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Learning Objectives for Chapter Units 2.6 — 2.7

Define binary ionic and molecular (covalent) compounds (including hydrates and compounds
containing common polyatomic ions).

Write formulas of binary covalent and ionic compounds (including hydrates and compounds
containing common polyatomic ions) given names.

Predict the type of compound formed from elements based on their location within the periodic
table.

Determine formulas for simple ionic compounds.

Derive names for common types of inorganic compounds using a systematic approach.

Reading from book pages 89-101.



Chapter Unit 2.6

lonic and Molecular Compounds



lons & Periodic Table

Main group elements tend to form ions that have the same number of
valence electrons as the nearest noble gas.

* F tends to gain 1 electron (become F-) to
become like Ne

* Litends to lose 1 electron (become Li*)

) . : )
to become like He O tends to gain 2 electrons (become O+)

to become like Ne

* Be tends to lose 2 electrons (become Mg?*)
to become like He 1A,,(f,',§71§f3,-

l 8A

1 [ 2
H | 2A 3A 4A 5A 6A 7A | He
>| 3 4 5 6 7 8 9 | 10
Li Be B C N (0} F Ne
3| 11| 12 8B 13|14 |15] 16|17 | 18
Na (Mg | 3B 4B 5B 6B 7B : 1B 2B | Al | Si | P S | C | Ar

19 20 21 2. 23 24 25 26 27 28 29 30 31 B2 33 34 35 36
K Ca Sc Ti VvV Cr | Mn | Fe Co Ni [ Cu| Zn | Ga | Ge | As Se Br Kr

B 37 | 38 [ 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 [ 51 | 52 | 53 | 54
Rb | Sr X Zr [INb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe

6l 95 | 56 | 57 | 72 | 73 (74 | 75 | 76 | 77 78 | 79 [ 80 | 81 | 82 | 83 | 84 | 8 | 86
Cs | Ba|La | Hf [ Ta | W [ Re | Os | Ir Pt | Au | Hg | T1 | Pb | Bi | Po | At | Rn

7 87 | 88 | 8 | 104 [ 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac | Rf | Db | Sg | Bh [ Hs | Mt [ Ds | Rg | Cn F1 Lvi | **

Periods
S




lons and the Periodic Table

This is a very important
slide to study!!!

1A 8A
2A 3A 4A 5H5A 6A 7A

Li Tl Be*t N3~ |O* | F~

Na*t |Mg?* AlP" s* | Cl-

Kol Cat Ga Se?” | Br~

Rb* | st . _ In®* Te* Bin

Transition metals form cations
" o with various charges
Cs" |Ba




Molecules & Compounds

Molecule: two or more atoms held together by chemical bonds (ex: O,, H,0)

Compound: Pure substance consisting of two or more different elements combined in whole-
number ratios (ex: H,O)



Locating Metals, Nonmetals, Metalloids

1A s 8A
Metals 18
Nonmetals 30 4A 5A 6A T7A 2
Metalloids -
3 11 | 12 | 38 4B 5B 6B 7B , 8B ] 1B
Na | Mg 3 4 5 6 7 8 9 10 11
4| 19 | 20 [ 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29
K |Ca | Sc | Ti V | Ctr |Mn | Fe | Co | Ni | Cu
5 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47
Rb | Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag
6| 95 | 56 (57 || 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79
Cs | Ba| La||Hf | Ta | W | Re | Os | Ir Pt | Au
-| 87 | 88 | 89 || 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac||Rf | Db | Sg | Bh | Hs | Mt [ Ds | Rg | Cn F1 Ly | #*
&5 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
Lanthanides | ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Actinides 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
CideS | Th | Pa | U | Np | Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr




Chemical Formulas of Compounds

* Metal elements are listed first (example NaCl, KBr)

* For nonmetals, list the most metallic element first (left-most in periodic table)
(Example: CO,, NO)

Example: Write a chemical formula for a compound containing two silver atoms for every
sulfur atom.



Polyatomic lons

Charged species (ion) made up of two or more atoms

Example: Nitrate ion = NO7,

Magnesium Nitrate Mg(NO,),

____nitrate ions for every ___ magnesium
__ Mg and ___ NOjy

intotal: Mg, N, O




Polyatomic lons

Memorize these
names, formulas,
and charges!

Flash cards!

Polyatomic lon

symbol for NO;  group

symbol for magnesium — Mg(NO3),

implied subscript indicating

)\‘\— subscript indicating 2 NO3 ~ groups

subscript indicating 3 oxygen

1 magnesium atom atoms per NO;  group

implied subscript indicating 1 nitrogen atom per NO;  group

____Name | Polyatomiclon | __Name ___
1O,

Nitrate
Nitrite
Sulfate
Sulfite
Phosphate

Carbonate
Bicarbonate
Acetate

Phosphate

Perchlorate

ClOy Chlorate
ClO, Chlorite
ClO- Hypochlorite

*Pattern above applies to other

halogens as well (i.e. bromate, iodite)

Cyanide
Hydroxide
Permanganate

Ammonium

10



Example:

Determine the number of each type of atom in Al,(SO,),
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Elements and Compounds

Elements = cannot be simplified
Compounds = composed of two or more elements

Atomic Elements: Exist as single atoms; Most elements; Example: Helium,
Copper, Carbon

Molecular Elements (“Diatomic Elements”): Exist as two atoms bonded
together; There are seven: H,, O,, N,, Cl,, F,, |,, Br,

12



Covalent and lonic Compounds

Covalent Compounds (also called molecular compounds): two

or more nonmetals (example: H,O, CO,, many organic molecules are
made of CH and O)

lonic Compounds: formed from a metal and a nonmetal Sodium chloride

Not a real “bond” between ions: just + and — attraction.

metals have positive charge (lose electrons),
nonmetals have negative charge (gain electrons)

13



Classification of Elements and Compounds

NaCl
formula
unit

Example: Ne Example: O, Example: H,O  Example: NaCl

14



Practice Exercise:

Classify each

element

(as

atomic

or
diatomic/molecular) or compound (as covalent/molecular or ionic).

1A 8A
1 |:| Metals 18
1 | 2A D Nonmetals 3A 4A 5A 6A TA | 2
H 2 EI Metalloids 13 14 15 16 17 | He
3 4 5 6 7 8 9 10
Li | Be B € N (0) F | Ne
1 | 12 | 3B 4B 5B 6B 7B —8B— 1B 2B | 13| 14 | 15 | 16 | 17 | 18
Na | Mg | 3 4 5 6 7 8 9 10 11 12 | Al | Si P S Cl | Ar
19 [ 20 | 21 |22 | 23 [ 24 [ 25 | 26 (| 27 | 28 [ 29 [ 30 [ 31 (528155 R348 N3581836
K | Ca| Sc | Ti A" Cr ([Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr | Y | Zr [Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
5 | 56 | 57 || 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 8 | 86
Cs | Ba | La||Hf | Ta | W | Re | Os | Ir Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
87 | 88 | 89 || 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac||Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn Fl Lv | **
| 58 | 59 [ 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
Lanthanides| ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb [ Dy [Ho | Er | Tm | Yb | Lu
Actinides 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
Th | Pa| U [ Np| Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr
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lons & ionic compounds

Hematite, Fe,0,4 Calcite, CaCOj4

© Cengage Learning/Charles D. Winters
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lons

e Atoms can lose or gain electrons
* As a result, they become charged
* Charged atoms are called ions

Loss of electron = positive charge
* Cation
* Metal atoms tend to form cations

Gain of electron = negative charge
* Anion
* Nonmetal atoms tend to form anions

Formulas: superscript charge
Names: Periodic Table of lons

Gain of an
. ------- electron . -----
e e o 8, e
* - / .
L ] i H L ]
™ ®: P ’ ‘e g
L] L] L ] L ]
L e e [
o R
- . ® g - o L
Chlorine atom Chloride ion

Cl- (negative charge due to gain of an electron)

3 electrons
FRTEEEE are lost SR
o, e i LR e e
o " J .
Tt ° __ a i o
° o’ Loe .
e ® o .. [
Aluminium atom Aluminium ion

Al3* (triply positive charge due to loss of three electrons)



lonic compounds are made of ionic lattices (they are solids)

CHLORIDE I0ON SODIUM 10N

NCIC /Na'

IS 3
S

‘ S0DIUM CHLORIDE LATTICE 5TRUCTURE|

» Definite ratio of cations:anions that is infinitely repeating itself
* Crystal structures

18



Writing Formulas for lonic Compounds

lonic compounds are neutral (charges cancel out)
Formulas can be predicted based on periodic table (charge rules)

Example: Na,Cl,

19



Writing formula with polyatomic ions

* lonic compounds often contain one or more polyatomic ions

* Polyatomicion: charged species (ion) made up of two or more atoms

Example: Mg(NO,),

2 goes outside the parenthesis to indicate there are 2 NO;" ions.

20



Practice Exercise: What is the chemical formula of the following ionic
compounds containing the listed elements?

1. Magnesium cation and chloride anion:
2. Aluminum cation and oxygen anion:

3. K*and CO,%:
4. AP* and SO,%:

5. Magnesium cation and oxygen anion:

6. Nat and HO;

21



Chapter Unit 2.7

Chemical Nomenclature

22



Nomenclature: Naming lonic Compounds — Step 1

* The first step in naming an ionic compound is identifying it as one.

* If there is a metal and a nonmetal (or polyatomic ion) together in a chemical
formula, the compound is ionic.

e Covalent compounds (made of nonmetals only) use different naming rules.

1A ' oA

1 D Metals o

1| L 2A D Nonmetals s 4k b 4 7 BB
= H

2 I:] Metalloids 13 14 15 16 17 e

2| P . 5 6 7 8 9 10
Li Be < - N o . -

1 | 12 | 38 4B 5B 6B 7B —8B— 1B 2B | 13| 14 | 15 | 16 | 17 | 18
Na Mg| 3 4 5 6 7 8 9 10 11 12 |Al|Si | P | S |Cl| Ar

19 20 | 21 2291823 24 | 25 26 | 27 | 28 | 29 30 311 32 33 | 34 35 | 36
K Ca | Sc Ti v Cr [Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se Br | Kr

37 38 39 40 | 41 42 43 44 | 45 46 | 47 48 49 50 51 52 53 54
Rb | Sr [ Y | Zr [Nb |[Mo | Tc [ Ru [ Rh | Pd | Ag [ Cd | In | Sn | Sb | Te I Xe

55 |5 (57 (|72 |73 |74 (75|76 |77 | 78 | 79 | 80 | 81 | 82 | 8 | 84 | 8 | 86
Cs | Ba| La||Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn

87 | 88 | 89 || 104 [ 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac||Rf [ Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn Fl Lv | **

\i\ 58 |59 [ 60 [ 61 | 62 ] 63 |64 | 65| 6667686970 |7
Lanthanides| ce | Py | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

Actinides | 90 | 91 [ 92 [ 93 [0a |05 [ 96 [ 97 [ 98 [ 99 | 100 [ 101 [ 102 | 103
Th | Pa| U |[Np|Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr 23




Nomenclature: Naming lonic Compounds

e (Cation name followed by anion name
( Say positive things first ©)

* Follow rules for naming monoatomic ions
Binary ionic compounds

* Must memorize polyatomic ion names
lonic compounds containing polyatomic ions. If a subscript is applied to a polyatomic ion, the ion will
go inside a parenthesis.

e Overall formula charge = zero
This means that the total charge of cations must equal the total charge of anions in formula. Use
subscripts to balance the charge. A quick way to do it: crossover charges.

* Formula should have the simplest cation:anion ratio.
Cancel equal subscripts, Reduce subscripts that are multiples of each other to lowest factors .

24



Nomenclature: Naming lonic Compounds

For naming:

Type 1 Metal: only forms one type of ion

. 1 +
ex: Na only forms 1+ ion (Na*) Type 1 cation - name is just name of element

Group 1A, 2A, 3A

\ 4

ex: Na* =

Zinc = Zn?* and Silver = Ag*

Type 2 Metal: can form more than one type of ion Type 2 cation - name includes the charge as a roman
ex: Fe forms Fe?* and Fe3* numeral

ex: Fe?* =
Most transition metals form more than one type of ion

Type Il Metal Charges
Fe? =
| Fe | 2+,3+ |

| sn | 2+4+ | If the cation is a polyatomic ion, just use its name
____Pb | o+ ar ex. NH.* = ammonium
Hg,2*/ Hg? *

25




Naming lonic Compounds

lonic Compounds

v v
Cation Anion
; ; l
Type 1 Type 2 Base Name + “ide”
(just name of (includes roman
element) numerals)

26



Naming Anions in lonic Compounds

Drop ending of nonmetal’s name and change it to —ide

If the anion 1s a polyatomic 1on, just use its name.

27



Practice

Cu(NO,),

Fe(OH),

KNO,

NaClO

NaHCO,

: Naming lonic Compounds
NaCl

KBr

Zn3N,

FeCl;

PbCl,

PbO

28



Hydrates

* lonic substances containing water
molecules incorporated into their crystal
structures

* Contain water molecules combined in a
definite ratio as integral part of crystal

* CuSQO, - 5 H,0 = copper (ll) sulfate
pentahydrate

1 mono 6 hexa
2 di 7 hepta
3 tri 8 octa

4 tetra 9 nona
5

penta 10 deca

waters of ‘ot
hydration &g ¢ ¢

29



Hydrates (Hydrated Salts)

lonic substances containing water molecules incorporated into their crystalline structure

release water upon heating, absorb water under cool, humid conditions

- 4H,0 = 2H,0
CoCly:6H,O  ; F  CoCl2H,0 o 9% 9, &8

+4 H,0 + 2H,0 Anhydrous

30



Naming Molecular/Covalent Compounds

Molecular (covalent) compounds — two nonmetals
* Use prefixes

mono =1 penta=>5
di=2 hexa =6
tri=3 hepta =7
tetra=4 octa =38

 Mono is omitted for the first element (but used for the second element)

name of iy base name of
1st element e 2nd element + -ide

g e 4

prefix

31



Practice: Naming Covalent Compounds

co, ccl,

SF
NO 6

N,O N,O,

32
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