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Gold-Polymer Hybrids:
Functionality and 

Morphology Control
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재료 (材料, Material)

유기 재료
(Organic)

무기 재료
(Inorganic)

금속 재료
세라믹 재료
반도체 재료

인공 재료
(Artificial)

천연 재료
(Natural)
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(Bio-Compatible)

석기시대 (구석기-신석기) 철기시대 (청동기-철기) 합성고분자시대

저분자 재료
고분자 재료

Bulk
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Hybrid Gold Architectures
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고분자 (高分子, Polymer)

Cheap, Light, Tough

Property Control via Molecular Structure

Natural Polymers Synthetic Polymers
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Bates & Fredrickson, 1999

Topology

Composition &
Microstucture
(& TACTICITY!)

Functionality

(합성)고분자가 가지는 분자 구조 및 나노 구조
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나노 (Nano, 사(沙), 10-9)

크기 (size, m)

면적 (area, m2)

부피 (area, m3)

시간 (time, sec)

수
접두
어

기호 수
접두
어

기호

101 데카 D 10-1 데시 d

102 헥토 h 10-2 센티 c

103 킬로 k 10-3 밀리 m

106 메가 M 10-6 마이
크로

μ

109 기가 G 10-9 나노 n

1012 테라 T 10-12 피코 p

1015 페타 P 10-15 펨토 f

1018 엑사 E 10-18 아토 a

1021 제타 Z 10-21 젭토 z

1024 요타 Y 10-24 욕토 y

진동 (frequency, Hz) 기억 (memory, Byte)

찰나(刹那)
10-19

Nano

Femto

Giga Tera

8/32

OHOH

OH

OH

OH

HO

HO

NH2

OH

NH2
H2N

생체적합기능성 고분자 나노입자

합성 고분자 마이셀
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연구 개요

천연물 나노입자

다기능 금나노결정/고분자 복합체 새로운 생체분자 결합용 연결쇄

A

B

Molecular Weight Control
(Mn = 1,000-100,000)
Narrow Polydispersity

(Mw/Mn < 1.2)
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• Optical properties – surface plasmon waveguide, sensors
surface enhanced Raman spectroscopy (SERS)
(Ag, Au, Cu)

• Catalytic properties – fuel cell, deNOx, high performance catalysts,
(Au, Pt, Pd, Rh)

Metal Nanocrystals

Goodman, D. W. et al. Science 1998, 281, 1647Schultz, S. et al. J. Chem. Phys. 2002, 116, 6755
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Vision for Sensing Applications

• Localized surface plasmons (LSPs): 

charge density oscillations confined to

metallic nanostructures

+Light

Matrix

+++++
------
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Application: Localized SPR Biosensor

• Ag nanostructures can be used as a biosensing platform.

• using biotinylated Ag nanoparticles –
streptavidin (SA) interaction 

• simple, small, light, robust, low cost instrumentation

Van Duyne, R. P. et al. J. Am. Chem. Soc. 2002, 124, 10596.
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Size and Shape Control

soft template separation

micelle
kinetic structure,

condition dependent

• plausible metal
polyhedral
structures
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Modified Polyol Process with PVP

multiply
twinned
seeds

single
crystalline

seeds

high
strain

less
surface

area

single
crystalline

HAuCl4
+

PVP

Seo, D. et al. J. Phys. Chem. C 2008, 112, 2469

surface regulating

polymer

diethylene
glycol

solvent and

reducing agent
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Synthesis of Decahedrons

Decahedron
PVP/Au = 360

• in DEG with high PVP concentration (360 ~ 1200 equiv)

• average edge length: 88±9, 67±8, and 38±7 nm
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Modified Polyol Process with AgNO3

HAuCl4
+

PVP boiling
pentanediol

AgNO3

octahedron

cuboctahedron

cube

sphere

truncated
octahedron

surface regulating

polymer

solvent and

reducing agent key reagent

controlling

surface structure

• good reproducibility, high purity, and large scale synthesis

Seo, D. et al. J. Am. Chem. Soc. 2006, 128, 14863
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Gold Polyhedral Structures

AgNO3

addition 1/600 1/500 1/400 1/200 1/60

HAuCl4 +
pentanediol reflux

Ag ions enhance isotropic growth along <111> direction and/or suppress

along <100>            Preferential Ag underpotential deposition on {100} 

surface
structure

exclusively
{111}

dominantly
{111}

{100} +
{111}

exclusively
{100}

mixture



9

17/32

{111}

{200}
{220}

substrate

{100} planes

polygon

cube

cubocta-
hedron

truncated
octahedron

octahedron
substrate

{111} planes
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The peak of O1s shifts to higher binding energy (0.9 eV) meaning lower electron

density around O atoms due to the coordination of PVP to gold surface.

PVP

Au/PVP

531.7

532.6

Au
N

O

n

PVP

PVP Coordination on Gold Surface
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A facile one-pot synthesis of hydroxyl functionalized Au nanocrystals

N
O

m n

O

O

N
O

m n

OH

hydrolysis

Hydroxyl-Functionalized Gold 
Nanocrystals by Copolymers

Yoo, C. I. et al. Chem. Mater. 2009, ASAP
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after 5 h reflux
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after 1 h reflux
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N
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O

O

Conversion of PVP-PVAc-Coated Gold NCs
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Hydroxyl-Functionalized Gold NCs

1.3ⅹ10-17 g polymers (1.0%),

3.7ⅹ104 hydroxyl groups

per PVP-PVA-coated

gold nanoparticles

22/32

Esterification of Gold NCs

2500 2000 1500 1000 500

Cl

O

Wavenumber (cm-1)

Hydroxyl functionalized 
Au NCs

C-F

Cl

O

10

Cl C
F2

O

CF3

6

PVPester
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Unsuccessful Shape Control Using PAA

poly(acrylic acid)

- PAA can stabilize the particles to
form irregular shapes with > 300 nm
diameters.

24/32

Shape Auxiliary Approach

Jones, S. J. Chem. Soc., Perkin Trans. 1 2002, 1

chirality
control

chiral
hydrazone
auxiliary

Chiral auxiliary: a chemical compound or unit that is temporarily
incorporated into an organic synthesis so that it can be carried out
asymmetrically with the selective formation of one of two enantiomers
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Introduction of Shape Auxiliary

• 2-(Dimethylamino)ethanol can dangle on the side chain of PAA
through esterification.

tert-aminecarbonyl

26/32

PDMAEMA as a Surface Regulating 
Polymer

n

O O
N

poly(dimethylaminomethyl methacrylate)

(PDMAEMA) : structurally similar to the 

combination of PAA and DMAE

gold octahedrons cuboctahedrons cubes



14

27/32

Carboxylate-Functionalized Gold Nanocrystals

ester C=O

n

O O
Nfree

amine
C-H

-COOH
functionalized

gold NCs
C

O

OH

C

O

O-

-COONa
functionalized

gold NCs
by NaOH treatment
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pH-Dependent Assembly / Disassembly

pH 11

pH 7

pH 2

- A pH-induced assembly/disassembly
process occurs in the carboxylate-
functionalized gold nanocrystals.

- A linear relation between pH and
the extinction peak maximum is
observed.
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Shape Auxiliary Approach for Carboxylate-
Functionalized Gold Polyhedrons

further functionalization with chemical and biomolecules
through ester and amide formation

Seo, D. et al. Chem. Commun. 2009, Advanced Article
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Topics for Surface Plasmon Sensors

Morphology
Control

Surface
Functionalization

Single Particle
Optics

Integration
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nanocrystal monolayer array

• LSPR sensor employing nanocrystal arrays

Application for SPR Sensors

- gold nanocrystal monolayer array as a sensing scaffold

- high sensitivity and fast response will be desired.
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Labels

Sensitivity

Speed

low
(~pM)

very high
(~aM)

low
(~nM)

very high
(< aM)

required required free free

very slow slow real time real time

Identification no no Raman
SERS

X-ray, IR

Conventional
assays 

Bio-
Barcodes SPR LSPR

Comparison with Other Biosensors


