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How to control such local interaction to do high resolution   imaging?

The tip-surface interaction is highly local ---
at atomic/molecular level or better.

How to control such local interaction
to do high precision scanning probe lithography?

Are there any other methods ( other than tunneling ) to monitor 
the position of a sharp tip on a surface? 





AFM also uses feedback to regulate 
the force on the sample







Some commercially available tips configuration

Three common types of AFM tip. (a) normal tip (3 µm tall); (b) supertip; (c) Ultralever (also 3 µm 
tall). Electron micrographs by Jean-Paul Revel, Caltech. 

(a) (b) ©

• Tips are generally evaluated by their “end radius” which limits the resolution of AFM.

• The "normal tip" ( Albrecht et al., 1990) is a 3 µm tall pyramid with ~30 nm end radius.

• The electron-beam-deposited (EBD) tip or "supertip" offers a higher aspect ratio (it is 
long and  thin, good for probing pits and crevices) and sometimes a better end radius 
than the normal  tip.

• The "Ultralever" is based on an improved microlithography  process. Ultralever offers a 
moderately high aspect ratio and on occasion a ~10 nm end radius.



AFM Images

Mica: digital instruments; Grating: www.eng.yale.edu

Mica atomic resolution image DNA





40nm

40nm

Dip Pen Nanografting

SH-(CH2)14-CF3 nanografted into 
SH-(CH2)17-CH3 layers 
(2000Å×2000Å) in air

Topographic Data          Lateral Force Data
C18 pattern written into C10 matrix

Jordan Amadio(2002)



Hard disk







Examples of local oxidation



MANIPULATION is DIFFICULT but POSSIBLE



CHEMICAL APPLICATIONS



A Quick Introduction of Self-Assembled 
Monolayers (SAMs) 

Nuzzo, R. G.; Allara, D. L.  J. Am. Chem. Soc. 1983, 106, 4481. 



Membrane-like monolayers:
1) Langmuir 2) Langmuir-Blodgett 

3) Preparation of Thiol SAMs
(Self-Assembled Monolayers) on Au(111) 

Solution Deposition
We prepare a thiol monolayer by placing a clean gold(111) substrate in less than 

0.1 micromolar ethanolic thiol solution for 18 hours.  

Immersion of 
gold substrate

Alkyl thiol: CH3(CH2)nSH:

Au



A  Q uick Introd u ction  of  Self-A ssem bled  
M onolayers (S A M s) 

B on d energy
• C -C : 145  kcal/m ol
• C -S: 171  kcal/m ol
• C -H : 81  kcal/m ol

• S-A u : 40 kcal/m ol
• van der  W aals energy  per  C H 2 group is ~  1 .5  kca l/m ol



THE ADSORPTION of ALKYLTHIOLS on GOLD

H-S-R thiol
R-S-R dialkyl sulfide
(R-S-S-R disulfide)

H-O-R alcohol
R-O-R dialkyl oxide

Au(111)                               chemisorbed

R
SH

R
HS+ H2

?
+ R

S  (
R
S

R
S)

CH3SSCH3 sticks to gold with unit probability
CH3SH very low sticking probability
CH3SCH3 does not stick

?



A  Q uick Introduction of Self-A ssem bled 
M onolayers (SA M s) 

H S

4.99 Å

A u(111)

(√3x√3)R 30°

2.88 Å

top view



Self-assembled monolayers of alkanethiols on gold are 
much studied systems because:

1) Very stable and easily formed
2) Frequently used for electrode surface modification (Chemical 

SENSORS)
3) Model systems for interfacial electron transfer
4) Soft lithography & surface patterning (micro printing)
5) Model systems for surface passivation against corrosion (also 

bio passivation).
6) Model systems for study of friction
7) Colloid coating and linking for cluster-based materials
8) Suitable films for nanografting (i.e. locally induced chemistry)
9) Last but not least, SAMs have, recently, become the building 

blocks of a new wave of promising molecular electronic 
devices (FETs, switches etc).



During the last 10 years we have dealt 
extensively, using X-rays, atom diffraction and 
SPM, with issues like:

1) Structure

2) Kinetics of growth

3) Manipulation at the nanoscale

The third topic is the focus of today’s talk.



Surface Manipulation

Nanoshaving Nanografting
These techniques have been 

introduced in 1997 by
Gang-Yu Liu

At Wayne State University. She is 
now at the U. of C. Davis. 

This method is similar to Mirkin’s
but it is less affected by molecule 
diffusion and hence has 10 times
higher resolution.  
G.Y.Liu Acc. Chem. Res. 2000

Three powerful methods to manipulate the chemical composition of surfaces on the nanoscale.

Dip Pen Nanografting



How do we know how much force to use? 

Molecular resolution image of
C18  (100 Å ×100 Å) 

Atomic resolution image of
gold(111) (100 Å ×100 Å)

AFM tips AFM tipsHigh Force 20nN Low Force 1nN



BASIC NANOGRAFTING

A 70 Å “line” of C10 nanografted into a C18 SAM (800 Å ×800 Å)

In solution:

40nm

C10 nanografted into a C18 SAM (400 Å ×400 Å)

Expected height difference: 8.7Å



Example nanostructures of organic molecules

Scan in C 18 SH

high spatial 
resolution

multiple 
components

ability to change 
nanostructures in situ

500 x 500 nm 2 of C 18 SH
60 x 60 nm 2 of HSC 10 CHO
300 x 60 nm 2 of HSC 10 CHO

Left: 30 x 60 nm 2 of C 22 SH
Right: 20 x 60 nm 2 of C 18 SH

2 x 4 nm 2 dot of C 22 SH
(32 thiol molecules) 

10 x 100 nm 2 line of C 22 SH

control of local
environment

200 x 200 nm 2 positive pattern of C 18 SH
(8 Å above the C 10 SH matrix)

200 x 250 nm 2 negative pattern of 
HSC 2 CHO (4 Å below the C 6 SH matrix)

Scan in C 10 SH Scan in C 18 SHScan in C 18 SH

high spatial 
resolution

multiple 
components

ability to change 
nanostructures in situ

500 x 500 nm 2 of C 18 SH
60 x 60 nm 2 of HSC 10 CHO
300 x 60 nm 2 of HSC 10 CHO

Left: 30 x 60 nm 2 of C 22 SH
Right: 20 x 60 nm 2 of C 18 SH

2 x 4 nm 2 dot of C 22 SH
(32 thiol molecules) 

10 x 100 nm 2 line of C 22 SH

control of local
environment

200 x 200 nm 2 positive pattern of C 18 SH
(8 Å above the C 10 SH matrix)

200 x 250 nm 2 negative pattern of 
HSC 2 CHO (4 Å below the C 6 SH matrix)

Scan in C 10 SH Scan in C 18 SH



An Example of Nanografting
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C10 grafted into C18 (100nm×100nm) 
and the corresponding height measurement

(Ying Hu 2002)
Princeton

Calculated height measurement between
C10 and C18 is 0.86 nm.

H C18

C10



Dip-Pen Nanolithography
C.Mirkin and Coll. Science, 2000

20μm



40nm

40nm

Dip Pen Nanografting

SH-(CH2)14-CF3 nanografted into 
SH-(CH2)17-CH3 layers 
(2000Å×2000Å) in air

Topographic Data          Lateral Force Data
C18 pattern written into C10 matrix

Jordan Amadio(2002)



Construction of 3D Nanostructures

Pattern transfer via surface reactions



Gold film

C10H18

C18H37SiCl3

Gold film

Reaction of surface -OH groups with 
octadecyltrichlorosilane (C18H37SiCl3 )in decahydronaphthalene(C10H18)

S

CH3

S

CH3

S

CH3

S

CH3

S

OH

S

OH

S

OH

S

OH

S

OH

S

OH

S

OH

S

OH

S

OH

S

OH

S

CH3

S

CH3

S

CH3

S

CH3

S

O

S

O

S

O

S

O

S

O

S

O

S

O

S

OH

S

OH

Si

CH3

Si

CH3

S

O

Si

CH3

Si

CH3

Si

CH3

O

Gold film

C10H18

C18H37SiCl3

Gold film

Reaction of surface -OH groups with 
octadecyltrichlorosilane (C18H37SiCl3 )in decahydronaphthalene(C10H18)
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Construction of 3D Nanostructures



AFM images (a, b) and height-distance plots (c) before (a) and after 
(b) reaction of the surface hydroxyl groups with 11 mM
octadecyltrichlorosilane in decahydronaphthalene

(a)

0

10

20

30

40

0 1000 2000 3000 4000

Distance/ Angstrom

He
ig

ht
 / 

A
ng

st
ro

m

B after reaction

A  before reaction

A B

a

c

b

AFM images (a, b) and height-distance plots (c) before (a) and after 
(b) reaction of the surface hydroxyl groups with 11 mM
octadecyltrichlorosilane in decahydronaphthalene
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Construction of 3D Nanostructures




