A level Chemistry Transition Booklet

Section 1: Atomic Structure

Our knowledge of the atom has changed over the last 200
years. Through investigations and new scientific technology,
we have discovered more details about the atom.

Dalton: Solid sphere

Thompson: plum-pudding model (positive and negative
charges.

Rutherford: Positive nucleus with electrons around it.
Bohr: Electrons in energy levels

Schrodinger: electrons in clouds (probable areas rather than
rngs).

A timeline of discovery

Date Discovery
1857 Electrons
1909 - 1911 Atoms have a nucleus with electrons around it
1913 Electrons occupy shells (energy levels)
1918 Protons
1932 Meutrons

This is the atomic model we are familiar with; protons and
neutrons are found in the nucleus and electrons in shells.
 Eloctron g

Mass Number = Number of protons and neutrons
Atomic number = Number of protons

Note: the charge on an atom is zero, as the protons and
electron charges cancel out. This means there are the
same amount of protons as neutrons. ®




Subatomic particle Relative mass Relative charge

Proton 1 +1

Meutron 1 0

Elect A 1
ectron 1335 =

To calculate the numbers of subatomic particles in an atom use its atomic number and mass
number:

e number of protons = atomic number
« number of electrons = atomic number
e« number of neutrons = mass number - atomic number

Isotopes: Atoms of the same element with a different atomic mass. This means the atoms have the
same number of protons and electrons but a different number of neutrons.

The relative atomic mass (Ar) of an element is the weighted average of the relative atomic
masses of the isotopes in the element. This is why on the periodic table, some of the atomic
masses are shown as decimals.

To work out relative atomic mass:

total mass of atoms _ (35 % 75) +1(37 % 25)

A= . .
total number of atoms (75 +25)

A = 2625+ 925 _ 3550
T 100 100

A, = 35.5 (to 1 decimal place)

r



Practice Questions — Application

Use the periodic table to help you answer Questions 1-3.
Q1 Find the relative atomic mass of the following elements:
a) Rubidium
b) Mercury
c) Zinc
Q2 Find the relative molecular mass of the following compounds:
a) NH,
b) CO,
o CH,ON,
Q3 Find the relative formula mass of the following compounds:
a) CaCl,
b) MgSO,
¢) NaOH

Q4 A sample of tungsten is 0.1% "W, 26.5% "W, 14.3% "W, 30.7%
"W and 28.4% '"*W. Calculate the A of tungsten.

Q5 A sample of zirconium is 51.5% *°Zr, 11.2% *'Zr, 17.1% *Zr, 17.4%
MZr and 2.8% "Zr. Calculate the A_of zirconium.

Electronic Structure

At GCSE, you learn the rule that electron shells can only hold a certain number of electrons. 1%t
Shell holds 2, and the next three hold 8. However at a-level we learn that it is more complex than
this. Each “shell” is made up of different sub-shells called s, p, d and f (see first diagram below). S
shells are made of 1 orbital, p are made up of 3 orbitals, d are made up of 5 orbitals and f and
made up of 7 orbitals. Each orbital can only hold a pair of electrons. Periodic table is split into the s,
p, d and f blocks (see second diagram below).
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s,p,d,f blocks in the periodic table.
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So why do we teach you 2,8,8,8 at gcse?

Well we know that the period tells us the number of shells, so in the first period we can see there is
only a 1s orbital. This means there is 2 electrons.

In the second period, we have 2s and 2p. The s orbital holds two electrons, and the p is made up of
3 orbitals, each holding 2 so 6 electrons. 6 + 2 is 8.

This is the same for the 3" period, 3s and and 3p, so 2 + (3x2) = 8.

If we looked at the 4t period it is made up of 4s, 3d and 4p. 4s is one orbital so 2 electrons, 3d is 5
orbitals so 10 electrons and 4p is 3 orbitals which is 6. So the 4™ “shell” holds 18 electrons.

Filling shells

Just like at GCSE, you must fill the lowest orbital before moving onto the next. The order is:1s, 2s,
2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p, 8s.

Note: you only need to know the order in red!

So let’s take an example, oxygen. Oxygen has 8 electrons. 1s will hold 2, 2s will hold 2 and 2p will
hold 4. So we write 1s2, 2s2, 2p4. The first number and letter tell us the orbital, the last number (in
red) tells us the number of electrons in that orbital.



You are not expected to draw the orbitals to show the electronic configuration, however you will be
expected to show it in three ways:

1. Subshell notation: 1s2, 2s2, 2p6, 3s2, 3p4

2. Short-hand subshell notation: rather than writing the whole thing we can pick the nearest noble
gas, in this case 1s2 2s2 2p6 = argon = [Ar]. We can then write the remaining subshells, [Ar]
3s2, 3p4.

3. Energy diagrams, (electrons in boxes): each box represents an orbital, lowest energy subshell

at the bottom, highest energy subshell at the top. There are three rules for filling orbitals.
Rule 1

Electrons fill up the lowest energy sub-shells first.

- Example

4f

Electronic Configuration

t of Calcium 4d
4p
3d
-4
==t
Energy _[E_J.s The 4s sub-shell has a lower
energy level than the 3d sub-shell,
2p even though its principal quantum
!l 2s number is bigger. This means the
m__, 4s sub-shell fills up first.
Rule 2
Electrons fill orbitals in a sub-shell singly before they start sharing.
Examples
Is 25 2p Is 25 2p
Nitrogen  [H] (] [H1¢[#] Orygen (1] [H]
Rule 3

For the configuration of ions from the s and p blocks of the periodic table, just
add or remove the electrons to or from the highest energy occupied sub-shell.
Examples
Mg atom: 1s? 2s* 2p° 3s° Cl atom: 1s* 2s? 2p° 3s? 3p°
Mg’ ion: 1s* 25 2p° Cl-ion:  1s* 2s? 2p® 35 3p°




Practice Questions — Application
Q1 Use sub-shell notation to show the full electron configurations of the
elements listed below.
a) Lithium
b) Titanium
¢) Gallium
d) Nitrogen

Q2 Draw arrows in boxes to show the electron configurations of the
elements listed below.

a) Calcium
b) Nickel

¢) Sodium
d) Oxygen

Q3 Draw energy level diagrams to show the electron configurations of
the elements listed below.

a) Magnesium
b) Argon
¢) Carbon
d) Arsenic
Q4 Use sub-shell notation to show the full electron configurations
of the ions listed below.
a) Na'
b) O*
c) AP*
d) §*
Q5 Which elements have the electron configurations given below?
a) [Ar]3d" 45 4p°
b) [Nej3s’ 3p’
c) [Ar]3d’4s’



Section 2: Amount of Substance

Moles

A mole of a substance contains 602 204 500 000 000 000 000 000 particles. This number is
shortened to 6.02 X 1023 also known as Avagadro’s Constant. The Sl unit is mol.

The mass of one mole of a substance is its atomic mass (which we find in the periodic table). For
example magnesium has an atomic mass of 24, therefore 1 mole of magnesium weighs 24 grams.

You can calculate the number of moles of a substance using the equation:

mass of substance (g)
A orM

number of moles of substance =

A or M x moles

B To rearrange the equation with this
triangle, cover up the quantity you want
to calculate and what you can see gives
you the calculation to use.

Number of particles = Number of moles = Avogadro’s constant

Practice Questions — Application _

Q1 How many molecules are in 0.360 moles of H,0?
Q2 How many ions are in 0.0550 moles of magnesium ions?

Q3 1.5 moles of a mystery compound weighs 66 g.
Find its relative molecular mass.

Q4 How many moles of sodium nitrate are present in 212.5 g of NaNO_?
Q5 How many moles of zinc chloride are present in 15.5 g of ZnCl.?
Q6 What is the mass of 2 moles of NaCl?



Moles and Concentration

Nisnbior of ok s Concemration' ;(\)loolume (incm’)

Or: Number of moles = Concentration x Volume (in dm’)

Practice Questions — Application

Q1  How many moles of potassium phosphate are present
in 50 cm' of a 2 mol dm * solution?

Q2 How many moles of sodium chloride are present
in 0.5 dm’ of a 0.08 mol dm™’ solution?

Q3 How many moles of silver nitrate are present
in 30 cm’ of a 0.70 mol dm ' solution?

Q4 A solution contains 0.25 moles of copper bromide in 0.50 dm’.
What is the concentration of the solution?

Q5 A solution contains 0.080 moles of lithium chloride in 0.75 dm’.
What is the concentration of the solution?

Q6 A solution contains 0.10 moles of magnesium sulfate in 36 cm’.
What is the concentration of the solution?

Q7 A solution of calcium chloride contains 0.46 moles of CaCl,.
The concentration of the solution is 1.8 mol dm.
What volume, in dm’', does the solution occupy?

Q8 A solution of copper sulfate contains 0.010 moles of CuSO,.
The concentration of the solution is 0.55 mol dm .
What volume, in dm’, does the solution occupy?

Q9 The molecular formula of sodium oxide is Na O.
What mass of sodium oxide would you have to dissolve
in 75 cm’ of water to make a 0.80 mol dm * solution?

Q10 The molecular formula of cobalt(ll) bromide is CoBr,.
What mass of cobalt(ll) bromide would you have to dissolve
in 30 cm' of water to make a 0.50 mol dm * solution?

Q11 A solution is made by dissolving 4.08 g of a compound in 100 cm’
of pure water. The solution has a concentration of 1.20 mol dm™.
What is the relative molecular mass of the compound?




Gases and the mole

Ideal Gas Equation

R=831]K'mol'

P = pressure R is the gas constant
measured in pascals (Pa)

T = temperature
v p measured in
- kehvin (K)
measured in m’ n ='numbvr
of moles

You could be asked to rearrange this in any way!

Unit conversions

Pressure (KPa to Pa) = multiply by 1000 e.g. 1KPa = 1000Pa
Temperature (Celcius to Kelvin) = add 273 e.g. 20C = 293K

Volume = 1m3is 1X10° cm?3 and 1m?3is 1X103 dm3

Practice Questions — Application

Q1 How many moles are there in 0.040 m’ of oxygen gas at a
temperature of 350 K and a pressure of 70 000 Pa?

Q2 What volume would 0.65 moles of carbon dioxide gas occupy at a
temperature of 280 K and a pressure of 100 000 Pa?

Q3 How many moles are there in 0.55 dm’ of nitrogen gas at a
temperature of 35 °C and a pressure of 90 000 Pa?

Q4 At a pressure of 110 000 Pa, 0.0500 moles of hydrogen gas occupied
a volume of 1200 cm’. What was the temperature in °C?

Q5 What volume, in m’, would 0.75 moles of helium gas occupy at a
temperature of 22 °C and a pressure of 75 kPa?

Q6 At a temperature of 300 K and a pressure of 80 kPa a gas had a volume
of 1.5 dm® and a mass of 2.6 g. Find its relative molecular mass.

Q7 A student had a sample of neon gas, Ne. They heated it to 44 °C.
At this temperature the gas had a volume of 0.00300 nv'. If the
pressure was 100 kPa, what was the mass of the neon gas?



Answers

Atomic Structure

Q1 a) 855

Q2

Q3

Q4
Q5

by 200.6
¢ 654
A 140+3x100=17.0
b) 12040160 x2)=44.0
) N20x2)+(10x4) +1160x6)+114.0x2)=1520
a 401355« =111
by 243 +321+(160x4)=1204
¢l 230+ 160+ 10=400
A= (0.1 = 180) « (265 x 182) « (14,3 x 183) +
(30.7 = 184) + (28,4 = 186)) = 100 = 183.9 (to 1 d.p.)
A=(515x90+ 112 x91)+ 17,1 x92) + (174 x 94} +
(2.8 % 96)) = 10 =913 (to 1 d.p.)

Electronic structure

Q1

Q2

Cl

el)

a) 1s° 2¢'
b) 1§ 2¢' 2p* 3¢ 3p* 3 4¢

(or 18% 26 2p* 3¢ 3p* 4¢* 3d)
c) 1s° 25 2p* 35° Ip* 3d'° 45 4p'
d) 18 2¢' 2p

a Is 2 2p Is I 45
(] W] {9 (

Is 25 2p

b) 3s 3p
(LR (]
3d 45
Remember that for each sub-shell you add, you should il up
cach ortital singly before they start £o share
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Q3 a 4

Energy
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ch 1sF 3¢ 2p*
d) 1s° 2¢ 2p* 3¢ 3p*
5 a) bromine
bl phosphorus

¢} vanadium

The mole

Q1" Number of molecules = 0360 x (6.02 x 10”) = 2.17 x 109
Q2 Number of ions = 0.0550 x (6.02 x 1077) = 3.31 x 107
Q3 M =66+15=44
Q4 M' =230+140+1(160 x 3)=85.0
number of moles = 212 5 + 85.0 = 2,50 moles
Q5 M, =654 +1355x2)=1364
number of moles = 15.5 + 136.4 = 0.114 moles
Q6 M =230+355=585
Mass =585« 2 =117 ¢

Moles and concentration

QI Number of moles = (2 x 50 = 1000 = 0.1 moles

Q2 Number of moles = 0.08 x 0.5 = 0.04 moles

Q3 Number of moles = (0.70 x 301 + 1000 = 0.021 moles
Q4 Concentration = 0.25 = 0.50 = 0.50 mol dm*

Q5 Concentration = 0.080 = 0.75 = 0.11 mol dm™*

Q6 Concentration = 0.10 < (36 = 1000} = 2.8 mol dm*



Q7 Volume = 046 + 1.8 = 0,26 dm’
Q8 Volume = 0010 + 055 = 0.018 dm’
Q9 Number of moles = concentration x valume idm?)
= (.80 x (75 + 1000) = 0.060
M. of NaRO =23.0x2)+16.0=62.0
Mass = moles x molar mass = 0,060 x 620 =37 g
Q10 Number of moles = concentration « volume (dm')
= (.50 x (30 < 1000} = 0L.O15
M, of CoBr, = 58.9 + (79.9 x 2) = 218.7
Mass = number of moles x molar mass
=0015x2187=33¢g
Q11 Number of moles = concentration x volume idm’
=1.20 x (100 & 1000) = 0.120
M. = mass + number of moles
=408 =0120=34.0

Gases and the Mole

QU n =pvsRi
= (70 000 x 0.040) < (831 x 350) = 0.96 moles
Q2 V=nRT+p
= (0,65 x 831 x 280) + 100 000 = 0,015 m’
Q3 055dm'=55x10m' 35°C=308K
n lpV¢ RT
= (90 000 = (5.5 = 107) + (8.31 x 308)
= 0.019 moles
Q4 1200cm’' =12 x 107 m'
T upVenR
= (110000 x (1.2 x 107 = (0.0500 x 8.31) = 318K
318K =(318-2731°C=45°C
Q5 75kPa=75000P 22°C=295K
V-nRT+p
=075 x 831 x 295) + 75 000 = 0.025 m*
Q6 BOkPa=80000Px 1.5dm' =15x10"m'
n =pV=RT
= (B0 000 x (1.5 = 10™) + (8.31 = 300)
= 0.048... moles
M_=mass = moles = 2.6 = 0.048,.. =54
So the relative molecular mass 15 54.
Q7 44°C=317K 100 kPa = 100 000 Pa
n =pV+RT
= (100 000 x 0,.00300) + (8.31 x 317)
=0.113... moles
M of neon = 20.2
mass = number of moles x M,
=0113 . . x202=230g



