
NANOTECHNOLOGIA Y 
METAMATERIALES

Ingenieria Quimica y Quimica Inorganica (U Cantabria )
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“What I want to talk about is the problem 
of manipulating and controlling things on 
a small scale… What I have 
demonstrated is that there is room –that 
you can decrease the size of things in a 
practical way. I now want to show that 
there is plenty of room. I will not now 
discuss how we are going to do it, but 
only what is possible in principle---in 
other words, what is possible according 
to the laws of physics.”



���������
��
 ���������
���������0����
�����
���
������
�����������
�
���
�����-���
���@
��������
��
A��
�
������

%�
�'��
���
����,��#����.���
 ���
(����
��������B�C�������4;;;



,������
���
�����
�1

MEMS
Nano-

devices
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10

sub-molecular:

      10 mr -�

9 7

Transition: molecular capillary

 10 m < 10 mr- -<

�

7 3

Central: capillary gravity

 10 m < 10 mr- -<

�

3

Distal: gravity only

      10 mr ->
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Laser evap. armchair: parallel to C-C bonds

Carbon arc zigzag structure: not parallel

CVD chiral structure: spiraling
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Metallic or semiconducting

depending on chirality1-2 nm diameter

up to 1 m longm

( ) ( ) ( )

12
steel

12
SWT

S Pa E Pa e L/ L

E = Young modulus

E  = 0.21 10 Pa

E 1.28 1.8 10 Pa

= D

= -

9
steel

9
SWT

Tensile strength

E   2 10  Pa

E   45 10  Pa

»
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Field emission:  flat-panel 

display and light bulbs

6

12

Field effect transistors

Change in conductivity > 10

Change speed   > 10 Hz
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Yield strength

Hall Petch
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Fracture strength

S > 2 GPa

Low friction

Wear resistance

Prostetic joints

Windows/windshields

Dental

High temp fuel cells
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Volume of cell:   

Volume of particle:  
6

Average distance between particles: 

Volume fraction of solids:  =
6
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EJ 45��� E5���

D�J 45��� 4E���

DJ 4�K � 4E�K �

E5J 4�K � 5�I�K �
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Range of VW forces: 10

Range of double layers:  10

l m

l m
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Vibrating cantilevered wires

coated with LB films, 

modified with antibodies.
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2 2 2, ,CO N O

3 2:Ethanol CH CH OH

2 2 2,H O NH CO NH- -

Glucose

3

4

, ,

,

K Mg Ca

Cl HCO

HPO

+ ++ ++

- -

++

amino acids

ATP

Glucose-6-phosphate
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Model of natural membrane

with proteins embeded in a

lipid bilayer

Fig 3-32
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45 8�45-> 454D 5�D�4548 D

455 8�45-< 4546 5�D�4548 5�D

D55 E�45-6 D�4546 5�D�4548 5�4



"���������
�����
����� ������������-"����
���
)����

Solid substrate

[ ]1 [ ]2
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Transfer Ratio (TR):

Y-TYPE Z-TYPEN-%/*�
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1 Role of surface preparation

2 Up-stroke and down-stroke depositions

3 Effect of pH and sub-phase composition
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Immersion

Removal
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_R-COO
pH = pKa + log

R-COOH

� �
� �
	 


++« HCOO-R  COOH-R -
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� The  physics are the same, but the protagonists have different 

roles (molecular vs gravity).
� It has, already, modified our perception of the micro and nano

scales..
� It will, no doubt, modify the way we build materials from the 

molecular level.
� It has a lot of promise, but we have seen very little actual success, 

at this point.
� It is not free of danger!
� It is here, to stay!


