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carbon: the amazing material in nanoscale world
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number
Chemical
symbol
_ Carbon Chemical
fntgsrrglc 12,011 name
(grams)

Melting Point of Carbon is
3820 K =3547°C

Boiling Point of Carbon is:
5100 K = 4827°C



Carbon Family

4 valence electrons

Can either give or take 4 electrons or
share electrons

Can form millions of different
compounds

Carbon is a nonmetal, Silicon and
Germanium are metalloids, the rest are
metals

Except for water, most of the
compounds in your body contain
carbon.
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Occurrence of carbon:

1) Carbon is found in the atmosphere, inside the earth’s crust and in

all living organisms.

i) Carbon is present in fuels like wood, coal, charcoal, coke,

petroleum, natural gas, biogas, marsh gas etc.

li1) Carbon is present in compounds like carbonates, hydrogen

carbonates etc.

Iv) Carbon is found in the free states as diamond, graphite, etc.



Carbon forms lots and different kinds of compounds that has limitless
uses. Thousands of carbon compounds are really important to life
processes. Here are some uses of carbon:

— —

-Diamond: Diamond is one big chunk of carbon. It is a really valuable | ~4

gemstone that is used on jewelries. Diamonds can also be used for \*Nl
cutting, drilling and as bearings. =

-Graphite: Graphite is another special form of carbon. In pencils, the <
black stuff we write with is graphite. Graphite is also used to
protect things against rust and for melting metals. 4

remove toxins, tfastes and odors. Charcoal is used for b

-Amorphous: Amorphous is another name for charcoal. It is used to -’
arbeques as Voley
well. i

-Petroleum Products: Carbon is the most important part of gasoline. ™
Gasoline is made from oil and oil contains carbon. :

-Plastics: Everything that is plastic has carbon in it. Carbon is the
most important element of plastic. Like gasoline, plastic things are
made from oil and oil contains carbon.

¥

Except for water, most of the compounds in your body contain carbon -



Carbon compounds burn in oxygen to form water,

carbon dioxide, heat and light.

CH, + 20, = 2H O + CO, + heat + light

C,HOH + 30, ==p 3H,0 + 2CO, + heat + light



Allotropes off Carbon

In nature, pure carboen occur in two forms-
Diamond
Graphite




Diamond and graphite structures

Shruclwe of Damond Strocture of Graphte




Carbon Atoms and Bonding

e Carbon atoms can form single, double or triple bonds with other
carbon atomes.

e Carbon can form up to 4 bonds

* This allows carbon atoms to form long chains, almost unlimited in
length.

* Carbon can bond with other carbons, form straight chains, branched
chains and rings

H—C=C—H

L
H—C—H H—C—H
| LTl
|
H—C—C—C—C—C—H
H C H
G TN
C C
H N¢”Z N\H H—C—H
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Bonds of carbon

Carbon has 4 valence electrons. It can attain stability by gaining 4
electrons, losing 4 electrons or sharing 4 electrons with other
atoms.

It does not gain 4 electrons because it is difficult for the 6 protons to
hold 10 electrons.

It does not lose 4 electrons because it needs a large amount of
energy to lose 4 electrons.

So it shares 4 electrons with other atoms to attain stability resulting

In the formation of covalent bonds (hybridization of orbitals).
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When the atomic orbitals in a molecule fuse together and formation of

new hybridized orbitals take place, it is known as hybridization.

The type of bond around central atom is determined by hybridization.
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EXplanatiOn: - figure

In an sp3 hybridization, one s orbital is mixed with three p orbitals to
form four sp?® hybridized orbitals. These sp3 hybridized orbitals are oriented
with bond angle of 109.5 degrees to minimize electron repulsion, in a
tetrahedral geometry.

When the carbon atom is bonded to four other atoms

In an sp? hybridization, one s orbital is mixed with two p orbitals to
form three sp? hybridized orbitals. These sp2 hybridized orbitals are oriented
with bond angle of 120 degrees, in a trigonal planar (triangular) geometry.
The remaining p orbital is unchanged and perpendicular to the plane of the
hybridized orbitals.

There is a formation of two single bonds and one double bond between
three atoms.

In an sp hybridization, one s orbital is mixed with one p orbitals to
form two sp hybridized orbitals. These sp hybridized orbitals are oriented
with bond angle of 180 degrees, in a linear geometry. The remaining two p
orbitals are unchanged, and perpendicular to each other and the plane of the
hybridized orbitals.

Carbon can have an sp hybridization when it is bound to two other atoms
with the two double bonds or one single and one triple bond.



Hybridization of Carbon
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the indicated atoms are sp® hybridized

o e H H .
NN ¢ - NH
SpP3 H + H HsC 1 H ? 2
2 attached atoms 4 attached atoms 3 attached atoms
+ 2 lone pairs + 0 lone pairs + 1 lone pair
4 4 4
A 9 H\C,CHa f|3H3 \.‘-'N.—CHa
2 ~C< el T — (':'
SP ,C\ N H’ "'*CH
HH H H 3
1 attached atom 3 attached atoms 2 attached atoms
+ 2 lone pairs + 0 lone pairs + 1 lone pair
3 3 3
@ — Ll
H,C—C=0": H}CEC—H H—C=N :
1 attached atom 2 attached atoms 1 attached atom
SP + 1 lone pair + 0 lone pairs + 1 lone pair

2 2 2
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Sigma and pi bonds:

What is difference between sigma and pi?

Sigma bond is a chemical bond formed by the linear or co-axial
overlapping of the atomic orbitals of two atoms.

A pi bond is a type of covalent bond that exists between atoms
where the electrons are on top and bottom of the axis connecting

the nuclei of the joined atoms.

D

o bond

@& <O

o bond

n bond
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How do pi and sigma bonds relate to hybridization?

Sigma Bond Formation
s - orbitals

QQ

s -orbital s -orbital

When two s orbitals overlap, they form a o bond.

nstructive interference
(in phase)

electron probability
density increases

When two p orbitals overlap side-to-side, they form a m on

G bonding orbital

n bond

When two hybridized orbitals overlap, they form a ¢




sp3-hybridized atoms use all three p orbitals for the hybridization.

This means that sp3 hybridized atoms can form only sigma bonds. They
cannot form multiple bonds.

sp?-hybridized atoms use only two p orbitals in the hybridization. There is
an unused p orbital.

This left-over p orbital can create a 1 bond with another atom and create a
double bond.

sp-hybridized atoms use only one p orbital in the hybridization. This
means you can create two 1 bonds.
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Carbon in nanoscale



zero dimension nanostructures (fullerenes, diamond clusters,

carbon dots, ...)

one-dimensional nanostructures (carbon nanotubes CNT)

two-dimensional nanostructures (graphene)

three-dimensional structures (porous carbon nanostructures,

nanocrystalline diamond)
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three-dimensional carbon nanostructures

porous carbon nanostructures, nanocrystalline diamond, ...

By carbonization of different materials
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two-dimensional carbon nanostructures
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Discovery

+ In earlier year,scientist thinks the graphite
cannot be separated into single layer

» In 2004,the young scientists Andre Geim and
Kostya Novoselo separates the graphite into
single layer by using tape.

- That single layer is called Graphene.

—~
——

« And they got Nobel prize in 2010
for discovering single layer of
graphite.
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Reduced
graphene
oxide
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Carbon nanotube
N

(rolled graphence)

Fualles

Graphene oxide

Graphite

Graphene




one-dimensional nanostructures (CNT)
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Multi-walled carbon nanotubes
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Figure 1. Schematic of a 2D graphene sheet illustrating lattice vectors
a; and a,, and the roll-up vector C,, = na; + ma,. The limiting, achiral
cases of (n.0) zigzag and (n.n) armchair are indicated with dashed lines.
The translation vector T is along the nanotube axis and defines the 1D
unit cell. The shaded, boxed area represents the unrolled unit cell formed
by T and C,. The diagram is constructed for (n.m) = (4.2).
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Can be metallic or semiconducting depending on their geometry -
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Why do Carbon Nanotubes form?

Carbon

™

Nanotube/Fullerene (certain growth conditions)

sp? + sp3character: cylindrical

Graphite (Ambient conditions) e o i
e . .=
sp? hybridization: planar "

araphite

Diamond (High temperature and pressure) 11
sp3 hybridization: cubic __,I
¥ ...

Cgp Tullerene

(10, 10) nanotube

Finite size of graphene layer has dangling bonds. These dangling bonds correspond to

high energy states.

Nanotube formation —

———

— Eliminates dangling bonds

+ Total Energy

Increases Strain Energy decreases
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zero dimension structures

fullerenes (Cgg, Cesg, Co)



Carbon Fullerenes

0O-dimensional carbon structure
Usually Cgq, but also refers to C;y, Cr¢, C, (n > 60)

Every carbon site on Cg, is equivalent
— Bonded to three other carbons

— average bond is 1.44 A (C-Cis 1.46 A; C=C is 1.40 A)

20 hexagonal faces; 12 pentagonal faces
Diameter: 7.10 A (7.1 x 10:1° m)
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Thanks for your attention
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