17005577,

i

%
1IN
217,
Gy,

L3750 70




Polyatomic lons and
Nomenclature

* Chapter 3.7 (lonic and Molecular Compounds)
* Chapter 4.3 (Nomenclature)

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



Polyatomic lons and Neutral
Compounds

* 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



Polyatomic lons (many atoms with a charge)

Name

ammonium
hydronium
peroxide
hydroxide
acetate
cyanide
azide
carbonate
bicarbonate
nitrate
nitrite

sulfate

Chapter 3.7

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

5042_

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_



Polyatomic lons (many atoms with a charge)

Name Formula * Will usually stay together

ammonium NH,* * “Behaves” like monoatomic ions
hydonium H50" * Collectively, the molecule has lost
peroxide 0z* or gained 1 or more electrons
hydroxide OH™

acetate CH;COO~

cyanide CN-

azide N3~

carbonate CO;*

bicarbonate HCO;3~

nitrate NO3~

nitrite NOy™

sulfate S04%

Chapter 3.7



lons and the Periodic Table

=)

o

E —— Periodic Table of the Elements

1 18

1 He - FIXED CHARGED IONS LISTED HERE, & Fi A, BE. 8 He
IF NOT HERE, THEY ARE VARIABLY

2| Lit | Be?* CHARGED (meaning they can have B3+ N3 || 02| F || Ne
different charges i.e. Fe?* or Fe3")

3| Na* || Mg?* A3t P3| s% | cI-|| Ar

3 5 6 7 8 9 10 11 12

4 K* | ca?t Zn?* As3-|| Se?-| Br || Kr

5| Rb* || Sr2* Ag* Te? | I~ || Xe

6| cst | BaZt I‘ ‘ At™ | Rn

7| Fr* Raz*“ I

Chapter 3.7




lonic Bonds (ionic compounds)

Neutral
Metal + Nonmetal Compound
(cation) Positive Charge lon + Negative Charged lon (anion)
Na'l* (of NaCl
Mg2* (0 Ly MgO
Ca?* F1- CaF,
Fe3* 0% Fe,O, F
* Total charges should add upto O
* Criss cross apple sauce shortcut (then use Fe, 03
empirical formula cation
* |n this class, ionic compounds will be made up \NdCl «— anion

of one anion and one cation MgO |

Chapter 3.7



lonic Bonds (ionic compounds)

cation + anion C(L\In(::gi;d
Na™* NO,™ NaNO,
Mgzt  S0,° MgSo,
NH,!™ 0% (NH,),0
Ca?* PO/ Ca,(PO4), C PO
* Total charges should add upto O
* Criss cross apple sauce shortcut (then use Ca)(PO4),
empirical formula cation
* In this class, ionic compounds will be made up \(NH4);ID__<—anion

of one anion and one cation Ca]j(PO4))

Chapter 3.7



Practice Problems

1. Write the formula for a compound containing sodium and oxygen

2. Write the formula for a compound containing barium and nitrogen

3. Write the formula for a compound containing sodium and hydroxide

4. Write the formula for a compound containing ammonium and sulfur

5. Write the formula for a compound containing ammonium and carbonate



Nomenclature Info and
Covalent Compounds

* Chapter 3.7 (lonic and Molecular Compounds)
* Chapter 4.3 (Nomenclature)

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



Nomenclature Classifications

* Molecular Compound - two nonmetals

* lonic Compound - cation and anion (can be polyatomic ions)

* Acid - H (hydrogen) on the left side of the molecule or the word
acid in the name. An acid is something that can donate a H to
water.

* Hydrate —a water attached (i.e. molecule®4H,0)



Polyatomic lons (many atoms with a charge)

Name

ammonium
hydronium
peroxide
hydroxide
acetate
cyanide
azide
carbonate
bicarbonate
nitrate
nitrite

sulfate

Chapter 3.7

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

5042_

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_



Metals vs Nonmetals (everything else)

* Metals and then everything that isn’t

Color Code
© .
o || Metal Solid
h - - - - -
= Group Periodic Table of the Elements || Metalloid Liquid
D Nonmetal Gas
1 I 18
1 Atomic —J» 2
1| H depuihsd 1 Nonmetals He
1.008 H < Symbol 4,003
el 2 13 14 15 16 17 [Eike
3 . |4 1.008 = Atomic mass 5 6 7 8 9 10
2| Li Be N B C N O F Ne
6.94 9.012 ame > hydrogen 1081 || 1201 || 1401 || 16.00 || 19.00 || 20.18
lithium beryllium boron carbon nitrogen oxygen fluorine neon
11 12 13 14 . |[15 16 17 18
3| Na || Mg 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 . 23 24 25 26 27 28 (|29 30 31 32 33 34 35 36
4 K Ca Sc Ti V Cr Mn || Fe Co Ni Cu Zn || 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 cabalt 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. 112.4 114.8 118.7 121.8 127.6 126.9 131.3
rubidium strontium yitrium Zirconium niobium | |molybdenum| | technetium || ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
55 56 57-71 |72 73 74 75 76 77 78 79 80 81 82 83 . ||84 85 86
6| Cs | Ba | La- | Hf Ta W Re || Os Ir Pt Au H% Tl Pb Bi Po At Rn
1329 137.3 LU 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200. 204.4 207.2 209.0 [209] [210] [222]
cesium barium * hafnium tantalum tungsten rhenium osmium indium platinum gold mercury thallium lead bismuth polonium astatine radon

Chapter 3.6




Fixed Charged lons (these ions always have the same charge)

o
o
E —— Periodic Table of the Elements
1 18
1 H 2 FIXED CHARGED IONS LISTED HERE, 13 14 15 16 17 He
IF NOT HERE, THEY ARE VARIABLY |
2| Li* ||Be?t CHARGED (meaning they can have B3+ N || 0% || F || Ne
different charges i.e. Fe?* or Fe3") ; f
3| Na* |Mg?t A3t P3| s% | cI-|| Ar
3 5 6 7 8 9 10 11 12 | .
4/ K* | ca?t Zn%* As3 || Se?"| Br || Kr
5| Rb* | Sr?* Ag* Te? | I” || Xe
6| cst | BaZt At™ | Rn
7| Fr* |Ra%*

Chapter 3.7




Variably Charged lons (not complete list)

1+ 2+ 3+ 4+ 5+ 6+
Cu' Cu?*
copper(l) copper(ll)
Fe?* Fe3*
Iron(ll) lron(lll)
Au't Aus3t
gold(l) gold(lll)
Hg,%* Hg?*
mercury(l) mercury(ll)
Cr3t Cré*
chromium(lll) chromium(VI)
Pb?* Pb4*
lead(ll) lead(IV)
Sn?* Sn#
tin(ll) tin(1V)

Chapter 4.3, 3.7




Compounds with Variably Charged lons

Chapter 4.3

Some lonic Compounds with Variably Charged Metal lons

Compound Name
FeCls iron(ll) chloride
FeCl, iron(lll) chloride
Hg-,O mercury(l) oxide
HgO mercury(ll) oxide
Snko tin(ll) fluoride
Snky tin(lV) fluoride
Table 4.5

Out-of-date nomenclature used the suffixes —ic and —ous to designate metals with higher and lower charges,
respectively: lron(lll) chloride, FeCls, was previously called ferric chloride, and iron(ll) chloride, FeCls, was known as
ferrous chloride. Though this naming convention has been largely abandoned by the scientific community, it
remains in use by some segments of industry. For example, you may see the words stannous fluoride on a tube of
toothpaste. This represents the formula Snk», which is more properly named tin{ll) fluoride. The other fluoride of tin
is SnF4, which was previously called stannic fluoride but is now named tin(IV) fluoride.



Nomenclature Prefixes for Covalent Compounds and
Hydrates

Chapter 4.3

Number

1 (sometimes omitted)
2
3
4

9

Table 4.6

Nomenclature Prefixes

Prefix
mono-
di-

tri-
tetra-

penta-

Number

10

Prefix
hexa-
hepta-
octa-
nona-

deca-



Does the molecule
have:

Start Here Molecular Compound

Metals?
Polyatomic lons?
H on left or the

e st + first element + 2"9 prefix + second element with ending changed-to “ide”
* Leave out the prefix for the first element if there is only one of those atoms

Chapter 4.3

word “acid”
|
YES NO mmpmp
l * Skq sulfur hexafluoride
| . .
I * N,O nitrogen monoxide
|
|
: Number Prefix
|
Metals? I 1 Mono
Polyatomic ions? 1 2 Di
H on the left or the :
word acid? | Names of Some Molecular Compounds Composed of Two Elements 3 Trl
|
YES | Compound Name Compound Name 4 Tetra
|
| S0s sulfur dioxide BCls boron trichloride 5 Penta
: S04 sulfur trioxide Skg sulfur hexafluoride 6 Hexa
: NO2 nitrogen dioxide PF5 phosphorus pentafluoride 7 H e pta
| NoOy dinitrogen tetroxide P4019 tetraphosphorus decaoxide
I 8 Octa
| N2Osg dinitrogen pentoxide IF7 iodine heptafluoride
: Table 4.7 9 Nona
1



Practice Problems

1. Name the compound: N,O,

2. Name the compound: CL,0,

3. Name the compound: P,O4

4. Write the formula: phosphorous pentachloride
5. Write the formula: iodine heptafluoride

6. Write the formula: carbon tetrachloride

7. Write the formula: dihydrogen monoxide



Nomenclature of lonic
Compounds and Acids

* Chapter 3.7 (lonic and Molecular Compounds)
* Chapter 4.3 (Nomenclature)

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



Polyatomic lons (the important ones for this chapter end in -ate or -ite)

Name

ammonium
hydronium
peroxide
hydroxide

acetate

cyanide
azide
carbonate_
bicarbonate

nitrate

nitrite
sulfate

phosphite_

Formula

NH,+
H3;0™"
0,2
OH~
CH3COO0~
CN-
N3~
CO52>
HCO3~
NO3~
NO,~

8042_

PO,

Usually
C,H;0,"

Name

hydrogen sulfate

sulfite

hydrogen sulfite_
phosphﬂ

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

MnQ,4— Chapter 3.7



How to name things:

* Have your periodic table handy that tells you which elements are
metals and nonmetals and which elements have fixed charges
and what those charges are (preferably the one you created)

* Have your polyatomic ion table handy (preferably the one you
created)

* Below (next slide) — start in the upper left hand side where it says
“Start Here” and follow the arrows appropriately.



Does the molecule
have:

Start Here Molecular Compound

Metals?
Polyatomic lons?
H on left or the

e st + first element + 2"9 prefix + second element with ending changed-to “ide”
* Leave out the prefix for the first element if there is only one of those atoms

Chapter 4.3

word “acid”
|
YES NO mmpmp
l * Skq sulfur hexafluoride
| . .
I * N,O nitrogen monoxide
|
|
: Number Prefix
|
Metals? I 1 Mono
Polyatomic ions? 1 2 Di
H on the left or the :
word acid? | Names of Some Molecular Compounds Composed of Two Elements 3 Trl
|
YES | Compound Name Compound Name 4 Tetra
|
| S0s sulfur dioxide BCls boron trichloride 5 Penta
: S04 sulfur trioxide Skg sulfur hexafluoride 6 Hexa
: NO2 nitrogen dioxide PF5 phosphorus pentafluoride 7 H e pta
| NoOy dinitrogen tetroxide P4019 tetraphosphorus decaoxide
I 8 Octa
| N2Osg dinitrogen pentoxide IF7 iodine heptafluoride
: Table 4.7 9 Nona
1



lonic Compound with a fixed charged metal Chapter 4.3

Continue Here

|
|
I
: * Name of the metal + name of the nonmetal with the ending changed to “ide”
Does the molecule « Make neutral compounds by making sure the charges add up to 0
I
|
I
I

have: . .
* Metals? NaCl sodium chloride
« Polyatomicion AgN, silver nitride
withoutanHon W& o
the left S"f')e ofthe | |stherea: lonic Compound with a variably charged metal
molecule? I « Fixed charge metal
NO YES »  Variably charged metal EE—p

* Polyatomic lon
* Name of the metal + charge in parentheses + name of the nonmetal with the ending

changed to “ide”

Fe,O4 iron(lIl) oxide
SnO, tin(IV) oxide

* Honthe leftorthe
word acid?

* Polyatomicion
with an H on the
left side of the
molecule?

« How do we know the charges/formulas? We still make neutral compounds and we know
one of the charges. For example for SnO, we know there are 2 oxygens and each oxygen

I
I

|

I

I

|

: SnO tin(Il) oxide

|

I

I

|

: has a 2- charge so there is a total negative charge of 4-. We need 4+ to make a neutral
|

lonic Compound with a polyatomic ion

[
|

: * Read the name of the cation + read the name of the anion and change the ending to “ide”
| NH,Br ammonium bromide

: * |fthe anionis a polyatomicion, don’t change the ending

I (NH,);PO, ammonium phosphate

1



Acid without an oxygen Chapter 4.3

Continue Here

Is there an * Hydro + name of the non-H atom/molecule with the ending changed to “ic” + acid
H on the left or the oxyégen inthe HCl hydrochloric acid
word acid? acla. . .
O —) HCN hydrocyanic acid
NO YES T Vo e = Gl il Evsvwves e B
Acid with an oxygen

* Identify the polyatomic ion in the acid and see if it ends in —ate or —ite. Remove all the H’s
and whatever is left is the polyatomic ion.

* Ifendingin “ate” say the base name of the ion and then change the ending to “ic” + acid
HNO, (polyatomic ion = nitrate) nitric acid

You messed up, go H,CO, (polyatomic ion = carbonate) carbonic acid

|

|

|

|

|

|

|

|

|

|

|

back to the first !
. |
slide on I
|

|

|

|

|

|

|

|

|

|

nomenclature * Ifendingin “ite” say the base name of the ion and then change the ending to “ous” + acid

HCIO, (polyatomic ion = chlorite) chlorous acid
HCLO (polyatomic ion = hypochlorite) hypochlorous acid

* Sometimes the base names are weird and don’t exactly follow the rules
H,S0O, should be sulfic acid but it’s actually sulfuric acid
H,PO, should be phosphous acid but it’s actually phosphorous acid

: * Ifthe acid is written as a gas i.e. HCL (g) or H,SO, (g) then itis not an acid because
: it cannot donate the hydrogen to water to it would be named as a molecular

I compoundi.e. HCL(g) is hydrogen chloride

1



Other Situations - hydrates

Regular name of the ionic compound + prefix and “hydrate”

MgSO, ¢ 7H,0 magnesium sulfate heptahydrate epsom salts
Na,CO; ¢ 10H,0 sodium carbonate decahydrate washing soda

Number Prefix
1 Mono
2 Di

3 Tri

4 Tetra

5 Penta
6 Hexa

7 Hepta
8 Octa

9 Nona

Deca

RN
o




How to figure out formulas? Make neutral compounds. Use

the information that we know.

* Fe,O; —we know oxygen is 2- and there are 3 of them so the total
negative charge is 6-. Since the molecule is neutral, it must have 6+
charges. There are 2 Fe atoms so each Fe atom has a 3+ charge so the
name is iron(lll) oxide.

e FeO

* PbF,

* PbF,



How to figure out formulas? Make neutral compounds. Use

the information that we know.

* Sulfurous Acid - since the acid ends in “ous”, the polyatomic ion is sulfite
which is SO,%, each hydrogen is H'* so you would need 2 hydrogen to
make a neutral compound so itis H,SO,

* Phosphoric Acid -
* Nitrous Acid -

 Acetic Acid -



More Practice Problems
1. What is the name for this compound: MgClL,

2. What is the name for this compound: CuCl,
3. What is the name for this compound: (NH,),CO,
4. What is the formula for this compound: ammonium sulfate

5. What is the name for this compound: NaHSO,
6. What is the name for this compound: H,Cr,0O,

7. What is the name for this compound (pay attention to the (g): HCL (g)
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