10. 29, Barcelona, Spain
®JF O Ffi. Dharmesh Varade. JE K HIBER,
T E R W -Aa4& T 2 R 2
VIRY y NV OERK EHERE. 56 3EIE
fatimas. 2014 4E9 A 25 H, RlEK
(R, Kl
(@ Kazutoshi Haraguchi, Stimuli-respon—
sive nanocomposite gels, 2" Inter-
national Conference on Bio—based
Polymer and Composites (BiPoC02014),
2014. 8. 24, Visegrad, Hungary
@ Faf, LCST KON UCST AR & /x
BT 2Ry NV (NC V) Of
AR EREE. AAR T A RERRE. 2014 4
5H 20 H, i E&fE BER, SV Eh)

(X&) GO )

(PESEIA PEHE]
Ok Gt o )
Ok Gt o)

6. AR
() W A

JE Foft (HARAGUCHI Kazutoshi)
HAK S « AEPE 124 - WFEAT %
MseE&=5: 10373391

(2) WFFEs5 4

(3) EHEMF TR

j&/K  1E— (SHIMIZU Shouichi)
AR « ApE T 2800 - %
geEFE: 10139115

EH 4 (TAKADA Tetsuo)
D I CEEEAE - RAWZERT - EEFTEE
Wreg®&=s: 00425670

/A Bt (TAKEHISA Toru)
D I CEEREAL - BAWZERT « TR
eeETKR 70425669

(4) WHgeth /1
Varade Dharmesh (VARADE Dharmesh)
Ahmedabad University, Gujarat, India



