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ChemTube3D.com has been available to the public as an Open
Educational Resource since January 2008. In the period up to
June 2019 there had been 4.8 million visitors to the site from
216 different countries. The most active University networks in
the year to June 2019 (a measure of usage on campus within
those institutions) were the following in decreasing order:
Oxford, Cambridge, Manchester, Liverpool, Irvine, Washington,
Texas Austin, Emory, Minnesota, UCLA.
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About

Personal Statement

Nick is a Cambridge graduate, obtaining his PhD there in 1986 for work on the stereoselective Horner-Wittig
reaction with Stuart Warren. He then held a Harkness Fellowship at the University of Wisconsin-Madison and at
Stanford University, California, with Barry Trost and a Research Fellowship at Cambridge University before joining
Liverpool in 1989 where he was promoted to Professor in 2015. He was selected for a HEA National Teaching
Fellowship in 2009 and SFHEA in 2014. Nick is married with two children and lives in Formby. His interests include
Macs, music (iPhone), photography (iPhone), and social media. He is saving up for the next version of Apple Watch.

Co-author of the bestselling (100,000 copies) textbook Organic Chemistry now in 2nd edition

Creator of ChemTube3D read more about the project on Kudos




ChemTube 3D in Chemistry Teaching

ChemTube3D is an Open Educational Resource (OER) that contains interactive 3D chemistry
animations and structures, with supporting information, for students studying some of the most
important topics in advanced school chemistry and university chemistry courses
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EXPLANING SHAPE OF ORBITALS USING CHEMTUBE 3D TOOLS

Click on “Structure and Bonding” => Atomic Orbitals

Cheml'ube 3D @

@ Home Organic *+  Inorganic * CStuctureanc HBonding © Alevel v+ Polymers + News +  Periodic Table Favourite Pages
Atomic Orbitals *  s-orbitals
Molecular Orbitals * p-orbitals
Animated Molecular Orbitals 3p-orbitals
Spectroscopy » 3d-orbitals
Molecular vibrations-IR » Aforbitals
UV - conjugation » Compare shape and size of 1s, 2s and 2p orbitals
Dipoles and Blectrostatic surfaces .
Introductory Organic Structures >
Shapes of molecules VSEPR
Organometallics (Metal-Ligand Bonding)
Symmetry
Metal reaction mechanisms

Gold Nanopartides




SHAPE OF S ORBITALS

Click on “Structure and Bonding” => Atomic Orbitals => s-orbitals

Cheml’ube 3D
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ome / St t and Bonding / Atom itals / Shape of s-orbitals in 3D

Shape of s-orbitals in 3D

T } An illustration of the shape of the 1s, 2s and 3s

orbitals
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Exploring “Controls” => Various options

Animation controls:

& Home Organic *+ Inorganic ~ Polymers *+ News v PeriodicTable Favourite Pages

Play
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Shape of s-orbitals in 3D

n illustration of the shape of the 1s, 2s and 3s
rbitals

octupied
nucleus . zs:;fs‘»‘.al

" spherical node . sphevical nodes
af 25 orbital af 35 orbital

schamatic diagram schamatic diagram schamatic diagram
of 18 oebita of 25 orbital of 35 cebital

Probability distribution of an electron in s orbitals - slice




SHAPE OF 2S ORBITALS

c:hemrube 3 D

# Home Organic v Inorganic «

Polymers ~ News v Periodic Table Favourite Pages
we f St ling / At vitals / Shape of s-orbitals in 3D

Shape of s-orbitals in 3D

An illustration of the shape of the 1s, 2s and 3s
orbitals
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# Home Organic * Inorganic ~

ve / Structure ] Bonding / Atom 15 / Shape of s-orbitals in 3D

Shape of s-orbitals in 3D

Plays once through, then stops

News + Periodic Table Favourite Pages

An illustration of the shape of the 1s, 2s and 3s
orbitals
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Animation controls:




Exploring “Controls” => Hit “Spin”

# Home Organic * Inorganic v Cu

/ Structure and E g/ At / Shape of s-orbitals in 3D

Shape of s-orbitals in 3D

Plays once through, then stops

News v Periodic Table Favourite Pages

An illustration of the shape of the 1s, 2s and 3s
orbitals
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# Home Organic *+ Inorganic v

/ Shape of s-orbitals in 3D

Shape of s-orbitals in 3D

Plays once through, then stops

Polymers v News v Periodic Table Favourite Pages

An illustration of the shape of the 1s, 2s and 3s
orbitals
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RELATIVE SIZE OF 1S, 2S ORBITALS

# Home Organic * Inorganic » Structureand Bondng « Alevel « Polymers + News v Periodic Table Favourite Pages

e/ Structure and Bonding / Atomic Orbitals / Atomic Orbitals - shape and relative size of 1s, 2s and 2p orbitals

Atomic Orbitals - shape and relative size of 1s, 2s and 2p orbitals

An illustration of the shape and relative
size of 1s, 2s and 2p orbitals
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Explore other atomic orbitals




RELATIVE SIZE OF 1S, 2S AND 3S ORBITALS

# Home Organic v Inorganic v Structure and Sonding -« ‘level « Polymers + News v  Periodic Table Favourite Pages

e/ Structure and Bonding / Atomic Orbitals / Atomic Orbitals - shape and relative size of 1s, 2s and 2p orbitals

Atomic Orbitals - shape and relative size of 1s, 2s and 2p orbitals
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An illustration of the shape and relative
size of 1s, 2s and 2p orbitals
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to show and hide the atomic orbitals

Explore other atomic orbitals




RELATIVE SIZE OF 1S, 2S, 3S and 2P ORBITALS

Select four checkboxes (1s, 2s, 3s, 2p) orbitals

i ! # Atomic Orbitals - shape and relative size of 15, 25 and 2p orbitals

Atomic Orbitals - shape and relative size of 1s, 2s and 2p orbitals

An illustration of the shape and relative
' nd 2p orbitals
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I Click the check boxes to show and hide the atomic orbitals

Explore other atomic orbitals
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SHAPE OF P- ORBITALS

e f Structure and Bonding / £ ic / Shape of p-orbitals in 3D
Animation controls:

Shape of p-orbitals in 3D

The three p orbitals are aligned along perpendicular axes

Probability distribution of an electron in 2p orbitals - slice




el cture and Bonding / Atomic Orbitals / Shape of p-orbitals in 3D
Animation controls:

Shape of p-orbitals in 3D

The three p orbitals are aligned along perpendicular axes

Probability distribution of an electron in 2p orbitals - slice




e/ Structure 3 nding / Atomic tals / Shape of p-orbitals in 3D
Animation controls:

Shape of p-orbitals in 3D
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The three p orbitals are aligned along perpendicular axes

Probability distribution of an electron in 2p orbitals - slice




DISTRIBUTION OF ELECTRONS IN S ORBITALS

Click on “Probability distribution of an electron” (Red and Blue section)

# Home Organic v Inorganic v Siructure and Bonding » level + Polymers v News v PeriodicTable Favourite Pages

! cture and Bonding / Atomic Orbitals / Shape of s-orbitals in 3D
Shape of s-orbitals in 3D

An illustration of the shape of the 1s, 2s and 3s
orbitals
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DISTRIBUTION OF ELECTRONS IN P ORBITALS

=/ cture and E 1g / Atomic als / Shape of p-orbitals in 3D
Animation controls:

Shape of p-orbitals in 3D

Frame TE] Next[ Prev

Display controis:

The three p orbitals are aligned along perpendicular axes

Probability distribution of an electron in 2p orbitals - slice




SHAPE OF d - ORBITALS

# Home Organic *+ Inorganic ¥ Structureand Bonding -« Alevel « Polymers + News v PeriodicTable Favourite Pages

=/ Atomic Orbitals / Shapes of the 3d orbitals in 3D

Shapes of the 3d orbitals in 3D

An illustration of the shape of the 3d
orbitals




e f Structure and Bonding / Atomic Orbitals / Shapes of the 3d orbitals in 3D

Shapes of the 3d orbitals in 3D

An illustration of the shape of the 3d
" orbitals
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Shapes of the 3d orbitals in 3D

An illustration of the shape of the 3d
orbitals
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e [ Structure and Bonding / Atomic Orbitals / Shapes of the 3d orbitals in 3D

Shapes of the 3d orbitals in 3D

An illustration of the shape of the 3d
orbitals




SHAPE OF f - ORBITALS

Bonding / Atomic Orbitals / Shapes of the 4f orbitals in 3D

Shapes of the 4f orbitals in 3D
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2/ Structure and Bor 2/ & i tals / Shapes of the 4f orbitals in 3D

Shapes of the 4f orbitals in 3D




EXPLANING GEOMETRY OF MOLECULES USING CHEMTUBE 3D

Click on “A-Level”

ChemI'ube 3 D o

# Home Organic v Inorganic v+ StructureandBonding v Alevel +  Polymers v News v Periodic Table Favourite Pages
Atomic Orbitals
Organic Reaction Mechanisms
Crystal Structures
Proton NMR Introduction  *»
Shapes of molecules VSEPR

Polymers A Level




Hover over “Shapes of molecules VSPER”, and it will show various molecules (Water, Ammonia etc.)

Chem’l’ube 3 D ®

@ Home Organic v Inorganic v StructureandBonding v Alcvel + Polymers » News v Periodic Table Favourite Pages

Atomic Orbitals 4
Organic Reaction Mechanisms

Crystal Structures >

Proton NMR Introduction *

Shapes of molecules VSEPR H,0O Water
Polymers A Level > NH3 Ammonia
CH4 Methane
SFg Sulfur Hexafluoride
SF4 Sulfur Tetrafluoride
PFs Phosphorus Pentafluoride

CIF3 Chlorine Trifluoride




GEOMETRY OF WATER (H20)

! A Level f Shapes of molecules VSEPR / VSEPR H20 Water

VSEPR H20 Water
Valence Shell Electron Pair Repulsion

H >0 Water

Hn Illla .
wied

H
The red lines outline a
X\ . tetrahedron
The 1%4?052‘1 angle is Black lines show the

electron pairs

Water has 4 regions of electron density around the central oxygen atom (2
bonds and 2 lone pairs). These are arranged in a tetrahedral shape. The

resulting molecular shape is bent with an H-O-H angle of 104.5°,

Click the structures to load the molecules

Related structures |




Click on “H-O-H” bond angle is 104.5 degree (First structure)

! A Level / Shapes of molecules VSEPR / VSEPR H20 Water

VSEPR H20 Water

Valence Shell Electron Pair Repuls

H,0 Water

Hn Illla .
ied

H

The red lines outline a

) tetrahedron
The H‘D—1|'t|’4b%2d angle is Black lines show the

electron pairs

Water has 4 regions of electron density around the central oxygen atom (2

bonds and 2 lone pairs). These are arranged in a tetrahedral shape. The

resulting molecular shape is bent with an H-O-H angle of 104.5°,

Click the structures to load the molecules




GEOMETRY OF AMMONIA

f A Level f Shapes of melecules VSEPR f VSEPR NH3 Ammenia

VSEPR NH3 Ammonia

Valence Shell Electron Pair Repulsion

NH 3 Ammonia

N
Ht“““
H 106.7°
The red lines outline a
. tetrahedron
The H—N—1|a6bgr:d angle is Black lines show the

electron pairs

Ammonia has 4 regions of electron density around the central nitrogen
atom (3 bonds and one lone pair). These are arranged in a tetrahedral
shape. The resulting molecular shape is trigonal pyramidal with H-N-H
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Click the structures to load the molecules




Click on “H-N-H” bond angle is 106.7 degree (First structure)

/ A Level / Shapes of molecules VSEPR / VSEPR NH2 Ammonia

VSEPR NH3 Ammonia

Valence Shell Electron Pair Repulsion

NH3; Ammonia

H ‘““}E}*\ H

H 106.7°

The red lines outline a

. tetrahedron
The H_N_rtlleb?ﬂd angle is Black lines show the

electron pairs

Ammonia has 4 regions of electron density around the central nitrogen
atom (3 bonds and one lone pair). These are arranged in a tetrahedral

shape. The resulting molecular shape is trigonal pyramidal with H-N-H




GEOMETRY OF METHANE

ne / A Level / Shapes of molecules VSEPR / VSEPR CH4 Methane

VSEPR CH4 Methane

Valence Shell Electron Pair Repulsion

H

109.5°
HummmC

H
H

The red lines outline a

. tetrahedron
The H—Cqugb%':d angle is Black lines show the

covalent bonds

Methane has 4 regions of electron density around the central carbon atom

(4 bonds, no lone pairs). The resulting shape is a regular tetrahedron with

H-C-H angles of 109.5°.
Click the structures to load the molecules

Related structures t




Click on “H-C-H” bond angle is 109.5 degree (First structure)

f A Level / Shapes of molecules VSEPR / VSEPR CH4 Methane

VSEPR CH4 Methane

Valence Shell Electron Pair Repulsion

H

109.5°
Hummnm G

H
H

The red lines outline a

. tetrahedron
The H-C—H bond angle is Black lines show the

109.5° covalent bonds

-

Methane has 4 regions of electron density around the central carbon atom
(4 bonds, no lone pairs). The resulting shape is a regular tetrahedron with

H-C-H angles of 109.5°.
Click the structures to load the molecules

Related structures




GEOMETRY OF PHOSPHOROUS PENTAFLUORIDE

f A Level / Shapes of molecules VSEPR / VSEPR PF5 Phosphorus Pentafluoride

VSEPR PF5 Phosphorus Pentafluoride

Valence Shell Electron Pair Repulsion

PFs Phosphorus Pentafluoride

Axial F atoms are in The red lines outline a
a different trigonal bipyramid.

environment to the Black lines show the

equatorial F atoms covalent bonds




Click on PCL5 structure (first image) to the simulation

f A Level / Shapes of molecules VSEPR / VSEPR PF5 Phosphorus Pentafluoride

VSEPR PF5 Phosphorus Pentafluoride

Walence Shell Electron Pair Repulsion

PFs Phosphorus Pentafluoride

Axial F atoms are in The red lines outline a
a different trigonal bipyramid.

environment to the Black lines show the

equatorial F atoms covalent bonds
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