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Lewis Structures, Bonding,
and Molecules
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* Chapter 3.6 (The Periodic Table)

* Chapter 3.7 (lonic and Molecular Compounds)
 Chapter 1.2 (Phases and Classifications of Matter)

Adapted From: Paul Flowers, Edward J. Neth, William R. Robinson, PhD, Klaus Theopold, Richard Langley; Chemistry: Atoms First 2e; OpenStax;
Feb 14, 2019; Houston Texas; https://openstax.org/books/chemistry-atoms-first-2e/pages/1-introduction



Lewis Symbols, Octet Rule,
and lonic Bonds

* Chapter 4.4 (Lewis Symbols and Structures)
* Chapter 3.6 (The Periodic Table)
* Chapter 3.7 (lonic and Molecular Compounds)

Adapted From: Paul Flowers, Edward J. Neth, William R. Robinson, PhD, Klaus Theopold, Richard Langley; Chemistry: Atoms First 2e; OpenStax;
Feb 14, 2019; Houston Texas; https://openstax.org/books/chemistry-atoms-first-2e/pages/1-introduction



Lewis Symbols and Structures

Lewis Symbols

We use Lewis symbols to describe valence electron configurations of atoms and monatomic ions. A Lewis symbol
consists of an elemental symbol surrounded by one dot for each of its valence electrons:

.Cao

Figure 4.10 shows the Lewis symbols for the elements of the third period of the periodic table.
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1 * Rows (periods) = energy levels 5 18
1 i H  Columns (groups) = valence electrons He
ot « Columns (groups) = predicted charge (usually) 4.003
2 13 14 15 16 1f
3 4 5 6 c 7 N 8 0 9 a 10N
i B B e
- elfgi 9.01% 10.81 12.01 14.01 16.00 19.00 20.18
lithium beryllium boron carbon nitrogen axygen fluorine neon
11 12 17 18
Cl r
- zrgs% ?4"39 35.45 39.95
sodium magnesium chlorine argaon

Chapter 3.6



Lewis Symbols and Structures

1 * Rows (periods) = energy levels 5 18
1 # H  Columns (groups) = valence electrons He
i * Columns (groups) = predicted charge (usually) [ROe
2 13 14 15 16 17

3 4 5 6 7 8 9 10
2| Li Be B C N o) F Ne
6.94 9.012 10.81 12.01 14.01 16.00 19.00 20.18
lithium beryllium boron carbon nitrogen oxygen fluorine neon

11 12 17 18
3/ Na M? Ocjcet Bule (Chapter 4.4) | | cl Ar
22.99 24.3 Guideline that states that main group atoms will 35.45 39g95
sodium magnesium cnionne argon

“want” 8 electrons
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Lewis Structures

Chapter 4.4

Atoms Lewis Symbol 4|, ¢0.
e

sodium Na =
magnesium *Mg-

aluminum ‘Al

silicon : S| 3

phosphorus p .

sulfur S %

chlorine . CI .

argon - Ar :




e Draw the lewis structure for sodium.

e Draw the lewis structure for helium.

* Draw the lewis structure for phosphorous.

e Draw the lewis structure for calcium.



Octet Rule

octet rule

guideline that states main group atoms will form structures in which eight valence electrons interact with each
nucleus, counting bonding electrons as interacting with both atoms connected by the bond

131.3

nanan

Chapter 3.6 and 4.4



lonic Bonds (ionic compounds)

* Metal + Nonmetal
* Metal = gives away electrons, nonmetal = takes electrons

Nucleus
(11 protons,
12 neutrons)

Nucleus
(11 protons,
12 neutrons)

11 electrons 10 electrons

Na atom Na® ion

@) (b)

Figure 3.39 (a) A sodium atom (Na) has equal numbers of protons and electrons (11) and is uncharged. (b) A sodium cation (Na~) has lost an electron, so it
has one more proton (11) than electrons (10), giving it an overall positive charge, signified by a superscripted plus sign.

Chapter 3.7



The Periodic Table

-8 Metal Solid
= Metalloid Liquid
o Periodic Table of the Elements
a Group Nonmetal Gas
1 18
i H g H
e
1 1.008 Atomic ’ll 4.003
hydrogen | 2 sl 13 14 15 16 17 [ tewn
3 Li 4B H<— Symbol 5 B 6 C 7 N 8 o 9 . 10N
I e ; e
2 694 | 9012 1.008 == Atomic mass 1081 || 1201 || 1401 || 1600 || 1900 || 2018
lithium beryllium Name _) hyd rogen boron carbon nitrogen oxygen fluorine neon
11 12 13 14 . ||A5 16 17 18
3| Na Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.06 35.45 39.95
sodium magnesium 3 4 5 6 7 8 9 10 11 12 aluminum silicon phosphorus sulfur chlorine argon
19 20 21 22 ||123 24 25 26 27 28 (|29 30 31 32 33 34 35 36
4 K Ca | Sc Ti Vv Cr | Mn | Fe || Co || Ni CuillZ2n | Ga| Ge || As || Se || Br Kr
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.97 79.90 83.80
potassium calcium scandium titanium vanadium chromium || manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5/ Rb || Sr Y Zr | Nb || Mo || Tc | Ru | Rh || Pd A% Cd In Sn || Sb || Te | Xe
85.47 87.62 88.91 91.22 92.91 95.95 [97] 101.1 102.9 106.4 107. 1124 114.8 118.7 121.8 127.6 126.9 131.3
rubidium strontium yitrium Zirconium niobium | imolybdenum|| technetium || ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine Xenon
55 56 72 73 74 75 76 77 78 79 80 81 82 83 _ . |84 85 86
6| Cs | Ba Hf | Ta w Re || Os Ir Pt || Au H% Tl Pb Bi Po || At || Rn
132.9 137.3 1785 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200. 204.4 207.2 209.0 [209] [210] [222]
cesium barium hafnium tantalum tungsten rhenium osmium indium platinum golid mercury thallium lead bismuth polonium astatine radon
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7| Fr | Ra Rf | Db || S Bh || Hs | Mt | Ds || R Cn || Nh Fl Mc || Lv || Ts || O
(23] || [226) [267) || [270) || [27 [270] || [277) || [276] || [281] || [28 [285) (| [285] || [289] || [288] || [293] | [294] | [29
francium radium rutherfordsum | | dubnium seaborgium bohrium hassium meitnerium | |darmstadtium| | roentgenium | | copernicium | | nihonium flerovium moscovium || livermorium | | tennessine || oganesson
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The Periodic Table

Group
1

2
Al e

a
k A ¢
a |t
! K h
I la

| m
e ||i®
t |[n &
a 3‘?
|
s S

Periodic Table of the Elements

Main group elements

10

11

12

Transition
metals

13 14 15 16 17

P C

n h H
i a a
c | |
t (> o
o 0 g
g g e
& e n
n n S
S S
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lonic Bonds

-
o)
E r—_— Periodic Table of the Elements

1 18
1 H He

2 13 14 15 16 Ay
2| Li* ||Be?* B3+ N || 0% || F || Ne
3| Na* | Mg?* AlR* p3-| s> | cI-| Ar
7 8 9 10 11 12

4 K* |[ca?* Zn2* As3 | Se?-| Br | Kr
5| Rb* Ag* Te || I || Xe
6 Cs?t At | Rn
7| Fr*
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Polyatomic lons

Name

ammonium
hydronium
peroxide
hydroxide
acetate
cyanide
azide
carbonate
bicarbonate
nitrate
nitrite

sulfate

Formula

NH4*
H;0
0,7
OH™
CH5COO~
CN-
N3~
CO;%
HCO3~
NO;3~
NO,~

8042_

Name

hydrogen sulfate
sulfite

hydrogen sulfite
phosphate

hydrogen phosphate
dihydrogen phosphate
perchlorate

chlorate

chlorite

hypochlorite
chromate
dichromate

permanganate

Formula
HSO4~
SO32~
HSO3~
PO,
HPO,2~
H,PO4—
ClO4—
ClOz~
ClOs ™
ClO™
CrO4%
Cry 0,2

Ml’.l04_



lons

Check Your Learning

Aluminum and carbon react to form an ionic compound. Predict which forms an anion, which forms a
cation, and the charges of each ion. Write the symbol for each ion and name them.

Chapter 3.7



lonic Bonds

Metal Nonmetal lonic Compound
Na - ) :Cl- S~ Na*[:a: §
sodium chloride
sodium atom chlorine atom (sodium ion and chloride ion)
.o L 2=
Bge + :0- —> Mg?* [: 0:
magnesium oxide
magnesium atom oxygen atom (magnesium ion and oxide ion)
-Ca- + 2:Fs — Caz"l:.F.Z ;

calcium fluoride
calcium atom fluorine atoms (calcium ion and two fluoride ions)

Figure 4.11 Cations are formed when atoms lose electrons, represented by fewer Lewis dots, whereas anions are formed by atoms gaining electrons. The
total number of electrons does not change.

Chapter 4.4



lonic Bonds

* Make neutral compounds
* The charges of the ions should add up to 0.

* You can’t change the charge of the ions but you can just “find”
additional ions with the same charge so the charges add up to 0.



lonic Bonds

KF

Li,S

BaBr,



lonic Bonds

Check Your Learning

Predict the formula of the ionic compound formed between the sodium cation, Na*, and the sulfide anion,
g2

Chapter 3.7



lonic Bonds
Check Your Learning

Predict the formula of the ionic compound formed between the lithium ion and the peroxide ion, 0,2
(Hint: Use the periodic table to predict the sign and the charge on the lithium ion.)

Chapter 3.7



lonic Bonds

* lonic compounds
* Held together by ionic bonds (+/- charges)
* lonic bonds are formed by atoms giving and taking electrons
* Occurs between metals and nonmetals
* Usually comes apart in water



Lewis Structures and
Covalent Bonds

* Chapter 4.4 (Lewis Symbols and Structures)
* Chapter 3.7 (lonic and Molecular Compounds)

Adapted From: Paul Flowers, Edward J. Neth, William R. Robinson, PhD, Klaus Theopold, Richard Langley; Chemistry: Atoms First 2e; OpenStax;
Feb 14, 2019; Houston Texas; https://openstax.org/books/chemistry-atoms-first-2e/pages/1-introduction



lonic Bonds and Covalent Bonds

* lonic compounds
* Held together by ionic bonds (+/- charges)
* lonic bonds are formed by atoms giving and taking electrons
* Occurs between metals and nonmetals
* Usually comes apart in water.

* Molecular compounds
* Held together by covalent bonds
* Covalent bonds are formed by atoms sharing electrons
* Occurs between two nonmetals
* Usually doesn’t come apart in water



Covalent Bonds (molecular compounds)

* Nonmetal + Nonmetal
* nonmetal = takes electrons
* Two nonmetals = sharing electrons

e s Cls+aCl2 - ol e b
:Cl—ClI: L wald > <CleC)
chlorine chlorine
atoms molecule

Chapter 4.4



Covalent Bonds and Lewis Structures

1. Determine the total number of valence (outer shell) electrons. For cations, subtract one electron for each
positive charge. For anions, add one electron for each negative charge.

2. Draw a skeleton structure of the molecule or ion, arranging the atoms around a central atom. (Generally, the
least electronegative element should be placed in the center.) Connect each atom to the central atom with a
single bond (one electron pair).

3. Distribute the remaining electrons as lone pairs on the terminal atoms (except hydrogen), completing an octet
around each atom.

4. Place all remaining electrons on the central atom.

5. Rearrange the electrons of the outer atoms to make multiple bonds with the central atom in order to obtain

octets wherever possible.

Chapter 4.4



Covalent Bonds and Lewis Structures (com’s way)

 Count total valence electrons of all atoms
* Negative charges mean add electrons, positive charges mean subtract electrons

* Draw the skeletal structure with these tips
* symmetrical
* H, F, Cl, Br, | on the outsides

* Place bonding electrons in pairs to connect atoms

* Put rest of electrons on the outsides in pairs following the “octet” rule
* |If an atom doesn’t have all it’s electrons, share your neighbor’s electron pairs

 Other common things (usual but not always):
* C=4bonds, 0 lone pair
* N=3bonds, 1 lone pair
* O=2bonds, 2 lone pairs
* halogens =1 bond, 3 lone pairs



Covalent Bonds and Lewis Structures

* Counttotal valence electrons of all atoms CCl, CH,O

* Negative charges mean add electrons,
positive charges mean subtract electrons

* Draw the skeletal structure with these
tips
* symmetrical
* H, F, Cl, Br,l onthe outsides

* Place bonding electrons in pairs to
connect atoms

* Put rest of electrons on the outsides in
pairs following the “octet” rule

* If an atom doesn’t have all it’s electrons,
share your neighbor’s electron pairs

* Other common things (usual but not
always):
* C=4bonds, 0 lone pair
* N=3bonds, 1 lone pair
e O=2bonds, 2 lone pairs
* halogens =1 bond, 3 lone pairs



Covalent Bonds and Lewis Structures

e Count total valence electrons of all atoms

* Negative charges mean add electrons,
positive charges mean subtract electrons

* Draw the skeletal structure with these
tips
* symmetrical
* H, F, Cl, Br,l onthe outsides

* Place bonding electrons in pairs to
connect atoms

* Put rest of electrons on the outsides in
pairs following the “octet” rule

* If an atom doesn’t have all it’s electrons,
share your neighbor’s electron pairs

* Other common things (usual but not
always):
* C=4bonds, 0 lone pair
* N=3bonds, 1 lone pair
e O=2bonds, 2 lone pairs
* halogens =1 bond, 3 lone pairs

o]0

co,



Covalent Bonds and Lewis Structures

 Count total valence electrons of all atoms CO,* NH,™

* Negative charges mean add electrons,
positive charges mean subtract electrons

* Draw the skeletal structure with these
tips
* symmetrical
* H, F, Cl, Br,l onthe outsides

* Place bonding electrons in pairs to
connect atoms

* Put rest of electrons on the outsides in
pairs following the “octet” rule

* If an atom doesn’t have all it’s electrons,
share your neighbor’s electron pairs

* Other common things (usual but not
always):
* C=4bonds, 0 lone pair
* N=3bonds, 1 lone pair
e O=2bonds, 2 lone pairs
* halogens =1 bond, 3 lone pairs



Covalent Bonds and Lewis Structures

e Count total valence electrons of all atoms

* Negative charges mean add electrons,
positive charges mean subtract electrons

* Draw the skeletal structure with these
tips
* symmetrical
* H, F, Cl, Br,l onthe outsides

* Place bonding electrons in pairs to
connect atoms

* Put rest of electrons on the outsides in
pairs following the “octet” rule

* If an atom doesn’t have all it’s electrons,
share your neighbor’s electron pairs

* Other common things (usual but not
always):
* C=4bonds, 0 lone pair
* N=3bonds, 1 lone pair
e O=2bonds, 2 lone pairs
* halogens =1 bond, 3 lone pairs

H,0

NH,



lonic and Molecular Compounds

Check Your Learning

Using the periodic table, predict whether the following compounds are ionic or covalent:

Chapter 3.7
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Chemical Formulas

CHy )
(a) (b) (C) (d)

Figure 2.16 A methane molecule can be represented as (a) a molecular formula, (b) a structural formula, (c) a ball-and-stick model, and (d) a space-filling
model. Carbon and hydrogen atoms are represented by black and white spheres, respectively.
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Atoms and Molecules

molecules
atoms (more than one atom)
\ \
! \ ! |

H 2H H» 2H

) - J

J J S JJ

One H atom Two H atoms One H, molecule Two H> molecules

Figure 2.18 The symbols H, 2H, H,, and 2H, represent very different entities.

|
all elements

Chapter 2.4



Molecules and Compounds Compounds

(two or more different atoms)

\
{ \

Oxygen atom
Hydrogen atom ——— J

- ). @ e
2 . 9

Hydrogen Oxygen Phosphorus Sulfur Water Carbon dioxide Glucose
H, 0O, Pa Sg H,O CO, CeH12056

) .

< RV

Figure 1.14 The elements hydrogen, oxygen, phosphorus, and sulfur form molecules consisting of two or more atoms of the same element. The
compounds water, carbon dioxide, and glucose consist of combinations of atoms of different elements.

\ J
|
molecules
(more than one atom)
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What are things called?

* Atoms/elements

Molecules (more than one atom)

Compounds (two or more different atoms)
Molecular Element (multiple of the same atom)
Molecular Compound (two different nonmetals)
lonic Compound (metal and a nonmetal)

What is He?
What is NO?
Whatis H,0?
What is Fe?
Whatis H,?
What is NaCl

S OohoObR



Chemical Formulas

* Subscript numbers (small and to the bottom right is just for what
Is immediately to the left of it. If there are parentheses it’s the
number of things in the parentheses

* Number on the left of molecule is the coefficient and tells you how
many total molecules there are

H H, H,O

H,O, 2(H,0,) 2(NH,), (SO,)



Molecular vs Empirical Formula

H 0

|/
H—C—C

| \

H O—H

(@) (b) ()

Figure 2.21 (a) Vinegar contains acetic acid, CoH40,, which has an empirical formula of CH,O. It can be represented as (b) a structural formula and (c) as
a ball-and-stick model. (credit a: modification of work by “HomeSpot HQ"/Flickr)
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Molecular vs Empirical Formula

Molecular Formula Empirical Formula

Chapter 2.4



Molecular vs Empirical Formula

Check Your Learning

A molecule of metaldehyde (a pesticide used for snails and slugs) contains 8 carbon atoms, 16 hydrogen
atoms, and 4 oxygen atoms. What are the molecular and empirical formulas of metaldehyde?

Chapter 2.4



Isomers

Acetic acid Methyl formate
C2H402 C2H402

(a) (b)

Figure 2.23 Molecules of (a) acetic acid and methyl formate (b) are structural isomers; they have the same formula
(CoH405) but different structures (and therefore different chemical properties).

Chapter 2.4



Grams Per Mole!

H
H,
H,0O

2H,0

Element

Na

Cl

Chapter 2.4

Average Atomic Mass (amu)

12.01

1.008

16.00

22.99

35.45

Molar Mass (g/mol)

12.01

1.008

16.00

2299

35.45

Atoms/Mole
6.022 x 10%°
6.022 x 10%°
6.022 x 1023
6.022 x 1023

6.022 x 1023

207 g Pb 118.7 g Sn

Figure 2.25 Each sample contains 6.022 X 102* atoms —1.00 mol of atoms. From left to right (top row): 65.4 g zinc, 12.0 g carbon, 24.3 g magnesium,
and 63.5 g copper. From left to right (bottom row): 32.1 g sulfur, 28.1 g silicon, 207 g lead, and 118.7 g tin. (credit: modification of work by Mark Ott)



Grams Per Mole of Molecules

o

9

o

a Group
1

" H

1 1.008

hydrogen 2
3 |4

2| LI Be
6.94 9.012
lithium beryllium

Chapter 3.6 and 2.4

18
2
He
4.003
13 14 15 16 17 [Eiehw
6 7 8 9 10
B C N O 5 Ne
10.81 12.01 14.01 16.00 19.00 20.18
boron carbon nitrogen oxygen fluorine neon

Acetic acid
C,oH,0,



Grams Per Mole of Molecules

L=
-
B Calculate Grams Per Mole for the empirical and molecular formula.
a Group
1 18
1 2
1] H He
1.008 4.003
ydrogen | 2 13 14 15 16 17 L tewn
TE o o 4 6 7 8 9 10
2 Li Be B C N O F Ne
6.94 9.012 10.81 12.01 14.01 16.00 19.00 20.18
lithium beryllium boron carbon nitrogen oxygen fluorine neon

Check Your Learning

A molecule of metaldehyde (a pesticide used for snails and slugs) contains 8 carbon atoms, 16 hydrogen
atoms, and 4 oxygen atoms. What are the molecular and empirical formulas of metaldehyde?

Chapter 3.6 and 2.4
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