Shape of molecules

Valence-Shell Electron-Pair Repulsion Theory (VSEPR)

In the valence-shell electron-pair repulsion (VSEPR)
theory, the electron groups around a central atom

= are arranged as far apart from each other as possible.
= have the least amount of electron-electron repulsion.
= are used to predict the molecular shape.

Shapes of Molecules

~

= the number of bonding groups and lone-pair electrons around
the central atom

= VSEPR theory (valence-shell-electron-pair repulsion).

The three-dimensional shape of a molecule can be
predicted by

\

W

N, 0N

Two Electron Groups

In a molecule of BeCl,,

= there are two electron groups bonded to the central atom, Be (Be is
an exception to the octet rule).

180°

/_\ o e
Cl—Be—i:

._"—. Linear electron-group

Linear shape geometry

= to minimize repulsion, the arrangement of two electron groups is
180°, or opposite each other.
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= the shape of the molecule is linear.
http://themalloryfamily.net/
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Three Electron Groups

In a molecule of BF;,

= three electron groups are bonded to the central atom B (B is an exception to the
octet rule).

..
Py

e % 120°
‘F: |

gl e

:F—B—F: IR

Electron-dot formula Trigonal planar
electron-group

geometry

Trigonal planar shape

= repulsion is minimized with 3 electron groups at angles of 120°.
= the shape is trigonal planar.

http://themalloryfamily.net/ 12

Three Electron Groups with a Lone Pair

In a molecule of SO,
= S has 3 electron groups; 2 electron groups bonded to O atoms and one lone pair.

Lone pair of
electrons
e AN
:0—S=0: Jeliiter T
Electron-dot formula Trigonal planar Bent shape

electron-group
geometry

= repulsion is minimized with the electron groups at angles of 120°, a trigonal planar
arrangement.

= the shape is determined by the two O atoms bonded to S, giving SO, a bent (~120°)
shape.

http://themalloryfamily.net/
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Four Electron Groups

In a molecule of CH,,
= there are four electron groups around C.

= repulsion is minimized by placing four electron groups at
angles of 109°, which is a tetrahedral arrangement.

= the four bonded atoms form a tetrahedral shape.

H
T o T
H
H—C—H H PEese
H MH
o H <9 H
Electron-dot Tetrahedral Tetrahedral Tetrahedral wedge—dash
formula electron-group shape notation
geometry
http://themalloryfamily.net/ =
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Four Electron Groups with a Lone Pair
In a molecule of NH,,
= three electron groups bond to H atoms, and the fourth one is a
lone (nonbonding) pair.
= repulsion is minimized with 4 electron groups in a tetrahedral
arrangement.
= the three bonded atoms form a pyramidal (~¥109°) shape.
Lone pair of
eleclmni) ™~
H— T—H H H & i H/ Nk"wr/H
H H
Electron-dot Tetrahedral Trigonal pyramidal Trigenal pyramidal
formula electron-group shape wedge—dash
http://themalloryfamily.net/ geometry notation &
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Four Electron Groups with Two Lone Pairs

In a molecule of H,0,

= two electron groups are bonded to H atoms and two are lone pairs

(4 electron groups).

= four electron groups minimize repulsion in a tetrahedral

arrangement.
= the shape with two bonded atoms is bent (~109°).

Two lone pairs

Molecular Shapes for Bonded Atoms

Electron’ Electron-Group - Bonded Lone ‘Bond - Molecular

e 90 I

Groups : Arrangement Atoms Pairs Angle: Shape Example : Three-Dimensional Model
2 Linear 2 0 1 180° Linear BeCl,
3 Trigonal planar. 3 0 120° | Trigonal planar BF; e
2 1. §120° Bent SO, A
4 Tetrahedral 4 0 109° Tetrahedral CH, .

3 1 1109° | Trigonal pyramidal: NH;

(%3
o

109° Bent H,0
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Donald James Cram was an American chemist who

shared the 1987 Nobel Prize in Chemistry with

Jean-Marie Lehn and Charles J. Pedersen "for their

development and use of molecules with structure-
specific interactions of high selectivity."

D. J. Caxse, F. A, Ao Eunarez avo H. L. Nvgus

of electrons
hiEt @
H o’
Electron-dot Tetrahedral Bent
formula electron-group shape
geomelry
16
.
Lewis Structures
18

‘My’ process for Lewis Structures

H. LeRoy Nyquist, Professor of

Organic Chemistry at California State
University, Northridge — b.8/12/1929
—d.7/20/2014.

My mentor and friend.

He is the one that over five years of a
research instilled in my the following 7oy

method. /
o
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Drawing Electron-Dot Formulas

Alrrdnge atoms
vetermine the number or valence electrons
Place valence electrons on each atoim
iviake sure all atoims have a compleite sheil

Iry rearranging atoms or doupie ponas

Gilbert Lewis

BTy @ gdf-’f?;mﬂw

The S.ubJ(.ECt of chemical 5 a @ |
bonding is at the heart of o s &R pﬁmwmm
chemistry. In 1916 Gilbert “
Newton Lewis (1875-1946) v @
published his seminal b S ¢ L g
paper suggesting that a F cp@ :J;“ _i"_.: g
chemical bond is a pair of A i
electrons shared by two Mt
atoms. @

Fi6. 3—Lewis: Memorandum of 1go2
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Gilbert Lewis
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Drawing the valence electrons
o O
o e Remember that this is a
2D picture of a. 3D object.
o o
o O -
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Draw the Electron-Dot Formula for NH,

Arrange the atoms, place the valence electrons

Exceptions to the Octet Rule

Not all atoms have octets.

= Some can have less than an octet, such as
H, which requires only 2 electrons,
B, which requires only 6 electrons, and
Be, which requires only 4 electrons.

= Some can have expanded octets, such as
P, which can have 10 electrons,
S, which can have 12 electrons, and
Cl, Br and I, which can have 14 electrons

http://themalloryfamily.net/
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Single and Multiple Bonds

In many covalent compounds, atoms share two or
three pairs of electrons to complete their octets.

= In a single bond, one pair of electrons is shared.

= In a double bond, two pairs of electrons are
shared.

= In a triple bond, three pairs of electrons are
shared.

26
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Draw the Electron-Dot Formula for CS,
Arrange the atoms, place ence electrons
X
27




Draw the Electron-Dot Formula for CS,

X X
©'SCS,
"
- Xe ® X
XX XX

l

Try Nitrogen Gas

V2
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Try Nitrogen Gas — Single Bond

o

4-Lone Electrons ®
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Try Nitrogen Gas — Double Bond
LB ® o
[ ] [ )

N. <N

./ / ®
2-Lone Electrons ®

31




Try Nitrogen Gas — Triple Bond

8 3

0-Lone Electrons ©
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A Nitrogen Molecule has a Triple Bond

In a nitrogen molecule, N,,
= each N atom shares 3 electrons,
= each N atom attains an octet, and

= the sharing of 3 sets of electrons is called a triple bond.

Resonance Structures

Octets
2
‘N:iN: — :NiiIN: IN=N: N, .
Three shared Triple bond Nitrogen
eshamalotomivnet pairs molegule
33
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Resonance Structures

Resonance structures are

= two or more electron-dot formulas for the same arrangement of
atoms.

= related by a double-headed arrow («).

= written by changing the location of a double bond between the
central atom and a different attached atom.

35




Writing Resonance Structures for SO,

Sulfur dioxide has two resonance structures.
Step 1 Determine the arrangement of atoms. In SO,,
the S atom is the central atom.

0soO

Step 2 Determine the total number of valence
electrons.

Element | Group |Atoms |Valence |Total
Electrons

S 6A (16) (1S 1x6e- 6e—

o 6A (16) [20 2x6e- 12 e-

SO, = 18e-
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Writing Resonance Structures for SO,

Step 4 Place the remaining electrons using single
or multiple bonds to complete the octets.

The remaining 14 electrons are drawn as lone

pairs of electrons to complete the octets of the
O atoms, but not the S atom.

:0:S:0 or :0—S—oO:

Writing Resonance Structures for SO,

Step 3 Attach each bonded atom to the central atom with a
pair of electrons.

0:S:0 or O=8T=0)
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Writing Resonance Structures for SO,

Step 4 Continued: To complete the octet for S, an
additional lone pair from one of the O atoms
is shared to form a double bond.

Because the shared lone pair of electrons can
come from either O atom, two resonance
structures can be drawn.

6 Kg == =80
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Electron-Dot Formulas of Covalent Molecules

In a fluorine (F,) molecule, the F atoms
= share one of their valence electrons.
® acquire an octet.

= form a covalent bond.

A lone pair
A bonding pair

3B S o, e TR ‘F—F: = B d
Electrons A shared pair A covalent A fluorine
to share of electrons bond molecule

http://themalloryfamily.net/
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Electronegivity of a Molecule
Electronegativity Increases
H
2 18
Group
8A
1 2 13 14 15 1 YEC 7 e
Group Group Group Group Group Group Group
1A 2A 3A 4A  S5A 6A TA
Li | Be BIC|N|O|EF
g TEO)|RLS 20(2.5|3.0|3.5|4.0
g Na | Mg AllSi|P[S|CI
8 0912 ESHNEEY 2.1 (2.5 3.0
Z K | Ca Ga |[Ge| As | Se | Br
;':n 08| 1.0 1.6(1.8]2.0]|2.4)|2.8
£ [Rb|sr In|Sn|Sb[Te| I
8 08| 1.0 ez ks | 1157|200 | s
55
Cs | Ba Tl [ Pb | Bi | Po| At
0.7 | 0.9 1.8(1.9(1.9]|2.0]21

Electronegivity
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Hello Human

lamDogt
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Now, which way?

~

Electronegativity Increases

H
2.1

.$

Sis

13 14 15 1655 97

Group Group Group Group Group Group Group

1A 2A 3A 4A S5A 6A TA

L BICIN|O|F

§ |10 2.0|25(3.0(35(4.0
£ [Na AL|Si| P |5 |Cl
2 |od 15[1:8|2.1| 25|30
H /( Ga|Ge|As|Se | Br
s 408 1618|2022 |28
Rb | Sr In[Sn|Sb|Te | |

s |08 1o 1.7|7.8[79|21 | 2.5
* Iclsa T | P | Bi | Po| At
07|09 1.8(1.9|1.9|2.0]21
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CH, NH,

Electron-Dot

Formulas Using Electron Dots

H

Formulas for
:0:1 Some Covalent
5 Compounds

H:C:H  HIN:H 10
H H
Formulas Using Bonds and Electron
Dots
H

H H

Molecular Models

H—Cl—H H—ilx'r—H :'(li—H

H

5 O

Methane Ammonia

http:/Jthemalloryfamilynet/ MOlECUle molecule

*

Water
molecule
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