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1. ������2�3��)��; 1 - 100 ������&� 

2. ��
����93
�: �����6=�
�-���	�;�&���9��� <�6=�

3. 5"�&�� #��
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~2 ������&�

	�9���9��3�����%�&�

���-9����.CC�����E�F�
10 -100 .������&�

G���)���
~ 10-20 .������&�
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�	�I�� "�
�����	�I�
~ 10-50 .������&�

������2���-��#��
~ 6-8 .������&�

�� ~ 5   �������&�
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~ 1 ������&�
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	������ 4.0

E'�������� (������;��)

��	�� 13.6

����2�������	  12.0

� 7.2

���;�� 2.8

���-9��E��� 0.8

	��!�� 1.2

������� 1.8

�"���I��&!��Z�����������
���9����3� �. . 2558

��9��  National Science Foundation (NSF)

������ 40 ������;��! ($1 trillion)
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��;��<����9����������#�)��(�������������������
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(Photo by David Hawxhurst-Woodrow Wilson International Center for Scholars.)

p-zone p-zone

N-doped

DNA

~ 7 nm

Dy TB Eu2+Eu3+
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9-14 �
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Nanobiotechnology

�������	
���
�������...�����������
�

�� ��������E�
��������������
�%��!�� 

����+%�#
���%�E%*�+������ ����-����������+�F�������-��� �$� 2��
��# (liposome)

���+�F�������-����� (drug delivery systems)"�������0����#���7�

����������� �������P�E%Q$�%�"�#) �$� �������&��������

���+�F���%E	��������%�%�4�����,��"�# �$� DNA chip �� � Lab-on-a-chip

���+�F�� Nanobiosensor �+ ��"$
����$������������0�� ����� ,����E��!�
�

��������������� ��� &��� ����	�#���"$��������	�%/����#�� &��� ��
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���-9��	'��������

.����>� (liposome)
"���� ����-������#��3�-����%��#%�
,��������P�E%Q���) ����.$�&�(%�����
2�����#	
���%�E%*�+

SunSense™ SPF 30+ Sunscreen

Z-Cote HP1®

Zinc oxide (ZnO)

���!���������>������.>� (ZnO Nanoparticles)
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Nutraceuticals on the Nanoscale

Use of nano-sized self-
assembled liquid (NSSL)
structures

- Coenzyme Q10
- Lutein
- Lycopene
- Phytosterol
- Vitamin D

http://www.nutralease.com/index.asp

Nanocochleate protection

Omega-3 fatty acid cochleates (center as powdered form)
and baked goods with BND omega-3/cochleates.

Cover unpleasant taste and smell of bioactive materials 
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Solubilization: a key technology

In the past: turbid macro structured emulsions

In the future: crystal clear solubilizates

Vitamin E Emulsions 
(10 mg / 100 mL)
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 ������)��
���9��6=� 

������9�����)��
#�)����"�>6����
�

Nanosuspensions of drugs
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&���
��
���9�����3%&���
��
���9�����3%  NanocrystalNanocrystal®® technologytechnology

• Rapamune (Wyeth)

–  �.
,�����,�7� 

–  �� � � immunosuppressant (sirolimus)

–  2���������
i����� U.S. FDA

–  (�%�*�!6"��.
,����� oral solution "����,����� 

• �-��
����#	�����7�"��	���7�,��(�#�&-�������"$ 

– (�%�*�!6"��.
,���#7� (new!!)

• "$���,����7����

• Emend

–  ������ � aprepitant, MK 869

–  2���������
i����� U.S. FDA (March 2003)

–  ������"�
 US by Merck (April 2003)

–  (�%�*�!6"��.
,����� capsule                                            

����
 aprepitant, MK 869

&���
��
���9�����3%&���
��
���9�����3%  NanocrystalNanocrystal®® technologytechnology
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�&�&��.���	


��p�%���)


����<�����)��2�


�&�&������"���	�) 

Fullerene-Based Pharmaceuticals

�);;	�
��'���5� (Drug Delivery System)

• ����������	��������&��
�.�
�����
��
��9&�����
����)E��!�
3������
 �%� �>���)��2�

�������2
����
��#���	�������
��#��3�-�2������%E	 �$� ���
��������� �� ����������
����� (���
��) ����������"� 
,������������#�� &�
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�����������
���;������<�����)��2�

�������<��)��2���
��9�.� �������<��)��2���
�����������
�

���&�C��%��#��.����>� (multi-functional liposome)

��#��3�-����������&�#���7�����.�������
��#��2�����,#��-�

����-��������0�#���7�
��#��.����2��
��#
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���p�;�&����;�%�� (Lab-on-a-Chip)

�

��!�-�������������%�������	���%�������(�#(���$%&�
�������	��-�����	�,����������������� �$� $%&��������
#���
2������������ (fluidic) $%&�����-��������	�#������� $%&�����	�
"$�-�
5%�%�%�� $%&�����	�"$,��������� ,��$%&�����	��-�����	��
�
��7������+ ��"$�������,�����
�%#�!����������  


���p�;�&����;�#I�%�� (Lab-on-a-chip)
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DNA chip

����.;���>2��>�� (Nanobiosensor)

����%������� (cantilever)
2#��������� (microarray)

����.;���>��>�� - �����������%������$�%�������	�#	�������(��/.��������."�
����������#�� �����������
���������������� 2 ����-���i     

1. ������ (receptor unit) 

2. ���"�/,
���ii�! (transducer �� � signaling unit) ��ii�!�	������������
�������,��2��
�����$�%�2�,� ������������$%�,�� (optical nanosensor) 

,��������������$%���#	2xx� (electrochemical nanosensor)
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���!�������������'�	'�
��;�����(������.;���>2��>��

2�����7������	�"$��
*�������������-�"��������������+��E
���#����$ &�,��,��7�

�����(�����������
���>"�����&����&�#�).;���>2��>��
#;;��"�G�3&I��
���3�������<�I"��
����;�
���

WHO, approximately 177 

million people worldwide 

suffer from diabetes, and 

that number may double 

by 2025. Nearly 40 percent 

of people with diabetes 

require insulin injections
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�������	
���
�������...�����������
�

��	������
Nanomaterial

3 Nano-dimensions

���E'�#����)�!������	������

<100 �����#��

<100 �����#�� <100 �����#��

2 Nano-dimensions

- ���!������ 
- I�����
- ����#��>"�
- C"�������
- ���.������
- ����&�����
- ����	�������
- ��������

- �	�3
����
- �������
- ���������;��

- C��;������

1 Nano-dimension
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Shape of nanoparticles

Structured surface, film and 
structured film

Bulk Surface

Surface bound Suspended in liquids Suspended in solids Airborne

One phase or multi phases
Particles
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���E'�#����)�!�������!������ (nanoparticles)

Organic Nanoparticles (e.g.: Polymers, Dendrimers)

Inorganic Nanoparticles (e.g.: Iron oxide, gold nanoparticles)

Organic/Inorganic hybrids (e.g.: Nanocomposites, core-shell type)

Carbon based (e.g.: Functionalized fullerenes)

Liposomes (e.g.: Functionalized, inclusion complexes)

Biological nanoparticles (e.g.: Protein and peptide based nanoparticles 
with other biological components)

���!������������� (Silver nanoparticles)

A-Do Global Co Ltd, Korea

��
*�����������%��	�#	������7���� 
10 �����#����#	�	��� ��������
�� ���#����
���|���!���������# 
,��#	�
!�#���%"�����-����,���	��	�
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!���
�
#	�����<�)������!����������

��
*����%�����"����
,�������	��� ��

SEM images of silver nanoparticles
on cotton and polyester fibers

Surface plasmon resonance

���!��������� (gold nanoparticle)
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Car Air Purifier

http://www.nanotwin.com/

���!���������.������
�.����.>� (TiO2 Nanoparticles)

Photo-catalysts

Air freshener

�	-=�I����� (Nano-textile)

���"�(�}������2
 ���"�(�}���	�#	���"� 
��������������&-�
��� ����.�������-�"�
��#��3����&-�2� 
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	�9�����9��	�;�&�������� (Stain repellence)

Hydrophobic materials work on the nano scale that is, on the 
molecular level, to protect each fiber in fabrics that go into 
water-and oil-repellent fabrics

Phase Change Materials (PCMs)
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���
/ ���������	�& (clay/nanocomposites)

���	�;�&���� <

• #	���#"� 2#�
�

• #	���#,�7�,���.� �+%�##��.��� �� �������%�%��������������

• ��&������#(�������� �+���#	��������(����	����,��       

�+%�#���������� ����	�������

• �����#���2��.� ,���
�4����	��	

• $���-�"�+��%�#���-�2xx�2��	��&�

• #	���#���#����� filler $�%�� ��)�	�(�#��"�+��%�#��

Polymer (��������)
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Used for meats and cheeses,
and in coffee packs

Better for the environment –
PET/vermiculate layer replaced
PVDC in a barrier film

Clear barrier film –D888

Polymer Nanocomposites

PP/Graphite nanocomposite without (left) 
and with (right) compatibilizing agent

Using a patented material and process, the inner core 

of the tennis ball is coated with a butyl-based barrier 

called Air D-Fense by InMat LLC, which restricts 

airflow from escaping the core. This new technology 

utilizing a coated inner core inhibits air permeation
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\“ type of packaging that changes the condition of the 
packaging to extend shelf-life or improve safety or sensory 
properties while maintaining the quality of the food ’’

- scavenging of oxygen, moisture or ethylene,
- emission flavours,
- antimicrobial activity,
- etc

Active packaging

New fruit label indicates ripeness
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 ������������;�� (carbon nanotubes, CNTs)

���	�;�&���� <

#	��&�,��(�����	���,��(�������$�&� (single wall/ multi-walls CNT)

#	+ &��	�(%��.�#��

#	���#,�7�,���$%����.�#�� (#��.����.�#��)

���#� ���
��.� ,����#��3�����2� 

������������2��	

�-�2xx�2��	#��"���!	�	�#	�#���%�
�����

�-����#���2��	#�� ,��#	���#��3	���	��
!�*.#%�.�

��#��3����
����# �� ��#���
�$�%�� ��2�*��"���2�

#	�
!�#���%�
�����

��
���,�� (field-emitter)

����������� #�)�>�����

+��%�#���-�2xx�


������� ��,#���7�2xx�

�+%�#���#,�7�,�����+��%�#��

�+%�#���#��������,������������#%�

#����������E�
#�)���3%��)�
%����������������;��

����������

�%������������
��%����

�%����������,������	�

��������7�2��������-����������$ &��+�%�

�+%�#
���%�E%*�+�����
�%��
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Hummer H2 Sport Utility Truck
#	���
������
����
�����,������ �-�"�
�&-������3�����&� ,���#��3
���������	����

2��	 ,��2#�
�	����.
���,#�
!�*.#%�.�

��	����)��;#&����� (Nanocomposite)

Automotive OEM coatings
improved scratch- and mar-resistance 

higher gloss

Nano-particle clear coat on metallic and non-metallic paint finishes

E, S, CL, SL and SLK-class series

PPG product “Ceramiclear”
next-generation nanotechnology
product in the pipeline

Mercedes-Benz Nano-Paint
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�>�����3��������)��������)	���� (Ceramic armors)

����
 ����2�������	

Nanoelectronic

�������	
���
�������...�����������
�
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 �����������E�����2�������	

Gordon Moore, 1975

����>�	�&�� (Transister)
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�����������E� CMOS 
�����'�����&�.�.���������� 10 �

Nanoelectronics Applications: Storages

Tbit-Probe Storage (IBM)

Nanowire Memory (Scientific American 
Sep. 2001/www.sciam.com)

HP’s Molecular memory chip
GMR Memory Cell (NVE Inc.)

Spintronic Switch (UCSD)
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Spintronic sensor 
technology being tested 
on a Mercedes V8
engine at Oxford 

Nanoelectronics Applications: Sensors

DNA Analyzer (AFFYMETRIX) Smart Shirt (Gatech, USA)

Lab-on-chip

NEMS Resonator(Caltech, USA)
MEMS

sensor 	'�
��;��93%3��5
�&
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MEMS/ NEMS: Micro/Nano electromechanical systems

Nanoelectronics Applications: Display

Microtip FED PrototypeMicrotip FED Prototype

(from Talin, et . al. � Motorola 15 in FED Diplays at 640 x 480 resolution, 8-bit color)

MEMS Micromirror Array                                
(DLP, Texas Instrument)

15 inch Field Emission display (Motorola)

CNT Display                
(Noritake, Japan) CNT based FED               

(Samsung, Korea)

MEMS Micromirror Scanner (Microvision, USA)
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Organic light-emitting diodes, OLED


��E��'�.����-� Charm Bracelet
;���6�%���& Life recorder

�������
��3�
�69����
� 

Personal navigator

���������)��� 

Multimedia handicam
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Dyad    
(Buckminsterfullerene and 

porphyrin)

Dye-sensitized Nanocrystalline TiO2 film

Nano Solar cell 

Metal nanorod plastic solar cell

Hydrogen Fuel Cell

hydrogen storage unit
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http://www.gii.com.hk/eng/clean_energy.htm

Thank you very much for your attentionsThank you very much for your attentions

nuttapun@nanotec.or.thnuttapun@nanotec.or.th

www.nanotec.or.th


