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ماده شگفت انگيز در دنياي نانو: آشنايي با كربن

نفیسه معماریان: ارائه دهنده

دانشکده فیزیک
دانشگاه سمنان

carbon: the amazing material in nanoscale world
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Occurrence of carbon:

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

all living organisms.

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

petroleum, natural gas, biogas, marsh gas etc.

iii) Carbon is present in compounds like carbonates, hydrogen 

carbonates etc.

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



6Except for water, most of the compounds in your body contain carbon 
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Carbon compounds burn in oxygen to form water, 

carbon dioxide, heat and light.

- C + O2 CO2 + heat + light

CH4 + 2O2 2H2O + CO2 + heat + light

C2H5OH + 3O2 3H2O + 2CO2 + heat + light
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Diamond and graphite structures 
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Carbon Atoms and Bonding

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

• 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



Bonds of carbon 
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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:

In an sp3 hybridization, one s orbital is mixed with three p orbitals to

form four sp3 hybridized orbitals. These sp3 hybridized orbitals are oriented

with bond angle of 109.5 degrees to minimize electron repulsion, in a

tetrahedral geometry.

In an sp2 hybridization, one s orbital is mixed with two p orbitals to

form three sp2 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.

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.

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

three atoms.

When the carbon atom is bonded to four other atoms

figure
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Sigma and pi bonds:
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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.
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How do pi and sigma bonds relate to hybridization?

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

When two p orbitals overlap side-to-side, they form a π bond.

When two hybridized orbitals overlap, they form a σ bond.
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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.

sp²-hybridized atoms use only two p orbitals in the hybridization. There is 

an unused p orbital. 

This left-over p orbital can create a π 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 π bonds.
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Carbon in nanoscale
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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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one-dimensional nanostructures (CNT) 



31



32



33



34Can be metallic or semiconducting depending on their geometry
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.  خواص فلزی دارند(n=m)به طور کلی نانولوله های آرمچیر 

نانولوله فلزی است و در غیر این ( یک عددصحیحq)باشدn-m=3qاگر در نانولوله 
.  صورت نیمرسانا خواهد بود

.  های کایرال و زیگزاگی نیمرسانا محسوب می شوندسایر نانولوله 



Why do Carbon Nanotubes form?

Carbon Graphite (Ambient conditions)

sp2 hybridization: planar

Diamond (High temperature and pressure)

sp3 hybridization: cubic 

Nanotube/Fullerene (certain growth conditions)

sp2  + sp3 character: cylindrical

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

Eliminates dangling bonds 

Nanotube formation + Total Energy

Increases Strain Energy               decreases
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fullerenes (C60, C540, C70)

zero dimension structures 
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Thanks for your attention
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