- Naming Compounds Handout

IONIC COMPOUNDS versus MOLECULAR COMPOUNDS

ionic compound:  consist of cations (positive ions) and anions (negative ions)
held together by electrostatic attraction
— usually metal + nonmetal(s)
— made of monatomic ions, polyatomic ions, and/or both
— monatomic ions: consist of a single atom
— polyatomic ions: consist of more than one atom

molecular compound:  consist of nonmetal atoms bonded together by
shared electrons (covalent bonding)
- acid: a molecular compound that releases

hydrogen ions (H+) when dissolved in water

NAMING MONATOMIC CATIONS:
Metal atoms lose \)alence electrons to form positively charged ions, called cations.
An ion formed from an individual atom is a menatomic (or monoatomic) cation.

. Groups IA to llIA elements silver (Ag), zinc (Zn) and cadmium {Cd) form only
one type of ion each:

— Group 1A elements form +1 ions: Li+, Na+, K+, Rb+, Cs+

. +2 +2 +2 +2 +2
~ Group lIA elements form +2 ions: Be 5 Mg ,Ca ,Sr ,Ba
— Group IlIA elements form +3 io?ixs: Al" ,
— silverion = Ag+; zinc ion = Zn" ; cadmium ion = cd’

When a Group IA-IHIA element, silver, zinc, or cadmium forms an ion, it is named:

element name + ion

. . +2 . . +2 .
e.g. Na" = sodium ion Sr ™ = strontium ion Zn " =2zincion
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H. The Stock system is used to name transition metals and other metals that
form more than one ion:

— iron {Fe) forms two ions: Fe+2 and Fe+34
— lead (Pb) forms two ions: Pb+2 and Pb+

When a a metal can form more than one ion, each ion is named:

element name (charge in Roman numerais) + ion

eg. Fei = iron (If) ion Pb+i= lead (I1) ion Cu+2: copper (1) ion
+ +
Fe ~=iron (lll) ion Pb =lead (IV)ion cu'“= copper (H} ion

Name each of the following monatomic cations:

Li+ = &Mm« ,{,m Cd+2 CQMWM /Lms.

Ag+ = S,uém M?b ' Cu+2 QW (/Ii)m

AE+3 = Mwmm m Mg+2 = WW A&

Mn*? = mangantse (i) iom snt=_ Ten (1v) son

H = A{;{Maw ,w—;,, Cc’+3 = Qoﬁa—éﬁ (’/ii)‘ LOF
Fe+3 = Aon (Hi) Ao Na' = Sodecim. Aen

K= __potassinm son T = Helanidin (1V) son

ca*? = am@&wzm/m N2 = ndckel /i!:) Aon
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NAMING MONATOMIC ANIONS:

Nonmetal atoms gain valence electrons to form negatively charged ions cailed
anions.

When a nonmetal forms an ion, it is named:

element stem name + “ide” + ion

O = oxygen atom = 07 = exide ion

N = nitrogen atom = N"° = nitride ion

Name each of the following monatomic anions:

F = %@uma@. LW o =_ phlnide ssn

B = _bromide sew S Swg%&éau Lo
M= _ dodiode 4on P°= _phosphisle 4on

NAMING POLYATOMIC IONS:

tons made up of more than one atom are polyatomic ions:

: : * .
— only one polyatomic cation; NHs = ammonium ion
~ many polyatomic anions: see table below

NH, = ammonium ion Polyatomic lons

OH = hydroxide ion NO, = nitrite ion C,H,0, = acetate ion

CN = cyanide ion NO, = nitrate ion PO4_3: phosphate ion

CrC)J2 = chromate ion 804_2 = gulfate ion MnO, = permanganate ion

Cr,0, % = dichromate ion SO, = sulfite ion CO, ™ = carbonate ion

HCO, = hydrogen carbonate ion or bicarbonate ion
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Name each of the following polyatomic ions:

- . - D “
CN = W& Ao CrO4 ~ = G;?Vﬁmai& {07
304_2 = NOs = aitrate sen
OH =

PO = iohagﬂ/\—m AT

NHs = ammeniiien. Lo CoHi0o" = aletate ionp

WRITING CHEMICAL FORMULAS GIVEN INDIVIDUAL IONS

Compounds must be neutral => total +ve charge = total —ve charge

1. If the two ions have exactly opposite charges (+1 and -1, +2 and =2, +3 and —3)
fi formula of the compound contains one of each ion

e.g. Na' + C = NaCl K"+ NOs = KNOz
+2 -2 _ +2 -2 '
Ca +8 = C(CaS Ba + S04 = BaS0O4
+3 -3 +3 -3
A+ NT = AN Fe'~ + PO, => FePOy4

Combine each pair of ions to get the formula of the compound they form:

NHe ¢ F o= NHaF e oN =[N

sr? 4+ cos” = __Srl0, A +POT = AIPOy

Na' + CoHa0o = ANa(G H:i0, K'+oH = KoM

N2 1cro? = MOy FePs N©® = foMN

ca? +s0,7 = _ (450, o = (P
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2a. If two monatomic ions have different charges
=> use crossover rule to get formula of the compound
— superscript for cation becomes subscript for anion
—~ superscript for anion becomes subscript for cation
— simplify subscripts to get lowest ratio of atoms
(Note: Only the numbers cross down, not the signs!)

Na_8% BEof TP
Na,S Ba,N, TiO,
TipOy is simplified!

b. If two ions have different charges and at least polyatomic ion is involved
=> use crossover rule to get formula of the compound
— if more than one of polyatomic ion in formula, use parentheses
—~ simplify subscripts to get lowest ratio of atoms
(Note: Again only the numbers cross down, not the signs!)

NH:_€f Ca®NQ; PH2=ec?
(NH,,0  Ca(NO,),  Pb(CO,),

Pb2{CO3)4 is simplified!

Combine each pair of ions to get the formula of the compound they form:

cut 07 sn™ 50472 Kt p

C“&O Sy\[;‘SOL,,)g_ Ky P

Li" cos? et g7 N2 posT

LigCOB FQ@Sg /\}33 (POL}\}&
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CHEMICAL FORMULAS AND NAMES FROM INDIVIDUAL IONS

Compounds are named from the individual ions they come from.

Name the cation and the anion, then remove “ion” frem each name:

eg. Na' = sodium ion
Cl = chlorideion => NaCl= sodium chloride

K+ = potassium ion
-2 ) .
CO3 = carbonateion = K3C03 = potassium carbonate

Fe+3 = iron-{Il) ion
NO3 = nitrateion =>  Fe(NO3)s = iron (lll) nitrate

+ .
Ag = silverion

S = sulfideion =  AgzS = silver sulfide

Combine each pair of ions {o get the chemical formula, then name the compound:

Individual ions Compound Formula Compound Name

l\/lg+2 F MgF» magnesium fluoride
NI s NiS neckel (1) sulfide
ca™ Br (\cugiﬁs | oalcram b rmynidle

A P ALP ol uminim p Aﬁspéz;&

NOs™ (o (NO, ), Cobalt (1) nitrite

Co

K

" ocrog” K2 Cr Oy po 4SS ium Chromatle

Fe o Fe, Os Leon (i) oxrele
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GIVEN THE CHEMICAL FORMULA, NAME THE COMPOUND

1. If the metal is in Groups |A-HIA, silver, cadmium, or zinc, then just name the
metal cation and the anion:

e.g. NaCl = Na=sodium and Cl=chloride = sodium chloride
Bal, => Ba=barium and |=iodide = barium iodide
Al(OH); = Al = aluminum and OH = hydroxide => aluminum hydroxide

ZnS0,4 => Zn=zinc and SO, =sulfate = zinc sulfate

2. If the metal can form more than one ion,
a. Use reverse crossover to get the individual ions
— Make the subscript of cation the negative charge of anion
— Make the subscript of anion the positive charge of cation
b. Check to make sure the charges on the ions are correct
c. Name the cation and the anion, then remove “ion” from both

e.g. Ni Br2 => Ni'> = nickel (i) ion Br = bromide ion
Is bromide’s charge really —17 YES! '
then => NiBr2 = nickel (ll} bromide

d. If a polyatomic ion is involved, remember that more than one polyatomic is
shown in parentheses—i.e. DO NOT bring up the subscript of atoms
in a polyatomic ion to be the charge of the metal!

CUSO4 = There is only ONE Cu and ONE SO, so get the charge

-2
for the Cu based on the SOy4. The formula is SO4 , and

-2
there is only ONE S04 , so Cu's charge here must be +2 for the
compound {0 have an overall charge of zero.

= Cu+2 = copper (Il) ion 804""2 = sulfate ion
then = CuSO04 = copper (i) sulfate
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Give the name for each compound given its chemical formula:

Formula | Individual lons Name of Compound
MgCla Mg? cr magnesium chloride
LiOH (it OH° Lithiom hogelrayi de
ZnCO3 Zn?t (0,77 Zinc Catrbonate
K2S Kt sa- potassium swﬂ,g,id;m
FePO, | Fe®" PO4*T ivon (1)) phosphate
SnO2 Satt 07" Hin (1v) oxice
cBrz | (" By” cspper (1) bromide
AgsN Aﬁ* N3T slirer nitide

MRCN) | MW" N mangantse (10) cyanids

AgCoHa02 | AgT (oH30,” s wer peatate

(5000

WRITING CHEMICAL FORMULAS GIVEN THE COMPOUND NAME

crossover rule:

e.g. barium chloride =>
+ —
Ba™ CI' -

aluminum sulfate =

. +2
parium = Ba

Get the individual ions from the name, then combine them using the

chloride = Cl

BaC|2

. +3 -2
aluminum = Al sulfate = SOy

Al SO,~2 =

Alx(SOy)3
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Give the name for each compound given its chemical formula:

Name of Compouhd individual ions Formula
lithium cyanide " oN LICN
iron (11f) sulfate Fe?3* SO& | Fe, (S04 )3
calcium iodide G IV | I,
tin (IV) dichromate Sn** (r,04%7) Sa (UQOT}J-«
cadmium nitrite 04" NO,~ Co (NOa)a
copper (Il) acetate Cu** CH3042” | Cu(CaH300)a
zinc carbonate 27t (0487 Zn{0s3
lead (1l phosphide Phe* P37 Ph, Pa
potassium sulfite 1KY SO K2 SOs
cobalt (11} nitride Co** N3~ CoaNo
nickel (I1) permanganate Nid* MnOy™| Ni(MnOu)a

NAMING MOLECULAR COMPOUNDS

Indicate number of atoms of each element with Greek prefix before element name:

# of atoms Greek Prefix # of atoms Greek Prefix
1 mono {(usually omitted) 6 hexa
2 di ' 7 hepta
3 tri 8 octa
4 tetra 9 nona
5 penta 10 deca
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For the first element: Greek prefix + element name
For the second element: Greek prefix + element name stem + “-ide”

Note: Mono is generally omitted, except in common names like
CO = carbon monoxide

P,O, SF,

diphosphorus pentaoxide sulfur hexafluoride

Name the following molecular compounds:

$0s = _Qulficr Fuoxide SiBrs = __sil iton Jetrabromick

XeFg = _X enovl Wag;ﬁww'a(gcwa = _ohlovino trifluscide
N204 :0{%:’7‘%@% Jehroxide . Clor= dipilovine hegtaxide

U Gtfraoxide ) (Lplaoxide)
PCls = DAnS’ﬂW Wﬂwwm = 7167’7&,”1405‘10W dﬁfﬁ)wdﬂ
(&CM}W&Q}.

DETERMINING FORMULAS OF MOLECULAR COMPOUNDS

Use Greek prefix(es) to determine number of atoms of each element in formula.

Get elements and number of atoms of each from name:

tetraphosphorus hexasulfide

N b7
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Give the formulas for each of the following molecular compounds:

nitrogen trichloride dibromine heptaoxide dinitrogen pentasulfide

N@g 8*@07 N&Sg

DETERMINING FORMULAS AND NAMES OF ACIDS FROM IONS

Given an ion,
we can get formula of acid by:  adding H atoms equal to negative charge on ion
we can name for acid: depending on suffix of ion name

add # of H's equal
to negative charge

F = fluoride ion > HF (aq) = hydrofluoric acid
add # of H's equal
{o negative charge

> HNO2 (aq) = nitrous acid

NOQM = nitrite ion

add # of H's equal
to negative charge

804_2 = sulfate fon > HS04 (aq) = sulfuric acid

Name each of the following ions, and determine the formula and name of the
corresponding acid that forms from the ion.

Name of lon Formuia of Acid Name of Acid

Cl = chioride ion = HCI (aq) = ___hydrochloric acid

€03 ™% = _Larbonate ior=> Ha(0y (aq)= __Larbonic acid

$03 %= it 4sw = SO (aq) = _sulbuouws acid

F’O4~3 = OMSQ}\W /L@Yk/ => HjEOi (aq) = ?KosplxMC QCA\d

NO3 ™= _nhvakr Asn = HNOy (4= widnic acd-
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Name each of the following acids:

HBr (ag)= Mobm b  HaCrO4(aq)= _ Chiomic

OLtA J aud
H2S04 (aq)= gu:(l%mz 4 HC2H302 (aq)= aceic aedd
. {A

Give the formula for each of the following acids: [Don't forget fo indicate (aq)!]

hydrofluoric acid = B F nitrous acid = HNOa
phosphoric acid = _Hs POq chromic acid = M2 (rOy
hydroiodic acid = pL carbonic acid = HQ_CO%
sulfurous acid = Hg SOq nitric acid = HNOg

PUTTING IT ALL TOGETHER:
Name each of the following compounds:

sac _hodurs chlowde Nen _nickl (a) bromide
HNO3(aq)__mtric aciol. SO3 suwlhur dioxiole

Ak sihver M;umo& PbSes  [eadl (1v) stloniole

Nisos _nuckel (1) sulfide  prs phosp/LWJ Imﬁﬁw@
k2S04 _potassium Sulfats CrCoHsO2)s Chromium () acetats

FeP O (H!} p }\,@Spk,{'dg Alo(CO3)3 Al

cuMn0; _Capper (1) peanang- caiorn ol mivem Lydroxide -
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