Molecular Modeling
Computational Chemistry

Covalent Bonds: Lewis Structures,
Molecular Shapes

Dr. Ron Rusay

Except where otherwise noted, content on this site is licensed under a Creative Commons Attribution 4.0 International license.



https..//www.youtube.com/watch?v=Jq_Ca-HKh1g

Shapes of Molecules

What is the Shape of a Molecule?

Name: Last, First *

DVC id *

View: What is the shape of a
molecule?
George Zaidan and Charles Morton

TEDEd

Lessons Worth
Sharing

http://chemconnections.org/general/
chem108/Molecular%252520Shapes-
Guide.html

Guiding Questions



Molecular Modeling
(Individual or Collaborative)
Report Form (Replacement pages for Molecular Model Lab pp. 97-103)

http ://chemconnect/ons org/general/chem 1 08/Chemlstry%20 108%20Molecular%20Modeling
. %20Form%20Fall%20201 7.pdf

Computers & Internet available in PS 110,
«If needed

—http://molview.org
H

Turn-in individually or one per group
Consult Calendar for Due Date



Important Bond Numbers

Symbol Valence Number of Types Shape
' electrons Bonds ’ clsuonic | mlesuac
4 4 single
2 single +
C 4 4 1 double
1 single +
4 | triple
H 1 1 1 single
2 1 double
O 6
2 2 single
3 3 single
1 single +
N 5 3 1 double
3 | wriple




Professor Gilbert Newton Lewis (circa 1940)
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G.N. Lewis
Photo Bancroft Library, University of California/LBNL Image Library o0 PP
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G.N. Lewis, despite his insight and contributions AT
to chemistry, was never awarded the Nobel prize.
[ N ( N J

Notes from Lewis’ s notebook
and his “Lewis” structure.



Period

Lewis Electron-Dot Drawings
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Important Bond Numbers

H ° C ® » N = . O i
one bond H— F—  Cl— Br— |—
: F:

two bonds (I)— 2 single or 1 double
3 single or
three bonds N 1 single + 1 double or
\ 1 triple
4 single or
2 single + 1 double or C
four bonds 1 single + 1 triple or

2 double



[ewis Structures

— equals 1 pair of e's H
H H |
o _Cc—
H—C—C—&— | CH, H | H
}II }II Methane H
Ethyl Alcohol (Ethanol) 5 ‘0=Cc=0
CH,CH,OH ‘F* Carbon dioxide
C,H.OH S BN CESEC R
C,HO 'F—CI—F= LI
. Note the carb
CF4 ‘F - “c;')oib/eechferc')’,{7

equals 2 pairs of
Carbon Tetrafluoride €s



http.//chemconnections.org/general/movies/Lewis %20structures.html

1 chemconnections.org/general/movies/Lewis%20structures.html|

CH,

Click for total
number of
valence
electrons.

CoO,

Click for
total number
of valence
electrons.




http.//chemconnections.org/general/movies/Lewis%20structures.html
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C M [ chemconnections.org/general/movies/Lewis%20structures.html

CH,
Click for total | 44(4x1) = 8 H 4x2=8
number of Click again for | 8 cloctruns used lIl
valenae sketeton. H-C-H in bonds. H-C-H
clectrons. | |
H B-8=0 H
remaining to
Click again to distribute CH4
sublract 2 Click again
clectrons for o see final
cach bond. Lewis
structure.
CO,
' .L.{'ff rnn;( a+(2x6) = 16 || O—C—0 42:‘2 =4 |[:0-C-0:
olal number H Click again for | Click aeain ¢ Ntrons "Olick o
of valence skeleton. :;hl‘::fl"; " |f wsed inponds. E,](I;::l:::
electrurs. clectrons for 16-4=12 carboa's

each bond.

remaining to uctect by
distribute. formation of
double bunds.
Clck to
distribute

the remaining
clectrons.




Covalent Compounds

*Share valence electrons.

1 pair = 1 bond; maximum # of atom-atom bonds = 3.
*Octet rule (“duet” for hydrogen)

[ ewis structure examples:

Lewis structures

0 0 0 0
H:G:O:H  H:O:N:Q: H:C:H OG0 (N

Notice the charges:
In one case they balance, can you name the compound?
In the other they do not.

It has a “Formal” charge. Can you name the polyatomic ion?



Computational Chemistry

Covalent Bonding

Polarity: Molview (http://molview.org)
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MolView

C f [ molview.org/?cid=14917
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v MolView v Tools v Model v Protein v Jmol v

Eb
N3
U
KR

C
¥
Covalent Bond ‘;
. S
H——F:
Lewis Structure .,

http://molview.org

Close
opening
screen;
caffeine
appears.

Click trash;
now build
hydrogen
fluoride



http.://molview.org
Molecular Shapes — Lewis Structures

Report Form - Molecular Models

# Valeron

Nwre of

Narre of

Chwrnicsl VELIR Shaoe Hascormros
- S—— LR Lewts Stnctow A ¢ | iMctecut (Mu, Poler o 3 Dmversorsl Drewing (Yeou or Ne)
Mokt | Gecmety Gecrrety) Non-Foler) | Non-Poler)
o
H,O Polar No
H H
2]
Ammonia | "% . " P "
H o]
CH. c No
H o]
H Acound each | Around | C-H
CH c c - sach C = No
e H oL Polar
Around C Around C | H-C
H c N Polar No
CN N
Acound each | Around | CH
CH, c C C each C - NO
Non—
80, s © Polar e

Molecular Modeling: Bonding & Lewis Structures
Computational Chemistry: Molecular Modeling Report Form




Lewis Structures Molecular Shapes

For simple Lewis structures:

1. Draw the individual atoms using dots to represent the
valence electrons.

2. Put the atoms together so they share PAIRS of
electrons to make complete octets.

NH,, for example:
H: -N- -H 3
N gy — : ——  H:N:H

Eg. Ammonia:

N = HoN—n = T/ N, = ?’Q\H

Lewis structure Electron-domain geometry Molecular geometry
(tetrahedral) (trigonal pyramidal)



http://molview.orqg

Molecular Shapes Lewis Structures
MolView: Visual On-line Molecular Modeling

build carbon dioxide

Z H—N— "
g H ~ @ oo T8~ o
2 o
. . g _~ C% !
build ammonia ° o7

Bonding, Lewis Structures, Molecular Modeling:
Computational Experiments




http://molview.orq
Molecular Shapes — Lewis Structures

Chemical | #Valence Name of VSEPR "S’:‘e o | Bond | Molecule =
- Ia e'sin Lewis Structure Amrangement —rs (Polar or (Polar or 3 Dimensional Drawing esonaace
omula |\ ctecule (Geometry) | (Molecular | o ootar) [ Non—Polar) (Yes or No)
Geomerty)
N N N No
Ammonium H H 4
(NH,)* N Polymic No
H H
Br
PBr, P Br Polar No
Br
0 Polyatomic
(Noz)- lon Yes
N o
© Polyatomic
(COB)- o c o lon Yes
o
CH,O c No
H H

Molecular Modeling: Bonding & Lewis Structures
Computational Chemistry: Molecular Modeling Report Form



http://molview.orq
Molecular Shapes — Lewis Structures
MolView: Visual On-line Molecular Modeling

€« C N molview.org/?cid=223
Q Ammonia v MolView v Tools v Model v Protein v Jmol v
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Molecular Modeling: Bonding & Lewis Structures
Computational Chemistry: Molecular Modeling Report Form



Lewis Structures — Molecular Shapes

For simple Lewis structures:

1. Draw the individual atoms using dots to represent the
valence electrons.

2. Put the atoms together so they share PAIRS of
electrons to make complete octets.

NH H .

. H- N ‘H H o

v MNORm R — . ——  H:N:H
. H i-i

Ammonium



Trigonal Planar

Tetrahedral

Trigonal Pyramidal Bent

C
2 8 "‘: co
<

molecular
)
‘ — — .
I %0 0@ o @ electronic |
ot - < o (VSEPR: Electron Domain)
Trigonal Planar  Tetrahedral Tetrahedral Tetrahedral
Symbol Valence Number of Tyvpes Shape
" lectrons sy al clsstmnis. | molssular

4 4 single
2 single +
& 4 4 1 double
1 single +
4 | triple
H 1 1 1 single
2 1 double

O 6
2 2 single
3 3 single
1 single +
N 5 3 1 double
3 1 triple




Molecular Geometry — Overview

Numbers of atoms or (“lone” / “free”) pairs of electrons about
the central atom from Lewis Structure

Four Three Two

Tetrahedral Trigonal planar Linear
arrangement of arrangement of arrangement of
electron pairs electron pairs electron pairs

No lone Two lone One lone No lone
pair l One\ Pairs pair pairs l
/ lone / \‘
pair
Trigonal Trigonal .
Tetrahedral pyramidal Bent planar Linear
,5 @ [
. ,_,fo\g e Q@ @
J < - o @

Molecular Geometry Assignment



Orbital (Electronic) Molecular

Geometry Geometry Bond Angle # of lone pairs
Important Linear Linear 180° W8 0
in 7 i
Organic Trigonal Planar Trigonal Planar 120° oo 0
Compoundstijgonal Planar Bent <120° ove 1
v
Tetrahedral Tetrahedral 109.5° @ Je 0
Tetrahedral Trigonal Pyramidal <109.5° ¢ygo 1
Tetrahedral Bent <109.5° oo 2
b
See again  11gonal Bipyramidal  Trigonal Bipyramidal 120°,90° @ :5 0
9
in
- - : 7° <9()° >
Chem 120 Trigonal Bipyramidal Seesaw =120",<=90 p N 1
fmd possibly Trigonal Bipyramidal  T-shape <9()° 9 2
in 9 2
Chem 109  Trigonal Bipyramidal Linear 180° ® 3
9 -
Octahedral Octahedral 9()° 33‘ 3 0
9
Octahedral Square Pyramidal <9()° 5‘ ,\j 1
)
Octahedral Square Planar 90° > 2
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Computational Chemistry
Polarity

6 00 @ MolView x ‘i

&~ C f [ molview.org/?cid=14917

Q v MolView v Tools v Model v Protein v Jmol v

SR UV From Jmol
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http://molview.org



Covalent Bonded Compounds
Polarity: Molview (http://molview.org) Jmol

® 00 | @ MolView x M g
€ - C f [ molview.org/%cid=14917 & M 3
Q v MolView v Tools v Model v Protein v Jmol v~
~ W ¢ D + 0 & Mo v
= C
g H Most negative
- N (3-)
itk 0
) P
s H F
F
1% Most positive
o cl (3+)
O Br
o) |

Color coded electron density distribution scale: red-
highest 0-, blue highest 0+, green balanced

NOTE: These colors may vary from model to model.



Bond Polarity

A molecule, such as HF, that has a
center of positive charge and a center of
negative charge is polar, It has a

“dipole moment”. The partial charge is

represented by 6 and the polarity with a
vector arrow.
H—F

P




Polar Covalent Bonds

» Orbital electron density tends to shift away from
lower electronegativity atoms to higher
electronegeltvtivﬂty atoms.

e E— —
C—C cC—0O C —Lj
] I o+ oO— l & @
c—0 C:” Li

» The greater the difference in electronegativity, the
more polar the bond.

Covalent Polar covalent lonic
—
C—C C—H N—H CcC—0O Li—C Li—N Na—~Cl Na—O

Small difference Large difference
in electronegativity in electronegativity

¥ The shorter the bond, the more polar the bond.



Polarity /Visual Portrayal

0.143 nm 0.094 nm 0.158 nm

F, HF LiF  Most negative
(6-)

Color coded electron density distribution:
blue-lowest, red highest, green balanced

NOTE: These colors do vary. Most positive

(3+)



Hydrogen Halides

What happens to the electronegativities, bond lengths and
bond energies going down the column of halogens?

Hydrogen-Halogen Bond Lengths and Bond Strengths

Bond length Bon
Hydrogen halide (A) kcal/mol kJ/mol
H—F Q\"\F 0Ol 136 571
H—=C1 @ n 1.2746 103 432
H—Br \Q\:\Cl 1.4145 87 366
H—I @\.\B . 1.6090 71 298




Question

Which of the following bonds is the most
polar?

A H—F B) H—cCI

C) H—Br D) H—CH,

HF HCI HBr HI




Question

In which of the compounds below is the 6* for
Hydrogen (H) the greatest?

A)
B)

C) S/H Qa a
D e




Question

Which of the following nitrogen bonds is
the most polar?

2
) H - =0
) C—N ) N—N
0.143 nm 0.111 nm
»)
C) c=N D) C=N
0.129 nm 0.116 nm

Bond length: single > double > triple



Question

» Which of the following bonds is the most

polar? 2 2
ﬂ ? 2.44D
0.143 nm 0.122 nm
)
\ €
Ji J ? 3.05D
0.129 nm 0.116 nm

Bond length: single > double > triple



Polarity & Physical Properties

Ozone and Water

0.1278 nm
35 &

x}q/'

v MolView v Tools v Model v

o $ U

o
|
C
]
o
O Z2 I 0

(dj (o]

Resultant Molecular Dipoles > 0
Solubility: Polar molecules that
dissolve or are dissolved in like «  The [ otus flower

molecules «  Water & dirt repellancy:
solubility?




Molecular Polarity

The vector sum of the magnitude and the direction of the individual
bond dipoles determine the overall polarity (dipole moment) of a molecule

Cl
carbon dioxide X\C]
u=0D .
carbon tetrachloride
u=0D
T A N t '\.: f -~ N t
. ) e . ) e
H A TH | dipole moment H H | dipole moment
H
Cl ..\ ..\
1 WV v
Cay g O Nfﬁﬁ
N @\ N
b Q
chloromethane water ammonia

u=187D u=185D u=147D



Molecular Polarity

Polar

Trigonal Pyramid

I_‘ Nonpolar
% L\ Tetrahedral
b E
~ Nonpolar Polar
Trigonal Planar

Tetrahedral

htto.//chemconnections.orqg/COT/VSEPR1/
DVC Student Project Group




CHC]S (:(314
Polar Nonpolar

Y

Polar

Tetrahedral

Nonpolar

Tetrahedral

An electrically
charged rod
attracts a stream
of chloroform on
the left, but

has no effect on a
stream of carbon
tetrachloride.
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Resonance

Considered when more than one valid Lewis
structure can be written for a molecule without
changing the atoms’ positions. It is used to
explain variations in bond lengths and chemical
behavior.

These are shorthand structures.

Each point of an angle in the hexagon equals a carbon atom, the
hydrogen atoms are not shown & must be deduced from the fact that
carbon forms 4 bonds.



Shorthand

“Bond Line “Structures

Each point of an angle in the hexagon equals a
carbon atom, the hydrogen atoms are not shown &
must be deduced from the fact that carbon forms 4

bonds. . . . .

CeH & N o ow o
6' '6 \ / \\ // 6' '6



Resonance

Moving electrons:

The overall structure is considered to be a weighted
average of all of the possible valid Lewis structures where
some are more favored than others.

Resonance structures are mental images used to explain
the observed arrangement of the atoms and their bond
lengths and bond angles.



http://molview.orqg

Molecular Shapes Lewis Structures
MolView: Polyatomic lons

€ 5 C A [ molview.org/?cid=19660
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Bonding, Lewis Structures, Molecular Modeling:



Carbonate lon Resonance

€& - C ft [ molview.org/?cid=19660 o ® =
Q v MolView v Tools v Model v Protein v Jmol v
~ W ¢ D $ LT e M

= C

- H

- N

o O— 0

®) P

A S
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o 0 oo ¢
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The 3-d structure is an average of the resonance structures. The normal
bond length of a C=0 bond is ~0.120 nm and C-O is ~0.142 nm.
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percent transmittance

Infrared Energy - Bond Absorbances

wavelength (pm)

2 3 35 4 45 5 50 B 65 8 9 10 1112 14 16
100 T | | T | T T T I T T T | — T T
80 r |
60 r N—H O C=C C—C 2

] D=0 C—O
- O—H C=N C—N C—N
40 b C—H |
20| .|
- fingerprint region i
0 |

4000

3500 3000 2500 2000 1800 1600

wavenumber (cm™1)

1400 1200 1000 800

600



&« - C f [ molview.org/?cid=280 Qe @

Q CO02 v MolView v Tools v Model v Protein v  Jmol v
:..:' Tools v Model v  Protein |
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EXPORT

& Structural formula image
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& 3D model image
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o = Similarity

- Substructure

OO0 oD O

§

> Superstructure

m
+

¢V



Infrared- Bond Absorbances

&~ C f [ molview.org/?cid=280

@ ac2 v  Moliewv Tools v  Model v  Protein v  Jmol v

€ Return IR spectrum [gas (200 mmHg diluted % & Download PNG image & Download JCAMP data (Z'NIST source

Carbon dioxide
100,

v /

604

501
404

Transmittance

3

204 !
0
3000 2000 1000
1/CM

http://molview.orqg




Infrared- Bond Absorbances

405 51--

parts per mnlllon ppm
' | 3ii H _.[,_"F‘Lj" R

October 5, 2018
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