Introduction into the Nano World
Background

Nanotechnology and nanomanufacturing are new disciplines, and as such, they require efforts in many traditional disciplines of physics, biology, mathematics and chemistry. The activities and exercises presented here are diverse and give some introduction to the problems and the knowledge required to advance our research in nanoworld.  
First activity is designed to help students obtain the first feeling of the length and mass peculiar to the nanolevel.
Second activity represents a concept of nanolithography. Students are asked to produce imprint image for original image of nanolithography. 
Third problem was motivated by frequent usage of binary numeric system for different electronic devices (for instance, nanocomputer). Students will convert arabic decimal numbers into binary ones. 
The last problem is given to explain physics of forces on nano-level. The most important intermolecular force that explains the nature of attraction/repulsion between two atoms in molecule is Van der Waals force. Students will find values of Van der Waals potential for various central interatomic distances for carbon based and explain the effect of Van der Waals attraction/repulsion.
Activity 1:  (Understanding the NanoScale)

Sample Problem #1
The diameter of carbon nanotube (d) is 1.3 nm. Determine the d in terms of:
a) meters, b) Angstrom (Å), and c) inches.

Solution

a) Using 1nm= 10-9m,

d = 1.3 ×10-9 = 1.3 ×10-9 m;

b) Using 1Å= 0.1 nm or 1 nm = 10 Å,

d = 1.3 nm ×10 = 13 Å;

c) Using 1inch= 2.5 cm or 1 nm = 40 in/m 10-9m=4×10-8 inch,

d = 1.3 nm × 4×10-8 inch/m= 5.2×10-8 inch.

Sample Problem #2
a) How many DNA cells (of a typical chain diameter d = 2nm) may contain a thick human hair (of diameter D=120m)?

b) Why the DNA analysis is more difficult to obtain than blood cell analysis for crime police?

Solution

a) N = D/d = 120m /2nm=120 000 nm/2nm = 60 000
b) Because the typical size of DNA chain is nanolevel and its typical size is thousands times smaller than the microlevel blood cell.

Activity 2:  (Determine the image profile of nanolithography imprint)
Obtain a set of objects (cube, cylinder, sphere, etc.) made of the same material.  Calculate the density by measuring the mass and volume of your samples.


[image: image1]
Sample Problems
Define the pattern of print for next samples of nanolithography:
A) 
B)

C) 
Activity 3:  (Convert Arabic Numbers into Binary Numbers)

Background
The binary system constitutes alone two numbers, 0 and 1. In this system, the numbers have gotten adding the multiplications of the numbers 0 and 1 for the decreasing powers of 2. 
For instance, the number:
11 in the binary system is suitable from the sequence 1 0 1 1 and is equal to:

1 x 24 + 1 x 23 + 0 x 22 + 1 x 21 + 1 x 20 = 8 + 0 + 2 + 1 = 11.

Using the first five powers of 2: 20= 1; 21= 2; 22= 4; 23= 8, 24= 16, it is possible to define decimal numbers 0 to 31 (See Table 1).
Sample Problem #1

Convert the following decimal numbers into Binary Numbers:
a) 7; b) 13; c) 18; d) 30.

Solution

a) 111: 1 x 22 + 1 x 21 + 1 x 20 = 4 + 2 +  1 = 7.

b) 1101: 1 x 23 + 1 x 22 + 1 x 21 + 1 x 20 = 8 +  4 +  0 +  1 = 13.

c) 10010: 1 x 24 + 0 x 23 + 0 x 22 + 1 x 21 + 0 x 20 = 16 + 0 + 0 + 2 + 0 = 18.

d) 11110: 1 x 24 + 1 x 23 + 1 x 22 + 1 x 21 + 0 x 20 = 16 +  8 +  4+  2+  0 = 30.

	24
	23
	22
	21
	20
	Binary Number
	Arabic Decimal

	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	0
	1
	1
	1

	0
	0
	0
	1
	0
	10
	2

	0
	0
	0
	1
	1
	11
	3

	0
	0
	1
	0
	0
	100
	4

	0
	0
	1
	0
	1
	101
	5

	0
	0
	1
	1
	0
	110
	6

	0
	0
	1
	1
	1
	111
	7

	0
	1
	0
	0
	0
	1000
	8

	0
	1
	0
	0
	1
	1001
	9

	0
	1
	0
	1
	0
	1010
	10

	0
	1
	0
	1
	1
	1011
	11

	0
	1
	1
	0
	0
	1100
	12

	0
	1
	1
	0
	1
	1101
	13

	0
	1
	1
	1
	0
	1110
	14

	0
	1
	1
	1
	1
	1111
	15

	1
	0
	0
	0
	0
	10000
	16

	1
	0
	0
	0
	1
	10001
	17

	1
	0
	0
	1
	0
	10010
	18

	1
	0
	0
	1
	1
	10011
	19

	1
	0
	1
	0
	0
	10100
	20

	1
	0
	1
	0
	1
	10101
	21

	1
	0
	1
	1
	0
	10110
	22

	1
	0
	1
	1
	1
	10111
	23

	1
	1
	0
	0
	0
	11000
	24

	1
	1
	0
	0
	1
	11001
	25

	1
	1
	0
	1
	0
	11010
	26

	1
	1
	0
	1
	1
	11011
	27

	1
	1
	1
	0
	0
	11100
	28

	1
	1
	1
	0
	1
	11101
	29

	1
	1
	1
	1
	0
	11110
	30

	1
	1
	1
	1
	1
	11111
	31


Table 1.  Conversion table of Binary/Decimal numbers.

Activity 4:  (Determine the Energy of Interatomic Bonding)

Background
The Van der Waals force is of the great importance to describe the bonding forces on the nanolevel. Van der Waals force is the weak intermolecular force that arises from the attractive force between transient dipoles in molecules. It is usually weaker than other intermolecular forces such as ionic interactions, hydrogen bonding, or permanent dipole-dipole interactions. This phenomenon explains attractive intermolecular force at large distances present between neutral atoms and is the major attractive force between non-polar molecules (for example, nitrogen N2 or methane CH4). At distances less than diameter of molecule, Van derWaals potential is usually positive and atoms experience strong repulsion, then its value reduces to negative characteristic minimum “well” value (at r~1.2 ), with increase towards zero (the atoms experience attraction).
a) 
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The Van der Waals force is often described by Lennard-Jones potential (see equation and figure below):
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Table 2 shows the coefficients of Lennard-Jones potential for the molecules C=C, C-C and C-H.
	Molecule
	Potential, 
cal/mol
	Diameter of molecule, 
Ǻ

	C-H
	90
	1.75

	C-C
	120
	1.85

	C=C
	150
	1.95


Table 2.  Lennard-Jones potential for carbon molecules
Calculate the Van der Waals potential for different molecules at different intermolecular distances
	Distance, 

Ǻ
	Potential, 

C-H
	Potential,

C-C
	Potential,

C=C

	1.6
	430
	1,590
	4,470

	1.85
	-70
	0
	305

	2.0
	-90
	-112
	-72

	5.0
	-0.6
	-1.2
	-2.1


Questions
1) Explain the effect when central distances between molecules are closer than diameter.
Answer: The Van der Waals force causes very strong repulsion (high positive potential).
2) How do the molecules interact having intermolecular distances (e.g. 5 Angstrom)?
Answer: The Van der Waals potential is very small or in other words particles do not “see” each other.
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