TABLE 3.8 Rules for Writing Formulas of Binary lonic Compounds

Examples
Rules for Names -
magnesium phosphide aluminum bromide

1. Identify each ion and its | magnesium: Mg* aluminum: AI"
charge. phosphide: P~ bromide: Br

2. Determine the total Mg™: +24+2+2=146 AP =43
charges needed to P 3.3 =_§ Brl: 1-1-1=-3
balance positive with
negative.

3. Note the ratio of 3 Mg** ions for every 1 Al”*ion for every
positive ions to negative | 7 P~ jons 3 Br jons

- ions. .

4. Use subscripts to write
the formula. Omit “1”
‘where only one ion is MesP: AlBr,
needed.

Study Prep 1. Write the formulas of the ionic compounds containing the following ions:

a) Na*! with F~? 5 Y\ /
b) Mg* with Br! /

c) Cs*! with S \’(

d) Ba*? with O~ (/ \ ‘

e) Ca*> with P~ / . \

e
o

2. Write the formulas of the following binary ionic compounds:

a) potassium chloride

b) strontium nitride

c) silver sulphide

d) zinc selenide

e) beryllium sulphide >

f) rubidium oxide

g) lithium nitride
h) radium iodide

i) aluminum phosphide

j) magnesium sulphide
k) lithium fluoride
1) beryllium iodide

m) magnesium oxide

n) radium nitride

o) potassium sulphide
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3. Write the names of the following binary ionic compounds:
a) Csl
b) Ba,N,
c) CdCl,
d) AlF,
e) Li,0
f)K,0
g) Na,O
h) Cal,
i) Sr,p,
j) CaO
k) Cd,N,
1) RaBr,
m) RbF
n) AICL,
o) NaBr

Metals with
More Than One .
Combining Capacity

TABLE 3.9
Roman Numerals

An element that can form more than one stable ion is called a mulitvalent element.
Most metals in the middle of the periodic table are multivalent. Their combining capac-
ities are listed in the periodic table, with the most common one listed first. For example,
iron can have either a +2 or a +3 ion, but the +3 ion is the most common. The symbols
and names of the iron ions are:

Fe?  iron(II)
Fe**  iron(III)

Notice that the Roman numeral in the ion’s name corresponds to the charge on the ion.
A list of Roman numerals is given in Table 3.9. -

Table 3.10 gives some examples of the names of binary ionic compounds containing a
multivalent metal ion.

TABLE 3.10 Compounds with Multivalent lons

Name ‘ Formula
iron(IIl) iodide Fel,
iron(IT) iodide Fel,

manganese(IV) sulphide MnS,
copper(I) nitride Cu,N

Table 3.11 shows examples of how the compound’s name is used to write the formula.
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Study Prep 1. Write the names and formulas of the ionic compounds containing the following
' ' ions:

a) Cu*! with §2 5 K \ P

b) Cu*? with §2

c) Cr** with F!

d) Cr*® with F*

e) Fe*? with N~

f) iron(III) ion with bromide ion

'g) lead(IV) ion with iodide ion

h) lead(IT) ion with iodide ion

i) cobalt(III) ion with phosphide ion

a2\ V2 YA YA YA

j) platinum(IV) ion with selenide ion

2. Write the name of each ionic compound below. Remember to use a Roman
numeral as part of the metal ion’s name.

a) FeCL

b) FeCl,
c) Cu,0O

d) CuO

e) PbS

) PbS,

g) MnBr,

h) MnBr,

) TiN,

j) TiP
k) SnF,

) TiS,

m) Co,N,

n) Pt
o) CuP

Continued
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3. Write the formulas of the following ionic compounds:

a) iron(II) iodide

b) chromium(III) chloride

c) copper(II) bromide

d) mercury(II) oxide

e) tin(IV) nitride

f) tin(1I) nitride _ \ . .

g) titanjum(III) phosphide
h) gold(III) sulphide

i) manganese(IV) iodide

j) mercury(II) selenide

k) gold(I) iodide

1) titanium(IV) nitride

m) manganese(IV) oxide

n) cobalt(Il) chloride

o) chromium (111} bromide

Polyatomic Ions Some ions are made up of several atoms joined together by sharing electrons, just like a
molecule. The difference is that this combination of atoms has an electric charge. It can
have either a positive or a negative charge. A polyatomic ion is a group of atoms that
are covalently bonded and have an overall electric charge (“poly” means many).

In the compound NaOH, for example, the sodium has a charge of +1. The oxygen and
hydrogen together form the polyatomic ion hydroxide (OH™), which has a charge of
-1. Another example of a polyatomic ion is the phosphate ion (PO,™). It is made up of
one phosphorus atom and four oxygen atoms joined together. They behave like a single
unit with a charge of -3. :

Table 3.13 gives some examples of common polyatomic ions. Page 1 of the Data Booklet
lists the names and formulas of these and other common jons.

There are a few points worth noting about the ions in Table 3.13:
= There are many more negative ions than positive ions.

= 'The most common positive polyatomic ion is ammonium (NH,"). Ammonium
phosphate is the most common fertilizer ingredient in the world.
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| Study Prep 1. Write the name of each compound below: 2
| 2) Li,CO, |
b) Mg(HCO,), , i

L c) Na,SO,
d) K30, |
e) Ba(OH), ,
f) AI(CN), .
g) (NH,),PO,
h) Fe(NO,),
i} Mg(OH),
j) Cu,PO,
k) Ag,CrO,
) Rb,Cr,0,
m) NH,F i
n) Co(HSO,), i

2. Write the formula for each compound below:

| a) sodium carbonate

b) strontium chlorate *

¢) cesium cyanide

d) barium hydfogen carbonate

e) zinc hydrogen sulphate

f) strontium phosphate

g) calcium hydroxide

h) ammonium sulphide

i) ammonium sulphate

j) ammonium sulphite

k) copper(II) nitrate

1) chromium(III) hydrogen sulphide

m) potassium dichromate

n) sodium oxalate

0) manganese(ﬁ) thiocyanate

p) magnesium sulphite
q) lead(II) perchlorate
r) tin(IV) phosphate

s) aluminum hydroxide

t) beryllium carbonate
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Table 3.18 gives some examples of how names of molecular compounds-can be written
from their formulas.

TABLE 3.18  Hints for Writing Names of Molecular Compounds

Formula Name Hints for Writing Names
CS, carbon disulphide Do not use a prefix when there is only one
atom of the first element.
O,F, dioxygen difluoride Do not reduce the name to “oxygen
fluoride.”
CCl, carbon tetrachloride | Do not use a prefix when there is only one
‘atom of the first element.
POy tetraphosphorus Use rules 1 to 3.
: decaoxide

Study Prep

1. Write the names of the following compounds:
a) CO,
b) N,O
c) PCl,
d) PBr,
e) SO,
f)N,0,
8PS,
h)S.F
i) NI,
jNO

2. Write the formulas of the following compounds£
a) nitrogen tribromide
. b) sulphur hexafluoride

c) dinitrogen tetrasulphide

d) oxygen difluoride

e) carbon tetraiodide

f) sulphur trioxide

g) phosphorus pentachloride
h) diiodine hexachloride

i) dichlorine monoxide

j) xenon hexafluoride

- 110 Unit 3: Physical Science—Chemicals and Reactions




A S0 EQ%

TABLE 3.8 Rules for Writing Formulas of Binary lonic Compounds

Ve

Rules for Names

Examples

magnesjum phosphide '

aluminum bromide

1. Identify each ion and its
charge.

magnesium: Mg+

phosphide: P~

aluminum: A"

bromide: Br™

2. Determine the total
charges needed to
balance positive with
negative.

Mg?: +242+42=146
P: -3-3 =-6

AP =43
Brt: -1-1-1=-3

3. Note the ratio of
positive ions to negative
ions. - - T

3 Mg* ions for every
2P jons

1 Al”ion for every

3 Brtions

4. Use subscripts to write
the formula. Omit “1”- .
‘where only one ion is
needed. © -

s MgP,

AlBr;

Study Prep.

a) Na*! with F*

b) Mg* with Br!

c) Cs*! with S

d) Ba* with O

20O

e) Ca*? with P

Caa Py

a) potassium chloride
b) strontium nitride

c) silver sulphide

d) zinc selenide

e) beryllium sulphide
f) rubidium oxide

) lithjum nitride

h) radium iodide

i) aluminum phosphide
j) magnesium sulphide
Ak) lithium fluoride

1) beryllium jodide

m) magnesium oxide
n) radium nitride

o) potassium sulphide

Ky

| 1. Write the formulas of the ionic compounds containing the following ions:
Ta* with NaF
Ma o,
5,5

Write the formulas of the following binary ionic compounds:

/\415

ZnSe .

BeS

v, O

L gnd

Qall'
AP

M% )
L E

RBe T

MqOh

J

<4
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3. Write the names of the following binary ionic compounds:
a) CsI Cesiom Joone
b) Ba,N, Foeiom  NITR 1D
¢) CdCl, Coortiumt CrHio\oE
d) AlF, B AVAST SVINIVI S =W o] rAV 21
e) Li,O LI7THtow, O RO
f) K,0 PoTASS0L A Ox LD
g) Na,O So0Uwm . OxI0
~h) Cal, CALCIOMA ~ TOOWDE
) Sr,P, - OTroNTIOM  PHOSOH IDLE -
j) CaO CALC U Ox D&
k) Cd,N, CADM LA p(ITRIDE
1) RaBr, CApiue, RE OO
m) RbF ZOuBIDI el BEBeR TLLOR DG
n) AICI, ALO AL NV CHLOKLIDE
0) NaBr SO (LKA BRAMIDE -

Metals with
More Than One .
Combining Capacity

TABLE 3.9
Roman Numerals

An element that can form more than one stable ion is called a mulitvalent element.
Most metals in the middle of the periodic table are multivalent. Their combining capac-
ities are listed in the periodic table, with the most common one listed first. For example,
iron can have either a +2 or a +3 ion, but the +3 ion is the most common. The symbols
and names of the iron ions are:

Fe**  iron(Il)
. Fe®  iron(III)

Notice that the Roman numeral in the ion’s name corresponds to the charge on the ion.
A list of Roman numerals is given in Table 3.9.

Table 3.10 gives sonie examples of the names of binary jonic compounds containing a
multivalent metal ion..

TABLE 3.10 Compounds with Multivalent lons

Name ' Formula
iron(IIl) iodide Fel,
iron(Il) iodide Fel,

manganese(IV) sulphide MnS,
copper(I) nitride Cu;N

Table 3.11 shows examples of how the compound’s name is used to write the formula.
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Study Prep

1. erte the names and formulas of the ionic compounds containing the following
ions:

a) Cu*! with S . e / /
b) Cu* with 5 7 .
¢) Cr*? with F! e - -
d) Cr* with F! 4 A ’
e) Fe*? with N3 (,.”/f _
) iron(1II) ion with bromide i';n ] ,f";/ - s
g) lead(IV) ion with iodide ion | - . 7/“'
h) lead(II) ion with iodide ion | _ ' *, 4
i) cobalt(III) ion with phosphide ion | //ﬁ

j) platinum(IV) jion with selenide ion

2. Write the name of each ionic compound below. Remember to use a Roman

numeral as part of the metal ion’s name.
ARl _Teon () CHLorios
b)FeCl __TRow (T) CHLORIDE
90 Copret (T omidE
dcuwo  Cortet (GF) OxiDLE
gpbs_ LD (31) HOLE (T
e, Lend (1v) SULF IS
g) MnBr,  M1An Gkl 0 &\m Ly j mﬁ g IS

h) MnBr,__ AR Einel E5E a,.,‘iu %QQH\DLW
i) Ti,N, TLTANIORY f\w‘) MkTQkf‘\L,,
HTP_ i T Pl 108 A ’(i L) PuosPide
K)SnF,_ T [ L_,E’E’\) FLoogi D

yris,_ Tiraniiom (Iv) SULEIDE
mcoN, Coenit () WiTene

WP SR arTiioes (I0) Tothde
0)Cup_C PP (I’\) RO L D

Continued
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3. Write the formulas of the féllowing ionic compounds:

a) iron(1I) iodide e by

b) chromium(III) chloride C_\f" Cwi =2

e

c) copper(Il) bromide Cou O 5

d) mercury(II) oxide 14% O
¢) tin(IV) nitride ___ DN\ 4 oy

f) tin(I) nitride O 2t 5 .
g) titanium(IIT) phosphide T =

h) gold(Ill) sulphide _ Miaes S

i) manganese(IV) iodide ___ A v T 7l

j) mercury(Il) selenide \"”\% 'f"')tl
k) gold(@) iodide A u. L

oy i
1) titanium(IV) nitride lo 2, bad o
m) manganese(IV) oxide M AD o
9
n) cobalt(II) chloride’ {mﬁé CA 9

0) chromium(III) bromide C\/‘ B 3

Polyatomic Ions Some jons are made up of several atoms joined together by sharing electrons, just like a

molecule. The difference is that this combination of atoms has an electric charge. It can
have either a positive or a negative charge. A polyatomic ion is a group of atoms that
are covalently bonded and have an overall electric charge (“poly” means many).

In the compound NaOH, for example, the sodium has a charge of +1. The oxygen and

- hydrogen together form the polyatomic ion hydroxide (OH™), which has a charge of
-1. Another example of a polyatomic ion is the phosphate ion (PO,™). It is made up of
one phosphorus atom and four oxygen atoms joined together. They behave like a single
unit with a charge of -3. :

Table 3.13 gives some examples of common polyatomic ions. Page 1 of the Data Booklet
lists the names and formulas of these and other common ions.

There are a few points worth noting about the ions in Table 3.13: .
» There are many more negative ions than positive ions.

= The most common positive polyatomic ion is ammonium (NH,*!). Ammonium
phosphate is the most common fertilizer ingredient in the world.
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ANSWERS g

E Study Prep 1. Write the name of each compound below:

b )LLCO, [ itHiom  Caeepunre ,

] b) Mg(HCO,), Maauesivm BT eaggon st

INaSO,  Doliden  SOLERTE

d) K380, ((‘307&6“5§UM SLLECTE ;
¢)BaOH), "Ban um  \Mdorox O ' |
DAICN),  ALomMiniUs,  CHOMDE !
g) (NH),PO, Prpdpiond tded  RHcsPRMTE
% b FeNO), T ew () 1 TeaTe
’ ~ i) Mg(OH),  MBGIESIVM WY 0rex 1 DE :
JCuPO, Ceopen (T) Prosenats

k) Ag,CrO,  SiveR Cromunre |

DRb.CrO, ~@oue ipiies e d2owa-rs

, MNHE  Apgpellost FLOOROE

; n) Co(HSO), (e@mem (T) 2 solErTe

2. Write the formula for each compound below:
a) sodium carbonate __ W, CO=
b) strontium chlorate <« (zﬁé@-ﬁ; \3‘3”

: ; c) cesium cyanide _ == _¢mpA4T, e
/ .d) barium hydfogen carbonate _Bo {HCO «,a:i‘ %
: e) zinc hydrogen sulphate __ v\ CH204 3,
f) strontium phosphate __ 5S¢ 2 C@Qq\ 2
g) calcium hydroxide Ce ( Q\:&\) 2 : :
| h) ammonium sulphide C ] Hz.;,\)?_ D
i) ammonium sulphate _ {  4u ) e %)
' j) ammonium sulphite Q R _;;} 5 'ﬁéﬂ{;:”m,
k) copper(Il) nitrate ___ C (. CMCD& \}ﬂa
1) chromium(III) hydrogen sulphide __ ( HS) 2
m) potassium dichromate Ki Qtr"», @%
n) sodium oxalate Na. o Co {::3,%__% '

0) manganese(T) thiocyanate = €M (T —=

p) magnesium sulphite M% ‘f‘)(:l%

q) lead(II) perchlorate PheiOuq) 2z
1) tin(IV) phosphate on 2, PO )4
s) aluminum hydroxide ___ AL (OW ) 2

t) beryllium carbonate __ e, CO 2
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Table 3.18 gives some’examples of how names of molecular compounds can be written
from their formulas.

TABLE 3.18  Hints for Writing Names of Molecular Compounds

Formula Name Hints for Writing Names
CS, carbon disulphide Do not use a prefix when there is only one
.| atom of the first element.
O,F, dioxygen difluoride Do not reduce the name to “oxygen
fluoride.” '
CCl, carbon tetrachloride | Do not use a prefix when there is only one
‘atom of the first element.
POy tetraphosphorus Use rules 1 to 3.
. decaoxide : ;

Study Prep

1. Write the names of the following compounds:
a) CO, CAREow DIWOXINE
HN,O  DINITRZOGEN  MonoOXIDE
APCL _ PVoAPHRoROVD Tl CHLoRIDE
YPBr,  PuosPucgors  Peanltn BRoMids | .
)5S0,  LOLFuLUR  DiwoxiDeE
ONO, DiniTRoG  TeTRO=\DE
5 PS, TeTens PHOSPHOUS — DECASULFEIDE
hSF, DisuarFLe DiEca BLuol\DE
DNL, — WN\TROGEN  ~TRT Tobine
INO I\ TrOG\ad  wMonloxiDis

2. Write the formulas of the following compounds';
a) nitrogen tribromide N %T?)
b) sulphur hexafluoride 6F;w
c) dinitrogen tetrasulphide N 2 f)g._}.~
d) oxygen difluoride OFl
e) carbon tetratodide C ]—_4
f) sulphur trioxide _ =) =
g) phosphorus pentachloride Y°CJ 5
h) diiodine hexachloride I‘.L (| (¢
i) dichlorine monoxide Q o O
j) xenon hgxaﬂuoride Ke F-:{o
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