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What is Radius?

•The radius of a circle is the distance 
from the center point to the edge of the 
circle.

•It’s the same distance anywhere on the 
circle, because the circle has radial 
symmetry.
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What is Radius?

r→ van der Waals (vdw) radius

The van der Waals radius is the radius of 
an imaginary solid sphere that 
represents a solid atom.

We know that from Quantum Chemistry
that the atom is not a rigid sphere
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What is Radius?

r→ van der Waals (vdw) radius rvdw

 rvdw are determined from the contact 
distances of non-connected atoms

 rvdw defines the volume and surface of 
an atom or molecule
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What is Covalent Radius?

When a covalent bond is present between 
two atoms, the covalent radius can be 
determined. 

When two atoms of the same element are 
covalently bonded, the radius of each atom 
will be half the distance between the two 
nuclei because they equally attract the 
electrons. 

r→ van der Waals (vdw) radius rvdw

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Chemical_Bonding/Fundamentals_of_Chemical_Bonding/Covalent_Bonds


9/1/2019

4

Ignez 

CaracelliInterações não covalentes (NCI)
Julio

Zukerman

How close do the atoms have to be to form a bond? 

7

The van der Waals radius (rvdw) of an 
atom X is measured as half of the 
distance of closest approach of 2 non-
bonded atoms of X

The covalent radius (rcov) of an atom X is 
taken as half of the internuclear
distance (r) in a homonuclear X–X bond.

The internuclear distance (r) in a 
bonded pair of atoms is called the 
bond length

van der Waals  
atomic radius (rvdw)

rvdw
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How close do the atoms have to be to form a bond? 
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The nonbonding atomic radius, or van 
der Waals radius, is half of the shortest 
distance separating two nuclei
during a collision of atoms.

van der Waals radius (rvdw)

The bonding atomic radius is defined as 
onehalf of the distance between 
covalently bonded nuclei.
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How close do the atoms have to be to form a bond? 
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The van der Waals radius (rvdw) of an 
atom X is measured as half of the 
distance of closest approach of 2 non-
bonded atoms of X

The covalent radius (rcov) of an atom X is 
taken as half of the internuclear
distance (r) in a homonuclear X–X bond.

The internuclear distance (r) in a 
bonded pair of atoms is called the 
bond length Superposition: the atoms share electrons

covalent radius 

covalent distance
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element van der Waals (Å) covalent (Å)

H 1.09 0.23

C 1.70 0.68

N 1.55 0.68

O 1.52 0.68

F 1.47 0.64

P 1.80 1.06

S 1.80 1.02

Cl 1.75 0.96

non-bonded atoms bonded atoms
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11

bond name of bond bond order

X–X single 1

X=X double 2

X≡X triple 3

The larger the bond order, the STRONGER the bond
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The larger the bond order, the STRONGER the bond

átomos ordem de ligação comprimento(Å)

C−C simples 1.54

C=C dupla 1.34

C≡C tripla 1.21
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Synthesis (organic)
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Solid - Crystal
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X-ray Crystallography
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X-ray Crystallography
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A interacts with B

interactions

A B

A , B atom, ion, dipoles, ...

Charge, partial charge
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A interacts with B

interactions

A B

A , B:  atom, ion, dipoles, ...

charge, partial charge

d
electrostatic character

A & B interacts
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Carbon Diamond

Diamond is a good electrical insulator

Diamond is the hardest naturally 
occurring material known.
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Carbon Graphite

Graphite is a good electrical conductor

Graphite is Flexible
.

Graphene
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Carbon Graphite Graphene

graphene

nanotube
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Synthesis

covalent

Synthesis of molecules

organic

inorganic
biomolecules
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A interacts with B 

Non covalent interaction

van der Waals hydrogen bond

electrostatic

A B
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mistura água + pentano

inicio fim

https://www.youtube.com/watch?v=xcMSHy3CqXA

Molecular dynamics simulation of pentane, (C5H12) and water 

separation at 300 K temperature and 1 atm pressure.
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mistura água + pentano

https://www.youtube.com/watch?v=xcMSHy3CqXA

sistema atua sobre sistema

https://www.youtube.com/watch?v=xcMSHy3CqXA

https://www.youtube.com/watch?v=xcMSHy3CqXA
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Chemistry

32

Covalent bonds
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Biochemistry

protein
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Biochemistry
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35

Covalent bonds non covalent bonds

Supramolecular chemistry has 
proved to be a powerful tool to 
study nanoscale structures that 
mimic sophisticated biological 
systems in living organisms.

1990
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Supramolecular Chemistry
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The importance of supramolecular 
chemistry was established by the 
1987 Nobel Prize for Chemistry which 
was awarded to Donald J. Cram, Jean-
Marie Lehn, and Charles J. Pedersen in 
recognition of their work in this area.
The development of selective "host–
guest" complexes in particular, in which 
a host molecule recognizes and 
selectively binds a certain guest, was 
cited as an important contribution.
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Ionel Haiduc, Frank T. Edelmann Supramolecular 
Organometallic Chemistry with a Foreword by Jean-Marie Lehn 
Supramolecular chemistry has become not only a major field of 
chemistry, but also a vivid interface between chemistry, 
biology, physics, and materials science. Although still a 
relatively young field of research, termini such as molecular 
recognition, host-guest chemistry, or self-assembly are now 
common knowledge even for chemistry students, and the 
research has already been honored with the Nobel prize. This 
first book on supramolecular organometallic chemistry 
combines two areas in chemistry that are experiencing the 
fastest developments. It provides a comprehensive, state-of-
the-art review of various organometallic assemblies, and is 
arranged according to the types of intermolecular bonding. 
Details on the synthesis, structures, and properties of these 
compounds will be a valuable asset to the scientific community. 
The broad spectrum of assemblies containing main group 
element, transition metal, or f-element metal and a diverse 
range of ligands, held together by different bonding 
interactions make this a fascinating compilation. Illustrated 
extensively, this book is a very easy-to-read, all-you-need-to-
know source of information.
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Jean-Marie Lehn
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Red cells

normal

sickle cell anemia
anemia falciforme
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Linus Pauling

Research on the nature of 
chemical bonds 
and the molecular structure
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1949 – Linus Pauling 
showed that sickle 
cell anemia is a 
molecular disease, 
resulting from a 
mutation in the 
protein Hemoglobin 
molecule
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Hemoglobin   & Sickle cell anemia

normal hemoglobin hemoglobin S
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Mutation

valine

glutamic acid

normal hemoglobin hemoglobin S
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mutationHemoglobin S

Hemoglobin normal

48
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