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CHAPTER 5
NOMENCLATURE

The Nomenclature Grid — A Helpful Organizational Tool

A tool which attempts to organize the various nomenclature rules into a simplified grid (or table),
based on the type of compound being named.

Four categories of compounds

Ls binary non-acids (Quadrant 1)

Ls polyatomic non-acids (Quadrant 2)
Ls polyatonic acids (Quadrant 3)

Ls binary acids (Quadrant 4)

HJ'_

NON-ACID

ACID

BINARY

POLYATOMIC

. Iypel

M+ nM

M has only 1 O.N.

t Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

Typell
FM+nM
M has at least 2 O.N.
I utilizes ROMAN NUMERALS
eg: FeO = iron (I1) oxide
Fe,0, =iron (Ill) oxide

Typelll
t NM +nM
} often, element closest to F serves as anion ("ide")
utilizes PREFIXES
eg: CO = carbon monoxide
CO, = carbon dioxide

compounds with:
"ate" anions
"ite" anions
"ium" cations

Typically, named using the rules from the quadrant to
he left, and an anion derived from one of the polyatomic
acids from the quadrant below.

- ammonium ion is the only polyatomic CATION utilized in
his course.)

Often, the formula of the compound's anion 'portion’
can be determined if the corresponding POLYATOMIC
ACID (quadrant below) is known:

S0,2 = sulfate ion <-- derives from sulfuric acid
SO;2 = sulfite ion  <-- derives from sulfurous acid

eg: Na,SO, = sodium sulfate
MgSO, = magnesium sulfite

t For our purpose, these are acids that do not contain
pxygen; i.e., they are not OXYacids.
« binary acid = H plus 1 other NON-metallic

Eeg:
HF = hydrofluoric acid

HCI = hydrochloric acid

H.S = hydrosulfuric acid (aka hydrogen sulfide)

Acids in which the corresponding anion is comprised of
wo or more elements

Some acids can be thought to exist in ‘families,' in which
he formula of any family member can be derived by
application of a few basic rules to any single member

of the family for which its formula is known

recommend memorize the "ic" member, and derive
others)

Often, they are oxyacids

eg:
H,S0O, = sulfuric acid
H,S0; = sulfurous acid

eg:
HCIO, = perchloric acid
HCIO, = chloric acid
HCIO, = chlorous acid
HCIO = hypochlorous acid




BINARY POLYATOMIC

Quadrant-1 Quadrant-2

Iypel compounds with:
M +nM "ate" anions
NQ—:) qu\_ & _FMhasonly 10.N. "ite" anions
sz-@ L Metal named first, anion takes "ide" ending ¢ "jum" cations

- - eg: NaCl = sodium chloride
&‘—;7 Cﬁ _ + Typically, named using the rules from the quadrant to
the left, and an anion derived from one of the polyatomic
acids from the quadrant below.

- ammonium ion is the only polyatomic CATION utilized in
this course.)

-t M +nM

- M has at least 2 O.N.
NON-ACID  }utiizes ROMAN NUMERALS
- eg: FeO = iron (Il) oxide
Fe,0, = iron (IIl) oxide + Often, the formula of the compound's anion ‘portion’
can be determined if the corresponding POLYATOMIC

Type lll ACID (quadrant below) is known:
- nM + nM S0,2 = sulfate ion <-- derives from sulfuric acid
- often, element closest to F serves as anion ("ide") S0O,? = sulfite ion  <-- derives from sulfurous acid
- utilizes PREFIXES
- eg: CO = carbon monoxide eg: Na,SO, = sodium sulfate
CO, = carbon dioxide MgSO; = magnesium sulfite
L For our purpose, these are acids that do not contain - Acids in which the corresponding anion is comprised of
bxygen; i.e., they are not OXYacids. wo or more elements
« binary acid = H plus 1 other NON-metallic + Some acids can be thought to exist in 'families,' in which
he formula of any family member can be derived by
eg: application of a few basic rules to any single member
HF = hydrofluoric acid of the family for which its formula is known.

recommend memorize the "ic" member, and derive

HCI = hydrochloric acid others)

AC l D H,S = hydrosulfuric acid (aka hydrogen sulfide) L Often, they are oxyacids /
eg. /

H,SO, = sulfuric acid

H,S0, = sulfurous acid

eg:
HCIO, = perchloric acid
HCIO, = chloric acid
HCIO, = chlorous acid

Quad rant'4 HCIO = hypochlorous acid Quad I’ant-3
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Naming Binary Non-acids (Quadrant 1)

* Once it is determined that the compound being named is indeed a Binary Non-acid, identify the

“type” of compound, from among three choices.

* There are three types of binary compounds, each of which has its own nomenclature rule.

Three TYPES of binary non-acids

Ls Type | — type | metal + non-metal
Ls Type Il — type Il metal + non-metal

Ls Type lll— two non-metals

Three RULES of binary non-acids

Typel
M +nM
M has only 1 O.N.
I Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

TIype ll
M +nM

I M has at least 2 O.N.

I utilizes ROMAN NUMERALS

I eg: FeO = iron (Il) oxide
Fe,O; =iron (Ill) oxide

Typelll

FnM +nM

I often, element closest to F serves as anion ("ide")
- utilizes PREFIXES

I eg: CO = carbon monoxide

CO, = carbon dioxide

Periodic Table of the Elements
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Strategy

Start by naming the compound as a Type |, and then work from there.

Strategy Map

Nno Consider
other types of
compunds

Stop Roman Prefix
Numeral
Typel
M +nM

I M has only 1 O.N.
I Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

Type ll
M +nM

I M has at least 2 O.N.

I utilizes ROMAN NUMERALS

I eg: FeO = iron (l1) oxide

Fe,0, =iron (IIl) oxide

Typelll
FnM + nM

I often, element closest to F serves as anion ("ide")
I utilizes PREFIXES

I eg: CO = carbon monoxide

CO, = carbon dioxide




Type | Compounds (Type | metal + non-metal)

Name-to-formula
(EX) ¢ Provide the correct name for the following compounds?

NO NO No Consider
N.?me Ias other types of
ype compunds
NaCl ~ - N )

Stop Roman Prefix
Numeral

M g C I 2 W Typel
FM+nM
M has only 1 O.N.
I Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

Iypell
M+ nM
Mgo > I M has at least 2 O.N.
I utilizes ROMAN NUMERALS
I eg: FeO = iron (I1) oxide
Fe,0; =iron (IIl) oxide

Typelll
F nM +nM
I often, element closest to F serves as anion ("ide")
Ag Br w | utilizes PREFIXES
I eg: CO = carbon monoxide
CO, = carbon dioxide




Formula-to-name

Ls write the element symbol for the cation and the anion
Ls note the charge on each ion
Ls use subscripts to make the resulting formula charge-neutral

(EX) ¢ Provide the correct formula for the following compounds?

sodium chloride magnesiym chloride

\1/ MS'M -
N e
magnesium oxide silver bromide
Lk on2—
M5 O
]
CAVEAT!

After you write down the elements which comprise the formula, be sure to make the formula is
charge-neutral (by adding subscripts, if necessary) before naming.




Type Il Compounds  (type |l metal + non-metal)

CuCl

No Consider
other types of
compunds

Stop Roman Prefix
Numeral

Typel
M +nM
M has only 1 O.N.
I Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

Typell
M +nM
I M has at least 2 O.N.
I utilizes ROMAN NUMERALS
I eg: FeO = iron (Il) oxide
Fe,0; = iron (IIl) oxide

Typelll
FnM +nM
I often, element closest to F serves as anion ("ide")
I utilizes PREFIXES
I eg: CO = carbon monoxide
CO, = carbon dioxide




Telling the difference between a Type Il and a Type | metal

Memorize the position of all Type Il metals on the periodic chart

Type | Metals
(Highlighted in green)
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* The metals highlighted in green are Type |. Memorize their position on the periodic chart.

* Rule of Thumb for identifying metal type: if a metal is not a Type Il metal, then it is assumed
to be a Type | metal.

DISCLAIMER: in fact, some of the non-highlighted metals are, indeed, Type I; however, you need not memorize
those anomalies. You will either not be asked to name compounds containing those anomalies, or you will not be
penalized for having applied the Type Il nomenclature rule.
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Type Il nomenclature rule: name as a Type |, then add
Roman Numeral

no Consider
other types of
compunds

Stop Roman Prefix
Numeral

Type | Metals
(Highlighted in green) I

1

A Roman Numeral is used to denote the charge on the
metal cation

Iypel
M +nM
M has only 1 O.N.
Metal named first, anion takes "ide" ending
eg: NaCl = sodium chloride

Type ll
M +nM
M has at least 2 O.N.
utilizes ROMAN NUMERALS
eg: FeO = iron (Il) oxide
Fe,0; = iron (IIl) oxide

Typelll
nM +nM
often, element closest to F serves as anion ("ide")
utilizes PREFIXES
eg: CO = carbon monoxide
CO, = carbon dioxide




(EX) ¢ Provide the correct name for the following compounds?

‘
FeO Fe,Os e

(EX) ¢ Provide the correct formula for the following compounds? Common Type Il Metals
lon Systematic Name Older Name
. . Fe** iron(IIT) ferric
cobalt@ bromide mangan ese@omde e
¢ Cu** copper(Il) cupric
Cu* copper(I) cuprous
/ % = 4} ?; Co** cobalt(Ill) cobaltic
C @ /\/\ V\L O et Co?* cobalt(Il) cobaltous
O V Sn** tin(IV) stannic
7. Sn?* tin(Il) stannous
( Pb** lead(IV) plumbic
Y| Pb?* lead(IT) plumbous
Hg** mercury(Il) mercuric
C (b Hg,** mercury(l) mercurous
(&} v MVL O 2 ;Mczrfuryll) ions always occur bound together in pairs to form
g,



Type lll Compounds  (non-metal + non-metal)

Type Il nomenclature rule: name as a Type |, then add prefix(es)

Name as
Type |

Stop Roman Prefix
Numeral

No Consider
other types of
compunds

Typel
M +nM
M has only 1 O.N.
I Metal named first, anion takes "ide" ending
I eg: NaCl = sodium chloride

Iypell
M +nM
I M has at least 2 O.N.
I utilizes ROMAN NUMERALS
I eg: FeO = iron (I1) oxide
Fe,0, = iron (lIl) oxide

Typelll
FnM + nM
I often, element closest to F serves as anion ("ide")
I utilizes PREFIXES
I eg: CO = carbon monoxide
CO, = carbon dioxide




Type lll Compounds  (non-metal + non-metal)

(EX) ¢ Provide the correct name for the following compounds?

NO
N.O
CO

CO,
(EX) ¢ Provide the correct formula for the following compounds?
boron trifluoride — E F3

dinitrogen pentoxide N Os
2

carbon monoxide

Common Type Il Prefixes

Prefix

Number Indicated

mono-

di-
tri-
tetra-

penta-

hexa-

hepta-

octa-

1

0 NN N W



Naming Polyatomic Acids (Quadrant 3)

Memory Acids

Memorize the “ic” version of common polyatomic acids

H,80, =— Suallbwse acd

HNO, e V\‘sz_t— agc,?i_g) IUO; M
HPO, & pPhosphoric ad

CHiO; = CHCOH e wemi axidl

HCIO, HBrO;  HIO, Wlwic acd

g
H.COs __ QC\VIODU\:E: a&_glé ng)i

N\DV\

« sulfuric acid
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Derivatives of ‘ic’ Acids: ‘ous’ Acids, ‘ate’ Anions, ‘ite’ Anions @
¥

2.H

H2 04 “ic/ous” Acids to “ate/ite” Tons
Svul b <, P | “c acid” <> “ate” anion
Ii ° Ii ’

H “ous acid” (i_m) “ite” anion

2, O_B 2~

50,
S W\l gus acd S

element —> ide
ic —> ate
ous —> ite




The “Extended Family”

Three common extended families, the halogen-centered polyatomic acids:
° HC|03 * HBrO3 * HLO3
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T HClO; a c/()us” Acids to “ate/ite” Tons C/Q 03
CL_ G u:(:, O./C—ﬂ_ “ic acid” <—> “410” anion QL\\ o i{\_—;{
+0 +0
“ous acid” (i—w) “ite” anion —_
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Polyatomic Acid Families

ate, ite anions —> Quadrant 2
ic, ous acids —> Quadrant 3
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Naming Polyatomic Non-acids (Quadrant 2)

Guidance

PR

Ls often: Q1 metal cation + Q3 polyatomic anion = Quadrant 2 name

4

32

Ls treat polyatomic ions as a single unit; e.g, treat PO,[2]" as one unit with a -3 charge

Ls essentially, apply the Type | and Type Il rules to polyatomic species

Ls whereas Type | and Type Il rules applied to binary non-acids (Q1) often end in “ide”,

the same rules applied to POLYATOMIC non-acids (Q2) often end in “ate” or “ite”




Polyatomic Acids And lons

Common Polyatomic lons

Name Formula Related Acid Formula
ammonium NH, *
hydronium H; ot
oxide o
peroxide 0, 2
hydroxide OH
acetate CH;COO acetic acid CH3COOH
cyanide CN™ hydrocyanic acid HCN
azide N3~ hydrazoic acid HN3
carbonate CO4 2 carbonic acid H;CO3
bicarbonate HCO3"
nitrate NO;4 nitric acid HNO3
nitrite NO, nitrous acid HNO->
sulfate S04 2 sulfiric acid HyS04
hydrogen sulfate HSO4~
sulfite S04 2- sulfurous acid H2SO3
hydrogen sulfite HSO;~
phosphate PO, 3- phosphoric acid H3PO4
hydrogen phosphate HPO, 2-
dihydrogen phosphate HyPO4™
perchlorate Cloy~ perchloric acid HCIO4

element —> ide
ic —> ate
ous —> ite

The 7 memory
“ic acids”
highlighted in
blue



Atoms, Molecules, And Their lons
— Don’t get them confused

S — L\;\Sﬂ ¢+ - H S03 — 'S 03
S\L\\Q(xv S\\Q\AV\L cecd 5((@_”% Sulcw-
l l Geer ’\'L’O\cbt_,
.- L
< S04 SOs

sulCle  sulSt, sal (e

element —> ide
ic —> ate
ous —> ite



Binary Acids (Quadrant 4 Names)

Names of Some Simple Acids

Name of Gas Name of Acid

HF(g), hydrogen fluoride

HF(aq), hydrofiuoric acid

HCI(g), hydrogen chloride

HCl(ag), hydrochloric acid

HBr(g), g

HBr(aq), ic acid

Hi(g), hydrogen iodide

Hi(ag), hydroiodic acid

H,S(g), hydrogen sulfide

H,S(aq), hydrosulfuric acid

Table 2.12

Acids vs. Pure Substance counterparts

this... is a(n).... so it uses this...

HCI ( @,O acid/water binary acid (Q4) name

HCI () pure binary non-acid (Q1) name
HCI (L) pure binary non-acid (Q1) name
HCl (9) pure binary non-acid (Q1) name




Common Names
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—PRACTICE PROBLEMS: ANSWERS NEXT PAGE—

(EX) Nomemclature: Name — Formula

chromium(lll) phosphide

magnesium(ll) phosphate

calcium chloride

ammonium sulfate

calcium oxide

nitric acid

nitrate ion

phosphite ion



(EX) Nomemclature: Name — Formula

chromium(lll) phosphide

W Ve
o e = Co p Cdg wd)
magnesium(ll) phosphate
b \’
Mh? = (PD: —)1 = M“;("ML
: , 24 =
calcium chloride Ca , @, — G,
+ 3
ammonium sulfate Mg, S04, —7 U’M); Sod
calcium oxide Cf‘" o —> 0
nitric acid WNDs  (mameny )
nitrate ion HUOy  —= Nig
e e
3
phosphite ion H, P, —= PD3 -

> oS



—PRACTICE PROBLEMS: ANSWERS NEXT PAGE—

(EX) Nomenclature: Formula = Name

(@) KNO; (b) NO

(c) Al,O,4 (d) Nix(SOy);




(EX) Nomenclature: Formula —> Name

@ KNO; &1 (b) NO 4T3y
l Type | name l Type | name
f(y{—uﬂs:um u{rhfﬁ(l Vlif\w?,-\ ey
T \L no I, no lll \L no ll, yes Ill --> prefixes
(5'\"\’ ) \ V\.i'\‘\/ﬁg,LV\. monoxide |
€ AO; (14 (d) Nix(SO.,)s (rad
\I/ Type | name
\L Type | name
a.\k&VVL.\ILM.M 0!;& mic\(&[ 9‘4"@&‘{{_
I --> RN
\L no i, no il \L {aersound>the bend)
(step) Y| ot =0
(N U —— ]
S, N, (sa.Q;’
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