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Chapter 1 -

Metals in Periodic Table



Gold in nanoscale

Bulk Gold

Nano size

Langmuir,  2015, 31, 13773

• Atomic number 79

• Electron rich

• Chemically inert 

• Stable (noncorrosive)

• Great biological compatibility

• Low toxicity

• $$

Gold nanoparticles



Synthesis of gold nanoparticles

• Citrate reduction method 

• Developed by Turkevitch in 1951

• Sodium citrate + HAuCl4
• High yield and monodisperse

• Cheap, easy

• Citrate helps to keep the stability of 

gold nanoparticles

Reflux process(seed)

Nucleation and growth



Extinction
Extinction = absorbance + scattering

Reflect lightAbsorb light

Color of identical gold 

nanoparticles with 

transmitted and 

reflected light

Csca/Cabs



Why is gold nanoparticle red?

Absorbance of gold nanoparticle

Langmuir,  2015, 31, 13773



Gold nanoparticles are not always red!

Reflected light

Scattering spectra of gold 

nanoparticle

Scattering spectra of a 

nanoparticle

Chem. Rev. 2005, 105, 1547



Lycurgus cup 

Photograph: British Museum Images

→ Absorbance→ Scattering
Why does it look different?



Gold materials of different shapes

Nanoscale, 2014, 6, 2502–2530

→ Each NP has different

properties



Growth mechanism of gold nanorods

J. Phys. Chem. B 2005, 109, 13857

Cetyltrimethylammonium bromide 



Surface plasmons of nanoparticles

Size and shape of the nanoparticle affect their 

resonance frequency
Anal. Chim. Acta, 2012, 716, 76



Shape variation of gold nanoparticles

As the aspect ratio of 

the particle becomes 

larger, the resonance 

wavelength of the 

particle becomes 

longer

Catherine Murphy et al.



Aggregation of gold nanoparticles

• Dispersed gold nanoparticles will have a red color in solution.

• If the particles aggregate, the solution will appear blue/purple 

and can progress to a clear solution with black precipitates.

• Why? Plasmonic coupling!  

Absorbance Scattering

Dispersed Aggregated



Metallic nanoparticles
Surface plasmon resonance

- Free electrons oscillate collectively at the interface of metal and 

surrounding medium in resonance with external EM fields

- Dyes, SERS, fluorescence amplification, colorimetric sensing

- Can be applied in various biomedical imaging

Chem. Phys. Lett. 2010, 487, 153

Dispersed Aggregated

Spherical AuNPs

Spherical AgNPs

Light 

propagation



Self assembled monolayers (SAM)

Gold-thiol chemistry



Chemical conjugation of AuNPs

Use SAM (Self assembled monolayer) on the surface of AuNP surface



Chemical conjugation between AuNP and ssDNA

—SH

ssDNA

AuNP

AuNP with DNA1

AuNP with DNA2

Complementary 

DNA

Aggregated AuNPs

AuNP-ssDNA

Red Purple

Chemical conjugation

+

Single stranded (ss) DNA can be chemically attached on AuNP based on SAM

AuNP

J. Am. Chem. Soc., 2008, 130, 14217

Adv. Mater. 2008, 20, 3263



DNA conjugation on AuNPs
• The behavior of AuNPs can be controlled by the functionalized DNA

Nature. 1996, 382, 607



AuNP-DNA system for metal ion sensing

J. Am. Chem. Soc., 2008, 130, 14217

Adv. Mater. 2008, 20, 3263

Metal ion specific 

aptamers integrated to 

AuNP system for 

colorimetric detection of 

metal ions



Physical interaction between AuNP and ssDNA
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_

_
_

_
_

ssDNA

Physical interaction AuNP with enhanced stability

AuNPAuNP

AuNP with ssDNA

+NaCl

AuNP with dsDNA

+NaCl

Red Red Red Blue

+

ssDNA can bind to AuNPs, but double stranded DNA cannot

ssDNA can improve the stability of AuNPs
J. Am. Chem. Soc., 2008, 130, 14217

Adv. Mater. 2008, 20, 3263



Bases

• Adenine (A), guanine (G), cytosine (C), and thymine (T) are 

found in DNA.

• Adenine, guanine, cytosine, and uracil (U) are found in RNA

• Bases have ring structure → hydrophobic

: One ring with two “N”: Two rings with four “N”

Imidazol binds to Au surface



Colorimetric sensors for detection of metal ions

Sensitivity (DL: 1 nM)

Selectivity

J. Am. Chem. Soc., 2008, 130, 14217

Adv. Mater. 2008, 20, 3263



Achromatic (black) nanosensors based on CRYK model



Achromatic (black) nanosensor for 

multiplexed detection



Limit of detection (LOD)

= 0.4 nM

Limit of detection (LOD)

= 0.4 nM

Enhancement of color transition with naked eyes



Multiplex Protein

Detection

Selectivity

Color analysis

Limit of detection (LOD)

= 19 nM

Achromatic sensors for biomarker detection

J. H. Heo et al.,Nanoscale, 2016, 8, 1834



Photothermal phenomenon

Nanoscale, 2014, 6, 2502–2530



Photothermal driven release

Nanorods Nanocages

ACS Nano, 2009, 3 ,80–86

Nature Mater. 2009, 8, 935 - 939

2 min irradiation with NIR pulsed laser



HAuCl3
− + HEPES               AuNS

❑Biocompatibility (HEPES is a buffer)

❑Surface plasmon resonance at ~750-800 nm

❑Small size (~30-40 nm)

20 nm

Gold nanostars
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ACS Nano, 2012, 6, 3318



HEPES

DIC Wang et al., Chem. Mater. 2007, 19, 2823-2830

HEPES gold nanostars

• 2-[4-(2-hydroxyethyl)-1-

piperazinyl]ethanesulfonic acid (HEPES) 

is used as both reducing and shape-

directing agents.

• Branched gold nanocrystals were formed 

by selective tip growth in the <111> 

directions, suggesting relatively weak or 

no adsorption of HEPES on the {111} 

planes compared with the {100} planes

• Among three functional groups in the 

HEPES molecule (hydroxyl, sulfonate, 

and piperazine), piperazine is responsible 

for generating branched structure



Biologically transparent window

• Wavelengths of light from 650 nm to 900 nm are minimally absorbed and 

preferentially scattered upon interaction with tissue allowing for deeper light 

penetration than possible at other optical wavelengths
Dovepress, 2015, 7, 193-209



Targeted drug delivery

Nonspecific Targeted to the specific part to 

treat in the body



Gold nanostar based DDS-release of drug

20 nm

Apt-AuNS

ACS Nano, 2012, 6, 3318



Cell image



Gold nanostar based cancer treatment

ACS Nano, 2012, 6, 3318



Cell viability assay

ACS Nano, 2012, 6, 3318



Self assembly of surfactants

Synthetic detergent 

commonly used in 

biochemistry: Sodium 

dodecyl sulfate (SDS)

Nonpolar 

“(CH2)12” chain

Polar “sulfate” 

group



Synthesis of mesoporous materials using 

surfactants

J. Control. Release 2017, 262 (28), 329

Cetyl trimethylammonium bromide

(CTAB)
Tetraethyl orthosilicate (TEOS)



https://www.frontiersin.org/10.3389/conf.FBIOE.2016.01

.01053/event_abstract

• Homogeneous nucleation: nuclei that are spontaneously generated and grow 

irreversibly to form a new phase. 

• Heterogeneous nucleation: nuclei are formed on alien surfaces or particles, or 

pre-existing nuclei in the old phase.

Heterogeneous 

nucleation

Homogeneous 

nucleation

Synthesis of AuNR/mSiO2 core/shell structure



Saturation point of mSiO2

Growth of mSiO2 on AuNR seed

Nucleation of mSiO2

AuNR/mSiO2 core/shell structure

Cryst. Growth Des. 2018, 18 (8), 4731



Highly monodisperse AuNR/mSiO2

Cryst. Growth Des. 2018, 18 (8), 4731



Antibacterial property of AgNP

AMB Express, 2013, 3-32

Text. Res. J., 2017, 1377–1386

ACS Nano, 2018, 12, 5615−5625

Nanoscale Res. Lett, 2014, 9, 459 Angew. Chem, 2013, 52, 1636–1653



Gold/silver nanorod for anti-bacterial applications

BioChip J., 2019, 13 (4), 362



Dark field imaging of cancer cells

13 nm AuNP 

x 20 times concentrated

50 nm AuNP 100 nm AuNP

Chem. Phys. Lett. 2010, 487, 153

Csca/Cabs

Langmuir, 2015, 31, 13773



Dark field imaging of NPs

13 nm AuNP 

x 20 concentrated

50 nm AuNP

100 nm AuNP



Imaging single molecule movement
Multicolor tracking of single biomolecules using plasmonic NPs

ACS Photonics 2019, 6, 2870−2883



Dimension of genomic DNA molecules

Nature. 2006, 441, 7091, 315–321

Science, 1996, 273, 494–497

Nat. Methods, 2011, 8, 221–229

Iowa Public Television, 2004



Transmission Electron Microscopy (TEM) based 

DNA visualization 

Sequence specific mapping

Nucl. Acids Res., 1994, 22, 5218

DNA-protein complex (chromatin)

Science, 1975, 187, 1202

Double helical B-form DNA structure

Ultramicroscopy, 1981, 7, 189

Nature, 2008, 452, 198

10 nm

25 nm

50 nm

DNA nanostructures



Fluorescence imaging for genomic DNA studies

High-throughput sequencing

PNAS, 2007, 104, 2673-2678

DNA damages

Analyst, 2016, 141, 4326–4331 

DNA-protein interactions

Mol. Cell., 2014, 54, 832–843 



Scanning Electron Microscopy (SEM) imaging

http://www.ammrf.org.au/

www.tescan.com

Fibroblast cells

UAF Center for Distance Education

Avian flu virus

The James Hutton Institute

Mite



Limitation of current DNA metallization strategies

J. Mater. Chem., 2011, 21, 12126–12131 

Langmuir, 2013, 29, 11176−11184 
Langmuir, 2010, 26(3), 2068–2075 



DNA binding peptide (DBP) based DNA imaging

Imaging DNA of live E.coli cells

Design of DBP based fluorescence imaging

Nucleic Acids Res., 2016, 44, 1 

KWKWKKA-FP-AKKWKWK

FP: eGFP, mCherry DBP-mCherry-DBPDBP-eGFP-DBP



DNA metallization strategy

• Interaction with dsDNA and DNA binding peptide with thiol tag (DBP-SH) for the 

introduction of functional groups

• Covalent bonding of thiol group onto the gold surface and nanoparticle

Small, 2017, 13, 1601926



AuNP assembly on DBP-SH treated l-DNA

DBP-SH NBP-SH

DBP-SH DBP-SH



Au nanowires grown on l-DNA templates

1 µm

1 µm

Monomer (3.4 mm)

Dimer (6.4 mm)

Trimer (9.6 mm)

1 µm
l monomer l dimer

l trimer



Imaging 3D entangled DNA structures

1 µm

PNAS., 2011, 108 (39), 16153-16158

Nat. Nanotechnol., 2015, 10, 779

Mol. Biol. of the Cell, 6th Ed. 

0s        4s         8s       12s      16s



Comparison of fluorescence & SEM images of DNA 

Fluorescence 

Metallization & SEM imaging



DNA nanostructures for NP patterning
Patterning NPs on DNA nanostructures

H. Yan et al., Angew Chem., 2006, 45, 730



DNA nanostructures for NP patterning

Patterning NPs on DNA nanostructures

Nano Lett., 2006, 6, 7, 1502  



NP patterning on DNA origami

Angew Chem., 2015, 54, 2966



Self assembly of NPs using DNA origami

Nano Lett. 2015, 15, 1368



Lattice structures formed using DNA origami

Science, 2016, 351 (6273), 582



Lattice structures formed using DNA origami

Science, 2016, 351 (6273), 582



DNA base directed AuNP morphologies changes

Angew. Chem. Int. Ed. 2012, 51, 9078



Chembites.org

Nature, 2018, 556, 360

Synthesis of chiral AuNPs using AA/peptides

Use chiral amino acids or 

peptide to guide 

synthesis of chiral 

materials


