Formulas & Nomenclature
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Nomenclature

Latin for “calling by name”
Precise system of naming chemical compounds

METHODE
os

NOMENCLATURE
CHIMIQUE,

-ic oxyacids and their -ate anions
-ous oxyacids and their -ite anions

(Flashcards on the web site in Course Documents)
(Lists in Unit 0 on the web site)

(1787)
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Elements
Elements contain only one type of atom

Mono-atomic (Monatomic) — single atoms

Di-atomic — two atoms (Must Know)
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Elements

atomic — multiple atoms

Diamond Graphite Fullerene

“Bucky Ball”
Vs
r 4

Allotrope: only one element; different forms

Molecules

Two or more atoms joined together chemically in a neutral unit

Water Aspirin Hemoglobin
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Binary Compounds

Binary = 2; but 5 different schemes

Sodium Chloride
Tonic
Phosphorus Pentachloride
Molecular

Hydrobromic Acid
Dihydrogen Monoxide

Water
Common




Nitrogen Oxide?

-

Laughing Gas, Auto Fuel Additive

Rocket Fuel, Liquid Explosive
Fertilizer, Explosive

Excitatory Neurotransmitter

Binary Molecular Compounds
Two Non-Metals or Metalloid + Non-Metal

First Word

Second Word

Metalloid + Non-Metal
Two Non-metals

Greek prefixes indicating numbers of atoms

mono- (omitted for first-named element)
di-

tri—

tetra—

penta—

hexa-

hepta—

octa—

nona-

deca-




Examples
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Noble Gases

Chemically inert under most circumstances
Xenon reacts with fluorine at temperature and pressure extremes

These are molecular compounds

Name as Non-Metals:

xenon difluoride
xenon tetrafluoride
xenon hexafluoride

i,
- xle‘h
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Name the following compounds:

CLO,
P,0,
SO,
NO
IF,

5
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Name to Formula: Both Elements Non-Metal

Diphosphorus Pentachloride

Name To Formula: “Staircase” Cation & Non-Metal Anion

Silicon Heptabromide

Si Br

SiBr,
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Write the proper formula f

carbon monoxide
phosphorus pentachloride
dinitrogen pentoxide
silicon dioxide

sulfur tetrafluoride




[Neutral)
lossof | atom | gainof
electron(s) -~ y electron(s)

» Ry
Cation Anion
) )

1 i
WA WA VA VA VI
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Ions

Symbol ize of charge, sign of charge

Nat Ca2+ Fet* F- S§> N3

(1 is not shown, but understood)

Oxidation Number = charge on a monatomic ion
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Cations
Positive ions

#pt > #e”
Metals form cations
Name: Base metal element plus “ion”

Neutral atom

h ©

2 electrons

Calcium atom Calcium ion (Ca2+)
20 protons 20 protons
20 electrons 18 electrons
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Metal Cation Nomenclature

For Representative Metals (the “A’s” Group 1-3):
name the element and add the word ion

Sodium Ion

Potassium Ion

Calcium Ion

Magnesium Ion

Aluminum Ion

Metal Cation Nomenclature

Transition Metals (the “B’s”) - several charges possible
Name element, charge (in roman numerals), then “ion”
iron (III) ion (ferric)
iron (II) ion (ferrous)
copper (II) ion (cupric)
copper (I) ion (cuprous)
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Metal Cation Nomenclature: Zinc

Always plus 2
No Roman Numeral needed

Zinc Sulfate: ZnSO,




Negative ions
#pt < #e”

Nonmetals form anions
Name: Base element ending in —ide + Ion

17e
_—
e Gains an

electron

Clatom
Llatom
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Anion Nomenclature

Name: Base element ending in —ide + Ion
hydride ion
fluoride ion
chloride ion
bromide ion
oxide ion
sulfide ion
nitride ion
phosphide ion

Lanthanide

Actinide
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Predicting Charge

Group 1A (1)
Group 2A (2)
Group 3A (13)
Transition (3-12)
Group 5A (15)
Group 6A (16)
Group 7A (17)
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Common Mono-Atomic Ions

The Roman numeral in the formula gives the oxidation state

Tron (IIT) Oxide Fe,0,
Lead (IV) Chloride PbCl,
Copper (I) Sulfate Cu,80,

Copper (II) Sulfate CuSO,
Mercury (II) Phosphate Hg,(PO,),

Min'| Fe?' | Co?"
Mn Co®
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onic Compounds

Contain charged particles, io

Crystal Systems

Isometric _ Tetragonal orthorombic Monoclinic Triclinic _ Hexagonal Trigonal

Fluorite Waulfenite Tanzanite Azurite Amazonite Emerald Rhodochrosite
[E—
ically: metal + (non-metal or polyatomic ion)
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Observed Crystal Reflects A

Formula Unit Ionic Crystal




Observed Crystal Reflects Atomic Level Geometry

Calcite

Calciumion  Carbonate ion

X ¥
Calcium
carbonate

Ionic compounds formed between:

Na* and
K* and
Ca?* and
Ba?* and S*
Lit and S*
APt and O*
Mg 2*and N*

Total + charge = total — charge
and

Keep simplest ratio of atoms

aylor, Ph.D. Al Rights Reserved

Subscript Trick

Quick way to balance charges

Cation +Charge_ Anion

Cation An%\

Ca** NOj
W
Ca**—NOy:
A 4
Ca(NO3),
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Memorized Polyatomic Ions

Ammonium
Acetate
Hydroxide
Chlorate
Chlorite

Nitrate

Nitrite

Sulfate
Hydrogen sulfate
Sulfite
Carbonate
Hydrogen carbonate
Phosphate

Cannot predict charge from periodic table
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Compounds Containing Polyatomic Ions

Charged species containing more than one atom

than one polyatomic ion, use ( ) and subscript

NH,* and SO2*> = (NH)),SO,

Ca** and OH- = Ca(OH),
Mg* and PO,* Mg, (PO,),

Total + charge = total - charge
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Naming Ionic Compounds

name the cation, then the anion as -ide

barium fluoride
calcium fluoride
sodium bromide
magnesium nitride
aluminum oxide
lithium phosphide
aluminum nitride
copper (II) chloride
copper (I) chloride
iron (III) nitride
iron (IT) nitride
tin (IV) chl

tin (IT) chloride
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(alumina)

(cupric chloride)
(cuprous chloride)
(ferric nitride)

(ferrous nitride)
(stannic chloride)
(stannous chloride)
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Naming Compounds Containing Polyatomic Ions

Name cation
(not “representative” =» charge in parenthesis)
Name anion

Ammonium Sulfate
Cobalt (III) Nitrate
Lead (II) Carbonate
Lead (IV) Carbonate
Magnesium Phosphate
Copper (I) Sulfate
Copper (IT) Sulfate
Sodium Chlorate

Roman Numeral is the charge, not the subscript

Name to Formula: Representative Cation & Anion

Magnesium Oxide

Mg O

Mg O

Mg,0,

MgO : %

141516 17 ne
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Name to Formula: Representative Cation & Polyatomic Anion

Sodium Sulfate Calcium Phosphate

Na SO, Ca PO,

Na* SO> Ca* PO

Na,SO, Ca, (PO,),

Na,SO, Ca; (PO,),

() used to indicate polyatomic group as a unit
Formula unit contains 3 Ca?* and 2 PO,* ions

Copyright Larry P. Ph.D.  All Rights Reserved
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Name to Formula: Transition Metal Cation & Anion

Iron (IIT) Oxide (Roman Numeralis cation charge) &w

Fe O
Fe¥ O*
Fe,0,

Fe,0,

Name to Formula: Transition Metal Cation & Polyatomic Anion

Copper (II) Sulfate (Roman Numeralis cation charge)

i3y
Cu SO, d

Cu? SO*>
Cu, (SO,),

CuSO,

Acids

Molecular Compounds that produce H* in solution

HYDRO + ROOT + IC ACID

hydrosulfuric acid (hydrogen sulfide)
hydrochloric acid (muriatic)
hydrobromic acid
hydroiodic acid
hydrofluoric acid
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Oxy Acids

H + nonmetal + Oxygen H + polyatomic ion

—ateions root+ic acid

—iteions  root+ous acid
chloric acid
chlorous acid
sulfuric acid
sulfurous acid
nitric acid
nitrous acid

-ic acid: 1 more oxygen in the anion than —ous acid

Hint: For “ates” and “‘ites”
Where X = N or Halide

Species Acid Salt

per X ic per X ate (more than -ate)

hypo X ous hypo X ite (less than ite)
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For X = Chlorine

Anion
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Formula for:

phosphoric acid
carbonic acid
acetic acid
hydrofluoric acid
hydrosulfuric acid

Zox

Most missed name in CEM 101

cation anion anion acid acid
formula | formula name name formula
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cation anion anion acid acid
formula formula name name formula

SO, * sulfuric
bromide hydrobromic
nitrate nitric HNO,

phosphoric H,PO,




cation anion
formula formula

anion
name

cation anion
formula formula

anion
name

(C,H;0,) acetate

chloride

sulfide
(sulphide)

nitrite
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Hydrates

acid acid
name formula

acid
name formula

H(C,H,0,)

hydrochloric

chloric HCIO,

nitrous

Absorb water from atmosphere

Water becomes associated with structure
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Naming Hydrates

Anhydrous (without water) name ‘e n H,0’s”

CuSO « 5 HO
4 2

copper (II) sulfate penta hydrate
copper (II) sulfate pentahydrate
sodium carbonate decahydrate

calcium sulfate dihydrate

« Indicates distinct chemical entities held together

arty P. Taylor, Ph.D. ~ All Rights Reserved

Composition Calculations

Find the percent water present in the hydrate Cu!

36.08 % = 0.3608

opyright Larry P. Taylor, Ph.D. ~ All Rig

Desiccants
Compounds that absorb water to form hydrates
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Lab Desiccators

Used to Keep Sensitive Chemicals Dry

The Desiccator
air tight lid

perforated mesh|

drying agent
(calcium chloride)
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Two common names you need to know

H,0 NH,

Ve

Dihydrogen Monoxide Nitrogen Trihydride

These are molecular compounds
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CENTSTUDIES SHO
[ATHRIVESINIDHMO.

Dangers: Uses:

DIHYDROGEN DIHYDROGEN MONOXIDE
"}gm}g‘ W v o e
! Ban Dihydrogen Monoxide ok )

.DHMO.or

CAUTION -

D
COIYDROGEN
MO

s 5
DIIYDROGEN HONONIDE ONOXIDE)
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Alumina
Baking Soda
Baking Soda
Cream of Tarter
Epsom Salt

Grain Alcohol

Potash

Quicksilver
shing Soda

Wood Alcohol
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Common Names

ALO,
NaHCO,
NaHCO,
KHC,H,0,
MgSO,* 7 H,0
C,H,OH

,CO,4+ 10 H,0
CH,OH

Which of these are ionic co

Na,O

Sodium Oxide

PCl,

H,S

Hydrosulfuric Acid

Agl

Phosphorus Trichloride  Silver Iodide

13 14 1516 17 e

b st

Lanthanide

Actnide | Th Pa
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Molecular Acids* g
nonmetals Hand one or

Type Il
metal forms more
than o i

meof{| | basename of name of base name  premm— |
| cation | janion (nonmetal); prefix | 1st | |prefix | 2nd element ‘oxyanion | acid}
| (metal) || +ide clement + -ide A

Example: Cal, Example: P05 Example: H;PO,
calcium iodide diphosphorus pentoxide phosphoric acid

/ base name of -
nonmetal + -ic.

base name of |
anion (nonmetal}
+ide Example: HCI Example: H,SO;
hydrochloric acid sulfurous acid
Example: FeCl,
iron(I1I) chloride * Acids must be in aqueous solution.

These Will Not Be On The Test

HIOAg = CH,0 =

BaNa, HIJKLMNO =

Fe?*

Fe?*

2+
a2
Fe The Element
of Surprise!
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