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1 Atomic structure — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. FUAF BRI F0E =k .

English 3 Write it 3 times (English)
atoms J5¥
nucleus 1%
electrons 1
protons i
neutrons 15
shells 72
proton i
neutron -
electron T
proton number J T4k

nucleon number % T%K

ion N8

cation BH ST
anion BT
Isotopes GkvAS
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English F3 Write it 3 times (English)

same chemical fb22M:
properties

physical properties #JF{E 5

density g

Recall

At IGCSE you learned that everything is made of atoms -, and that an atom has
a tiny central nucleus Jfi 4% with electrons Hif- around it. Now we sharpen those
ideas.

e The nucleus holds protons Jfi-f- and neutrons H-.
e Electrons sit in shells 7¢ )2 around the nucleus.

Nothing here is harder than IGCSE —it just lines up the ideas the AS course starts with.

New ideas

Read these first, then do the Practice.

B 1 The three particles

An atom is mostly empty space: a tiny heavy nucleus, with light electrons moving in
shells around it.

Particle Relative charge Relative mass
proton i  +1 1

neutron #1 0 1

electron i1 —1 ﬁ (0

electron

nucleus (protons + neutrons)

B 2 Proton number and nucleon number
o the proton number Jfi 4§ (Z) is the number of protons (it names the element).
o the nucleon number ¥4 (A) is the number of protons plus neutrons.
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So the number of neutrons is A — Z. In a neutral atom, the number of electrons =
the number of protons = Z.

Worked example. Sodium 23Na has Z = 11 protons and A = 23, so 23 — 11 = 12
neutrons; being neutral it has 11 electrons.

B 3 Tons

An ion Bf is an atom that has lost or gained electrons:

* a positive ion (cation PHET-) has lost electrons (fewer electrons than protons).

« a negative ion (anion F{ %) has gained electrons.

Worked example. %gAlg+ has 13 protons, 27 — 13 = 14 neutrons, and 13 — 3 = 10
electrons.

B 4 Isotopes
Isotopes [f]{i/ % are atoms of the same element with the same number of protons
but a different number of neutrons (same Z, different A).

« they have the same chemical properties fL2#M:Jii (same electrons).
« they can have different physical properties ¥ Fi ¥4 i such as density %
(different mass).

same protons, different neutrons

s sl

Watch out: almost all of an atom’s mass sits in the nucleus —an electron weighs

only about ﬁ as much as a proton, so the electrons add almost nothing to the mass.

Practice

Try these in order.

1.1 State the relative charge and relative mass of (a) a proton, (b) a neutron, (c) an
electron. 3]

1.2 An atom has Z = 17 and A = 35. How many (a) protons, (b) neutrons, (c) electrons
does it have?
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1.3 Define proton number and nucleon number. 2]

1.4 Work out the number of protons, neutrons and electrons in 24Mg?*. [3]
1.5 What is meant by isotopes? 2]
1.6 Explain why two isotopes of an element have the same chemical properties. 2]

1.7 Challenge. Chlorine exists as 3°Cl and 3"Cl. Explain why the relative atomic mass
of chlorine (35.5) is not a whole number. 2]
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Name: ( ) A-Level Chemistry: w25 14

1

Helium forms an ion jHe".

Three statements about this ion are listed.

1 It contains two protons.
2 It contains three neutrons.

3 It contains one electron.

Which statements are correct?

A 1,2and3 B 1and3only C 2and3only

Methanethiol, CH;SH, burns as shown.

D 2only

CH3SH + 302 —> C02 + 802 + 2H20

A sample of 10cm® of methanethiol gas was reacted with 60 cm® of oxygen. Both samples were

measured at room conditions.

What would be the final volume of the resultant mixture of gases measured at room temperature?

A 20cm® B 30cm?® C 50cm®

D 70cm?®
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1 Manganese, Mn, and its compounds are widely used in many chemical reactions.
(@) Mn is usually found as a single isotope, manganese-55.

(i) Determine the number of protons, neutrons and electrons in an atom of manganese-55.

number of protons ........................ Neutrons ............ccceeeeeeeees electrons .........cccceevvvvnnnnnn.
[1]
(ii) Define isotopes.
..................................................................................................................................... [1]
(iii) A sample of manganese from the Moon is found to contain manganese-53 in addition to

manganese-55.

State the two pieces of information needed to determine the relative atomic mass, A, of
manganese in this sample.

SRS PPRSRRI
2 e e et ——eee——ee e e ——eeaah——eeaa—eeeat—eeea—eeeaasteeeabeee e e beeeaanreeeatreeeaneeeeanreaeans
(2]
(b) The shorthand electronic configuration of manganese is [Ar] 3d® 4s2.
(i) Complete the full electronic configuration of manganese.
......................................................................... 3d° 4s? [1]
(i) Deduce the total number of unpaired electrons in an atom of manganese.
..................................................................................................................................... [1]
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(c) Manganese(IV) oxide reacts with methanal, CH,0O, in acidic conditions to produce carbon

dioxide. The movement of electrons to or from relevant species is shown in the following
half-equations.

half-equation 1 CH,0 + H,0 - CO, + 4H" + 4e~
half-equation 2 MnO, + 4H* + 2e~ — Mn?* + 2H,0

(i) Identify the species that is reduced in half-equation 2. Explain your answer.

(ii) The oxidation state of carbon in methanal is O.

Calculate the oxidation state of carbon in carbon dioxide.

(iii) Construct the ionic equation for the reaction of manganese(IV) oxide with methanal in
acidic conditions.

[Total: 10]
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1 Atomic structure — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
shells R
sub-shells E
orbitals HiE

first ionisation en- &5 — Hi B
ergy AE

nuclear charge 1% HEL fap
atomic radius JE 248

shielding 5t i

Recall

From Part 1 you know electrons sit in shells 5¢JZ. Here we look more closely at how
they are arranged, and at the energy needed to remove one.

o At IGCSE you wrote electron arrangements like 2,8,1.
« Now we split shells into sub-shells .2 (s, p, d).

New ideas

Read these first, then do the Practice.

B 1 Shells, sub-shells and orbitals

Each shell (n = 1,2,3,...) is split into sub-shells W.JZ (s, p, d). Each sub-shell is
made of orbitals #[i&, and each orbital holds up to two electrons.
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Sub-shell Orbitals Max electrons

S 1 2
P 3 6
d 5 10

B 2 Filling order
Electrons fill the lowest-energy sub-shell first:

Ils <2s<2p<3s<3p<ds<3d<dp
The surprise: 4s fills before 3d (it is slightly lower in energy).

energy ,

4p

3d
—— 4s——— 4s fills before 3d

3p
3s

2p

2s

1s

Worked exzample. Tron (Fe, Z = 26): 1s?2s?2p® 3s? 3p® 3d°® 4s2, or in short [Ar] 3d° 4s%.

B 3 First ionisation energy

The first ionisation energy %—H, B HE is the energy to remove one electron from
each atom in one mole of gaseous atoms:

X(g) = X" (g) + e~

It depends on three factors:

« nuclear charge #%H fij—more protons — stronger pull — higher.
o atomic radius Jf [2Ef5—further out — weaker pull — lower.
o shielding Btifli—more inner shells — weaker pull — lower.

B 4 The trend across Period 3

Across a period the first ionisation energy generally rises (more nuclear charge, similar
shielding). But there are two small dips —at Al and at S —which are evidence that
sub-shells exist.
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st IE o

>

>
Na Mg Al Si P S cl Ar Period 3

Watch out: although 4s fills before 3d, the 4s electrons leave first when the atom
ionises —so Fe?T is [Ar] 3d°, not [Ar]3d*4s2.

Practice
Try these in order.

1.1 How many electrons fill (a) an s sub-shell, (b) a p sub-shell, (¢) a d sub-shell?  [3]
1.2 Which fills first, 4s or 3d? 1]

1.3 Write the full electronic configuration of an atom with Z = 20 (calcium). 2]

1.4 Define the first ionisation energy, including a balanced equation for element X. |2
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1.5 Explain why the first ionisation energy generally rises across a period. 2]

1.6 Down a group, the first ionisation energy falls. Give two reasons why. 2]

1.7 Challenge. Across Period 3 the first ionisation energy dips at aluminium. Explain
why aluminium’s first ionisation energy is lower than magnesium’s. 2]
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A

B
Cc
D

1 What is the electronic configuration for the particle 2, Al*?
A 1s?2s5?2p°3s'3p’
B 1s%2s%2p®3s?
C 1s%2s?2p®3s23p?
D 1s?2s%2p°®3s?3p®3d’4s’
A-Level Chemistry: w25 12
1 What is the electrons in boxes notation for the Fe** ion?
3d 4s
A AT 1
B AT |11 1
c |11 (11
D AT [T T[T
4  Which statement is correct?

The relative atomic mass of a **Clatom is 35.5.
The relative molecular mass of O, is 16.0.
The relative formula mass of CaCO3 is 100.1.

The relative isotopic mass of a **Mg atom is 24.3.
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2 Which equation has an energy change that is equal to the first ionisation energy of bromine?
A Br(g) - Br(g) + e
B Br(g) » Br(g) — e
C 1Bryg) — Bri(g) + e
D

3Br(g) — Bri(g) - e

7 Xandy are different elements in Period 3.

Atoms of X and Y each have only one completely filled orbital in their highest occupied energy
sub-shell.

Y has a greater first ionisation energy than X.

Which row shows the structure and bonding in X and Y?

X Y
A giant metallic giant metallic
B giant metallic simple molecular
C giant covalent simple molecular
D simple molecular simple molecular
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2 Atoms, molecules and moles — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
relative atomic FH Xt J5 T

mass J5ig =+

mole EE IR

relative molecular #H X 4> 1
mass |Gig=:s

isotopes [R] {3 2%

Avogadro constant [] { {fi £
B

molar mass JBE /R o

Recall

At IGCSE you used relative atomic mass X} i - Jfif and the idea of the mole JE
7K. Now we make those tools sharp, ready for AS calculations.

o Atoms are too light to weigh in grams, so we compare every mass to one standard.
e The mole lets us count huge numbers of particles by weighing.

Nothing here is harder than IGCSE —it just lines up the tools.

New ideas

Read these first, then do the Practice.

B ] Relative masses

o the relative atomic mass fX}J5 i & (A,) is the average mass of an element’s
atoms compared with 1—12 of a carbon-12 atom.

o the relative molecular mass FX}43ffi & (M, ) is the sum of the A, values of
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all the atoms in a molecule.

A, is a weighted average over the isotopes [f]{i.Z. For chlorine (75% %Cl, 25%
57C1):

A, = (0.75 x 35) + (0.25 x 37) = 35.5

| 75% 3°Cl 25% 37Cl |

A, = (0.75 x 35) + (0.25 x 37) = 35.5

B 2 The mole and the Avogadro constant
One mole /K contains the Avogadro constant [ {RAIfE% # & of particles:

N4 = 6.02 x 10% mol™*

The mass of one mole in grams equals the relative mass —the molar mass [ /R i
& (M, in g mol ™).

B 3 The key equation

S

where n = amount (mol), m = mass (g), M = molar mass.

+M XNg
mass moles particles

Worked example. Moles in 8.0 g of CHy (M = 16): n = 8.0/16 = 0.50 mol.

Watch out: when finding M,, multiply each atom’s A, by how many of that atom
there are —H,0 is 2(1) 4+ 16 = 18, not 1 + 16.

Practice
Try these in order. Use A,: H=1,C =12, N =14, O = 16, Na = 23.

2.1 State the value of the Avogadro constant, with its units. 1]

A-Level Chemistry ¢ Holiday Homework —2 Atoms, molecules and moles — Part 1



2.2 Work out the relative molecular mass, M, of (a) HyO, (b) COs. [2]

2.3 How many moles are in 11.5 g of sodium (A, = 23)?7 2]

2.4 How many moles are in 36 g of water, HyO? 2]

2.5 Bromine has two isotopes: 50% "“Br and 50% ®'Br. Calculate its relative atomic
mass. 2]

2.6 How many molecules are in 0.50 mol of carbon dioxide? 1]

2.7 Challenge. How many oxygen atoms are there in 8.8 g of carbon dioxide, CO4
(M =44)7 3]
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40 A sample of gallium contains two isotopes only.

In every 10 atoms in the sample, there are 6 that have 38 neutrons and 4 that have 40 neutrons.

What is the relative atomic mass, A,, of the gallium in the sample?
A 697 B 698 CcC 700 D 702

Important values, constants and standards

molar gas constant R=8.31JK " mol™

Faraday constant F=9.65x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge e=-1.60x107"C

molar volume of gas Vi = 22.4dm°mol™ at s.t.p. (101kPa and 273K)
V., = 24.0dm*mol™" at room conditions

ionic product of water K, = 1.00 x 107 mol>dm™ (at 298K (25°C))

specific heat capacity of water c=4.18kJkg'K" (4.18Jg7'K™)
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3 What contains 9.03 x 10% oxygen atoms?

A 0.25mol aluminium oxide
B 0.75mol sulfur dioxide

C 1.5mol sulfur trioxide
D

3.0 mol water
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2 Atoms, molecules and moles — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)

stoichiometry l&=aap=1

limiting reagent  FREIXH

excess o

concentration e

solute NI

titration T
Recall

From Part 1 you can use n = m/M. Here we use the mole to work out reacting masses,
gas volumes and solution concentrations.

« A balanced equation gives the mole ratio of the reactants and products.
o At IGCSE you did titrations —now we calculate the concentration.

New ideas

Read these first, then do the Practice.

B ] Reacting masses
The numbers in a balanced equation give the stoichiometry {21t (the mole
ratio). To find a reacting mass: mass — moles — (use the ratio) — moles — mass.

Worked example. Mass of MgO from 4.8 g of Mg in 2Mg + Oy — 2MgO (A4,: Mg
= 24, O = 16): moles Mg = 4.8/24 = 0.20; ratio Mg : MgO = 1 : 1, so 0.20 mol

A-Level Chemistry ¢ Holiday Homework —2 Atoms, molecules and moles — Part 2
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MgO; mass = 0.20 x 40 = 8.0 g.

B 2 Limiting reagent

When two reactants are mixed, one runs out first —the limiting reagent [ &7
It decides how much product forms. The other is in excess 7 H.

IS
ag
N

g "
Q0o —
©0)

GO

8888

2 Hy (excess)

B 3 Gas volumes

At room temperature and pressure (r.t.p.), one mole of any gas takes up 24.0 dm?®:

_ : 3
= o0 (V in dm”)

B 4 Solution concentrations and titration

The concentration ¥ (c, in mol dm™?) is the amount of solute %5 per dm?*:

n=cxV (V in dm®, 1000 cm® = 1 dm?)

A titration J{E finds an unknown concentration by reacting it with a solution of
known concentration.

burette

(known conc.)

o

A conical flask

Watch out: in n = ¢V the volume must be in dm® —divide a ¢cm?® value by 1000
first (so 25.0 cm® = 0.0250 dm?).

Practice
Try these in order. Use A,: H=1, C =12, O = 16, Ca = 40.

2.1 State the volume of one mole of any gas at r.t.p. 1]
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2.2 What volume does 0.25 mol of carbon dioxide occupy at r.t.p.? 2]

2.3 In C 4 Oy — CO,, what mass of CO, forms from 6.0 g of carbon? [3]
2.4 What is meant by the limiting reagent? 1]
2.5 How many moles of solute are in 25.0 cm® of a 0.200 mol dm ™ solution? 2]

2.6 In a titration, 20.0 cm® of NaOH is neutralised by 25.0 cm?® of 0.100 mol dm ™~ HCI
(1:1). Find the concentration of the NaOH. [3]

2.7 Challenge. 4.0 g of hydrogen (Hy, M = 2) reacts with 16 g of oxygen (Oy, M = 32)

A-Level Chemistry ¢ Holiday Homework —2 Atoms, molecules and moles — Part 2
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in 2Hy 4+ Oy — 2H50. Show by calculation which reactant is the limiting reagent. 3]
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17 Three equations are listed. x, y and z are all whole numbers.

1 xAl + yO, — ZzAl,0,
2 xMg + yO, » zMgO
3 xNa + yO, —» zNa,O
Which equations can be balanced if x =4 and z = 2?

A 1and3 B 1only C 2only

D 3only



Name: ( ) A-Level Chemistry: w25 11

4 Methane and steam react to produce hydrogen.
CHa(g) + 2H;0(g) — CO;(g) + 4H(g)
0.80g of methane and 1.35g of steam react. One of the reactants is used up.

Which volume of hydrogen, measured at room conditions, will be produced?

A 1.80dm? B 3.60dm? C 4.80dm® D 7.20dm?

A-Level Chemistry: w25 14

4 A solution containing 4.4g of an organic acid is exactly neutralised by 25.0cm® of 2.0moldm™
sodium hydroxide. The acid has one COOH group in each molecule.

What is the empirical formula of the acid?

A CHzo B C2H4O C C3H503 D C4H802
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3 Chemical bonding — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
electrons 1

Electronegativity — Hi {4
nuclear charge 1% Ha. frf
atomic radius Ji 1242
shielding ik
ionic bonding [
ions =T
covalent bonding  FLA) 4
metallic bonding  4J@ %
delocalised  elec- EIHL T

trons

coordinate bond  Fg{vi 4

Recall

At IGCSE you met ionic, covalent and metallic bonding. Now we explain why atoms
pull on electrons, and draw the bonds more carefully.

o A bond is really about where the electrons H,§ go.
o Some atoms pull electrons harder than others.
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Nothing here is harder than IGCSE —it just adds the right words.

New ideas

Read these first, then do the Practice.

B 1 Electronegativity
Electronegativity H {14 is the power of an atom to attract the electrons in a bond
towards itself. It depends on:

o nuclear charge % H fif—more protons pull harder.
o atomic radius Jff-2f45——closer to the nucleus pulls harder.
 shielding Btiiit—more inner shells weaken the pull.

So it rises across a period and falls down a group. Fluorine is the most electroneg-
ative element.

B 2 The three strong bonds

+ ionic bonding 14 —the attraction between oppositely charged ions &f- (a
metal gives electrons to a non-metal).

« covalent bonding I:{f}f#—a shared pair of electrons between two atoms.
« metallic bonding 4 )&% positive metal ions in a "sea” of delocalised elec-

trons FikH 1.
O 1
B 3 Metallic bonding

The outer electrons are free to move through the whole metal. This is why metals
conduct electricity and are strong.

@ : @ :®/ delocalised electrons
©-0:©
@ . @ . ®/ metal ions (+)

B 4 Coordinate bonds

A coordinate bond i {ij 8 (dative bond) is a covalent bond where both shared
electrons come from the same atom. Example: the lone pair on nitrogen forms the
fourth N-H bond in the ammonium ion, NH .

Watch out: ionic and covalent are the two ends of a scale —the bigger the elec-
tronegativity difference between the atoms, the more ionic the bond; two identical
atoms share the electrons equally (pure covalent).
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Practice

Try these in order.

3.1 Define electronegativity. 1]

3.2 Which is the most electronegative element? 1]
3.3 State how electronegativity changes (a) across a period, (b) down a group. 2]
3.4 Define ionic bonding. 2]

3.5 Explain why metals conduct electricity, using the idea of delocalised electrons. [

[\

3.6 What is a coordinate (dative) bond? 1]

3.7 Challenge. Using electronegativity, explain why the bond between sodium and
chlorine is ionic, while the bond between the two chlorine atoms in Cly is covalent. 2]

A-Level Chemistry ¢ Holiday Homework —3 Chemical bonding — Part 1
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5 Which statement explains why sodium and potassium have different melting points?

A

B
Cc
D

The attraction between cations and delocalised electrons is stronger in sodium.
The attraction between cations and anions is stronger in sodium.
The attraction between atoms is stronger in sodium.

The attraction between nuclei and shared electron pairs is stronger in sodium.
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6 NH; and HCN react together to form NH,CN, an ionic compound.

Which row states the number of coordinate bonds and the number of = bonds in one formula unit
of NH,CN?

number of number of
coordinate bonds n bonds
A 0 2
B 1 2
Cc 0 3
D 1 3

24 When dry ammonia and hydrogen chloride gases are mixed, a solid white ionic compound is
formed.

Two statements are listed.

1 The formation of the ionic compound is a redox reaction.

2  During the formation of the ionic compound, the H-N—-H bond angle increases.

Which statements are correct?

A both 1and 2
B 1only
C 2only
D

neither 1 nor 2
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3 Chemical bonding — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)

covalent bond Fef)r st

VSEPR theory =L

Xt H. F B
7
lone pair PN HL
bonding pair B T
X
bond angle B
linear HEIE
tetrahedral LNRENA
pyramidal =MHE
bent Ay
dipole R
polar e
intermolecular oy F I8l AE
forces M3
London  (disper- & 3 {4, ¥
sion) forces 7]

permanent dipole 7K A A%

Hydrogen bonding &i#
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English F3 Write it 3 times (English)
boiling point b A

Recall

From Part 1 you know a covalent bond L4/} 4 is a shared pair of electrons. Here we
work out the shape of a molecule and the weak forces between molecules.

o The shape decides many of a substance’s properties.

o Weak forces between molecules explain melting and boiling points.

New ideas

Read these first, then do the Practice.

B ] Shapes of molecules (VSEPR)

To find a shape, use VSEPR theory 1} JZH TX} H JFFiE: the electron pairs around
the central atom push as far apart as possible. A lone pair fIl\%}H, T pushes harder
than a bonding pair {58 H 1%}, squeezing the bond angle 28 £f.

Molecule Shape Angle
COy linear H 4B 180°
CH,4 tetrahedral JU[HE{AFE  109.5°
NH; pyramidal =4 107°
H,O bent £ 104.5°
-
H/|\H H/|\H H/ \H

CHy - 109.5° NH3 - 107° HoO - 104.5°

B 2 Polarity and dipoles

When atoms of different electronegativity bond, the electrons sit closer to the more
electronegative atom. One end is slightly negative (6—) and the other slightly positive
(0+) —a dipole {H#z. If the dipoles do not cancel, the molecule is polar A :.

B 3 Van der Waals’ forces

These are the weak intermolecular forces 43T Ja]/EF 1 between molecules:

« London (dispersion) forces ¢ Z {411 J;—Dbrief dipoles from moving electrons;
act between all molecules and get stronger with more electrons.

o permanent dipole ;K A {#} forces —between molecules that are always polar.
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B 4 Hydrogen bonding

Hydrogen bonding &% is a strong special case: it forms when H is bonded to N,
O or F and is attracted to a lone pair on an N, O or F atom nearby. It gives water
its high boiling point i 15, and makes ice less dense than water (so ice floats).

hydrogen bond

S~
SS
~

Watch out: hydrogen bonding only happens when H is bonded to N, O or F. A C—
H bond does not hydrogen bond, so molecules like methane have only weak van der
Waals’ forces.

Practice
Try these in order.

3.1 What does VSEPR theory say about the electron pairs around a central atom?  [1]

3.2 State the shape and bond angle of (a) CHy, (b) COs. 2]
3.3 NHj3 has a smaller bond angle than CHy. Explain why. 2]
3.4 What is a dipole? 1]

3.5 London forces get stronger with more electrons. Explain what this means for boiling
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point down a group of similar molecules. 2]

3.6 State the three elements (bonded to hydrogen) that allow hydrogen bonding. 1]

3.7 Challenge. Water (Hy0) boils at a much higher temperature than hydrogen sulfide
(HsS), even though sulfur sits just below oxygen. Explain why. 2]

A-Level Chemistry e Holiday Homework —3 Chemical bonding — Part 2
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6 Three bond angles are labelled on the molecule shown.

v
X
” y . tsal
L2 cl;\ c|; T: } Dair of elostions
V4
H H H

What is the order of decreasing size of the bond angles x, y and z?

largest —— smallest
A X y z
B X z y
C y z
D y X

A-Level Chemistry: w25 14

5 In which set do all the molecules have all their atoms arranged in one plane?

A AICl;, BF3, PH;
B AICIl; COy NH;
C BF3 CyHy4, CsHs
D C;H, CO, HO
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7 The boiling point of water, H,O, is higher than that of hydrogen sulfide, H,S.

Which statement explains this difference in boiling points?

A The bond energy of O—H is greater than the bond energy of S—H.

B The intermolecular forces in H,O are weaker than the intermolecular forces in H,S.
C The S-H bond in H,S is longer than the O—H bond in H,O.
D

There is significant intermolecular hydrogen bonding in H,O but not in H,S.
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4 (zases and structures — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
ideal gas PRARAR

colliding filf %

pressure JE 5

real gas SR AR

kelvin FFIR X

Recall

At IGCSE you learned that a gas is made of fast-moving particles spread far apart. Now
we model a gas with numbers, using one neat equation.

o Gas particles move fast in all directions and hit the walls.
o We treat a gas as an ideal gas HIH5 {A—a simple model.

Nothing here is harder than IGCSE —it just adds one equation and the right words.

New ideas

Read these first, then do the Practice.

B 1 Where gas pressure comes from

Gas molecules move fast and keep colliding filf f# with the walls of the container.
Each hit gives a tiny push. The pressure [fLif is the overall result of all these
collisions.
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s\

./V
.\ particles hit the walls
\o <

B 2 The ideal gas model
An ideal gas FAHS {& assumes two things:

» the particles take up zero volume.
o there are no forces of attraction between the particles.

A real gas LR follows this best at low pressure and high temperature,
and worst at high pressure and low temperature (when the particles are crowded).

° o O_O
5 © O Q
.« ° o O
ideal real
(points, no forces) (crowded, attractions)

B 3 The ideal gas equation
pV =nRT

e p = pressure (Pa), V = volume (m?®), n = moles,
« T = temperature in kelvin F/K 3 (add 273 to °C), R = 8.31 J K 'mol .

Worked example. Volume of 0.50 mol at 27 °C (= 300 K) and 100 kPa (= 1.0x 10° Pa):

nRT  0.50 x 8.31 x 300

= loxips 001 m’.

V:

Watch out: in pV = nRT everything must be in SI units —p in Pa, V in m3, n in
mol, and especially 7" in kelvin (add 273 to °C). Leaving T" in °C is the most common

slip.

Practice

Try these in order. Use R = 8.31 J K 'mol™ %,

4.1 Explain, in terms of particles, how a gas creates pressure on the walls of its con-
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tainer. 2]

4.2 State the two assumptions of an ideal gas. 2]
4.3 Under what conditions does a real gas behave most like an ideal gas? 1]
4.4 Convert (a) 27°C to kelvin, (b) 127°C to kelvin. 2]
4.5 Find the volume of 2.0 mol of an ideal gas at 300 K and 1.0 x 10° Pa. [3]

4.6 Challenge. A 0.10 m?® container holds an ideal gas at 1.0 x 10° Pa and 400 K. Find
the amount, in moles, of gas present. 3]
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11 1.00g of nitrogen gas is stored in a 2.00 dm? vessel at 40.0 °C.

What is the pressure in the vessel?

A 5940Pa B 11900Pa C 46400Pa D 92900Pa

A-Level Chemistry: w25 12

8 A pure sample of a gas has a density of 2.62gdm™ at 101000 Pa and 25°C. The gas behaves
ideally under these conditions.

Which expression gives the M, of the gas?

A 101000 x 0.001
2.62x8.31x25
B 101000 x 0.001
2.62x8.31x 298
C 2.62x8.31x25
101000 x 0.001
D 2.62x8.31x 298

101000 x 0.001
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4 (zases and structures — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
giant ionic B A

simple molecular 43 T-Ehik

intermolecular o F I8l AE
forces 7

giant molecular  J& T K

covalent bonds B I

giant metallic LBk
diamond aAulpel
graphite el

delocalised  elec- Bty 1

trons
melting point P55
Recall

From Part 1 you know how a gas behaves. Here we look at solids and why their properties
differ so much —it all comes down to structure.

o At IGCSE you met giant ionic, simple molecular and giant covalent structures.
e The structure decides the melting point, conductivity and solubility.

New ideas
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Read these first, then do the Practice.

B ] The four structures

Structure Particles Held by
giant ionic BT Sh{A& ions in a lattice strong ionic attraction
simple molecular 475k small molecules weak intermolecular forces 431 [a]/EH 11
giant molecular 7 §4{&  atoms in a network strong covalent bonds JLf}4
giant metallic 4 )& LAk metal ions + electron sea metallic bonding
ololo oo P 000
CJOC) 00 OO
®O® ®O®

giant ionic simple molecular giant covalent giant metallic

B 2 Two forms of carbon
Both diamond 4:|f5 and graphite {158 are giant covalent:

e diamond —each carbon bonds to four others in a rigid 3-D network. Very hard;
does not conduct.

« graphite —carbon in flat layers; the layers slide (a lubricant), and spare delo-
calised electrons ZiH, 1 let it conduct.

c P Ul
: : layers
i i
i i weak forces

C ¢ c
graphite (layers)

diamond (3-D network)

B 3 Properties follow the structure

i is high when strong forces (ionic, covalent, metallic) must be
broken, and low when only weak forces break.

o melting point /&5

« conducting needs charged particles that can move —free ions (molten or dis-
solved) or delocalised electrons.

« ionic solids are usually soluble in water; molecular and giant covalent solids usu-
ally are not.

Watch out: when a simple molecular solid melts, only the weak forces between the
molecules are broken —the strong covalent bonds inside each molecule stay intact.
That is why the melting point is low.

Practice

Try these in order.
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4.1 Name the four types of crystalline structure. 2]

4.2 Why does a simple molecular solid (like iodine) have a low melting point? 2]

4.3 Diamond and graphite are both made only of carbon. Explain why graphite conducts
electricity but diamond does not. 2]

4.4 An ionic compound only conducts electricity when molten or dissolved, not when
solid. Explain why. 2]

4.5 An unknown solid has a high melting point and conducts electricity as a solid. What
type of structure is it? 1]

4.6 Challenge. Sodium chloride melts at 801°C, but iodine melts at only 114°C.
Explain this large difference using their structures and bonding. 2]
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8 Which row describes silicon dioxide?

electrical
conductivity solubility in water
in liquid state
A non-conductor insoluble
B non-conductor soluble
C conductor insoluble
D conductor soluble
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5 Enthalpy changes — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
exothermic T
endothermic Mz 4

enthalpy change %378
activation energy JH{LHE

bond energy HHtRE

Recall

At IGCSE you learned that reactions can be exothermic ji{# (give out heat) or en-
dothermic i # (take in heat). Now we measure that energy and give it a symbol.

o The energy change at constant pressure is the enthalpy change /575, AH.
o We can read it off an energy diagram, or work it out from bonds.

Nothing here is harder than IGCSE —it just adds the symbol AH and the bond method.

New ideas

Read these first, then do the Practice.

B ] Exothermic and endothermic

o exothermic ji{#—gives out heat; products lower than reactants; AH is nega-
tive.

o endothermic I} #—takes in heat; products higher than reactants; AH is pos-
itive.
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energy energy
A

products

products reactants

\

>

exothermic (AH < 0) endothermic (AH > 0)

The height of the ”hill” is the activation energy i {tE—the least energy needed
to start the reaction.

B 2 Energy from breaking and making bonds

o breaking a bond takes in energy.
« making a bond gives out energy.

AH = Z(bonds broken) — Z(bonds made)

The bond energy ##RE is the energy to break one mole of a bond (always positive).

energy‘

atoms

\
break (in)
make (out)
reactants

products

Worked example. Hy + Cly — 2HCL. Bond energies: H-H = 436, C1-Cl = 242, H-C1

= 431.
AH = (436 + 242) — (2 x 431) = 678 — 862 = —184 kJ mol .

Watch out: use AH = ) (bonds broken)—) (bonds made) in that order. A negative
answer means exothermic —more energy is released making bonds than is taken in

breaking them.

Practice

Try these in order.

5.1 State the sign of AH for (a) an exothermic, (b) an endothermic reaction. 2]

5.2 In an exothermic reaction, are the products higher or lower in energy than the
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reactants? 1]
5.3 What is meant by the activation energy? 1]
5.4 State whether (a) breaking a bond, (b) making a bond takes in or gives out energy.[2]

5.5 Use bond energies to find AH for Hy + Bro, — 2HBr. Bond energies: H-H = 436,
Br-Br = 193, H-Br = 366. 3]

5.6 Challenge. A reaction is found to have a negative AH. Explain what this tells you
about the energy released in making bonds compared with the energy taken in breaking
bonds. 2]

A-Level Chemistry ¢ Holiday Homework —5 Enthalpy changes — Part 1

&)



Name: ( ) A-Level Chemistry: w25 11

In an experiment, 1.60g of a fuel is burnt. 45.0% of the energy released is absorbed by 200 g of
water. The temperature of the water rises from 18.0 °C to 66.0 °C.

A 25100J B 55700J C 89200J D 143000J

A-Level Chemistry: w25 12

When 0.47 g of a hydrocarbon is completely burnt in air, the energy released heats 200 g of water

What is the amount of energy absorbed, in Joules, by the water?

8

What is the total energy released per gram of fuel burnt?
9

from 23.7°C to 41.0°C.

A 047 x418x17.3

B 0.47x4.18 x (273 +17.3)

C 200x4.18x17.3

D 200x4.18 x (273 +17.3)
10

One commercially available ‘heat pad’ contains iron, activated carbon and water. The ‘heat pad’
is activated by air. This causes the pad to get hotter.

Which statement describes the chemical reaction occurring in the ‘heat pad’ when it is exposed to
air?

A The reaction is endothermic and iron gains electrons.
B The reaction is endothermic and iron loses electrons.
C The reaction is exothermic and iron gains electrons.
D

The reaction is exothermic and iron loses electrons.
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5 Enthalpy changes — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
Hess’s law T e

g

o
=
¥

specific heat ca- [
pacity

=
=
it
=

energy cycle

Recall

From Part 1 you know AH is the enthalpy change. Here we measure it in the lab and
combine values using Hess’s law 5 1 & .

o A reaction that heats up water transfers a known amount of heat.
o Energy is conserved, so different routes give the same total.

New ideas

Read these first, then do the Practice.

B 1 Measuring enthalpy change

When a reaction heats a known mass of water or solution, the heat transferred is:

qg=mcAT

where m = mass (g), ¢ = specific heat capacity H# %, AT = temperature change.
Per mole:

mec AT
n

AH =
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thermometer

[ ] insulated lid

o) I solution

Worked ezample. Burning 0.50 g methanol (M, = 32) heats 100 g water by 18 °C
(c = 4.18): ¢ = 100 x 4.18 x 18 = 7520 J; n = 0.50/32 = 0.0156 mol; AH. =
—7520/0.0156 =~ —480 kJ mol".

B 2 Hess’s law

Hess’s law ZHH5Ef:: the total enthalpy change is the same whichever route you
take from reactants to products (because energy is conserved).

Draw an energy cycle fE&{E¥f with a direct route and an indirect route, then
make both add up to the same total.

reactants —) products

N A

intermediate

AH, = AHy + AHy

It lets you find an enthalpy change you cannot measure directly, by using values you
can measure.

Watch out: in ¢ = mec AT, the mass m is the mass of the water (or solution) being
heated, not the mass of fuel. Then divide by the moles of substance reacted to get
AH per mole.

Practice

Try these in order.

5.1 Write the equation that gives the heat transferred to a mass of water. 1]
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5.2 A reaction releases 5000 J and uses 0.10 mol of fuel. Find AH in kJ mol™". 2]

5.3 200 g of water rises by 10 °C (¢ = 4.18). Calculate the heat transferred, q. 2]
5.4 State Hess’s law. 1]
5.5 Give one reason Hess’s law is useful. 1]

5.6 Challenge. Burning 0.32 g of methane (M, = 16) heats 200 g of water by 20°C
(c = 4.18). Find the enthalpy change per mole of methane. 3]

A-Level Chemistry ¢ Holiday Homework —5 Enthalpy changes — Part 2

©



Name: ( ) A-Level Chemistry: w25 14

9 The data shown are needed for this question.
AH?® (P4014(s)) = =3012kJ mol™
AH? (H,0(1)) = =286 kJ mol™
AH? (H3POy(s)) = —1279kJ mol™

What is AH® for the reaction shown?
P4010(S) + 6H20(|) —> 4H3PO4(S)

—-9844 kJmol™
—-388kJmol™
—97 kdmol™
+2019kJ mol™

O O W >
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6 Oxidation number and redox — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
oxidation Ak

reduction L5

redox EALIR R

oxidation number FAkEL
oxidising agent AL

reducing agent IR 55

Recall

At IGCSE you learned that oxidation %4t and reduction ifJ§i happen together in
redox A LA 5 reactions. Now we track them exactly using the oxidation number 4

gaie

o The oxidation number shows how many electrons an atom has lost or gained.
o Simple rules let you work it out for any atom.

Nothing here is harder than IGCSE —it just adds a counting tool.

New ideas

Read these first, then do the Practice.

B ] Oxidation number rules

e an uncombined element is 0.
« a simple ion equals its charge (so Mg*" is +2).
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e Group 1 is +1, Group 2 is +2.
e hydrogen is +1, oxygen is —2, fluorine is —1.
o the numbers add up to 0 in a neutral compound, or to the charge in an ion.

(+1) + (+7) + 4(-2) =0

B 2 Redox is electron transfer
o oxidation %k is loss of electrons —the oxidation number goes up.
« reduction A is gain of electrons —the oxidation number goes down.

Remember OIL RIG: Oxidation Is Loss, Reduction Is Gain.

E S
Zn Cu?t
l loses 2e ™ l gains 2e
Zn2t Cu

oxidised reduced

B 3 Oxidising and reducing agents
« an oxidising agent 4 fk5f] takes electrons from another species (and is itself
reduced).

« a reducing agent A 55| gives electrons to another species (and is itself oxi-
dised).

Watch out: an oxidation number is per atom and always carries a sign (+2, not just
2). Multiply it by the number of those atoms before making the compound add up
to zero (or to the ion’s charge).

Practice

Try these in order.

6.1 State the oxidation number of (a) an uncombined element, (b) oxygen in most com-
pounds. [2]

6.2 What does OIL RIG stand for? 2]
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6.3 Work out the oxidation number of sulfur in SO, (O is —2). [2]

6.4 Work out the oxidation number of nitrogen in the nitrate ion, NOj . 2]
6.5 In Zn + Cu*"™ — Zn?" + Cu, which species is oxidised? 1]
6.6 An oxidising agent is itself reduced. Explain why:. 1]

6.7 Challenge. Work out the oxidation number of chromium in the dichromate ion,

Cr,07 (0 is —2). 2]
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6 Oxidation number and redox — Part

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
oxidation numbers ZEALEL

Disproportionation I fk,

Recall

From Part 1 you can assign oxidation numbers %5 {t%{ and spot oxidation and reduc-
tion. Here we use the numbers to balance redox equations and meet a special case.

o Every electron lost by one species is gained by another.
» So the total rise in oxidation number equals the total fall.

New ideas

Read these first, then do the Practice.

B ] Balancing with oxidation numbers

1. find the element whose oxidation number rises (oxidised) and the one that falls
(reduced).

2. the total rise must equal the total fall.
3. choose the ratio so they match, then balance the rest.

Fe: +2 — +3 (rise 1)
Mn: +7 — +2 (fall 5)

total rise = total fall = 5 Fe : 1 Mn

Worked ezample. Fe goes +2 — +3 (rise 1); Mn goes +7 — +2 (fall 5). To match,
you need 5 Fe for every 1 Mn.
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B 2 Disproportionation

Disproportionation 54k is a redox reaction in which the same element is both
oxidised and reduced at once. For example, chlorine (0) in cold water goes to C1~
(—1) and ClIO™ (+1).

+1 4+ CIO™ (+1)

0 -+ C|2 (0)

reduced

-1 oa (-

Watch out: in disproportionation the same element must both rise and fall in oxi-
dation number. If two different elements change, it is ordinary redox, not dispropor-
tionation.

Practice

Try these in order.

6.1 In a redox reaction, what must be true about the total rise and total fall in oxidation
number? 1]

6.2 In a reaction, an element’s oxidation number changes from +2 to +3. (a) By how
much does it change? (b) Is it oxidised or reduced? 2]

6.3 Manganese falls from 47 to +2, and iron rises from 42 to +3. How many iron atoms
are needed for each manganese atom? 2]
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6.4 What is meant by disproportionation? 2]

6.5 In Cl; + H,O — HCl 4 HCIO, give the oxidation number of chlorine in (a) Cly, (b)
HCI, (c) HCIO. 3]

6.6 Challenge. When chlorine reacts with cold sodium hydroxide it forms NaCl and
NaClO. Use oxidation numbers to explain why this is disproportionation. 2]
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10 Which equation shows hydrogen acting as an oxidising agent?
A H; + 2K - 2K'H™
B H, + I, » 2HI
C H; + Cu,S + ZnO —» 2Cu + ZnS + H,O
D 3H, + N, > 2NH;,

A-Level Chemistry: w25 12

3 The reaction of hydrogen sulfide with sulfur dioxide gives sulfur as one of the products.
The two relevant redox equations are shown.

H,S(aq) = S(s) + 2H'(aq) + 2e”
SOy(aq) + 4H"(aq) + 4e” = S(s) + 2H,0(l)

How many moles of hydrogen sulfide are needed to react with sulfur dioxide to produce 1 mol of
sulfur?

A %mol B %mol Cc %mol D 2mol

11 In which substance is the average oxidation number of sulfur the highest?

A Sg B N828406 C N828203 D SOQCZQ






A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

7 Equilibrium — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
reversible  reac- W[V

tions

equilibrium Py

closed system HH RS

dynamic equilib- B P4

rium
forward rate 1E LW
%

reverse rate W W R

Le Chatelier’s #) & 45 4|

principle Jr

catalyst il
Recall

At IGCSE you met reversible reactions 7] 3%z V (shown by =). Now we look at the
balance point —equilibrium *Ffff—and how to shift it.

o A reversible reaction goes both ways at once.
e In a closed system it settles into a steady balance.

Nothing here is harder than IGCSE —it just adds the right words and one rule.

New ideas

Read these first, then do the Practice.
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B 1 Dynamic equilibrium

In a closed system #f[F] &4;, a reversible reaction reaches dynamic equilibrium
NS5 when:

o the forward rate IFJZ iV i# % equals the reverse rate i [z iy 3 %K.
« the concentrations of reactants and products stay constant.

It is dynamic because both reactions are still happening —they just cancel out.

rate A

forward

equilibrium (rates equal)
.....
-
———‘
-
-

”

”
”
4 reverse

td
7

B 2 Le Chatelier’s principle

Le Chatelier’s principle #4551 J73: if you change a system at equilibrium, the
equilibrium moves to oppose the change.

Change Equilibrium moves-:-

add more reactant towards the products

increase pressure towards fewer gas molecules
increase temperature in the endothermic direction

add a catalyst ffi4k57] no shift (just reaches it faster)

shift to oppose the change

—_—

 ——
reactants ¢ products

add reactant = shifts right

B 3 The equilibrium constant
For aA + bB = ¢C + dD:

Only temperature changes the value of K..

Watch out: a catalyst does not shift the equilibrium —it speeds up both directions
equally, so the system just reaches the same position faster. And K. changes only
with temperature.
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Practice

Try these in order.

7.1 State the two conditions for a dynamic equilibrium. 2]

7.2 Why must the system be closed for equilibrium to be reached? 1]

7.3 State Le Chatelier’s principle. 1]

7.4 For an exothermic reaction, which way does the equilibrium shift if you raise the
temperature? 1]

7.5 Does adding a catalyst change the position of equilibrium? Explain. 2]

7.6 For Hy + I, = 2HI at equilibrium, [Hy] = 0.20, [I] = 0.20, [HI] = 1.6 mol dm™>.
Find K.. 2]

7.7 Challenge. For the exothermic reaction Ny + 3Hy, = 2NHj3, state and explain
the effect on the yield of ammonia of (a) increasing the pressure, (b) increasing the
temperature. 3]

A-Level Chemistry ¢ Holiday Homework —7 Equilibrium — Part 1
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Name: ( ) A-Level Chemistry: w25 11

12

One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the
equation shown.

Hb(aq) + 40(aq) == Hb(O;)s(aq)

When the equilibrium concentration of O, is 7.6 x 10°moldm™, the equilibrium concentrations of
Hb and Hb(O,), are equal.

What is the numerical value of K. for this equilibrium?

A 3.0x10% B 1.3x10° C 76x10° D 3.3x107%

13

A-Level Chemistry: w25 12

In the Contact process, sulfur dioxide and oxygen react to form sulfur trioxide.
In the Haber process, nitrogen and hydrogen react to form ammonia.

Which statement about these processes is correct?

A K, for the Haber process has no unit.

B Inthe Contact process, the value of K, falls when pressure is increased at constant T.
C The Haber process uses a homogeneous catalyst.
D

When V,0s is used in the Contact process, the position of equilibrium is unchanged.

12

A-Level Chemistry: w25 14

Nitrogen dioxide decomposes on heating according to the equation shown.
2NOx(g) == 2NO(g) + O2(9)

When 4mol of nitrogen dioxide were put into a 1dm® container and heated to a constant
temperature, the equilibrium mixture contained 0.8 mol of oxygen.

What is the value of the equilibrium constant, K, at the temperature of the experiment?

2 2 2
A 0.8 >;0.8 B 1.6><(2).8 C 1.6 >;0.8 D 1.6 xi).8
4 24 4 24



A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

7 Acids and bases — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. FUAF BRI F0E =k .

English 3 Write it 3 times (English)
acids figs

alkalis ik

protons b

acid fig

proton donor iR tiRrN

base ik

proton acceptor DN

alkali Bk

dissociates fif 2
strong acid SR
weak acid 55lR

Neutralisation HROFT
salt &
titration curve R

indicator TR
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Recall

At IGCSE you met acids [i§ and alkalis fiiff and the pH scale. Now we define them by
what they do with protons Jfi ¥ (H ions).

e An acid gives away HT; a base takes it.
o 7"Strong” and "weak” are about how fully an acid splits up.

New ideas

Read these first, then do the Practice.

B 1 Brgnsted—Lowry acids and bases

+ an acid g is a proton donor i 7fit{& (gives HT).
« a base B is a proton acceptor Jfi 5% {& (takes HT). A soluble base is an alkali

B

B 2 Strong and weak
This is about how fully the acid dissociates ffft & (splits into ions) in water:

« a strong acid 5%[ig is fully dissociated (almost all molecules split into ions).
« a weak acid 55 is only partly dissociated (most stay whole).

L= ua  HA
+ — HA
- + _ HA  HA

ar HA

strong (all ions) weak (mostly HA)

At the same concentration, a strong acid has a lower pH and conducts electricity
better (more ions).

B 3 Neutralisation and titration curves
Neutralisation H#l: H*(aq) + OH (aq) — H,0O(l), also forming a salt .
A titration curve JiiE ik (pH against volume added) has a steep, almost vertical

jump at the end point. Choose an indicator $§/~7] that changes colour inside that
jump.
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>
volume of base

Watch out: strong (fully dissociated) is not the same as concentrated (a lot dis-
solved). A weak acid can be concentrated, and a strong acid can be dilute.

Practice

Try these in order.
7.1 Define an acid and a base in the Brgnsted—Lowry theory. 2]

7.2 What is the difference between a strong and a weak acid? 2]

7.3 At the same concentration, which has the lower pH —a strong or a weak acid? 1]

7.4 Give two ways you could tell a strong acid from a weak acid in the lab. 2]

7.5 Write the ionic equation for neutralisation. 1]

7.6 Why does a strong acid conduct electricity better than a weak acid of the same

A-Level Chemistry ¢ Holiday Homework —7 Acids and bases — Part 2
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concentration? 1]

7.7 Challenge. Equal concentrations of hydrochloric acid (strong) and ethanoic acid
(weak) are compared. Explain why the hydrochloric acid has the lower pH. 2]

A-Level Chemistry e Holiday Homework —7 Acids and bases — Part 2
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14 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes
more transparent again when the light is less bright. The darkness of the glass is due to the
presence of silver atoms.

The following reactions are involved.
reaction1 Ag" + CI” = Ag + CI
reaction2 Cu" + Cl » Cu** + CI”
reacton3 Cu* + Ag — Cu' + Ag’
Which statement about these reactions is correct?

A Cu' and Cu* ions act as catalysts.

B Cu’ions act as an oxidising agent in reaction 2.
C Reaction 3 increases the darkness of the glass.
D

Silver atoms are reduced in reaction 3.
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8 Rate of reaction — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
catalyst 1RALF

collisions il 2

collide filf: 2

effective collision A& hlf &

non-effective colli- JEEfhlfif&#

sion

concentration e

pressure JARGL
Recall

At IGCSE you learned that reactions go faster with higher concentration, higher tem-
perature, and a catalyst {#{L7]. Now we explain why, using collisions filf{&.

o Particles must collide to react.
o But not every collision works.

Nothing here is harder than IGCSE —it just explains the reasons.

New ideas

Read these first, then do the Practice.

B ] Collisions

To react, particles must collide filif#. Only some collisions cause a reaction:

A-Level Chemistry ¢ Holiday Homework —8 Rate of reaction — Part 1
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« an effective collision A%filffi has enough energy and the correct orienta-
tion (direction).

« a non-effective collision JTLA{hlff# has too little energy, or the wrong angle —
nothing happens.

So the rate depends on the frequency of effective collisions (how many useful
collisions happen each second).

@O—+@O v

B 2 Concentration and pressure

Increasing the concentration & of a solution (or the pressure [ki% of a gas)
packs the particles closer. They collide more often, so there are more effective
collisions each second —the rate rises.

([ ] [ ]
Y [

L4 -
more collisions

low concentration high concentration

Watch out: a faster rate needs more effective collisions per second. Simply colliding
is not enough —the collision must also have enough energy and the correct orientation.

Practice
Try these in order.

8.1 What is meant by the rate of reaction? 1]
8.2 State the two things a collision needs to be effective. 2]

8.3 Explain why increasing the concentration of a reactant increases the rate. 2]
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8.4 A reaction makes 48 cm? of gas in 24 s. Calculate the mean rate in cm3s71. 2]

8.5 Increasing the pressure of a gas reaction speeds it up. Explain why, in terms of
collisions. 2]

8.6 Challenge. Powdered marble reacts with acid much faster than the same mass of
large marble chips. Explain why, in terms of collisions. 2]

A-Level Chemistry e Holiday Homework —8 Rate of reaction — Part 1
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14 20.0cm® of hydrogen peroxide decomposes to water and oxygen in the presence of a suitable
catalyst.

160 cm® of oxygen, measured at room conditions, is produced in 5.00 minutes.

What is the average rate of decomposition of hydrogen peroxide during this reaction period?
A 222x10°mols™

B 4.44x10°mols™

C 1.76 x10“*mols™

D 2.67x10°mols™
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8 Rate of reaction — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
effective collisions &l &

catalyst il
activation energy  }EfLEE
Boltzmann distri- ¥ /K 2% &
bution Saxit]

enthalpy change  {374%

homogeneous cat- ¥ i 1k

alyst )

heterogeneous cat- £ # i 1k

alyst 7
Recall

From Part 1 you know reactions need effective collisions A Z{fiff#. Here we look at
how temperature and a catalyst {1k change the rate.

o The activation energy JH{\HE is the least energy a collision needs.
e A graph called the Boltzmann distribution shows which molecules have enough.

New ideas

Read these first, then do the Practice.

B ] The Boltzmann distribution

The Boltzmann distribution 3% /K 2% = /)7 shows how the molecules’ energies
are spread at one temperature. Only the molecules to the right of the activation
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energy {ifkAE (E4) have enough energy to react.

Raising the temperature spreads the curve to the right, so a much larger frac-
tion of molecules now have energy above F4 —this is why a small temperature rise
gives a big rise in rate.

number of

molecules A
lower T'

B 2 Catalysts

A catalyst {f1k5f] speeds up a reaction but is not used up. It gives a new route
with a lower activation energy, so more collisions are effective.

« the enthalpy change /578 (AH) is not changed.
« a homogeneous catalyst ¥JFH{# {7 is in the same state as the reactants.

« a heterogeneous catalyst £ f{iifb5f] is in a different state (e.g. a solid
surface).

energy

without catalyst

products

Watch out: a catalyst lowers the activation energy by giving an alternative route
—it does not change AH (the reactant and product energies are unchanged), and it
is not used up.

Practice
Try these in order.

8.1 What does the activation energy mean? 1]
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8.2 On the Boltzmann distribution, which molecules are able to react? 1]

8.3 Explain why a small rise in temperature gives a large rise in rate. 2]
8.4 How does a catalyst speed up a reaction? 2]
8.5 Does a catalyst change the enthalpy change, AH, of a reaction? 1]
8.6 State the difference between a homogeneous and a heterogeneous catalyst. 2]

8.7 Challenge. Using the Boltzmann distribution, explain why a catalyst speeds up a
reaction even at the same temperature. 2]
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A-Level Chemistry: w25 14

15 A mixture of gases reacts faster as its temperature increases.

Which row explains this?

the activation
energy remains

more particles
have energy equal
to or above the

there is an increase
in the rate of

unchanged activation energy successful collisions
A false false false
B true true true
C false true true
D true false false




Name: ( ) A-Level Chemistry: w25 11

15 The reversible reaction between methanol and ethanoic acid liquids is catalysed by adding a
small volume of concentrated sulfuric acid.

Two statements about this reaction are listed.

1 The sulfuric acid is a homogeneous catalyst.

2 The sulfuric acid lowers the activation energy of the reverse reaction.

Which statements are correct?

A both 1and 2
B 1only
C 2only
D

neither 1 nor 2

A-Level Chemistry: w25 14

14 When two aqueous solutions are mixed, the reaction between them is very slow.
An effective catalyst is added to the mixture without any change in temperature.

Which statement about this catalyst is correct?

A ltincreases the average energy of the reactant particles.

B It changes the distribution of energies of the reactant particles.

C It allows a greater number of reactant particles to react per unit time.
D

It increases the number of reactant particles with the most probable energy.
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9 Periodicity (Period 3) — Part 1

Name: — Class: — Date:

Vocabulary ajT

Write each word three times. &S FEIRTIE =,

English i Write it 3 times (English)

Periodic Table It % J5
%=
Periodicity JE PR

atomic radius -2 4E
nuclear charge 1% 3. faf
shielding St it
giant metallic EAETELN
giant covalent LN
simple molecular 43 -Fh Ak

melting point Ny

Recall

At IGCSE you used the Periodic Table JGZ & #]3. Now we look closely at one row
—Period 3 (Na to Ar) —and see its properties change in a regular pattern.

o Periodicity J&#4: means properties repeat across each period.
o The pattern follows from the structure and bonding of each element.

Nothing here is harder than IGCSE —it just lines up one row carefully.

New ideas

Read these first, then do the Practice.
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B ] Atomic radius

Across Period 3 the atomic radius Jfi 1248 gets smaller. The nuclear charge %
HELfif rises (more protons), but the outer electrons go into the same shell with similar
shielding 7, so they are pulled in tighter.

radius decreases
>
Na Mg Al Si P S] Cl

B 2 Structure across the period

Elements Structure Melting point Conducts?
Na, Mg, Al giant metallic 4 )& {4k high, rising yes
Si giant covalent J& ik highest no
P, S, Cl, Ar simple molecular 73> f &  low no

B 3 Melting point

The melting point ## &4 rises through the metals, peaks at silicon (strong covalent
bonds to break), then drops sharply for the simple molecular elements (only weak
forces break).

melting

point A & peet

Na Mg Al Si P S cl Ar Period 3

Watch out: across a period the atomic radius gets smaller (more nuclear charge,
same shell). Down a group it gets bigger (extra shells are added). Don’t mix up the
two trends.

Practice

Try these in order.

9.1 What is meant by periodicity? 1]
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9.2 Describe and explain the trend in atomic radius across Period 3. 2]

9.3 Name the type of structure of (a) magnesium, (b) silicon, (c¢) sulfur. 3]
9.4 Silicon has the highest melting point in Period 3. Explain why. 2]
9.5 Why do sulfur and chlorine have low melting points? 2]

9.6 Challenge. Sodium has a larger atomic radius than chlorine, even though both are
in Period 3. Explain why. 2]
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Name: ( ) A-Level Chemistry: w25 11

16

The atomic radii and ionic radii for three elements in Period 3 are shown.

atomic radius/nm ionic radius/nm

element X 0.118 0.053
elementY 0.099 0.180
element Z 0.160 0.072

Using this data, which statement is correct?

A Element X has lower electrical conductivity than element Y.
B ElementY has a higher melting point than element X.

C ElementY and element Z react to form an ionic compound.
D

Element Z forms ionic compounds by gaining electrons.

17

A-Level Chemistry: w25 12

Sodium and sulfur react together to form sodium sulfide, Na,S.

How do the atomic radius and ionic radius of sodium compare with those of sulfur?

atomic radius ionic radius
A sulfur is greater sodium is greater
B sulfur is greater sulfur is greater
C sodium is greater sodium is greater
D sodium is greater sulfur is greater
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9 Periodicity (Period 3) — Part 2

Name: — Class: — Date:

Vocabulary ajT
Write each word three times. &S FEIRTIE =,

English 25’8 Write it 3 times (English)
oxides ALY

chlorides Ay

basic B

amphoteric [1iiK 3

acidic [i7ges

hydrolyse TR A

Recall

From Part 1 you know Period 3 goes from metals (left) to non-metals (right). Here we
see how that changes the oxides %8fk#) and chlorides & {k4).

o Metal oxides are basic; non-metal oxides are acidic.
e One oxide in the middle is special: it reacts both ways.

New ideas

Read these first, then do the Practice.

B ] Acid-base nature of the oxides

Across Period 3 the oxides change from basic to acidic:

» metal oxides (Na O, MgO) are basic .
o Al O is amphoteric Fj{f—it reacts with both acids and bases.
» non-metal oxides (P O , SO ) are acidic fiR}*.
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metal oxides non-metal oxides

basic amph. acidic

Nag O MgO Aly03 P4O10 SO3

B 2 Aluminium oxide is amphoteric

with acid with base

acts as a base = ——— Al;O5 ——» acts as an acid

amphoteric

It behaves as a base with acids, and as an acid with bases —that is what amphoteric
means.

B 3 Chlorides with water

« ionic chlorides (NaCl, MgCl ) simply dissolve, giving a near-neutral solution.

» covalent chlorides (SiCl, PCl) hydrolyse 7Kfi# (react with water), giving an
acidic solution and HCI fumes.

Watch out: the oxides change from basic (metals) through amphoteric (Al O ) to
acidic (non-metals) —the trend follows the metal-to-non-metal change across the
period.

Practice

Try these in order.

9.1 State whether each oxide is basic or acidic: (a) Na O, (b) SO . 2]
9.2 What does amphoteric mean? 1]
9.3 Which Period 3 oxide is amphoteric? 1]

9.4 Sodium chloride dissolves in water to a neutral solution, but phosphorus(V) chloride
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reacts with water. Explain this difference. 2]

9.5 Name the gas given off (as fumes) when a covalent chloride is added to water. 1]

9.6 Challenge. Predict which would raise the pH of water —magnesium oxide (MgO)
or sulfur trioxide (SO ) —and explain. 2]

A-Level Chemistry ¢ Holiday Homework —9 Periodicity (Period 3) — Part 2
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18

Which oxide has a simple structure rather than a giant structure?

A MgO B AlLO; C SiO, D P40

18

23

A-Level Chemistry: w25 12

Compound X is an oxide of a Period 3 element.

Compound X is a white solid at 25 °C. It reacts with water to form an acidic solution.
What is compound X?

A aluminium oxide

B silicon dioxide

C sulfur dioxide

D phosphorus(V) oxide

Element E is in Period 3. It forms a chloride which reacts with a small amount of water to produce
a white precipitate and steamy fumes. This precipitate is soluble in NaOH(aq) and in HCI(aq).

What is element E?
A magnesium

B aluminium
C silicon
D

phosphorus



Name: (

N

J A-Level Chemistry: w25 21

1 Chromium, Cr, and its compounds are widely used in many chemical reactions.

(@) Cr exists as four stable isotopes.

(i)

(ii)

(i)

The most common isotope of Cr is chromium-52.

Determine the number of protons, neutrons and electrons in an atom of chromium-52.

number of protons .................. neutrons .................. electrons .........cooooiiiiiiie

Describe how an atom of chromium-54 differs from an atom of chromium-52. Refer to
numbers of particles in your answer.

The relative isotopic masses of the isotopes of Cr can be determined using mass
spectrometry.

State what other information is needed to calculate the relative atomic mass, Ar, of Cr.

(iv) Atoms of %2Cr, 53Cr and 5*Cr make up more than 95% of naturally occurring chromium

atoms. The A, of naturally occurring Cr is 51.996.

Suggest what these statements imply about the relative isotopic mass of the fourth stable
isotope of chromium.

..................................................................................................................................... [1]
(b) The shorthand electronic configuration of chromium is [Ar] 3d%4s’.
(i) Complete the full electronic configuration of chromium.
........................................................................... 3d54s] [1]
(ii) Deduce the total number of unpaired electrons in an atom of chromium
..................................................................................................................................... [1]



Name: ( ) A-Level Chemistry: w25 21

(c) Acidified dichromate(VI) ions will convert methanal, CH, O, to carbon dioxide. The movement
of electrons to or from relevant species is shown in the following half-equations.

half-equation 1 CH,0 + H,0 — CO, + 4H" + 4e”
half-equation 2 Cr,0,2~ + 14H* + 6e~ — 2Cr** + 7H,O

(i) Identify the species that is reduced in half-equation 2. Explain your answer.

(ii) The oxidation state of the carbon atom in methanal is 0.

Calculate the oxidation state of carbon in carbon dioxide.

(iii) Construct the ionic equation for the reaction of dichromate(VI) ions with methanal in
acidic conditions.

(iv) Methanal is a liquid at —30°C but carbon dioxide is a gas at this temperature. Explain
why.



Name: (

N

J A-Level Chemistry: w25 21

(d) In acidic conditions, a dynamic equilibrium is established between CrO42‘(aq) and

Cr,0,%7(aq).
2CrO,%~(aq) + 2H*(aq) = Cr,0,%7(aq) + H,O() AH>0
(i) State what is meant by dynamic equilibrium.

(ii) Identify the condition necessary to establish dynamic equilibrium.

(iii) CrO42‘(aq) ions are yellow and Cr2072‘(aq) ions are orange.

State what is observed when the following changes are made to an equilibrium mixture
of acidified CrO,%~(aq) and Cr,0,%~(aq) ions.

Explain your answers.
*  The equilibrium mixture is warmed gently.
(0] 01517 V7= 11 0] o PSRRI

L2 0] = 1 =1 (o o SRR

* Dilute HCI(aq) is added to the equilibrium mixture.
ODSEIVALION ..o

L2 {1 =T = 11 T o 1 PP

(e) Chromium(IV) fluoride, CrF,, is a covalent molecule that shows similar chemical properties to

SiCl,.

Suggest the type of reaction that occurs when CrF, is placed in water.

Construct a relevant equation for this reaction.

TYPE OF FEACHION ..o et e e e e e e e e e e e e

=0 18 = 11 o o PSSR

Total: 201
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10 Group 2 — Part 1

Name: - Class: — Date:

Vocabulary {ajjL

Write each word three times. {845 EIRIE =3

English ol Write it 3 times (English)

Group i3

more reactive SOV s

Recall

At IGCSE you learned that Group Ji& elements share similar reactions, and that reactiv-
ity changes down a group. Now we look at Group 2 —the metals magnesium, calcium,
strontium and barium.

o They all have two outer electrons, lost to form 2+ ions.
o Reactivity changes in a clear pattern down the group.

Nothing here is harder than IGCSE —it just lines up one group.

New ideas

Read these first, then do the Practice.

B 1 Reactivity increases down the group

Going down Group 2, the atoms get larger, so the two outer electrons are held less
tightly and are lost more easily. So the metals become more reactive iz {5 E.
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eactivity increases

Sr

Ba
\/

O
O -«
O

B 2 Reactions of the metals
o with oxygen — an oxide: 2Mg + Oy — 2MgO.
« with water — a hydroxide + hydrogen: Ca + 2H,O — Ca(OH), + Ho.
« with dilute acid — a salt + hydrogen: Mg + 2HCl — MgCl, + Hs.

Ho bubbles

The reaction with water gets faster down the group (more reactive metal).

Watch out: down Group 2 the reactivity increases (larger atoms lose their outer elec-
trons more easily). This is the opposite of the halogens (Group 17), where reactivity

decreases down the group.

Practice

Try these in order.

10.1 How many outer electrons does a Group 2 atom have, and what ion does it form?|2]

L

10.2 Describe and explain the trend in reactivity down Group 2. k

10.3 Write the equation for magnesium reacting with oxygen. 1]
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10.4 Calcium reacts with water. Name the two products. 2]

10.5 Complete: Mg + 2HCI — + . 2]

10.6 Challenge. Barium reacts with water much faster than magnesium. Explain why,
in terms of atomic size and the outer electrons. 2]

A-Level Chemistry ¢ Holiday Homework —10 Group 2 — Part 1
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10 Group 2 — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. {845 EIRIE =3

English ol Write it 3 times (English)
Thermal decom- )i

position

hydroxides ka4

sulfates TR 3k
Recall

From Part 1 you know the Group 2 metals. Here we heat their compounds and look at
how easily they break apart and dissolve.

o Thermal decomposition #/}# means breaking a compound by heating.
e The trends down the group are clear and worth learning.

New ideas

Read these first, then do the Practice.

B 1 Thermal decomposition

Heating breaks the compounds apart:

e carbonates — oxide + carbon dioxide: CaCO35 — CaO + CO,.
« nitrates — oxide + brown NO; + oxygen.

B 2 Thermal stability increases down the group

A larger metal ion pulls less on the carbonate (or nitrate) ion, so it distorts it less
and the compound is harder to break apart. So magnesium carbonate decomposes
most easily, and barium carbonate is the hardest.
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o= O®

2+
Mg a2+

a
distorts a lot barely distorts

B 3 Solubility trends

Compound Down the group

hydroxides Z%E ¥ become more soluble
sulfates iR ih become less soluble

(So Mg(OH) is nearly insoluble but Ba(OH) dissolves; MgSO dissolves but BaSO
is insoluble.)

solubility A

N hydroxides”

~
sulfates
S

Watch out: thermal stability increases down the group —a larger cation distorts
the anion less, so the carbonate is harder to break apart. The two solubility trends
go opposite ways: hydroxides become more soluble, sulfates less soluble.

Practice
Try these in order.

10.1 What is meant by thermal decomposition? 1]

10.2 Write the equation for the thermal decomposition of calcium carbonate. 2]
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10.3 State and explain the trend in thermal stability of the carbonates down Group 2.[3]

10.4 State the trend down the group in the solubility of (a) the hydroxides, (b) the
sulfates. 2]

10.5 Which is more soluble, magnesium hydroxide or barium hydroxide? 1]

10.6 Challenge. Predict which decomposes at a lower temperature —magnesium car-
bonate or barium carbonate —and explain. 2]

A-Level Chemistry ¢ Holiday Homework —10 Group 2 — Part 2
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20 Equal masses of CaCOj;, Ca(NO;),, BaCO; and Ba(NOj), are thermally decomposed. The
volume of gas produced in each experiment is measured under the same conditions.

Which compound will produce the greatest volume of gas?

A Ca003 B Ca(N03)2 C BaCO3 D Ba(NO3)2

A-Level Chemistry: w25 12

19 When heated, magnesium nitrate decomposes.
Which equation for the thermal decomposition of magnesium nitrate is correct?
A Mg(NO3), > MgO + NO, + NO + O,
B 2Mg(NO;), —» 2MgO + 4NO + 30,
C 2Mg(NO3), —» 2MgO + 4NO, + O,
D 3Mg(NOjz), > Mg;N; + MgO + 3NO + 70,

20 R is the aqueous solution of an ionic compound.

e A white precipitate is formed when R is added to Sr(NO3).(aq).

e No visible reaction is seen when R is added to dilute HNO3(aq).

What is the anion present in compound R?

A CI° B SO,~ C HCO; D CO*

A-Level Chemistry: w25 14

19 Magnesium nitrate, Mg(NO3),, will decompose when heated to give a white solid and a mixture of
gases. One of the gases released is oxygen.

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place.

Which mass of oxygen is produced?

A 3.2g B 6.4g C 128g D 19.2g
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11 The halogens — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
halogens HES
volatility R

van der Waals’' JEfEfE )y
forces

oxidising agent AALFH)

Recall

At IGCSE you met the halogens xjZ (Group 17) and saw that a more reactive halogen
can displace a less reactive one. Now we explain the trends.

e The halogens are diatomic molecules: Cly, Brs, Is.
o Their reactivity (as oxidising agents) changes down the group.

Nothing here is harder than IGCSE —it just adds the reasons.

New ideas

Read these first, then do the Practice.

B 1 Colour, state and volatility

Halogen At room temperature

chlorine  pale green gas
bromine  red-brown liquid
iodine grey-black solid

The volatility %% 1 (how easily it turns to vapour) decreases down the group.
The molecules get larger with more electrons, so the van der Waals’ forces jzf&E4E
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77 between them get stronger, raising the boiling point.

’ L =

chlorine bromine iodine
(gas) (liquid) (solid)

B 2 Oxidising power and displacement

Each halogen gains one electron to form a 1— ion, acting as an oxidising agent %,
fk37]. This power decreases down the group (larger atoms attract the extra electron
less strongly).

So a more reactive halogen displaces a less reactive one from its salt:

CIQ —+ 2KBr — 2KCI + BI’Q

U add Cly U
E—
KBr

orange
(colourless) (Brg)

Watch out: a more reactive (more oxidising) halogen displaces a less reactive one
—so0 chlorine displaces bromine and iodine, but iodine cannot displace chlorine.

Practice
Try these in order.

11.1 Give the colour and state of (a) chlorine, (b) iodine at room temperature. 2]

11.2 Describe and explain the trend in volatility down Group 17. 3]

11.3 Each halogen acts as an oxidising agent. Explain what this means in terms of
electrons. 1]

A-Level Chemistry ¢ Holiday Homework —11 The halogens — Part 1



11.4 State the trend in oxidising power down the group. 1]

11.5 Write the equation for chlorine reacting with potassium bromide, and state the
colour change. 2]

11.6 Challenge. Predict whether bromine will displace iodine from potassium iodide.
Write an equation if it reacts, and explain. [2]

A-Level Chemistry e Holiday Homework —11 The halogens — Part 1
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1 The Group 17 elements are oxidising agents.

(@) (i) Explain how the Group 17 elements act as oxidising agents.

(i) Write an equation to show the reaction in which Cl, oxidises aluminium metal.

(iii) A student heats equal amounts of 1,(g) and H,(g) in a sealed flask. The student leaves
the contents to cool.

State what you would observe during the reaction.

(b) CI, and Br, can each react with NH, to give N, and a hydrogen halide, HX.
3X, + 2NH; — N, + 6HX X =ClorBr

The relative bond strengths of X—X and H—X determine the difference in enthalpy change of
the two reactions.

(i) Describe and explain the difference in the X—X bond strengths of C/, and Br,,
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(iii) Define enthalpy change of formation, AH..

(iv) Table 1.1 gives data relevant to the reaction of Ci,(g) with NH;(g).

Table 1.1
enthalpy change of
compound formation, AH/kJ mol~’
NH,(9) —-46
HCI(g) -92

Use the data in Table 1.1 to calculate the enthalpy change of the reaction of Cl,(g)
with NH,(g).

enthalpy change of reaction = ... kdmol=! [2]
(v) I, reacts with NH, to form NI,.

Predict the shape of a molecule of NI,. Explain your answer.
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(c) Table 1.2 shows some information about reactions of NaCl, NaBr and Nal.

Table 1.2
NaCl NaBr Nal
observation white precipitate
with Ag*(aq)
’[C%pnecg;{;?ggog \g?)h acid—base acid—base, then redox | acid—base, then redox
29y
observations with : blea”% l;vsgcl)'ﬁ d
concentrated HZSO4 y
o effervescence
(i) Complete Table 1.2. [4]

(ii) Suggest an identity for the species that produces each observation in the reaction of Nal
with concentrated H,SO,.

o] F= T3 JQ <] o PSPPI
1YL 0111V <Y ] Lo PSS

B O I B S N CE . e

(d) Table 1.3 gives some information about MgCl1, and SiCl,,.

Table 1.3
MgCl, SiCl,
electrical conductivity when liquid conducts does not conduct
observation when added to water dissolves vigorous reaction

(i) Explain the difference between the electrical conductivity of liquid MgCl, and of liquid
SiCl,. Refer to bonding and relevant particles in your answer.
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22 What happens when iodine solution is added to a solution of sodium bromide?

23

A

B
C
D

A reaction occurs without changes in oxidation state.
Bromide ions are oxidised; iodine atoms are reduced.
Bromide ions are reduced; iodine atoms are oxidised.

No reaction occurs.

Which statement is correct?

A
B

Nitrogen is unreactive due to the absence of lone pairs in the molecule.

Aqueous ammonia contains both NHi(agq) and NH;"(aq). The NH,’(aq) ion is a
Brgnsted—Lowry acid.

High temperatures are needed to supply the energy to break the strong double bonds in
nitrogen molecules when they react.

Atmospheric SO, reacts with unburnt hydrocarbons to form a component of photochemical
smog.
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11 The halogens — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
halogens HES
halide ions I

silver nitrate HIRAR

ammonia e
precipitate DIE
Recall

From Part 1 you know the halogens [xj 2 are oxidising agents. Here we look at their
halide ions X[ &+ (Cl, Br, I) and how to tell them apart.

o A halide ion can give an electron, acting as a reducing agent.
o A silver nitrate test identifies which halide is present.

New ideas

Read these first, then do the Practice.

B 1 Two opposite trends
» the oxidising power of the halogens decreases down the group.

 the reducing power of the halide ions increases down the group (a larger ion
holds its outer electron less tightly).

A-Level Chemistry ¢ Holiday Homework —11 The halogens — Part 2
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Clz cl~

g power rises

Bro Br—

oxidising power falls

I3 I~

B 2 The silver nitrate test

Add silver nitrate ffjfig4l solution to a halide, then ammonia %7, and read off the
precipitate JJ{JE:

Halide Precipitate In ammonia

Cl white dissolves in dilute
Br cream dissolves only in concentrated
I yellow insoluble

5 5 5 white / cream / yellow
AgBr Agl

AgCl

B 3 With concentrated sulfuric acid
All give the hydrogen halide first; the stronger reducing agents are then oxidised:
o chloride — only HCI (no redox).

e bromide — also some brown Br and SO .

o iodide — I plus HS and SO (I is the strongest reducing agent).

Watch out: the two trends are opposite —the oxidising power of the halogens falls
down the group, while the reducing power of the halide ions rises down the group.

Practice
Try these in order.

11.1 State the trend down the group in the reducing power of the halide ions. 1]

A-Level Chemistry ¢ Holiday Homework —11 The halogens — Part 2
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11.2 Explain why reducing power increases down the group. 2]

11.3 Give the colour of the precipitate formed when silver nitrate is added to (a) Cl, (b)
Br, (c)I. 3]

11.4 How could you use ammonia to confirm a white precipitate is silver chloride?  [1]

11.5 With concentrated sulfuric acid, chloride gives only HCI, but iodide also gives iodine.
Explain why. [2]

11.6 Challenge. A solution gives a cream precipitate with silver nitrate that dissolves
only in concentrated ammonia. Identify the halide ion present, and explain how you
know. 2]

A-Level Chemistry ¢ Holiday Homework —11 The halogens — Part 2
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21

Equation 1 and equation 2 show two different reactions of halide ion Q™ with concentrated
sulfuric acid.

equation1 H,SO, + Q° —» HSO, + HQ
equation2 H,SO, + 2Q" + 2H" —» SO, + Q, + 2H,0
What is Q7

A Cl orBr” B Brorl” C CIl only D I only

22

A-Level Chemistry: w25 12

X and Y are sodium salts of Group 17 elements.
When X reacts with concentrated sulfuric acid, hydrogen sulfide, H,S, is produced.

When Y reacts with concentrated sulfuric acid, there is no change in the oxidation number of the
sulfur.

Which statement is correct?

A Aqueous X reduces aqueous bromine.

B Aqueous Y reacts with aqueous silver nitrate to give a precipitate which is insoluble in
concentrated aqueous ammonia.

X and Y react separately with concentrated sulfuric acid to produce halogens.

D When X reacts with concentrated sulfuric acid, six halide ions are needed to reduce
one sulfur atom to H,S.
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21 In an experiment, 0.600mol of chlorine gas, Cl,, is reacted with an excess of hot aqueous
sodium hydroxide. One of the products is NaClO;.

Which mass of NaClO; is formed?
A 213g B 44.7¢g C 63.9g D 128g¢g

A-Level Chemistry: w25 14

22 An excess of chlorine gas is bubbled into hot potassium hydroxide solution.

Which chlorine-containing species are present in the final solution?

A Cl and CIO”

B Cl and CiO5
C ClO and CIO5”
D CIO;3 only
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12 Nitrogen and its compounds — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
nitrogen A

ammonia Z,

lone pair PO HL

triple bond .

bond energy R

non-polar AR

base ik

proton Jii 1

coordinate bond P4

ammonium ion T

Recall

At IGCSE you learned that air is mostly nitrogen %, and you met ammonia 47, (NHj3).
Now we explain why nitrogen barely reacts, and why ammonia is a base.

o Nitrogen gas is Ny —two atoms joined by a strong bond.
o Ammonia has a lone pair fI{%]H § that makes it a base.

Nothing here is harder than IGCSE —it just adds the reasons.

A-Level Chemistry ¢ Holiday Homework —12 Nitrogen and its compounds — Part 1
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New ideas

Read these first, then do the Practice.

B 1 Why nitrogen is unreactive
Ny makes up most of the air but reacts with very little, for two reasons:

« the atoms are joined by a triple bond =## with a very high bond energy %
F&—hard to break.

o the molecule is symmetrical and non-polar JEH %, so nothing attracts other
molecules to it.

non-polar molecule

*N

NS

triple bond (strong)

B 2 Ammonia as a base

Ammonia is a base 7§ because the lone pair f{X}H, ¥ on its nitrogen can accept a
proton i1 (HY):

NH; + H* — NHj

The new bond is a coordinate bond {4 (both electrons came from nitrogen).
The ammonium ion 4% NH/ has four identical N-H bonds.

B 3 Test for an ammonium salt

Warm an ammonium salt with sodium hydroxide to push out ammonia gas:

NH,Cl + NaOH — NaCl + NH;3 + H,O

The sharp smell, and damp red litmus turning blue, confirms an ammonium salt.

Watch out: ammonia is a base because of its lone pair, which accepts an H' to
form a coordinate bond. Once the ammonium ion has formed, all four N-H bonds
are identical —you cannot tell the coordinate one apart.

Practice
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Try these in order.

12.1 State the two reasons nitrogen gas is unreactive. 2]

12.2 What feature of ammonia allows it to act as a base? 1]
12.3 Write the equation for ammonia accepting a proton. [1]

12.4 The fourth N-H bond in the ammonium ion is a coordinate bond. Explain what
this means. [2]

12.5 Describe the test for an ammonium salt and its result. 2]

12.6 Challenge. Ammonia (NH;3) can act as a base, but the ammonium ion (NH})
cannot. Explain why, in terms of the lone pair. 2]

A-Level Chemistry ¢ Holiday Homework —12 Nitrogen and its compounds — Part 1
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12 Nitrogen and its compounds — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
oxides of nitrogen Z &AW

engine KHHL

catalytic converter 1 fk #% 1k
i

exhaust gases =2

acid rain R WY

Recall

From Part 1 you know nitrogen is unreactive —but at very high temperatures it does
react. Here we meet the oxides of nitrogen %% fr¥) and the pollution they cause.

o Inside a hot engine, nitrogen and oxygen combine.
o The oxides (NO, NO,) cause smog and acid rain.

New ideas

Read these first, then do the Practice.

B ] Where the oxides come from

Oxides of nitrogen (NO, ) form when nitrogen and oxygen react at high temperature:

NQ + Og — 2NO

e natural —lightning gives enough energy.
o man-made —the high temperature inside a car engine % zfj#/l.
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B 2 The catalytic converter

A catalytic converter fE{L55 %5 cleans the exhaust gases JE“S, letting the
harmful gases react to form harmless ones:

harmful harmless
NO ———> ——> N

0O ——> ————> CO,

catalyst

B 3 Acid rain

The oxides also cause acid rain FRR:

e NO, dissolves in rain to form nitric acid.

« NO, also speeds up (catalyses) the change of SO5 into SO3, which forms sulfuric
acid.

NO; ——— > nitric acid

\

acid rain

NOo catalyses /

SO, » SO3 » sulfuric acid

Watch out: in a catalytic converter the harmful gases (NO, CO) react together to
make harmless ones (N | CO ). The catalyst only speeds this up —it is not used up.

Practice
Try these in order.

12.1 Write the equation for nitrogen and oxygen forming nitrogen monoxide. 1]
12.2 State one natural and one man-made source of oxides of nitrogen. 2]
12.3 Write the equation for the reaction in a catalytic converter that removes NO and

CO. 2]

A-Level Chemistry ¢ Holiday Homework —12 Nitrogen and its compounds — Part 2
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12.4 Name the harmless products formed in a catalytic converter. 2]

12.5 Explain the two ways oxides of nitrogen contribute to acid rain. 2]

12.6 Challenge. Explain why oxides of nitrogen form inside a hot car engine but not
in ordinary air. 2]

A-Level Chemistry e Holiday Homework —12 Nitrogen and its compounds — Part 2
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16 Oxides of nitrogen, NO,, are involved in formation of photochemical smog and acid rain.

Which oxides of nitrogen are involved in each of these processes?

photochemical smog acid rain
NO NO, NO NO,
A v v v v
B X v X v
C v v X v
D X v v v

24 Four reaction mixtures are listed.

1 (NH,),SO4(aq) and NaOH
2 NH4Cl(aq) and Ba(OH),
3 NH4Cl(aq) and Na,O

4 (NH4);PO4(aq) and HC!

Which reaction mixtures produce ammonia as a product?

A 1,2and3 B 1and2only C 2and3only D 3and4only

A-Level Chemistry: w25 14

24 Which reagent, when mixed with ammonium sulfate and then heated, liberates ammonia?
A aqueous bromine
B dilute hydrochloric acid
C aqueous calcium hydroxide
D

potassium dichromate(VI) in acidic solution
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13 Introduction to organic chemistry

— Part 1

Name: Class:

Vocabulary Ja]jT

Date:

Write each word three times. &S FEIRTIE =i,

English i Write it 3 times (English)
hydrocarbons ik S A &
7
functional group ‘B fEH]
general SN
molecular ¥
structural gEM =
displayed J X
skeletal A
homologous series [A] & 41
saturated T
unsaturated AN AN

homolytic fission — ¥JZY
free radicals H i i
heterolytic fission 24

ions
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English F3 Write it 3 times (English)

nucleophile A
electrophile 27 H )
Recall

At IGCSE you met hydrocarbons &t &4 and drew molecules like methane. Now
we organise organic chemistry —the ways to write a formula, and the functional group
B HE] that gives a family its reactions.

» A functional group is the reactive part of a molecule.

o Molecules with the same functional group react in the same way.

Nothing here is harder than IGCSE —it just adds the system.

New ideas

Read these first, then do the Practice.

B 1 Types of formula

Formula Shows

general j#z{ the family pattern, e.g. alkanes C,,Hg, 2
molecular 7} F3 the actual atoms, e.g. C4H,

structural 54, groups in order, e.g. CH3CH,CH,CHj
displayed EJ3{ every atom and bond drawn

skeletal 2425 lines only; C at corners, H on C not shown

molecular: C4Hi1o

structural: CH3CH2CH2CH3

H H H H
displayed: H—% — % = % = %_H
H H

skeletal: /\/

B 2 Homologous series

A homologous series [f] &%) is a family with the same functional group and general
formula, where each member differs by CHy. A compound is saturated ##/1 (only
single C—C bonds) or unsaturated Al (has a C=C).

B 3 Breaking bonds and attacking species

« homolytic fission #JZi—splits evenly — two free radicals H i EE.
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e heterolytic fission FZ{—splits unevenly — two ions 1.

homolytic:  C| — C| —» Cl- -Cl 2 radicals

heterolytic: H—Br > H+ Br— 2 ions

 a nucleophile 3% 4Zi{3f] has a lone pair and attacks a positive (electron-poor)
centre.

« an electrophile ;%7 is attracted to an electron-rich centre (such as a C=C
bond).

Watch out: a nucleophile donates a lone pair to an electron-poor (d+) centre; an
electrophile accepts electrons from an electron-rich centre. Homolytic fission makes
radicals, heterolytic makes ions.

Practice

Try these in order.

13.1 What is a functional group? 1]
13.2 Give the general formula of the alkanes. 1]
13.3 Each member of a homologous series differs from the next by what group? 1]
13.4 State the difference between homolytic and heterolytic fission. 2]
13.5 What is a nucleophile? 1]

A-Level Chemistry ¢ Holiday Homework —13 Introduction to organic chemistry — Part 1

@)



13.6 Draw the skeletal formula of butane, C,H;y. 1]

13.7 Challenge. In a C—Br bond the carbon carries a small positive charge. Explain
why, and why this makes the carbon open to attack by a nucleophile. 2]

A-Level Chemistry e Holiday Homework —13 Introduction to organic chemistry — Part 1
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28 The diagram shows the skeletal formula of the hormone testosterone.

OH
@)
What is the molecular formula of testosterone?
A C19H28()2 B C17H2202 C C17H24()2 D C19H2602
37 The structures of three organic compounds are shown.
| | Tl
H—C|)—C|3=O H—Clt—CEN H—C|)—C—O—C|)—H
H H H H H
1 2 3

Which compounds produce ethanoic acid when heated with HCI(aq)?

A 1,2and3 B 1and2only C 1and3only D 2and3only
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3  Propan-2-ol, (CH,),CHOH, is sometimes added to fuel to help it burn.

Fig. 3.1 shows some reactions of propan-2-ol.

propan-2-ol
reaction 1 >7OH
aC|dw
K
reaction 2 alkaline
I,(aq)
Y

CHBCOZ‘ and CHI3

Fig. 3.1

(@) (i) Draw the structure of organic compound K.

(ii) State an observation you would make in reaction 2.

reaction 3
concentrated
H,SO, L

1

[1]

(iii) State the type of reaction that is shown in reaction 3.

(iv) Complete Fig. 3.2 to show the pi () bond in L that is formed from orbital overlap.

H, v H

c—cC
H,C" Wy

Fig. 3.2

[1]
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(b) Propan-2-ol reacts with sodium to produce (CH,),CH-O~ anions.

These anions react with 2-bromopropane to form compound N, as shown in Fig. 3.3.

N
Br (CH,),CH-0O" O
T - T T
Fig. 3.3
(i) Write an equation for the reaction of propan-2-ol with sodium.
..................................................................................................................................... [1]
(i) The reaction of 2-bromopropane with (CH,),CH-O~ anions follows an Sy1 mechanism.

Complete Fig. 3.4 to show this mechanism. Include charges, dipoles, lone pairs of

electrons and curly arrows, as appropriate.

| T
H,C—C—Br ——— — H,C—C—0—C—CH,

CH, CH,4 CH,

(CH,),CH-O~
Fig. 3.4
[3]

(iif) Suggest how the rate of the Sy 1 reaction would change, if at all, if 2-chloropropane were

used instead of 2-bromopropane.

Explain your answer.

..................................................................................................................................... [2]
(iv) N is also added to petrol to make it burn more smoothly.

Construct an equation for the complete combustion of N, C;H,,0.

CaH 14O [1]

[Total: 11]
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13 Isomerism — Part 2

Name: — Class: — Date:

Vocabulary aJL.

Write each word three times. &R BAEPE =1,

English E:3'd Write it 3 times (English)
isomers SR

structural iso- ZhEAH SR

merism

chain isomerism  #EFH

positional iso- VB 54
merism

functional-group  ‘E fig ] %
isomerism A

restricted rotation 5% PR ik

cis i =X

trans =

chiral centre F HL

enantiomers Ko i
Recall

From Part 1 you know how to write organic formulas. Here we meet isomers 4 {A&—
molecules with the same molecular formula but a different arrangement.

e Same atoms, joined or arranged differently.
o This explains why two compounds can share a formula yet behave differently.

New ideas

A-Level Chemistry ¢ Holiday Homework —13 Isomerism — Part 2
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Read these first, then do the Practice.

B ] Structural isomerism

In structural isomerism %54 744 the atoms are joined in a different order. Three
kinds:

 chain isomerism #%F#]—the carbon chain branches differently (e.g. butane vs
2-methylpropane).

« positional isomerism {ij & R f4—the functional group is on a different carbon
(e.g. propan-1-ol vs propan-2-ol).

« functional-group isomerism ‘F §E[#] 5 #J—the atoms make a different func-
tional group (e.g. an alcohol vs an ether).

B 2 Cis-trans (geometrical) isomerism

A C=C double bond cannot rotate (restricted rotation 3Z[RJjE¥%). So groups
are fixed on the same side (cis J[i{;) or opposite sides (trans fZx,).

cis (same side) trans (opposite)

B 3 Optical isomerism

A chiral centre F-{}:H1.[> is a carbon with four different groups. It gives two
mirror-image forms (enantiomers XJHL{A) that cannot be superimposed.

d —=—C=—=1F By —=—C=——=l

mirror images (enantiomers)

Watch out: cis—trans isomerism needs a C=C (no rotation) with two different groups
on each carbon; optical isomerism needs a chiral carbon bonded to four different
groups.

Practice

Try these in order.

13.1 What are isomers? 1]
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13.2 Name the three kinds of structural isomerism. k

w

13.3 Why can a C=C double bond not rotate? 1]

13.4 In cis—trans isomerism, what is the difference between the cis and trans forms? |[2]

13.5 What makes a carbon a chiral centre? 1]
13.6 What name is given to the two mirror-image forms at a chiral centre? 1]

13.7 Challenge. But-2-ene (CH3CH=CHCHj3) shows cis-trans isomerism, but but-1-ene
(CHy;=CHCH,CHj3) does not. Explain why. 2]

A-Level Chemistry ¢ Holiday Homework —13 Isomerism — Part 2
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25 Two statements about a molecule of methanal are given.

1 ltis planar.

2 It contains three o bonds.

Which statements are correct?

A both 1and 2
B 1only
C 2only
D

neither 1 nor 2

A-Level Chemistry: w25 14

6 The diagram shows the bonding in a molecule of propyne.
H
H—C=C—C—H
H
Which types of hybridisation are shown by the carbon atoms in propyne?
A sp, sp®and sp°
B sp and sp®only
C sp?and sp® only
D

sp? only
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26 The structure of disodium cromoglycate is shown.

disodium cromoglycate
(l)H
O OCH,—CH—CH,0 O

NaO,C~ O 0~ ~CO,Na

How many chiral centres are there in this molecule?

A O B 1 CcC 2 D 3

A-Level Chemistry: w25 14

26 The structure of the compound y-ionone is shown.

y-ionone

)

Including y-ionone, how many stereoisomers exist with this molecular formula?

A 1 B 2 C 4 D 8
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14 Alkanes — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)

alkanes VST

complete combus- 5E4x¥kEE
tion

incomplete com- A 5% 4= Bk
bustion o

carbon monoxide —Z4fbLHk

ultraviolet light EYUANST

free-radical substi- H H & B

tution 1

initiation 5| %

propagation WK

termination Z 31N

polarity et
Recall

At IGCSE you learned that alkanes J£45 are saturated hydrocarbons that burn as fuels.
Now we look at their combustion and their one important reaction with halogens.

 Alkanes have only single bonds (general formula C, Ha,.2).
e They are fairly unreactive because their bonds are strong and non-polar.

Nothing here is harder than IGCSE —it just adds a mechanism.
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New ideas

Read these first, then do the Practice.

B ] Combustion

« complete combustion 5E4ALE (plenty of oxygen) — carbon dioxide + water.

« incomplete combustion N5EE AL (too little oxygen) — water + toxic car-
bon monoxide —%fLHk (CO) + soot.

complete: alkane + O — CO2 + H30

incomplete: alkane + less O — CO + soot + H2O

B 2 Free-radical substitution
Alkanes react with chlorine (or bromine) in ultraviolet light %44k by free-radical
substitution H HET, in three steps:

o initiation 5| %—UYV splits the halogen into radicals: Cly, — 2 Cl-

o propagation 3K —radicals react and make new radicals: Cl-+CH, — CHj -
+HCI, then CH; - +Cl; — CH3Cl1 + Cl-

o termination % [-—two radicals join, ending the chain.

initiation: C|2 — 2Cl-

propagation: Cl-4+ CH4 — CHs - + HCI
CHj3 - + Cls — CH3Cl + Cl-

termination: Cl-+ CH3- — CH3Cl

B 3 Why alkanes are unreactive

Their C-H and C-C bonds are strong and have little polarity {4, so there is no
charge to attract an attacking species.

Watch out: free-radical substitution needs UV light and gives a mixture of products
(mono-, di-, tri-substituted). The dot in Cl- marks an unpaired electron —a radical,
not an ion.

Practice
Try these in order.

14.1 Give the general formula of the alkanes. 1]
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14.2 Name the products of (a) complete, (b) incomplete combustion of an alkane. 2]

14.3 Why is carbon monoxide dangerous? (one reason) 1]

14.4 Name the three steps of free-radical substitution, in order. 3]
14.5 Write the initiation step for the reaction of chlorine in UV light. 1]
14.6 Explain why alkanes are unreactive towards polar reagents. 2]

14.7 Challenge. When methane reacts with chlorine in UV light, the product is a
mixture, not just chloromethane. Explain why. 2]

A-Level Chemistry ¢ Holiday Homework —14 Alkanes — Part 1



Name: ( ) A-Level Chemistry: w25 11

29 The fumes from the exhausts of petrol-burning cars contain the following pollutants.

1 unburnt hydrocarbons
2 nitrogen dioxide
3 carbon monoxide
Which pollutants are removed by oxidation in a catalytic converter?

A 1,2and3 B 1and2only C 1and3only D 2and3only

A-Level Chemistry: w25 14

25 Two hydrocarbons, CH3;CHC(CH3)CH; and CH3;CH(CH3)CH,CHjs, react separately with chlorine in
the presence of ultraviolet light.

In each reaction, free-radical substitution occurs.

Which row is correct?

identity of the hydrocarbon
that can also undergo
electrophilic addition

a termination stage of the free-radical
substitution of the saturated hydrocarbon

A CH;CHC(CH3)CH; CH4CH(CH3)CH,CH,» + Cls — CH3;CH(CH3)CH,CH,CI
B CHsCHC(CH3)CHs CHsCHC(CH3)CH,» + Cl+ — CHZCHC(CH3)CH,CI
c CH4CH(CH3)CH,CHs CH5CH(CH3)CH,CHye + Cle — CH3CH(CH3)CH,CH,CI
D CH5CH(CH3)CH,CHs CHsCHC(CH3)CH,* + Cl+ — CH,CHC(CH3)CH,CI
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14 Alkenes — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
Alkenes W

C=C double bond X4

electrophilic addi- &HL K

tion

bromine water TRIK

addition polymeri- HIZREE

sation
polymer BEY)
Recall

From Part 1 you know alkanes are unreactive. Alkenes /fi}s are different —they have

a reactive C=C double bond XU (general formula C,Ha,).

o The C=C double bond is the functional group.
o It makes alkenes react readily by addition.

New ideas

Read these first, then do the Practice.

B 1 Electrophilic addition
Most alkene reactions are electrophilic addition 2ZHi il across the C=C bond:

Reagent Product
H, (Ni catalyst) an alkane
steam (HoO, H PO catalyst) an alcohol
a hydrogen halide (HX) a halogenoalkane

a halocen (Rr.) di_cnihatitiited allkane
a 11ai0gell (Dly) a al-substituted ailkaie
LY

1
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B 2 The test for a C=C bond

Shake the compound with orange bromine water 7%7K. An alkene decolourises
it (turns it colourless); an alkane does not.

U U bromine water

alkene alkane
(colourless) (orange)

B 3 Addition polymerisation

In addition polymerisation Jjj 128 £, many alkene molecules open their double
bonds and join into one long chain —a polymer 2 & 4#—with no other product.
Ethene gives poly(ethene).

ethene poly(ethene)

Watch out: alkenes react by addition —the C=C opens and groups add across it
(unlike alkanes, which only substitute). In the bromine-water test the orange colour
goes colourless with an alkene.

Practice

Try these in order.

14.1 Give the general formula of the alkenes, and name their functional group. 2]
14.2 Name the product when an alkene reacts with (a) hydrogen, (b) steam. 2]
14.3 Describe the bromine-water test and its result for an alkene. 2]
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14.4 Why does an alkene decolourise bromine water but an alkane does not? 2

14.5 What is addition polymerisation? 2]

14.6 Name the polymer made from ethene. 1]

14.7 Challenge. Predict the product when ethene (CHy=CHy) reacts with bromine
(Bry), and explain what happens to the double bond. 2]
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Name: (

) A-Level Chemistry: w25 11

27 Which intermediate ion forms in the greatest amount during the addition of HBr to propene?

A

B
Cc
D

CH3;CH"CH;
CH3CH,CH,"
CH;CH CH,Br
CH;CHBrCH;"

27

28

A-Level Chemistry: w25 12

What is the major product when 2-methylpent-2-ene reacts with hydrogen bromide?

A

B
C
D

1-bromo-2-methylpentane
2-bromo-2-methylpentane
3-bromo-2-methylpentane

4-bromo-2-methylpentane

Pent-2-ene is reacted with cold, dilute, acidified manganate(VII) ions.

What is the major product?

A

B
C
D

CH3CH,CH(OH)CH(OH)CH;
CH;CH,COCOCH;

a mixture of CH;CH,CH(OH)CH,CH; and CHsCH,CH,CH(OH)CHs
CH;CH,COOH and CH;COOH



A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

15 Halogenoalkanes — Part 1

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
halogenoalkanes {4

polar e
nucleophile Az
primary 1A
secondary fif
tertiary X

nucleophilic  sub- EZEUL

stitution

alcohol A
nitrile i
amine Ji

silver nitrate IR R

precipitate TLIE

Recall

You met halogenoalkanes x{{ /¢ when an alkane or alkene reacts with a halogen. A
halogenoalkane has a C—X bond (X = a halogen) in place of a C-H bond.

o The C-X bond is polar #¢f, so the carbon is slightly positive (d+).
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e This 0+ carbon is open to attack by a nucleophile >E/ZiR 7).

Nothing here is harder than IGCSE —it just adds the reactions.

New ideas

Read these first, then do the Practice.

B ] Three classes

A halogenoalkane is primary i, secondary {fi or tertiary #{, set by how many
carbons are joined to the carbon holding the halogen (one, two or three).

H C ©
C—C—B C—C—B C—C—Br
H H C

B 2 Nucleophilic substitution

A nucleophile 3E#i{5f (a lone-pair species) attacks the d+ carbon and replaces
the halogen —a nucleophilic substitution EZH{{:

Reagent Product

NaOH(aq), heat an alcohol i
KCN in ethanol a nitrile i (adds a carbon)
NH in ethanol an amine Ji%

nucleophile attacks

B 3 Identifying the halogen

Warm with silver nitrate fijjfig4R in ethanol; the silver halide precipitate Jj{ ¢
colour shows which halogen (white AgCl, cream AgBr, yellow Agl).

Watch out: primary/secondary/tertiary is decided by how many carbons are joined
to the carbon holding the halogen —mnot by the number of halogen atoms. The
nucleophile always attacks that + carbon.

Practice

Try these in order.
15.1 What is a halogenoalkane? 1]
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15.2 What decides whether a halogenoalkane is primary, secondary or tertiary? 1]

15.3 Why is the carbon of the C—X bond open to attack by a nucleophile? 2]

15.4 Name the product when a halogenoalkane reacts with (a) NaOH(aq), (b) NH in
ethanol. 2]

15.5 Describe how you would identify the halogen in a halogenoalkane. 2]

15.6 Challenge. A halogenoalkane is warmed with KCN (a source of CN™) in ethanol.
Name the type of reaction, and explain why the product has one more carbon than the
halogenoalkane. 2]
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A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

15 Halogenoalkanes — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
alkene ke
substitution Bt
elimination NEDN

C-X bond energy e

Recall

From Part 1 you know a halogenoalkane reacts with NaOH to give an alcohol. But
the same halogenoalkane can instead lose HX to make an alkene JfJ&—the conditions
decide which.

o Different solvents send the reaction down different routes.
» Reactivity also depends on which halogen is present.

New ideas

Read these first, then do the Practice.

B ] Substitution vs elimination

The conditions decide the reaction:

o NaOH in water, heat — substitution E{{t — an alcohol.
e NaOH in ethanol, heat — elimination j§Z — an alkene.

CQH5BI’ + NaOH — CZH4 + NaBr + HQO
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y(a‘”v alcohol (substitution)
m" alkene (elimination)

C2H5Br

B 2 Reactivity and the C—X bond

How fast a halogenoalkane reacts depends on the C-X bond energy ##fE (bond
strength):

o the C—I bond is weakest, so iodoalkanes react fastest.
» the C—Cl bond is strongest of the three, so chloroalkanes react slowest.

weaker
= faster
c-Cl C-Br C-|

bond
energy A

>
>

So with silver nitrate, the iodoalkane gives its precipitate first.

Watch out: the same halogenoalkane gives an alcohol (substitution) in aqueous
NaOH, but an alkene (elimination) in ethanolic NaOH —the solvent decides the route.
And the weakest bond (C-I) reacts fastest.

Practice

Try these in order.

15.1 State the conditions that make a halogenoalkane react by (a) substitution, (b)

elimination. 2]
15.2 What product is formed by the elimination reaction? 1]
15.3 Write the equation for bromoethane reacting with NaOH in ethanol. 2]
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15.4 Which reacts faster, an iodoalkane or a chloroalkane? Explain why. 2]

15.5 Which C-X bond is the strongest of C—Cl, C—Br and C-I? 1]

15.6 Challenge. 1-chlorobutane and 1-iodobutane are each warmed with aqueous silver
nitrate. Predict which gives a precipitate first, and explain. 2]
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Name: ( ) A-Level Chemistry: w25 11

31 1,4-dibromobutane reacts with an excess of ethanolic sodium hydroxide until no further reaction
takes place.

What is the relative formula mass of the major organic product?

A 54 B 56 C 74 D 90

A-Level Chemistry: w25 12
30 Which reaction mixture produces a nitrile?

A halogenoalkane with KCN in ethanol

B halogenoalkane with NH; in ethanol
C ketone with 2,4-DNPH
D

carboxylic acid with NH; in water

A-Level Chemistry: w25 14

27 Structural and stereoisomerism should be considered when answering this question.
A mixture of 1-chlorobutane and 2-chlorobutane is heated with an excess of NaOH in ethanol.

How many different organic molecules will be produced?

A 1 B 2 Cc 3 D 4

38 When bromoethane, C,HsBr, is heated with NaOH in ethanol, which type of reaction occurs?
A electrophilic substitution
B elimination
C nucleophilic substitution, mainly via an Sy1 mechanism
D

nucleophilic substitution, mainly via an Sy2 mechanism
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16 Alcohols — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
ethanol Z

alcohol fie

primary 1G4

secondary i

tertiary i

dehydration K

carboxylic acid RIR

ester fig
oxidation E=y g
Recall

At IGCSE you met ethanol Z [, the alcohol in drinks and fuel. An alcohol Ji& has the
—OH (hydroxyl) functional group.

e The ~OH group gives the family its reactions.
o Like halogenoalkanes, alcohols come in three classes.

Nothing here is harder than IGCSE —it just adds the reactions.

New ideas

Read these first, then do the Practice.
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B 1 Three classes

An alcohol is primary {H, secondary {f' or tertiary #¥, set by how many carbons
are joined to the carbon holding the —OH.

H © ©
€ =—C=—=0 € =—C=—=0 € =—C=—=0
H H C

primary secondary tertiary

B 2 Reactions of alcohols

e combustion —burn in oxygen — CO + water.

o with sodium —react with sodium metal — hydrogen + a sodium alkoxide.

« dehydration fii7K—hot A1 O (or conc. acid) removes water — an alkene.

» esterification —with a carboxylic acid & (conc. H SO catalyst) — an ester
Fig.-

« oxidation % fk—with acidified K Cr O (Part 2).

COy + HyO (burn)

alkene (dehydrate)

alcohol

ester (+ acid)

aldehyde/ketone (oxidise)

Watch out: an alcohol’s class (primary/secondary/tertiary) is set by the number
of carbons on the C-OH carbon —exactly like halogenoalkanes —and it controls the
product of oxidation (Part 2).

Practice
Try these in order.

16.1 Name the functional group of an alcohol. 1]
16.2 What decides whether an alcohol is primary, secondary or tertiary? 1]

16.3 Name the products when an alcohol reacts with sodium metal. 2]
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16.4 What is formed when an alcohol is dehydrated? 1]

16.5 An alcohol reacts with a carboxylic acid (with a sulfuric acid catalyst). Name the
product. 1]

16.6 Write the products of the complete combustion of ethanol. 1]

16.7 Challenge. Propan-1-ol and propan-2-ol share the formula C3HgO. Classify each
as primary or secondary, and explain. 2]

A-Level Chemistry e Holiday Homework —16 Alcohols — Part 1
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A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

16 Alcohols — Part 2

Name: - Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
potassium dichro- FE&EREH

mate(VI)

aldehyde Jit

D>

carboxylic acid Ei

ketone Pl

distillation 2RI

reflux 1N
Recall

From Part 1 you know the three classes of alcohol. Here we oxidise them —and the
product tells you which class you have.

o The class decides what oxidation gives.
o The apparatus (distillation or reflux) controls how far it goes.

New ideas

Read these first, then do the Practice.

B 1 Oxidation by class
Oxidise with acidified potassium dichromate(VI) H4&fiR# (K Cr O ):

Class Product

primary an aldehyde [ (by distillation), then a carboxylic acid ¥R (by reflux)
secondary a ketone i
tertiary not oxidised
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[0] [0]
primary ———> aldehyde ——> carboxylic acid

[0]
secondary ————> ketone

[0]
tertiary —— not oxidised

A quick test: acidified dichromate turns orange to green with a primary or sec-
ondary alcohol, but stays orange with a tertiary alcohol.

B 2 Distillation vs reflux

o distillation 7% removes the aldehyde as it forms, before it can be oxidised
further — stops at the aldehyde.

o reflux [A]f keeps boiling and returning the vapour, so the alcohol is fully oxidised
— the carboxylic acid.

O

(stops at aldehyde)

reflux

distillati
(full oxidation) istillation

Watch out: distillation stops at the aldehyde (it is removed as it forms); reflux goes
all the way to the carboxylic acid. A tertiary alcohol is not oxidised at all, so the
dichromate stays orange.

Practice
Try these in order.

16.1 Name the reagent used to oxidise an alcohol. 1]
16.2 State the oxidation product of (a) a secondary alcohol, (b) a tertiary alcohol. 2]

16.3 A primary alcohol can be oxidised to two different products. Name them and the
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@)



method for each. 2]

16.4 What colour change does acidified dichromate show with a primary alcohol? 1]

16.5 Explain why distillation stops the oxidation at the aldehyde. 2]

16.6 Challenge. An unknown alcohol is warmed with acidified dichromate, and the
orange colour does not change. Identify the class of the alcohol and explain. 2]

A-Level Chemistry ¢ Holiday Homework —16 Alcohols — Part 2



Name: ( ) A-Level Chemistry: w25 11

39 Some properties of compound X are listed.

e 1.0mol X reacts with exactly 8.5 mol oxygen when completely combusted.

e X does not react when heated with acidified KMnO,.

What are the possible identities of X?

\></O” QLOH H3</\ /\)OI\/

A 1and3 B 2and4 C 3only D 4only

A-Level Chemistry: w25 12

32 Which reaction mixture produces a primary alcohol as the major product?

A propanone with NaBH,4

B propene with steam in the presence of H;PO,
C butanoic acid with LiAIH,4
D

ethene with hot concentrated acidified KMnO,
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17 Aldehydes and ketones — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
aldehyde IS
ketone il

C=0 carbonyl P S
reduction b5
hydrogen cyanide &{bLE

nucleophilic addi- &A%,

tion

Recall

From the Alcohols sheet you know that oxidising an alcohol can give an aldehyde [ or
a ketone [ii]. Both contain the C=0 carbonyl #kJE group.

e They are made by oxidising alcohols.
e The carbonyl carbon is slightly positive, so it is attacked by nucleophiles.

Nothing here is harder than IGCSE —it just adds the reactions.

New ideas

Read these first, then do the Practice.

B 1 Aldehyde vs ketone
Both have the C=0 group, but in a different place:

« in an aldehyde [ the C=0O carbon is on the end of the chain (it also has an H)
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—written —~CHO.
o in a ketone [ifii the C=0 carbon is in the middle, between two carbons.

[}
C—Cé C=—C—=C
\

H

aldehyde (end) ketone (middle)

B 2 Making and reducing them

« oxidise a primary alcohol (with distillation) — an aldehyde.

» oxidise a secondary alcohol — a ketone.

« reduction ifJii (NaBH or LiAlH ) turns them back into alcohols.

B 3 Nucleophilic addition

The reaction with hydrogen cyanide & ft %l (HCN) is a nucleophilic addition
SERIM L. The carbonyl carbon is 6+ (oxygen pulls the electrons):

1. the CN nucleophile attacks the d+ carbon.
2. the C=0 breaks, leaving a negative oxygen (O ).
3. the O takes an H to finish the product.

o OH
| —
- C
CN— 77 \CN

CN™ attacks hydroxynitrile

Watch out: an aldehyde has its C=0 at the end of the chain (~CHO); a ketone has
it in the middle. The HCN reaction is addition —the C=0 opens and nothing leaves
(unlike substitution).

Practice

Try these in order.

17.1 Name the functional group in aldehydes and ketones. 1]
17.2 State where the C=0 group sits in (a) an aldehyde, (b) a ketone. 2]
17.3 Which class of alcohol is oxidised to a ketone? 1]
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17.4 What is formed when an aldehyde is reduced? 1]

17.5 Why is the carbonyl carbon open to attack by a nucleophile? 2]

17.6 Name the type of mechanism when HCN reacts with a carbonyl compound. 1]

17.7 Challenge. Explain why the reaction of a carbonyl compound with HCN is called
nucleophilic addition rather than substitution. 2]
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17 Aldehydes and ketones — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
Fehling’s reagent  ZEMIXF]

Tollens’ reagent B8]

Recall

From Part 1 you know aldehydes and ketones both have a C=0 group. Here we learn
the tests that detect a carbonyl, and that tell an aldehyde from a ketone.

e One test detects any carbonyl.

o Two more use the fact that aldehydes are easily oxidised but ketones are not.

New ideas

Read these first, then do the Practice.

B 1 Detecting any carbonyl

Add 2,4-DNPH reagent (2,4-dinitrophenylhydrazine). An orange precipitate con-
firms an aldehyde or a ketone.
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orange

precipitate

2,4-DNPH

B 2 Telling an aldehyde from a ketone

Aldehydes are easily oxidised to carboxylic acids; ketones are not. Two tests use
this:

Test Aldehyde Ketone
Fehling’s reagent EMI{F] (blue) brick-red precipitate mno change
Tollens’ reagent L& (colourless) silver mirror no change

g U

Fehling's Tollens’
(brick-red) (silver mirror)

So a positive Fehling’s or Tollens’ test means an aldehyde; no change means a ke-
tone.

Watch out: 2,4-DNPH (orange precipitate) detects any carbonyl. Fehling’s (brick-
red) and Tollens’ (silver mirror) are positive only for aldehydes —a ketone gives no
change.

Practice
Try these in order.

17.1 Which reagent detects any aldehyde or ketone, and what is seen? 2]

17.2 Why can Fehling’s and Tollens’ tests tell an aldehyde from a ketone? 2]

17.3 State what is seen when an aldehyde is warmed with (a) Fehling’s reagent, (b)
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Tollens’ reagent. [2]

17.4 A compound gives an orange precipitate with 2,4-DNPH but no change with Tollens’.
What type of compound is it? 1]

17.5 Name the product when an aldehyde is oxidised. 1]

17.6 Challenge. A liquid gives an orange precipitate with 2,4-DNPH and a silver mirror
with Tollens’ reagent. Identify the type of compound, and explain how each result leads
to your answer. 2]
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Name: ( ) A-Level Chemistry: w25 11

38

Seven aldehydes and ketones

e contain only one oxygen atom per molecule

e have four or fewer carbon atoms in their structures.
Alkaline I,(aq) is added to each of these carbonyl compounds separately.

How many of these carbonyl compounds produce a yellow precipitate with alkaline I,(aq)?

A 1 B 2 Cc 3 D 4

34

A-Level Chemistry: w25 12

An organometallic lithium compound, RLi, contains the nucleophile R".

CH;CH.Li reacts with pentan-2-one. The mechanism is nucleophilic addition. The first step
produces an anion which is then protonated to form the final product.

Which organic product is formed?

A B C D

35

A-Level Chemistry: w25 14

Butanone, CH;CH,COCH;, and HCN mixed with a little KCN react together in a nucleophilic
addition reaction.

Which description of the mechanism of this nucleophilic addition reaction is correct?

A The = bond pair of C=0 accepts H* from HCN and then CN™ acts as a nucleophile.
B A rn bond pair from CN™ attacks the 8+ C and HCN then donates H* to O.

C The lone pair on O accepts H* from HCN and then CN™ acts as a nucleophile.

D

A lone pair from CN™ attacks the 5+ C and then O~ accepts H* from HCN.






A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

18 Carboxylic acids — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
ethanoic acid g

carboxylic acid RIR

weak acid 958
alcohol i
aldehyde iz
reflux 5] 97
nitrile i
ester fig

salt &
alkali ik
carbonate TR T

Recall

At IGCSE you met ethanoic acid £ in vinegar —a carboxylic acid }&f®. It has
the —-COOH (carboxyl) functional group and is a weak acid 557i%.

o It reacts like any acid —with metals, alkalis and carbonates.
o It is made by oxidising a primary alcohol or an aldehyde.
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Nothing here is harder than IGCSE —it just organises the reactions.

New ideas

Read these first, then do the Practice.

B 1 Making carboxylic acids

« oxidise a primary alcohol [ or an aldehyde [ (acidified K Cr O , with reflux
[ 3).

e hydrolyse a nitrile i or an ester fig, then acidify.

B 2 Carboxylic acids behave as acids

Reacts with Products
a reactive metal a salt i + hydrogen
an alkali B a salt + water

a carbonate EIRTh a salt + water + CO (the fizz is a test)

metal — salt + Hg

—-COOH alkali — salt + water

carbonate — salt 4 water 4+ COq

B 3 The carbonate test

Add a carboxylic acid to a carbonate: it fizzes, giving off carbon dioxide. This is a
test for the -COOH group.

€Oy fizz

acid + carbonate

Watch out: carboxylic acids are weak acids (only partly dissociated), yet they still
react with metals, alkalis and carbonates. The fizz with a carbonate is a useful test
for the -COOH group.

Practice
Try these in order.

18.1 Name the functional group of a carboxylic acid. 1]
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18.2 How is a carboxylic acid made from a primary alcohol? 2]

18.3 Name the products when a carboxylic acid reacts with (a) a reactive metal, (b) an

alkali. 2]
18.4 Write the equation for ethanoic acid reacting with sodium carbonate. 2]
18.5 Describe the test for a carboxylic acid using a carbonate. 2]

18.6 Challenge. Ethanoic acid is a weak acid, yet it still fizzes with sodium carbonate.
Explain how a weak acid can still react in this way. 2]

A-Level Chemistry ¢ Holiday Homework —18 Carboxylic acids — Part 1
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34 Three mixtures are heated under reflux.
Which mixtures will produce sodium propanoate as one product?

1 CHsCH,CHO + NaBH.(aq)
2 CH3CH,CH,OH + Na(s)
3 CH,CH,CN + NaOH(aq)

A 1,2and3 B 1and2only C 2and3only D 3only

A-Level Chemistry: w25 12

33 HOCH,CHO is heated under reflux with an excess of acidified K,Cr,O; until there is no further
reaction.

What is the final product of this reaction?

A HOOCCHO

B HOCH,COOH

C HOOCCOOH

D HOOCCH,COOH

36 Which organic starting material could be used in a single reaction to produce propanoic acid?
A ethanenitrile
B propan-2-ol
C propanal
D

propyl ethanoate
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18 Esters — Part 2

Name: - Class: — Date:

Vocabulary aJL.

Write each word three times. &R BAEPE =1,

English B Write it 3 times (Fuglish)
carboxylic acid RIR

alcohol fizz

ester fis

hydrolysis Ik i

condensation ik

Recall

From Part 1 you know a carboxylic acid #&[i# has ~-COOH. When it reacts with an
alcohol [, it makes a sweet-smelling ester i (the -COO-group).

o Esters give fruits and perfumes their smell.
o They can be split apart again by water (hydrolysis 7Kfi#).

New ideas

Read these first, then do the Practice.

B ] Making an ester (esterification)

An ester fif forms in a condensation %5 reaction between an alcohol and a car-
boxylic acid, with a concentrated H SO catalyst. A water molecule is lost, and the
reaction is reversible:

CchOOH + C2H5OH - CH3COOC2H5 + H,O

A-Level Chemistry ¢ Holiday Homework —18 Esters — Part 2
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HoSO4
CH3COOH + CaHs0H  ——>» ester + H20

the ~OH and -H leave as water

B 2 Hydrolysis of an ester
Hydrolysis 7Kfi# splits the ester apart. The conditions change the products:

« dilute acid + heat (reversible) — the carboxylic acid + the alcohol.
 dilute alkali + heat (not reversible) — the carboxylate salt + the alcohol.

dilute acid acid + alcohol

dilute alkall salt + alcohol

ester

Watch out: esterification is a condensation (water is lost) and is reversible. Acid
hydrolysis simply reverses it (acid + alcohol), but alkali hydrolysis is not reversible
—it gives the carboxylate salt plus the alcohol.

Practice
Try these in order.

18.1 Name the functional group of an ester. 1]

18.2 What two types of compound react to form an ester, and what catalyst is used? [2]

18.3 Esterification is a condensation reaction. What small molecule is lost? 1]

18.4 Name the products when an ester is hydrolysed by (a) dilute acid, (b) dilute alkali. 2]

A-Level Chemistry ¢ Holiday Homework —18 Esters — Part 2



18.5 Why might you smell an ester product as "sweet” or "fruity”? 1]

18.6 Challenge. Esterification is reversible and reaches an equilibrium. Suggest one
way to increase the yield of the ester, and explain. 2]

A-Level Chemistry e Holiday Homework —18 Esters — Part 2
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N
J

35 Which compound is a product
sodium hydroxide?

A

B
C
D

CH;CO, Na*
CH;CO,H
C,HsCH,O™Na”
C,HsCH,CO, Na*

36

A-Level Chemistry: w25 11

of the hydrolysis of CH3;CO,CH,C,Hs

using aqueous

A-Level Chemistry: w25 14

The structural formula of compound P is CH3;CH,COOCH,CHj.

P can be formed by reacting together two organic compounds in the presence of a suitable
catalyst.

Which pair of compounds could react together to produce P?

A

B
C
D

ethanoic acid and propanoic acid
ethanoic acid and propan-1-ol
ethanol and propanoic acid

ethanol and propan-1-ol
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19 Amines — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
amine i

lone pair PIXT HE, T

nucleophile SEAZIFH

primary amine P

halogenoalkane ERAMS

ammonia =

nucleophilic  sub- ZEAZEUY

stitution

Recall

An amine Jf¢ is like ammonia (NH3) with one hydrogen replaced by a carbon chain —it
has the -N'H group. Like ammonia, it has a lone pair f{X}H § on the nitrogen.

o That lone pair makes an amine a base and a nucleophile SE/Z 7.
o Amines are made from halogenoalkanes.

Nothing here is harder than IGCSE —it just adds one reaction.

New ideas

Read these first, then do the Practice.

A-Level Chemistry ¢ Holiday Homework —19 Amines — Part 1
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A primary amine {if has the -NH group on a carbon chain (e.g. CoHsNH,).
The nitrogen keeps its lone pair.

B 2 Making a primary amine
Heat a halogenoalkane x{{}¢ with ammonia % in ethanol, under pressure:
CQH5BI‘ + NH3 — CQH5NH2 + HBr

This is a nucleophilic substitution 3E#ZH{{: the lone pair on the ammonia nitro-
gen attacks the 0+ carbon and pushes out the halogen.

Br leaves
oo 5+ /
NH3 “““ » C

Br ——>» amine + HBr

B 3 Use an excess of ammonia

Use excess ammonia, or the amine you make can react again (it is also a nucleophile)
to give secondary and tertiary amines.

NH3 ———>» R-NH:

ammonia primary amine

Watch out: the amine forms by nucleophilic substitution —the nitrogen’s lone pair
attacks the 0+ carbon and the halogen leaves. Use excess ammonia, or the amine
(also a nucleophile) reacts on to give secondary and tertiary amines.

Practice
Try these in order.

19.1 Name the functional group of an amine. 1]
19.2 What gives the amine nitrogen its ability to act as a nucleophile? 1]

19.3 Write the equation for bromoethane reacting with ammonia. 2]

A-Level Chemistry e Holiday Homework —19 Amines — Part 1



19.4 Name the type of mechanism for this reaction. 1]

19.5 Why is an excess of ammonia used? 2]

19.6 Challenge. Both ammonia and ethylamine (CoH5NHy) have a lone pair on nitro-
gen, but ethylamine is a slightly stronger base. Suggest why. 2]

A-Level Chemistry e Holiday Homework —19 Amines — Part 1
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38 Butylamine can be produced by the reaction of butanenitrile with hydrogen in the presence of a
suitable catalyst.

Which volume of hydrogen, measured at room conditions, is required to react completely with
0.5004g of butanenitrile?

A 145cm’® B 174cm’® C 289cm?® D 348cm’®
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19 Nitriles — Part 2

Name: — Class: — Date:

Vocabulary JaJJT
Write each word three times. AR BARTPE = .

English F3 Write it 3 times (English)
nucleophilic  sub- EAZEUL

stitution

nitrile i

halogenoalkane FIRAWSE
potassium cyanide k81

hydrolysis IK iR

carboxylic acid FRIR

reduction i 5
amine ik
Recall

From Part 1 you used a nucleophilic substitution 3E#ZHf{ to make an amine. The
cyanide ion (CN ) can do the same —and it has a special bonus: it adds a carbon to
the chain.

e A nitrile Ji§ has the -CN group.
o Nitriles are a useful "hub” —they convert to acids or amines.

New ideas

Read these first, then do the Practice.
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B ] Making a nitrile
Heat a halogenoalkane Xt /¢ with potassium cyanide Ffb#f (KCN) in ethanol:

CQH5BI' + KCN — CQH5CN + KBr

This is a nucleophilic substitution with CIN as the nucleophile. It is useful because
it adds one carbon to the chain.

B 2 The nitrile hub
A nitrile Ji§ can be changed two ways:

« hydrolysis 7Kfi# (warm with dilute acid) turns -CN into -COOH — a carboxylic
acid K.
« reduction }AJF (H and a catalyst) turns ~CN into -CH NH — an amine fi%.

hydrolyse carboxylic acid
‘w0 /

R-Br —— > nitrile

reduce amine
B 3 Two ways cyanide adds a carbon
R-Br + KCN — nitrile (substitution)
C=0 + HCN — hydroxynitrile (addition)

« KCN + a halogenoalkane — a nitrile (substitution).
« HCN + an aldehyde/ketone — a hydroxynitrile (addition).

Watch out: cyanide adds a carbon two different ways —KCN + a halogenoalkane
gives a nitrile by substitution; HCN + a carbonyl gives a hydroxynitrile by addition.
The nitrile is a hub: hydrolyse it to an acid, or reduce it to an amine.

Practice
Try these in order.

19.1 Write the equation for bromoethane reacting with KCN. 2]

19.2 Why is making a nitrile a useful step in organic synthesis? 1]
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19.3 Name the product when a nitrile is (a) hydrolysed, (b) reduced. 2]

19.4 State the reagent and the type of mechanism for making a nitrile from a halogenoalkane.|2]

19.5 HCN reacts with a ketone. Name the product and the type of mechanism. 2]

19.6 Challenge. A chemist needs to turn bromoethane (2 carbons) into propanoic acid
(3 carbons). Outline a two-step route, naming the reagent for each step. 3]

A-Level Chemistry ¢ Holiday Homework —19 Nitriles — Part 2
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Compounds P and Q are structural isomers.

(@ (i)

(ii)

(iii)

(iv)

P Q

A P

Fig. 4.1
Define structural isomerism.

..................................................................................................................................... [2]

P shows geometrical isomerism.

Draw the geometrical isomer of P. Explain why the two isomers are not identical.

geometrical isomer of P

EXPIANALION .o a e
(2]

Both P and Q react with aqueous bromine.

Name the mechanism of this reaction.

..................................................................................................................................... [1]

Q is oxidised by hot concentrated acidified KMnO,(aq), forming two different
organic products.

Construct an equation for this reaction. Use [O] to represent an atom of oxygen from the
oxidising agent.

(CHa)yCECHCH, oo 2]
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(v) Q reacts with HBr(g) to produce two structural isomers, R and S, as shown in Fig. 4.2.

Q R S

HBr(g)
)\/ > and

Br

Br

Fig. 4.2
State and explain why isomer S is the major product of the reaction.

..................................................................................................................................... [2]
(vi) The mass spectrum of R shows peaks at m/e = 150 and m/e = 152.
Suggest structures for the ions responsible for these peaks.
peak at m/e = 150 peak at m/e = 152
(2]
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(b) Fig. 4.3 shows a synthesis starting from T, a different isomer of R and S.

reaction 1 reactlon 2 v
A@ ] A@ it
COOH
Fig. 4.3

(i) Identify the reagent and conditions for reaction 1.

..................................................................................................................................... [1]
(ii) Reaction 2 is a hydrolysis reaction.

Construct an equation for reaction 2.

(CoHG)oCHON o [1]

(iii) V reacts with propan-2-ol in the presence of a catalytic amount of H,SO, to form organic
compound W.

Complete Table 4.1 to give details of this reaction.

Table 4.1

reaction of V with propan-2-ol

type of reaction

functional group formed

molecular formula of organic product W

3]

[Total: 16]
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Important values, constants and standards

molar gas constant R =8.31JK "mol™

Faraday constant F=9.65 x 10*Cmol™’

Avogadro constant L =6.02 x 1023 mol’

electronic charge e=-1.60x 1071°C

molar volume of gas V, =22.4dm3mol~" at s.t.p. (101kPa and 273K)
V., = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10~ mol?dm (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg7 1K)
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20 Addition polymerisation — Part 1

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
alkene ke

repeat unit EV-E-w

monomer =2RVN

polymer BEWY)

addition polymeri- HIZREE
sation

Recall

From the Alkenes sheet you know that many alkene 445 molecules can join into one
long chain. Here we look more closely at the repeat unit H4Z B0 and how to read it.

o A small starting molecule is a monomer FL{A.
e The long chain that forms is a polymer R&4).

Nothing here is harder than IGCSE —it just adds the repeat unit.

New ideas

Read these first, then do the Practice.

B 1 Addition polymerisation

In addition polymerisation il i 2, many monomers (each with a C=C double
bond) open their double bonds and join end to end into one long polymer, with no
other product.
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C=¢c C=C C=c — > "=

monomers polymer chain

B 2 The repeat unit

The repeat unit B g is the small part copied along the chain. To find it: take
the monomer, change the C=C to a single C—C, and draw a bond going out at each
end.

n CHQZCHQ — —(CHQ_CHQ)n_

H H H H
| | | |
c—c «—> [fc—cf] "
| | | |
H H H H

monomer repeat unit

For PVC: n CHy=CHCl — —(CH,—CHCI),,—.

B 3 Finding the monomer

To go the other way, take one repeat unit and put the C=C double bond back
—that gives you the monomer.

Watch out: for the repeat unit, change the C=C to C-C and draw a bond out at
each end (inside brackets, with n). To get back to the monomer, put the C=C double
bond back in.

Practice

Try these in order.

20.1 What is the difference between a monomer and a polymer? 2]

20.2 What feature must a monomer have for addition polymerisation? 1]
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20.3 Draw the repeat unit of poly(ethene). 1]

20.4 In addition polymerisation, what other product is made besides the polymer?  [1]

20.5 The repeat unit of a polymer is —(CHy—CHCI)—. Draw the monomer. 1]

20.6 Challenge. The monomer propene is CHy,=CHCHj3. Draw the repeat unit of
poly(propene). 2]

A-Level Chemistry ¢ Holiday Homework —20 Addition polymerisation — Part 1



A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

20 Addition polymerisation — Part 2

Name: - (Class: —— Date:

Vocabulary JajjL

Write each word three times. A BEIRTIE =i .,

English 3 Write it 3 times (English)
poly(ethene) RN

non-biodegradable A 1] 4= ¥

e i
recycle =]
incinerate g

Recall

From Part 1 you know addition polymers like poly(ethene) 2 Z ¥ and PVC are long
chains of carbon. Their strength and stability are useful —but they make them hard to
throw away.

e The same strong C-C chain that makes plastics useful makes them hard to break
down.
e Disposal is a real environmental problem.

New ideas

Read these first, then do the Practice.

B 1 Why disposal is hard
Poly(alkene)s are very hard to get rid of:

o they are non-biodegradable 1] 4 ¥ [%& fif—microbes cannot break them down,
so they stay in the ground for a very long time.

e burning them can release harmful gases —for example, burning PVC gives off
toxic hydrogen chloride (HCI).
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plastic waste

/ landfill (non-biodegradable)

burn PVC — toxic HCI

B 2 Ways to deal with the waste

o recycle []lfiff—sort, melt and remould the plastic.

« incinerate #4%—burn it (with the heat used for energy), but the gases must be
cleaned.

« develop biodegradable plastics that microbes can break down.
recycle

waste ~———> incinerate (energy)

biodegradable plastics

Watch out: poly(alkene)s are non-biodegradable because their C-C and C-H bonds
are strong and unreactive —the very property that makes them durable and useful.
Burning PVC also releases toxic HCI.

Practice

Try these in order.

20.1 What does non-biodegradable mean? 1]

20.2 Why are poly(alkene)s non-biodegradable? 2]

20.3 Name the toxic gas given off when PVC is burned. 1]

20.4 State two ways to deal with plastic waste. 2]
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20.5 Suggest one advantage of developing biodegradable plastics. 1]

20.6 Challenge. Explain why the very property that makes poly(alkene)s useful as
materials also makes them a disposal problem. 2]

A-Level Chemistry ¢ Holiday Homework —20 Addition polymerisation — Part 2
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32 A small section of a polymer produced from two monomers is shown.
—CH,—C(CH3),—CH(CH3)—-CH—
What are the two monomers?

A but-1-ene and propene
B but-2-ene and propene
C ethene and pent-2-ene
D

methylpropene and propene

A-Level Chemistry: w25 14

39 PMMA is a rigid polymer. The repeat unit of PMMA is shown.

T
__Cl;_? __
_H COZCHS_ N
Which monomer is used to make PMMA?
A B C
CH, CH, CH,
OH OH O\
H,C H,C H,C CH,

O O O






A-LEVEL CHEMISTRY « HOLIDAY HOMEWORK {B3/Edk

21 Organic synthesis — Part 1

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
alkene W

halogenoalkane EIRAM

alcohol i}

aldehyde i

ketone Tl

carboxylic acid RIR
Recall

This topic adds no new reactions. It asks you to join up the reactions you already
know —to identify functional groups and to see how they interconvert.

e A molecule may have more than one functional group.
o Standard tests tell you which groups are present.

Nothing here is harder than IGCSE —it just connects the pieces.

New ideas

Read these first, then do the Practice.

B ] Identifying functional groups

Each test gives a characteristic result that points to one group:
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Test Observation Group

bromine water decolourises C=C (alkene ii/z)
silver nitrate  precipitate halogenoalkane xj{{ k¢
KCrO orange — green 1°/2° alcohol 5
2,4-DNPH orange precipitate aldehyde [i or ketone fii
carbonate fizzes (CO ) carboxylic acid &R

bromine water decolourises —>» alkene

silver nitrate precipitate —>» halogenoalkane

Ko Cra O orange—»green —> alcohol

2,4-DNPH orange ppt —> aldehyde/ketone

carbonate fizzes —>»  carboxylic acid

B 2 A map of the reactions

Each reaction turns one functional group into another. Learn it as a map you can
travel around: alkene alcohol aldehyde carboxylic acid, with halogenoalkane and
amine branches.

alkene alcohol Idehyd acid

|

halo-alkane —————> amine

Watch out: match each test to its group —bromine water decolourises for an alkene,
2,4-DNPH gives an orange precipitate for any carbonyl, a carbonate fizzes for a car-
boxylic acid. (Tollens’/Fehling’s then single out the aldehyde.)

Practice

Try these in order.

21.1 A compound decolourises bromine water. What functional group does it have? [1]
21.2 Which test, and result, identifies a carboxylic acid? 2]

21.3 A compound gives an orange precipitate with 2,4-DNPH but no silver mirror with
Tollens”. What is it? 1]
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21.4 Name the reagent that turns an alkene into an alcohol. 1]
21.5 Name the product when a halogenoalkane reacts with NaOH(aq). [1]

21.6 Challenge. A compound decolourises bromine water and fizzes with sodium car-
bonate. Name the two functional groups it must contain. 2]

A-Level Chemistry e Holiday Homework —21 Organic synthesis — Part 1
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21 Organic synthesis — Part 2

Name: - Class: —— Date:

Vocabulary {ajjL

Write each word three times. & EIRTPE =i,

English ol Write it 3 times (English)
synthetic route E %k

functional group ‘B RHEH]

reagent 5wl

nitrile i

by-products =4y
Recall

From Part 1 you have a map of the reactions. Here we use it to plan a route from a
starting material to a target molecule, in several steps.

o Compare the target with the start: what has changed?
o Work backwards from the target, one reaction at a time.

New ideas

Read these first, then do the Practice.

B ] Planning a route
To devise a synthetic route & i }%4k:

1. compare the target with the start —what changed (the functional group ‘E it
7 the number of carbons?).

2. work backwards from the target: which single reaction could make it, and from
what?

3. repeat until you reach the start.
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4. write each step with its reagent ] and conditions.

start ——> intermediate ———> target

<
<

plan backwards

B 2 Adding a carbon

If you need to add a carbon to the chain, the KCN step is the key —it is the only
AS reaction that lengthens the chain (halogenoalkane — nitrile fi§).

KCN
R-Br — > R-CN

(n carbons) (n+41 carbons)

B 3 Analysing a route

For each step given, state the type of reaction (oxidation, reduction, substitution,
addition or elimination) and the reagent. Watch for by-products E|y=4) (e.g.
making an amine also gives further-substituted amines, so the yield is low).

Watch out: plan a route by working backwards from the target, one reaction at a
time. Remember the KCN step is the only AS reaction that adds a carbon to the
chain.

Practice
Try these in order.

21.1 When planning a synthesis, which direction do you usually work —forwards from
the start, or backwards from the target? 1]

21.2 Which reagent is the key to adding a carbon to the chain? 1]

21.3 To turn ethene into ethanol, give the reagent and conditions. 2]

21.4 Classify each reaction type: (a) alkene + H — alkane, (b) alcohol — alkene +
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water. 2]

21.5 Plan a two-step route from ethene to ethanoic acid (give the product of each step).[2]

21.6 Challenge. Outline how to turn bromomethane (CH3Br, 1 carbon) into ethanoic
acid (CH3COOH, 2 carbons), naming the reagent for each step. 3]
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22 Analysis (spectroscopy) — Part 1

Name: — Class: — Date:

Vocabulary ajT

Write each word three times. &S FEIRTIE =,

English i Write it 3 times (English)
Infrared spec- ZI AN

troscopy

absorbs iz WAL

wavenumber TR

Recall

You now know the functional groups. Infrared spectroscopy ZI4MGi% is a tool that
helps you find which group a molecule has —without any chemical test.

o Each kind of bond absorbs infrared light at its own frequencies.

o Where a bond absorbs strongly, the spectrum shows a dip.

Nothing here is harder than IGCSE —it just reads a graph.

New ideas

Read these first, then do the Practice.

B 1 How it works

Each kind of bond soaks up (absorbs ;l|§) infrared at its own range of frequencies.
The position is measured in wavenumber % (cm ). You are given a data table,
so you do not memorise the numbers —you just match the dips to bonds.
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t mitt:

O-H (broad)

wavenumber (high — low)

B 2 Key absorptions

Bond Wavenumber (cm ')
O-H (alcohol) 3200-3650 (broad)
C=0 ~1700

O-H (acid) 2500-3000 (very broad) 4+ a C=0 dip

O-H (alcohol) 3200-3650cm —
c=0 ~1700cm ™~ L

O-H (acid) 2500-3000 (broad)cm — 1

B 3 Checking a reaction

If propene has been turned into propan-2-ol, the C=C dip should disappear and
an O—H dip should appear —so the spectrum confirms the change.

Watch out: you are given the IR data table —match the dips to bonds rather than
memorising numbers. Note the alcohol O-H (broad, 3200-3650) sits higher than the
acid O—H (very broad, 2500-3000), which also comes with a C=0 dip.

Practice
Try these in order.

22.1 In what unit is the position of an infrared absorption measured? 1]
22.2 Do you need to memorise the absorption numbers? Explain. 1]
22.3 A broad dip at 3200-3650 cm ! shows which bond? 1]

22.4 A dip at about 1700 cm ! shows which bond? 1]

A-Level Chemistry  Holiday Homework —22 Analysis (spectroscopy) — Part 1



22.5 An alcohol is oxidised to a carboxylic acid. What new dip would you expect in the
infrared spectrum? 1]

22.6 Challenge. An infrared spectrum has a strong dip at about 1700 cm ™! and a very

broad dip at 2500-3000 cm™!. Suggest the functional group present, and explain. 2]
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40 The purity of a compound can be determined using infrared spectroscopy.

The table gives the characteristic infrared absorption frequencies for some selected bonds.

bond | functional groups containing the bond characte_ristic infrared absorpti_c:n range
(in wavenumbers)/cm
C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
C=0 | amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C-H | alkane 2850-2950
N-H amine, amide 3300-3500
O-H carboxyl 2500-3000
hydroxy 3200-3650

Propan-2-ol is made by hydration of propene. A sample of the product is obtained.

Which feature of the infrared spectrum of the product would show that no propene remains in the
product?

A absorption in the 2900 cm™ region

B strong absorption below 1000cm™

C the lack of absorption at or near 1250cm™
D

the lack of absorption at or near 1550 cm™

Important values, constants and standards

molar gas constant R=28.31JK "mol™

Faraday constant F =9.65 x 10*Cmol™

Avogadro constant L =6.02 x 10®mol™

electronic charge =-1.60x107"°C

molar volume of gas Vi =22.4dm°mol™ at s.t.p. (101kPa and 273K)
V., = 24.0dm*mol™" at room conditions

ionic product of water K, = 1.00 x 107 mol*dm™ (at 298K (25°C))

specific heat capacity of water c=4.18kJkg"' K" (4.18Jg7'K™)
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22 Analysis (spectroscopy) — Part 2

Name: — Class: — Date:

Vocabulary ajT

Write each word three times. &S FEIRTIE =,

English Fi3r Write it 3 times (English)
Mass spectrome- Jiiif
try
mass-to-charge ra- JifafLt
tio
molecular ion peak 4y 1 B T
53
fragmentation s
fragment iy
Recall

Mass spectrometry [fiif is another analysis tool. It turns a molecule into ions and
sorts them by their mass-to-charge ratio Jiififtt (m/e).

o The spectrum is a set of peaks at different m/e values.
e The tallest-mass peak tells you the molecule’s mass.

New ideas

Read these first, then do the Practice.

B 1 The molecular ion peak

The peak at the highest m/e is the molecular ion peak 431 & FI& (M™1). It
gives the relative molecular mass (),) of the whole molecule.

B 2 Fragmentation

The molecule also breaks into smaller pieces —fragmentation #%%{. The gap be-
tween two peaks gives the mass of the piece lost, so you can suggest each fragment

PR
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e aloss of 15 =a CH group.
e alossof 29 =CHO or CH.

abundance
—15 (CH3)

‘ |

15 31 46 m/e

B 3 The [M+2] peak shows a halogen

An [M+2] peak two mass units above M shows chlorine or bromine:

« one chlorine gives an [M+2] about one third the height of M (a 3:1 ratio).
 one bromine gives an [M+2] about the same height as M* (a 1:1 ratio).

chlorine 3:1
‘ bromine 1:1
M M+2 M M+2

Watch out: the molecular ion (highest m/e) gives M,; the gap between peaks gives
the mass lost (the fragment), not the fragment’s own peak. An [M+2] peak means
chlorine (3:1) or bromine (1:1).

Practice

Try these in order.

22.1 What does the molecular ion peak (M™) tell you? 1]
22.2 Where on the spectrum is the molecular ion peak found? 1]

22.3 A spectrum shows peaks at m/e = 46 and 31. What fragment was lost, and what
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is it? 2]

22.4 An [M+2] peak is the same height as the M peak. Which halogen is present? |[1]
22.5 What peak ratio shows that one chlorine atom is present? 1]

22.6 Challenge. A spectrum has its molecular ion at m/e = 78 and an [M+2] peak at
m/e = 80 of about the same height. Suggest the halogen present, and explain. 2]
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4 Fig. 4.1 shows a possible synthesis of propene, C;Hq.

reaction 1 reaction 2 reaction 3
c,H.COOH —» CH,CH,OH —» C,H,CH,CI] —» CjH;
NaOH
Fig. 4.1
(@) (i) Identify the type of reaction that occurs in reaction 1.
..................................................................................................................................... [1]
(i) Suggest a suitable reagent for reaction 2.
..................................................................................................................................... [1]
(iii) Reaction 3 is an elimination reaction.
Write an equation for this reaction and identify the solvent and conditions used.
=0 [ U= 11 To] o R PPPOPRRR
SOIVENt aNd CONAILIONS .......oiiiiiiiiiei et
[2]
(iv) C,H;CH,OH can be directly converted to C;Hj.
Suggest the reagent and conditions for this conversion.
..................................................................................................................................... [1]
(b) Under suitable conditions, propene polymerises to form poly(propene).
Poly(propene) exhibits stereoisomerism.
(i) Identify the type of polymerisation that forms poly(propene) from propene.
..................................................................................................................................... [1]
(ii) Define stereoisomerism.
..................................................................................................................................... [2]
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(iii) Draw a section of poly(propene), showing two repeat units.

Use your diagram to identify the type of stereocisomerism shown by poly(propene).
Explain your answer.

section of poly(propene)

[3]

(iv) State two difficulties associated with the disposal of poly(propene).
L SRRSO
ST
[2]
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(c) Under different conditions, two molecules of propene can combine to form compounds X and Y.

X Y

X

(i) Name X.

(ii) Fig. 4.2 shows the mass spectrum of either compound X or compound Y.

100

80—

60—
relative abundance

40

20—

10 20 30 40 50 60 70 80

Fig. 4.2
Identify which of X and Y gives this mass spectrum.

Give one reason for your answer, referring to the fragmentation pattern.

(iii) The molecular ion peak in the spectrum in Fig. 4.2 has relative abundance 34.7.

Calculate the relative abundance of the [M+1]" peak in this spectrum.

relative abundance of [M' @ 28K = e

(0] RS WNPNNENS PSSSSSE 111 BUNSHASYIY S| USHPPUP P& SENN-——— -
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Important values, constants and standards

molar gas constant R =8.31JK "mol™

Faraday constant F=9.65 x 10*Cmol™’

Avogadro constant L =6.02 x 1023mol"

electronic charge e=-1.60x 1071°C

molar volume of gas V,, =22.4dm3mol~" at s.t.p. (101kPa and 273K)
V., = 24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10 mol?dm= (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg 1K)
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