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Synthesis and Characterization of Hetero-metal Nanoparticles within Amphiphilic
Copolymer Micelle as a Template Controlling Metal lon Concentration
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We found that amphiphilic block copolymer (PEG-b-DPA) composed of poly
(ethylene glycol) (PEG) as hydrophilic segment and 2,2-dipicolylamine (DPA) as hydrophobic and
metal-coordination segment can be highly stable template for synthesizing platinum (Pt) NPs.
PEG-b-DPA-Pt(11) obtained by the complexation with K2PtCl4 self-assembled into micelles with
ﬁartially—localized Pt(11) in micelle core. The following reduction of Pt (Il) provided
omogeneously distributed Pt NPs (1-2 nm) in micelle (PEG-b-DPA-Pt(NPs)).

The significantly hi?h redox-activity of PEG-b-DPA-Pt(NPs) promoted the spontaneous reduction of
Ag ions. Elemental analysis suggested the formation of core-shell type (Pt@Ag) bimetallic NPs. These
results suggested that the improved redox-activity by the combination of PEG-b-DPA with Pt NPs was
attributed to the interchange of redox-active species between DPA and Pt NPs. Furthermore, redox

activity of the Pt@Ag NPs was studied from chemical and biological view points.



Poly(ethylene glycol) (PEG)

(Py)
1
( 1-5)
( 3)
] PEG  |-=-=--m-mmmmmmmmeees \
v MEO‘{/\/OJ‘/\SH
R EASETO RIS

:II]}

i
i
i
1
1
PEG brush density: é % E
1

~0.4 chains/nm? Solid surface

_‘ PEG ‘
v
. - {ome
y KB REMEED /V\
Protein “
(e.g. myoglobin) Rg>2nm
) )

Solid surface
PEG brush density: ~0.7 chains/nm?

1

Py
2,2-dipicolylamine (DPA)
" DPA-

(PEG-b-DPA-Pt)

ANBEANAN, 1T

Pt/ HiF Pt@Ag, Pt@Au +/HiF
2 PEG-b-DPA —
2
1 PEG-b-DPA-Pt Pt
PEG-b-DPA PEG5k-macro CTA DPA
monomer RAFT
PEG-b-DPA Pt(DMS0),CI, MeOH
PEG-b-DPA-Pt
H-NMR DMSO

PEG-b-DPA-Pt  PBS

(NaBH,, 100 eq. vs Pt)
1 Pt
(DLS) Pt

(STEM)
4-nitrophenol

2 PEG-b-DPA-Pt(NPs)+Ag

PEG-b-DPA-Pt(NPs)

(AgNO,) 50 1
Ag
(PEG-b-DPA-Pt(NPs)+Ag) Ag
(UW-vis)
Ag

1,1-diphenyl-2-picrylhydrazyl (DPPH)

3 Pt PEG-b-DPA-Pt

Pt



Pt

PEG-b-DPA-Pt Pt

( D

PEG DPA

Pt 0%

E—

Micelle

—

Pt 50% Reduction

WA

Pt 100%

1.
PEG-b-DPA-Pt
PEG-b-DPA-Pt(NPs)
5000 PEG
PEG5k-b-DPA
MeOH

RAFT

PE(DNS0),Cl,

PEG5k-b-DPA-PE(X%)
(cme)

1-Pyrenecarboxaldehyde
(DLS, SLS)

(NaBH,, 100 eq. vs Pt)
Pt
(PEG5k-b-DPA-Pt(NPs)) Pt
(TEM)
Pt
(ICP-AES)
PEG5k-b-DPA-Pt(NPs)

(SOD

1 PEG-b-DPA-Pt Pt

'H-NMR
PEG-bH-DPA

DPA 56
DPA
PEG-b-DPA-Pt
DLS

PEG-b-DPA-Pt

)

Pt

80 100 nm

3 PEG-b-DPA-Pt(NPs)

STEM

Pt
PEG-b-DPA-Pt(NPs)
PEG-b-DPA-Pt(NPs)

1-2 nm

3. PEG-b-DPA-Pt(NPs) STEM

2 PEG-b-DPA-Pt(NPs)+Ag

Ag
Pt-Ag
Uv-vis 410 nm
Ag
PEG-b-DPA Ag
Ag
Pt

Ag

PEG- b-DPA-PE(NPS)+Ag
PEG-b-DPA-Pt(NPS)  Ag

Ag

1000 ( 4
oé@@@@@SAAAAAAAA
“oogog
38
0.1 |

—_ B [0 PEG-b-DPA-Pt(NPs)

< O PEG-b-DPA-PH{NPs)+Ag

%-0.2 A Agnps

<> PEG-b-DPA-PL(NPs)+AgNPs B& &k

O

-0.3
000000 0000 0B

-0.4

0 5 10
time/ min

4. 4-nitrophenol
In(A74,)

Pt-Ag

DPPH
DPA Pt

DPA

15

Ag



Pt

Pt Ag
3 Pt PEG-b-DPA-Pt
Pt
Table 1 PEG-b-PDPA-Pt
(X%; X = 14, 53, 83, 100)
NMR DPA

PEG5k-bH-DPA-Pt(X%; X = 14,
53, 77, 100)
PEG-b-PDPA-Pt  cmc

PEG-b-DPA-Pt 100 nm

PEG5k-bH-DPA-Pt
Pt

Table 1. Critical micelle concentration
(cmc), micelle size for before Pt ion
reduction, association number obtained
from dynamic and static light scattering
for the PEG-bH-PDPA-Pt micelles.

Association number/
molecules per micelle®

Complexation

rate/ % cme/ uM - Diameter/ nm?
0

0 0.697 83.0 40.5
14 2.14 92.8 39.6
53 2.76 103.1 37.0
83 4.45 114.8 39.7
100 6.17 130.5 37.5

& Cumulant method.

® These values were obtained from the Zimm
plots at 0.5, 1.0, and 2.0 mg/mL. These
values were calculated from the Mw,app
values and the molecular weight of
amphiphilic copolymers.
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