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ATOMIC STRUCTURE

Atoms consist of a central NUCLEUS containing protons and NEUTRONS. The nucleus is TINY compared to the size of the
whole atom. The nucleus is surrounded by ELECTRONS in energy levels (also called SHELLS). Atoms have no electric

charge because they contain the same number of protons and ELECTRONS.

NUCLEUS
sub-atomic particle relative mass relative charge (protons + neutrons)
proton 1 +1
neutron 1 0 Electrons in shells
electron 0.0005 or —— -1
1836

Atomic number = number of PROTONS

Mass number = number of PROTONS + number of NEUTRONS

The number of protons, neutrons and electrons in an atom can be worked out using the atomic number and mass number.

Number of protons = ATOMIC NUMBER
Number of neutrons = MASS NUMBER - ATOMIC NUMBER
Number of electrons = ATOMIC NUMBER

Atoms can be represented as follows:

mass number

atomic number 2¥ymMbol  eg. ISF protons =9 neutrons =10 electrons = 9

Atoms of the same element have the same number of PROTONS. In fact, it is the number of PROTONS that determines

what type of atom it is (e.g. all atoms with & protons are carbon atoms). Atoms of different elements have different numbers
of PROTONS.

35 27
Isotopes are atoms with the same number of PROTONS but a different 17Cl 17Cl
number of NEUTRONS . This means they are atomns of the same protons 17 17
ELEMENT with the same ATOMIC number but a different MASS number. newUtrons 18 20
electrons 17 17

Abom Atomic number Mass number Mumber of protons Mumber of neutrons Mumber of electrons

fiNa 11 23 11 12 11

5Li 3 7 3 4 3

40

TAr 18 40 18 22 18

19K 19 39 19 20 19

27

134l 13 27 13 14 13

25U 02 235 02 143 92

35U 02 238 02 146 92




}j]_)j} IONS

1) Complete the table below to show whether particles are atoms or ions, and for ions their charge.

Mumber and overall

11+ 11+ 16+ 4+ 13+ 18+ 17+ 15+ 21+ 1+ 32+ 35+
charge of protons

Mumber and overall 11— 10— 18- 2 10- 18— 18- 18— 18- 0= 4o 36—
charge of electrons

Atom or ion? atom ion ion ion ion | atom | ion ion ion jon | atom | ion

Overall charge 1+ 2- 2+ 3+ 1- 3- 3+ 1+ 1-

2) Complete the table below to show the electronic structure of some common ions. The first one has been
done for you. You will need to use the Periodic Table to help.

lon cr Li* F Mg*
Protons 17 3 9 12
Electrons 18 2 10 10
Electron

structure

Electron

structure 288 2 28 28
lon K s* H* P
Protons 19 16 1 15
Electrons 18 18 0 18
Electron

structure

Electron 2,88 2,88 0 28,8
structure
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ATOMS & IONS 1

Species Atom / ion Atomic Mass MNumber of Number of Mumber of
number number protons neutrons electrons
12N atom 7 14 7 7 7
p atom 15 31 15 16 15
ILi atom 3 7 3 4 3
iNe atom 10 20 10 10 10
aoCa atom 20 40 20 20 20
10Ar atom 18 40 18 22 18
Eﬂc atom 4 9 i 5 4
20%Pb atom 82 208 82 126 82
ToBr atom 35 79 35 44 35
SiBr atom 35 81 35 46 35
23Na* ion 1 23 11 12 10
20 atom 8 16 8 8 8
1802 ion 8 16 8 8 10
3¢l ion 17 35 17 18 18
10K atom 19 39 19 20 19
19K ion 19 39 19 20 18
1aca?? ion 20 40 20 20 18
nt ion 1 1 1 0 0
g ion 53 127 53 74 54
1IN3 ion 7 14 7 7 10
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ATOMIC STRUCTURE (C)

1 Complete the table about these atoms and ions.

atom / ion protons neutrons electrons ;Ireuit:'::e
27 Al 13 14 13 2,83
ﬂmh 13 14 10 2,8
150 8 g 8 2,6
1702~ B g 10 2,8

2 The electron structure of some atoms are given. Which group of the Periodic Table does each of these atoms

belong to?
electron
shruchems 287 2,8,8,1 2,8,18,3 2,8,18,18,6 28
group T 1 13 6 g/0
3 There are two isotopes of boron, q 10 11
which are shown in the table. e 5B 5B
abundance 19.9% 80.1%
a  Explain why they are both atoms of boron. both contain 5 protons
b The radius of a boron atom is 180 pm. Write this in metres in standard form. 1.8 x107""m

¢ Calculate the relative atomic mass of boron to 3 significant figures.

(10 x 199)+({11 x 80.1)
19.9+80.1

relative atomic mass 10.8
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NAMING SUBSTANCES 2

Name the following subsfances.

Formula Name MName Formula
02 Oxygen Al0 Aluminium oxide
CuD Copper oxide Ma Sodium

Cu Copper Ala(S0s)s Aluminium sulfate
CuS04 Copper sulfate HMO2 Mitric acid

CusS Copper sulfide 2 lodine

CuCO; Copper carbonate Mi Mickeal

FeS0. Iron sulfate Al Aluminium
Fe{NOa)z Iron mitrate Maz0 Sodium oxide

Mz nitrogen MNaOH Sodium hydroxide
Hz504 Sulfuric acld WaBr Sodium bromide
co Carbon monoxide MazCO0s Sodium carbonate
Co; Carbon dioxide He Helium

MNO: Nitrogen dioxide (nitrogen oxide) CHas methane

HCI Hydrochloric acid MH: Ammonia

KHCO, Potassium hydrogencarbonate MHEr Ammonium bromide
KaC0s Potassium carbonate H:Te Hydrogen telluride
Mg Magnesium SnCly Tin chioride

AgF Sliver fluoride WO, Tungsten oxide
Ca{OH)z Calcium hydroxide HgO Mercury oxide
CaCoO, Calcium carbonate TiC Titanium carbide




2h WORD EQUATIONS 1

1) 2Mg + O, — 2MgO
Magnesium + oxygen — magnesium oxide
2) 2K + Br, — 2KBr
Potassium + bromine —+ potassium bromide
3) Cu+S — CuS
Copper + sulfur - copper sulfide
4) CuCO; — CuO + CO,
Copper carbonate —» copper oxide + carbon dioxide
5) Pbl; — Pb + |,
Lead iodide — lead + iodine
6) CuBr. — Cu + Brz
Copper bromide = copper + bromine
7) Zn + HS50y — ZnS0; + H;
Zinc + sulfuric acid — zinc sulfate + hydrogen
8) Na;CO; + H;504 — Naz30; + CO; + H0
Sodium carbonate + sulfuric acid — sodium sulfate + carbon dioxide + water
9) KBr + AgNO3; — AgBr+ KNO;
Potassium bromide + silver nitrate — silver bromide + potassium nitrate
10)  MgS0s + BalMNO3): — BaS0s + Mg(NOs)z

Magnesium sulfate + barium nitrate — barium sulfate + magnesium nitrate



2) BALANCING EQUATIONS 1

1) 2Ca + 0O, - 2Ca0

2) Na:O + H:0 - 2 NaOH

3) 4Al + 30, - 2ALO;

4) 2Na + Cl; - 2NaCl

5) Na,CO; - Na,0 + CO;

6) 4K + 0; — 2 K20

7) CiHs + 602 - 4CO: + 4H0
8) Fe;0O; + 6HCI - 2FeCl; + 3H;0
9) F, + 2KBr - 2KF + Br;

10) CiHy + 80, — 5C0O;, + 6H0

11) 4NH: + 502 - 4NO + 6H:0

12) 4 HNO3 - 4 NOz + 2 Hzo + 02



h

IONIC COMPOUNDS 2

1

2)

3)

4)

5)

electrons, lose, positive, gain, negative

copper oxide, zinc bromide

a)
b)

a)
b)

c)

C,D

Mg* =28 0"=28
the ratio of Mg”* ions to O ions in magnesium oxide is 1:1

strong electrostatic attraction between positive and negative ions
ions can move and carry charge

ions cannot move



IONIC FORMULAE 1

Nal
K20
AIClz
MgBr2
Al,O5
FeO
Fe,04
MgSs
CuF;
Lil
BaBr;
ZnS
Pblz
FezSs
MgO
RbBr

SrClz

CaAl
RaPo
GaFa
ScBry
Cr=03
Srlz

Na2S04
CaSO0q
Mg(OH):z
Zn(NO:3)2
CuCO;
NaOH
K2COs
Fe(OH)s
NH:NO;
NH:OH
Fez(SO4)s
Al(NOa)s
AgNO3
CaCOs
Mg(NOs)z
NH.At

CsNO3
Sr(OH),
PHMNOa)z
CoC0y
Cuz0
Cul
FrzTe
AuF
RbyS0,



2h DRAWING MOLECULES 1

When non-metals combine with other non-metals, the atoms share electrons to form a molecule. The atoms are held together
by these shared electrons which are known as covalent bonds.

Molecule = a particle made up of atoms joined by covalent bonds Covalent bond = 2 shared electrons

How many covalent bonds?

2 Number of extra
Numbar of lections 1 | siecrons neededto | Nuberof cousint
Group 7 (e.g.F,Cl, Br, 1) 7 1 1
Group 6 (e.g. 0, S) 6 2 2
Group 5 (e.g.N,P) 5 3 3
Group 4 (e.g.C, Si) 4 4 4
H 1 1 1

Drawing stick diagrams & dot-cross diagrams

Stick diagrams - these show each covalent bond as a stick.
Dot-cross diagrams = these show the outer shell electrons only

1 Draw a stick diagram
Re-draw the stick diagram without the sticks
Replace the stick with a X@ which represents the two electrons in the bond (X represents electrons from one atom, and
@ represents the electron from the other atom).

4 Add in any other outer shell electrons from each atom (electrons are always in pairs)

5 CHECK that there are 8 electrons around each atom (except H where there should be 2 electrons)

Stick diagram Molecule Dot-cross diagram
H H
| oX
H—C—H CHa HYCXH
| ox
H H
o0
H—N—H HYNZH
| NHS oX
H H
® s X
o X X
0—0 o 0.0
®
X X
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STRUCTURE TYPES 1

1)  Which type of structure do the following substances have?
KO K 0O; CH,0 Ar Brz Cr Fels | MgSO4| N2Hs
ionic A o A
simple molecular / / / /
metallic / /
monatomic /
giant covalent
2) Look at the properties of the following substances.
Substance Melti int (°C Boili int (°C Elocicsl conducivily s
ing paint (°C) ng point (*C) solid fiquid
A 587 843 does not conduct conducts
B 28 201 does not conduct does not conduct
C -39 357 conducts conducts
D -189 -101 does not conduct does not conduct
E 2157 2895 does not conduct does not conduct
F 1024 1588 does not conduct conducts
a) Which of these compounds could have an ionic structure? ... A ........ F ...................
b) Which of these compounds could have a simple molecular structure? .................. & ......... D ....................
c) Which of these compounds could have a metallic structure? ... C ................................
d) Which of these compounds could have a giant covalent structure? ....................... E .................................

3) Write the formula of the following ionic compounds.
a) potassium oxide K0
b) magnesium nitrate Mﬂ(No})l
¢) aluminium hydroxide M(.QH’)J

G (0.

203

d) copper carbonate
e) ammonium hydroxide

f) iron (lll) oxide



3)

4)

6)

7)

a) Aluminium oxide is an ionic substance with formula Al;Os. Explain what this formula means. ...,

----------------------------------------------------------------------------------------------------------------------------------------------------

b} Explain why aluminium oxide has & high Melling point. ......ccceeeiere e sres s rrarsssrssssmss e s s seasessmssmnes

______ v Wa&%ﬁf@mﬁm%#mﬁfﬁhkﬁdﬂﬂ

c) Explain why aluminium cxide does not conduct electricity as a solid but does when malted. ...

Sold WL e I e = A RSOOSR

a) Aluminium is a metal. Explain why it has a high melting point. .../, / ......

VA Shoag.atvaclen. hehween. Fve. wmekal (s ol delomiied eloctos
b) Explain why aluminium conAUCES BIBCIRACIIY. ... . v.iu.irieeeiiier it ianec st sracbicnbasas s saneetn s be s barsaaasisbenins

/o shnell /eac e S AR EAASER

a) Ammonia is a simple molecular substance with formula NHi, Explain what this formula means. .....................

A N o O
...... VN R A OMS

b) Explain why ammonia has a low melting POINE. ........c..iiiriiiimmrireemiiierimrncss s cenenr s e esasbns et asaaeressaniins
weak. foces. . Y. leduizen nooleedas .

c) Explain why ammonia does not conduct electricity in any state. ...
...... V onclectos Oeohncal e

a) Explain why diamond is hard but graphite is Soft. ...

d&wﬁ/nyaﬂnﬁw:ﬂrdm ......................................
b) Explain why graphite conducts electricity but diamONd B0ES NOL. ............cvvssersssseossssomssssaensessssiesrassresne

&moﬁﬂ/mwmwmw ...................................
...... a cpwte. . V  delocaliedd eloelveoas ...
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RELATIVE FORMULA MASS

Calculate the relative formula mass of the following substances.

10

1

12

13

14

15

16

17

18

19

20

F2

Fe

H2804
AlO3
Mg(OH)2
AL(NO3)s
(NH,);SO,4
CuCOs
AgNO:3
NHNO;

CuS04.5H:0

magnesium Mg
oXygen Oz
sodium bromide NaBr
calcium fluoride CaF:
potassium sulfate K504
chlorine Cly
chromium(lll) oxide Crz0,
sodiurm Na

iran(lll) sulfate Fea(504)a

2(19)

2(1) + 32 + 4(16)

2(27) + 3(16)

24 + 2(16) + 2(1)

27 + 3(14) + 9(16)

2(14) + 8(1) + 32 + 4(16)
63.5 + 12 + 3(16)

108 + 14 + 3(16)

14 + 4(1) + 14 + 3(186)

63.5 + 32+ 4(16) + 10(1) + 5(16)

24

2(16)

23 +80

40 + 2(19)

2(39) + 32 + 4{18)
2(35.5)

2(52) + 3(16)

2(56) + 3(32) + 12(16)

98

=102

=213

=132

=123.5

=170

=2495

=32

=103

=174

=152

= 400



PERCENTAGE MASS

You can find the percentage by mass of an element in a compound.

eq. % by mass of Fe in Fe;0;

1 % by mass of Oin Hz20

2 % bymassof OinSOa

3 % by mass of Na in Na,CO4

4 % by mass of N in Ca(NOs)2

5 % by mass of O in Ca(NO3),

6 % by mass of Clin FeCls

7 % by mass of N in NH;NO;

8 % bymassof SinAlx(S0s)s

9 % by mass of Li in lithium oxide

10 % by mass of Crin chromium(lll) oxide

11 % by mass of O in calcium hydroxide

12 % by mass of N in ammonium iodide

13 % by mass of O in CuS0,.5H;0

100 x 222 = 70%

%0inH0 = 100x - = 88.9%

% 0inS0s = 100 x =~ = 60%

% Na in Na,CO; = 100 x =) = 43.4%
% Nin Ca(NO3)2 = 100 x 1= = 17.1%
% O in Ca(NOy); = 100 x === = 58.5%
% Clin FeCls = 100x = = 65.5%
% N in NH,NO; = 100 x 22 = 35%

% S in Alz(SO4)s = 100 x % = 28.1%

% LiinLi,O = 100 x % = 46.7%

Z(52Z)
152

% Crin Cry0y = 100 x = 68.4%
% O in Ca(OH), = 100 x % = 43.2%

% N in NHql = lﬂﬂx% = 9.7%



@& MOLES

1) Calculate the number of moles of each of the following substances. Give your answers to 3 significant

figures.
a) 90.0gofH,0O 90.0 = 5.00
18
b) 20.0 g of C4Hw 20.0 = 0.345
58
c) 685 gofNH; 685 = 40.3
17
d) 102 tons of O, 102000000 = 3190000 (3.19 x 10°)
32
e) 2.00 kg of Al,O5 2000 = 19.6
102
f) 20.6 mgof Au 0.0206 = 0.000105 (1.05x 10
197

2) Calculate the mass of each of the following substances. Give your answers to 3 significant figures.
a) 4.00 moles of M 400x28 = 112¢g
b) 0.100 moles of HNO; 0.100x 63 = 6.30 g
c) 0.0200 moles of K0 0.0200x 94 = 1.88 g
d) 2.50 moles of PH; 250x34 = 8509
e) 0.400 moles of C:HsOH 0.400x 46 = 18.4g

f)  10.0 moles of Ca{OH). 100x74 = 740 g

3) 0.0200 moles of a compound is found to have a mass of 1.64 g. Find the formula mass of the compound.

Formula mass = 1.64 = 82.0
0.0200



]ﬂ!‘

MOLAR RATIOS

A balanced equation shows us how many moles of each substance are used or produced in a chemical reaction. Complete

the questions in a similar way to the example which has been done for you.

EXAMPLE C:Hs 50; - 3C0; 4H:0
what it means 1 mol of CaHa 5 mol of Oz 3 mol of CO: 4 mol of Hz0
a) 2 mol 10 maol & mol 8 mol
b) 10 maol 50 mol 30 maol 40 mol
c) 0.5 mol 2.5 mol 1.5 mol 2.0 mol
1 2Ca (0] - 2Ca0
what it means 2 mol of Ca 1 mol of O 2 mol of Ca0
a) 4 mol 2 mol 4 mol
b) 10 mol 5 mol 10 mol
c) 0.10 mol 0.05 mol 0.10 mol
2 2Fe 3Cl - 2FeClz
what it means 2 mol of Fe 3 mol of Clz 2 mol of FeClz
a) 10 maol 15 mol 10 mol
b) 6 mol 9 mol 6 mol
c) 0.40 mol 0.60 mol 0.40 mol
3 TiCls 4Na - Ti 4NaCl
what it means 1 mol of TiCls 4 mol of Na 1 mol of Ti 4 mol of NaCl
a) 3 mol 12 mol 3 mol 12 mol
b) 2.5 mol 10 mol 2.5 mol 10 mol
c) 0.020 mol 0.080 mol 0.020 mol 0.080 mol
4 2A1:05 4Al + 30;
what it means 2 mol of Alz0; 4 mol of Al 3 mol of O
a) 5 mal 10 mol 7.5 mol
b) 0.050 mol 0.100 mol 0.075 mol
c) 40 mol 80 mol 60 maol
5 CzHs0H 30; - 2C0; 3H:0
what it means 1 mol of C:HsOH 3 mol of O 2 mol of CO: 3 mol of Hz0
a) 4 mol 12 mol 8 mol 12 mol
b) 0.25 mol 0.75 mol 0.50 mol 0.75 mol
&) 0.05 mol 0.15 mol 0.10 mal 0.15 mol



1) What mass of oxygen reacts with 12 g of magnesium?
v ?
2Mg + 0, > 2MgO

Moles Mg = mass = 12 = 0.5
M, 24

Moles O, = 0.25

Mass O, = M, xmoles = 32x0.25 = 8g

2) What mass of calcium hydroxide is made from 14 kg of calcium oxide?
v ?
CaO + H,0 > Ca(OH),

Moles Ca0 = mass = 14000 = 250
M, 56

Moles Ca(OH), = 250

Mass Ca(OH), = M, x moles = 74x250 = 18500g

3) What mass of aluminium is needed to react with 640 g of iron oxide?
v ?
F8203 + 2Al - 2Fe + A|203

Moles Fe;0; = mass = 640 = 4
M, 160

Moles Al = 8

Mass Al= M, xmoles = 27x8 = 216g

4)  What mass of titanium chloride reacts with 460 g of sodium?
? v
TiCl; + 4Na — Ti + 4 NadCl

Moles Na = mass = 460 = 20
M, 23
Moles TiCl, = 5

Mass TiCl, = M, x moles = 190x5 = 950¢g



7 REACTING MASS CALCULATIONS 3

1) Calculate the mass of calcium that can react with 40 g of 2Ca + 0, - 2Ca0

oxygen.

ss 40
moles O; = = — = 1.25 mol
27 M, 2

moles Ca= 2x1.25 = 2.50 mol

mass Ca = M, xmoles = 40x2.50 = 100g

2) Calculate the mass of fluorine that reacts with 3.9 g of 2K + F» — 2KF

potassium.
mass _ 39
mol - = — = 0.10 mol
oles K M, 3 0.10 mo
0.10
moles F; = T = 0.050 mol

mass F;= M, xmoles = 38x0.050 = 19¢g

3) Calculate the mass of nitrogen that reacts with 30 g of N, + 3H, — 2NH;
hydrogen.

30
moles H, = 225 = < = 15 mol

15

— = S mol
3

moles N;

mass N:= M, xmoles = 28x5 = 140 g

4) What mass of carbon dioxide is made when 7.2 g of pentane CsHyz + 80, — 5C0; + 6H0

(CzH4z) burms in oxygen?

mass _ 72
moles CsHy; = M, - 73 = 0.10 mol

moles CO; = 5x0.10 = 0.50 mol

mass CO;= M, xmoles = 44x05 = 22 g

5) What mass of potassium can react with 4.0 g of oxygen? 4K + 0: — 2K;0

4.0
moles 0, = 235 - — 0.125 mol
z M, 3z

moles K = 4x 0.125 = 0.50 mol

39x0.5 = 195¢g

mass K = M, x moles



6)

7)

8)

9)

What mass of chlorine reacts with 8.1 g of aluminium?

81
mass = == = 0.30 mol

moles Al =
M 27

3
moles Cl; = Exﬂ.au = 0.45 mol

mass Cl; = M, xmoles = 71x0.45 = 31.95¢g

What mass of iron can be made from 20 kg of iron(lll) oxide?

mass _ 20000

moles Fe,0; = M = 1eo
.

= 125 mol

moles Fe = 2x 125 = 250 mol

mass Fe = M, xmoles = 56 x 250 = 14000 g

What mass of hydrogen is needed to react with 31.8 mg of
copper(ll) oxide?

0.0318
moles CuD = m;“ = — = 0.00040 mol
P a3

moles H; = 0.00040 mol

mass H; = M, xmoles = 2 x0.00040 = 0.00080 g

5.95 g of hydrated cobalt(ll) chloride decompose to form
3.25 g of anhydrous cobalt(ll) chloride on heating. Calculate the
formula mass of hydrated cobalt(ll) chloride and the value of n.

3.25
moles CoCl; = m;“ = 30 = 0.025 mol
-

mass H;O0 = 595-3.25 = 270 ¢g

0.025 0150 _

mass 270
moles H,O = M, - 18 C 0.15 mol
Ratio of moles CoCl;:H;O = 0.025:0.15 = ——

0.025 0025

.~ n =6 (nearest whole number)

2A1 + 3Cl; — 2AICl,

Fe;:0; + 3CO — 2Fe + 3CO:

Culd + H; = Cu + H.O

CoClz.nH;0 — CoCl; + nH;O



@]}b LIMITING REAGENTS 1

In each example one of the reactants is in excess. Work out how many moles of the products are formed in each case.

i Ca0D + H:0 - Ca(0OH);
a) 2 mol 3 mol 2 mol
b) 10 maol 8 maol 8 mol
c) 0.40 mol 0.50 mol 0.40 mol
2 2Ca + 0, - 2Ca0
a) 2 mol 2 mol 2 mol
b) 10 mol 2 mol 4 mol
c) 0.50 mol 0.20 mol 0.4 mol
3 2Fe + 3Cl, - 2FeCl;
a) 3 mol 3 mol 2 mol
b) 12 mol 15 mol 10 mol
c) 20 mal 40 mal 20 mol
4 TiCl, + 4Na - Ti + 4MNaCl
a) 4 mol 4 mol 1 mol 4 mol
b) 2 mol 10 mol 2 mol & mol
c) 0.5 mol 1 mol 0.25 mol 1 mol
5 C;HsOH + 30, - 2C0; * 3H,0
a) 15 mol 30 mal 20 mol 30 mol
b) 0.25 mol 1 mol 0.5 mol 0.75 mol
c) 3 mol & mol 4 mol & mol
6 N + 3H; - 2NH;
a) 3 mol & mol 4 mol
b) 0.5 mol 0.9 mol 0.6 mol
c) 6 mol 20 mol 12 mol
T 4K + 0, - 2K;0
a) 10 mol 2 maol 4 mol
b) & mol 4 mol 3 mol

c) 0.50 mol 0.20 mol 0.25 mol



@5& LIMITING REAGENTS 2

1  What mass of calcium hydroxide is formed when 10.0 g of Ca0 + H,0 - Ca(OH),
calcium oxide reacts with 10.0 g of water?

10.0 10.0
Moles of Ca0 = = = 0.179 mol Moles of H;,0 = W= 0.556 mol

2

0.179 mol of CaO reacts with 0.179 mol of H;0, .. H,0 is in excess; Ca0 is limiting reagent
moles of Ca(OH); formed = 0.179 mol

mass of Ca(OH),= 74x 0.179 = 13.2¢g

2  What mass of magnesium bromide is formed when 1.00 g of Mg + Br, — MgBr;
magnesium reacts with 5.00 g of bromine?

1.000 5.00
Moles of Mg = e = 0.0417 mol Moles of Br; = o0 = 0.03125 mol

0.03125 mol of Mg reacts with 0.03125 mol of Br;, .. Mg is in excess; Br; is limiting reagent
moles of MgBr; formed = 0.03125 mol

mass of MgBr; = 184 x 0.03125 = 5759

3 What mass of copper is formed when 2.00 g of copper(ll) CuD + H; = Cu + H.O
oxide reacts with 1.00 g of hydrogen?

2.00 1.00
= 0.0252 mol Moles of H; = - = 0.500 mol

=
s ]

Moles of CuD =

0.0252 mol of CuO reacts with 0.0252 mol of Hz, .». H; is in excess; CuO is limiting reagent
moles of Cu formed = 0.0252 mol

mass of Cu= 63.5x0.0252 = 160g
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2 CALCULATIONS MIXTURE 1

1) Sodium reacts with oxygen as shown: 4Na + O; = 2Na;0

Find the M, of the following substances involved in this reaction.

a) sodium Na 23
b) oxygen 0, 2(16) = 32
c) sodium oxide Na,O 2(23) + 16 = 62

2) a) How many moles in the following:

s 213

i) 21.3 g of chlorine, Cl, mass = 212 - 0.3 mol
M, 71

ij) 5.34 kg of aluminium bromide, AlBr; = = > = 20 mol

b) What is the mass of 0.25 moles of sulfur dioxide, SO,? M, xmoles = 64x0.25 = 16g

3) What mass of bromine reacts with 2.3 g of sodium to form sodium 2Na + Brz —= 2NaBr
bromide?

Mass 2.3
moles Na = = — = 0.1 mol
M, 23

0.
moles Br; = re = 0.05 mol

mass Br; = M, x moles = 160x0.05 = 8.0g

4) What mass of oxygen reacts with 280 g of iron to form iron oxide? 2Fe + 30, = 2Fe.0;

mass _ 280 _ 5 mol
My 56

moles Fe

3
moles 0, = § x 5= 7.5 mol

mass 0; = M, xmoles = 32x75 = 240 g

5) What is the percentage atom economy to make tungsten (W) from WO; + 3H; = W + 3H:0
tungsten oxide in this reaction?

WO; + 3H, — MW + 3H0
M; 232 2 184
Mass 232g 3(2)g 184g

mass of desired product

184
- - = bl:l
% atom economy total mass of all reactants x 100 232+3(2) x 100 77.3%



6) a) What is the maximum mass of calcium hydroxide that can be Cal + H:O0 — Ca(OH):
formed by reaction of 2.8 g of calcium oxide with water?

Mass 28
= — = 0.05 mol
M, 56

moles Ca(OH); = 0.05 mol
mass Ca(OH); = M, x moles = 74 x0.05 = 3.Tg

moles CaD =

b) In a reaction, 2.6 g of calcium hydroxide was formed from 28 g of calcium oxide. Calculate the
percentage yield.

i mass formed 2.6
% yield = x 100 = — x 100 = 70.3%
maximum mass possible 3.

7) 1.95 g of potassium is reacted with 5.08 g of iodine. Work out which is the 2K+ 1, — 2KI
limiting reagent and then calculate the mass of potassium iodide formed.

Mass 195

moles K = = = 0.05 mol
M,
moles |; = mass _ 508 0.02 mol
27 M, 254
2K +1; = 2Kl

0.05 moles of K needs 0.025 moles of |; for all the K to react, but we don't have this much |;
therefore |, is the limiting reagent (so the K is in excess and does not all react)

therefore only 0.04 moles of K reacts with the 0.02 moles of |3, and forms 0.04 moles of Kl

mass Kl = M;x moles = 166 x 0.04 = 664 g

B) 1.20 g of hydrated tin chloride decompose to form 1.01 g of SnCl;.xH;O — SnCl; + xH:0
anhydrous tin chloride on heating. Calculate the value of x.

1.01
moles SnCl; = Too = 0.005316 mol

mass H;O0 = 1.20-1.01 = 019 g

0.19
moles H.O = TR 0.01056 mol

. 0.005316 0.01056
Ratio of moles SnCl;: H:O = 0.005316 : 0.01056 = 0005316 Doosile -

& % =2 (nearest whole number)



2

BOND ENERGY CALCULATIONS 2

Bond N-N c-C C-0 N-H C-H H-H
Bond energy (kJ/mol) 158 348 360 368 412 436
Bond O-H 0=0 C=C C=0 MN=N
Bond energy (kJ/mol) 463 498 612 743 944
For each of the following reactions, use the bond energy data to:
a) calculate the energy required to break the bonds in the reactants
b) calculate the energy released when the bonds in products are made
c) calculate the energy change for the reaction
d) state whether the reaction is exothermic or endothermic
H
1 2 H—H * 0—0 —= H—o0
Break Make Energy change = break — make Exothermic
2H-H  2(436) 40-H 4(463 = 1370 - 1852 More energy released making bonds than
0=0 498 Total 1852 = -482 kJimol needed to break bonds
Total 1370
L0
2 H—C—C—H + 30—0 —» 2 p—c—0 + 2 H—0O—H
Break Make Energy change = break — make Exothermic
C=C 612 4C=0 4(743) = 3754 — 4824 More energy released making bonds than
4CH  4(412) 40-H 4(483) = =1070 kJimaol needed to break bonds
30=0 3(498) Total 4824
Total 3754
H H H
N\ s
3 IN—N +  0=0 —» MN=N + 2 H—O
H H
Break Make Energy change = break — make Exothermic
N-N 158 N=N G44 =2208 — 2796 More energy released making bonds than
4N-H  4(388) 40-H  4(463) = 588 kJ/mol needed to break bonds
0=0 498 Total 2798
Total 2208



|

I—O—I

H—C—C=—C—H

H—O—H

Energy change = break — make

= 3231 - 3186
= —+45 kJd/mol

Energy change = break — make

= 3668 — 3982
=-124 kd/mol

Endothermic

Less energy released making bonds than
needed to break bonds

Exothermic

More energy released making bonds than
needed to break bonds
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