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Introduction
Chemistry is a challenging and stimulating subject. It has played a major role in improving living standards and is one of the most successful industries in the UK. This course is about connecting the everyday world to the molecular world. Students will develop an understanding of the fundamental properties of matter and of the chemical reactions that form the building blocks of modern medicine and material science. 
An A Level in Chemistry can lead to a career in medicine, engineering, nanotechnology, teaching, accountancy, laboratory research, patenting, law, academic research, economics, business and many others. In most cases, Chemistry is an essential subject for Medicine, Dentistry, Veterinary Science and some Biological Sciences.
Entry requirements: 
Grades 6/6 in AQA Science Trilogy or grade 6 in GCSE Chemistry
Grade 5 in GCSE English and Maths

If you have any additional questions, please email Mrs Mandair – d.mandair@georgesalter.com
Course Overview 
Over the two years, you will cover all 3 areas of the Chemistry AQA specification:
	Units studied 

	Physical Chemistry

	Inorganic Chemistry

	Organic Chemistry 



Throughout the A-Level, there will be a large emphasis on gaining practical skills, to link theory with practice and to deepen students’ knowledge and understanding. Over the two years, you will have to complete a minimum of 12 required practicals in order to pass the course. These practical skills will also be assessed in the written papers, they will make up at least 15% of the marks. The A-Level is assessed through three exam papers. Overall, at least 20% of the marks in assessments for chemistry will require the use of mathematical skills. These skills will be applied in the context of chemistry and will be at least the standard of higher tier GCSE mathematics.

Good subject combinations
A level Chemistry combines well with Physics, Biology, Maths, Psychology and Geography




Assessment:
You will be examined at the end of the 2 years:
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Reading you could do & useful websites:[image: ]
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Textbooks
(Please do not buy any of these. Many pages of these can be read on Google Books for free or within your library).



Summer Activity- Due in your first lesson in September
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Comprehension Chemistry task
Read this article and then answer the questions using this article to help
How Wood Alcohol Poisonings Advanced Toxicology
[image: lab]In the days before Prohibition, New York was trying to update it's coroner's office by improving laboratory practices and using science to determine the cause of death and solve crimes. Up until 1917, the coroner was an elected official, and one who had no science or medical background. Murders of all kinds were written off as suicides, or "acts of God." Poisons had become a popular way to rid oneself of a rival or family member because it was unlikely that its effects would be detected.
In 1918, Charles Norris was appointed as the Chief Medical Examiner and was a pioneer in forensic toxicology. He, in turn, hired a chemist named Alexander Gettler who was given the task of developing methods to determine if poisons were the cause of death. Gettler spent time grinding up livers and testing a variety of substances. In the years leading up to the Prohibition, Gettler noted a rise in the number of deaths attributed to wood alcohol poisoning.
------- Excerpt from the Poisoner's Handbook -------
Wood alcohol -- technically known as methyl alcohol, but also as wood spirit, hydroxymethane, carbino, colonial spirit, Columbian spirit, and, some years later, methanol -- was in itself nothing new. The ancient Egyptians had used it in their embalming processes. For centuries it had been the essential ingrediant in homemade whiskey. Its chemical formula had been identified in 1661 by a chemist who called it "spirit of box" because he'd made it by distilling boxwood. The term, methyl was derived from the Greek methy (meaning wine) and hyle (meaning wood, or more precisely, path of trees).
[image: methanol chemical structure]
The chemical structure of wood alcohol is simple: three hydrogen atoms bonded to a single carbon atom (in a cluster known as a methyl group), with one oxygen atom and another hydrogen atom tagging along. It is also simple to make, as industrialists and moonshiners had realized, requiring little more than wood and heat. The process was called destructive distillation. Slabs and slices of wood went into a closed container and were heated to at least 400 degrees Fahrenheit (204 degrees Celsius). As the wood cooked into charcoal, its natural liquids vaporized. The vapor could be cooled, condensed, and distilled into a rather murky soup containing methyl alcohol, acetone, and acetic acid. A second distilling would separate out the pure methyl alcohol, a liquid as clear as glass and as odourless as ice, from the other ingredients.
-------------------------------------------------------------------------
"Industrial" alcohol was basically grain alcohol (ethanol) with other chemicals mixed in to make it undrinkable, methanol was one of the common additives. The adding of these chemicals was required by law after Prohibition to prevent industrial alcohol from being used as a beverage. Basically, the government ordered the alcohol to be laced with chemicals that would make it undrinkable. As a result, there were many bootleggers who attempted to make industrial alcohol drinkable and less toxic by redistilling, diluting or mixing it with other chemicals. None of these procedures was particularly effective, and people who chose to drink alcohol illegally would be risking their lives.
Why is methyl alcohol so dangerous when other alcoholic beverages are not? Liquors usually contain about 3% ethanol which is often produced from fermenting grains, fruits, and vegetables. In a way to replace now banned liquors during the era of Prohibition, people turned to questionable distillation methods and drinks that were a mixture of ethanol and methanol. Even small quantities of methanol can be fatal, but the risk did not deter some people.
[image: ethanol chemical structure]
Methanol is toxic when ingested, inhaled or even absorbed in the skin. Methanol , when ingested, breaks down into even more toxic substances, a process called toxification. Enzymes in the liver first convert methanol to formaldehyde which is then converted to formic acid. This process takes up to 30 hours from the initial exposure to methanol, and means that you might not die initially from its consumption, but may experience symptoms a day later. Usually the first sign of methanol poisoning is loss of vision. If the person recovers from the toxins, the blindness is permanent as formic acid actually damages the optic nerve.
As Gettler had predicted, the number of cases of poisoning increased. In 1926, in New York City alone, 1200 became sick by poisonous alcohol and 400 died. Bootlegging of alcohol, much of which contained methanol continued, poisonings became a public health issue. Gettler continued to work these cases, publicizing deaths by alcohol to raise awareness of the problem. In 1933, the 18th amendment was repealed and the program that required industrial alcohol to be made toxic was also ceased.


Questions to answer for the Comprehension Chemistry task:
1. According to the article, which of the following is true? 
a) children were most likely to suffer from methanol poisoning       b) the Prohibition legalized the use of methyl alcohol
c) the structure of methanol and ethanol is identical                       d) methyl alcohol is toxic and can cause blindness

2. Select the sentence the supports the central idea of the article. 
a) Poisons had become a popular way to rid oneself of a rival or family member because it was unlikely that its effects would be detected.
b) In the years leading up to the Prohibition, Gettler noted a rise in the number of deaths attributed to wood alcohol poisoning.
c) In 1918, Charles Norris was appointed as the Chief Medical Examiner and was a pioneer in forensic toxicology.
d) Liquors usually contain about 3% ethanol which is often produced from fermenting grains, fruits, and vegetables.

3. What best describes the structure of the article? )
a) a description of how medical examination changed in the 1900s
b) a persuasive essay on why the Prohibition was not an economically sound idea
c) a comparison of methyl alcohol to ethyl alcohol and a narrative about why methanol is toxic
d) an opinion piece about what life was like during Prohibition

4. Why did it take so long for a person to die after ingesting a lethal dose of methanol?)
a) it took a while for the poison to circulate throughout the body and reach the brain
b) the poison accumulated in the tissues of the person and sometimes took years to kill them
c) only some people are sensitive to methanol
d) methanol is converted by the liver to an even more toxic substance (toxification)

5. What is the relationship between prohibition and methanol?
a) prohibition caused methanol to be made illegal
b) prohibition resulted in more methanol poisonings
c) prohibition reduced the number of alcohol related deaths
d) prohibition advanced the field of toxicology

6. Which of the following is the best definition of "toxification"? 
a) a process where one substance is converted into another substance
b) a series of chemical reactions that occur within the blood
c) a process where one substance is converted into another substance that is more toxic than the first
d) a procedure where a scientist determines how potent a toxin is
7. Which of the following data supports Gettler's prediction that methanol poisonings will increase after prohibition? (Standard 8: Reasoning)
a) a comparison between the number of deaths from methanol poisoning before and after prohibition went into effect
b) a toxicology report on how quickly rats succumb to methanol poisoning
c) a listing of how much alcohol containing methanol was confiscated
d) hospital records showing how many people had been treated for alcohol related illnesses

8. There are two potential sources for a person to acquire methanol, what are they? (circle 2)
a) it can be directly distilled from burning wood
b) it can be harvested from the organs of someone who has died from methanol poisoning
c) it can be fermented using rotting fruit
d) it can be acquired from industrial alcohol that has been contaminated

10. In your own words, describe the difference between a molecule of ethanol and a molecule of methanol. 
 


EXTENSION WORK:
Advanced Data Handing
· Watch the following videos on ‘The Scientific Method’
https://www.youtube.com/watch?v=UdQreBq6MOY
https://www.youtube.com/watch?v=N6IAzlugWw0&t=137s 
Task 1 - Describe what the scientific method is, why it has been developed, and what the core principles are. (Max. 100 words)
Advanced Data Handling: ‘Big Data’
· Watch the following videos on ‘big data’ and critical thinking, and read the web page:
https://www.youtube.com/watch?v=5Zg-C8AAIGg
https://www.youtube.com/watch?v=dItUGF8GdTw
https://www.visionlearning.com/en/library/Process-of-Science/49/Data-Analysis-and-Interpretation/154 
Task 2 - What can we learn about interpreting data from the themes discussed in the videos? (Max. 300 words)
Task 3 - What do you need to consider before interpreting data? (Max 50 words)
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Assessments
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Websites

Periodic Table of Videos by Martyn Poliakoff www.youtube.com
Royal Society of Chemistry www.rsc.org.uk

Institution of Chemical Engineers www.icheme.org
www.chemguide.co.uk
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Books

‘The Pleasure of Finding Things Out - Richard Feynman
Periodic Tales - Hugh Aldersey-Williams
‘The Disappearing Spoon - Sam Kean

Uncle Tungsten - Oliver Sachs

‘The Shocking History of Phosphorus: A Biography of the Devil's Element - John Emsley

Magazine/Journals

Scientific American
New Scientist

The Mole
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Transition from GCSE to A Level

Moving from GCSE Science to A Level can be a daunting leap. You'll be expected to remember a lot more facts,
‘equations, and definitions, and you will need to leam new maths skills and develop confidence in applying what
you already know to unfamiliar situations.

‘This worksheet aims to give you a head start by helping you:
« topre-earn some useful knowledge from the first chapters of your A Level course
= understand and practise of some of the maths skills you'llneed.

Learning objectives
After completing the worksheet you should be able to:
« define practical science key terms
= recall the answers to the retrieval questions
« perform maths skis including:
©  converting between units and standard form and decimals
o balancing chemical equations
o rearranging equations
o calculating moles and masses
o calculating percentage yield and percentage error
o interpreting graphs of reactions.
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Retrieval questions

You need to be confident about the definitions of terms that describe measurements and resuits in A Level

Chemistry.

Learn the answers to the questions below then cover the answers column with a piece of paper and write as many

‘answers as you can. Check and repeat.

Practical science key terms

When is a measurement vaiid?

When it measures what it /5 supposed (o be measuring

When is a resull accurate?

When it s close 1o the true value

What are precise results?

‘when repeat measurements are consistentagree closely with
each other

Whatis repeatabiliy?

Tiow precise repeated measurements are when they are taken
by the same person, using the same equipment, under the
‘same conditions

What s reproducibiliy?

Tiow precise repeated measurements are when they are taken
by different people, using different equipment

What is the uncertainty of a measurement?

the interval within which the true value is expected to lie

Define measurement error

The difference between a measured value and the true value

What type of error is caused by results varying
around the true value in an unpredictable way?

Tandom error

Whatis a systematic error?

a consistent difference between the measured values and true
values
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What does zero error mean?

‘a measuring instrument gives a false reading when the true
value should be zero

Which variable is changed or selected by the.
investigator?

‘ndependent variable

What s a dependent variable?

a variable that is measured every time the independent
variable is changed

Define a fair test

atestin which only the independent variable is allowed (o
affect the dependent variable

What are control variables?

Variables that should be kept constant to avoid them affecting
the dependent variable
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Atomic structure

Learn the answers to the questions below then cover the answers column with a piece of paper and write as many

‘answers as you can. Check and repeat.

What does an atom consist of?

anucleus containing protons and neutrons, surrounded by
electrons

What are the relative masses of a proton,
neutron, and electron?

1
11,and — ivel
. 1.and oo respectively

What are the relative charges of a proton,
neutron, and electron?

1,0, and -1 respectively

How do the number of protons and electrons
differ in an atom?

They are the same because atoms have neutral charge

What force holds an aomic nucleus together?

Strong nuclear force.

What s the atomic number of an element?

the number of protons in the nucleus of a single atom of an
element

What is the mass number of an element?

‘number of profons + number of neutrons.

What s an isotope?

“an atom with the same number of protons but different
number of neutrons

Whatis an ion?

an atom, or group of atoms, with a charge

What s the function of a mass spectrometer?

Traccurately determines the mass and abundance of separate
atoms or molecules, to help us identiy them

Whatis a mass spectrum?

the output from a mass spectrometer that shows the different
isotopes that make up an element





image10.png
Whatis the total number of elecirons that each
electron shell (main energy level) can cont

217 electrons, where n is the number of the shell

FHow many electrons can the first three electron
shels hold each?

Zelectrons (first shel), 8 electrons (second shell), 18
electrons (third shell)

What are the first four electron sub-shells.
(orbitals) called?

5,p.d, and  (in order)

How many electrons can each orbital hold?

"2 maximum of 2 electrons

Define the term fonisation energy, and give fts
unit

The energy it takes o remove a mole of electrons from a mole
of atoms in the gaseous state, unit = kJ mol

What s the equation for relative atomic mass.
(A

What is the equation for refalive molecular mass
my?
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Maths skills

1 Core mathematical skills

A practical chemist must be proficient in standard form, significant figures, decimal places, SI
units, and unit conversion.

1.1 Standard form

In science, very large and very small numbers are usually written in standard form. Standard
form is writing a number in the format A x 10< where A is a number from 1 to 10 and x is the
number of places you move the decimal place.

For example, to express a large number such as 50 000 mol dm-
4as there are four numbers after the initial 5.

Therefore, it would be written as 5x10¢ mol dms.

To give a small number such as 0.000 02 Nm? in standard form, A = 2 and there are five
numbers before it s x = 5.

So itis written as 2x10-5Nmz.

in standard form, A = 5 and x =

Practice questions
1 Change the following values to standard form.

boiling point of sodium chloride: 1413 °C

b largest nanoparticles: 0.0 001x10-* m

© number of atoms in 1 mol of water: 1806x10%1
2 Change the following values to ordinary numbers.

a55¢10°  b20x10?  c1115x10°  d1.412x10°  e7.2x10'
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1.2 Significant figures and decimal places
In chemistry, you are often asked to express numbers to either three o four significant figures.
‘The word significant means to ‘have meaning'. A number that is expressed in significant figures
will only have digits that are important to the number's precision.

Itis important to record your data and your answers to calculations to a reasonable number of
significant figures. Too many and your answer is claiming an accuracy that it does not have, too
few and you are not showing the precision and care required in scientific analysis.

For example, 6.9301 becomes 6.93 f written to three significant figures.

Likewise, 0.000 434 56 is 0.000 435 to three significant figures.

Notice that the zeros before the figure are ot significant — they just show you how large the
number s by the position of the decimal point. Here, a 5 follows the last significant digt, so just
as with decimals, it must be rounded up.

Any zeros between the other significant figures are significant. For example, 0.003 018 is
0003 02 to three significant figures.

‘Sometimes numbers are expressed to a number of decimal places. The decimal point is a place
holder and the number of digits afterwards is the number of decimal places.

For example, the mathematical number pi is 3 to zero decimal places, 3.1 to one decimal place,
3.14 to two decimal places, and 3.142 to three decimal places.
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Practice questions

3

4

Give the following values in the stated number of significant figures (s.f).
236937(3sf)  b258(2sf) c0.04319(2sf)  d7999032(1sf)

Use the equation:

number of molecules = number of moles x 6.02 x 102 molecules per mole

to caloulate the number of molecules in 0.5 moles of oxygen. Write your answer in standard
formto 35 .

Give the following values in the stated number of decimal places (d.p.).

a4763(1dp)  b0543(2dp) ¢1005(2dp) d1.9996 (3d.p)

1.3 Converting units

Units are defined so that, for example, every scientist who measures a mass in kilograms uses
the same size for the kilogram and gets the same value for the mass. Scientific measurement
depends on standard units — most are Systéme Intemational (S) units.

f you convert between units and round numbers properly it allows quoted measurements to be
understood within the scale of the observations.

Multiplication factor Prefix Symbol
10° giga [
100 mega M
100 kilo 3
102 centi 3
102 mill m
104 micro u
102 nano n
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Unit conversions are common. For instance, you could be converting an enthalpy change of
488 889 J mol-' into kJ mol-!. A kilo is 10° 50 you need to divide by this number or move the
decimal point three places to the left

488 889 + 10° kJ mol”* = 488,889 kJ ol

Converting from mJ mol-" to kJ mol-!, you need to o from 10° to 10, or move the decimal point
six places to the left.

333 mJ mol is 0.000 333 kJ mol**

f you want to convert from 333 mJ mol-' to nJ mol-", you would have to go from 10-¢ to 103, or
move the decimal point six places to the right

333 mJ mol* is 333 000 000 nJ mol-!

Practice questions

6 Calculate the following unit conversions.
2300 ymtom
b5MJtomJ
€10 GW to kW
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2 Balancing chemical equations

2.1 Conservation of mass

When new substances are made during chemical reactions, atoms are not created or destroyed
— they just become rearranged in new ways. So, there is always the same number of each type.
of atom before and after the reaction, and the total mass before the reaction is the same as the
total mass after the reaction. This is known as the conservation of mass.

You need to be able to use the principle of conservation of mass to write formulae, and balanced
chemical equations and half equations.

2.2 Balancing an equation
‘The equation below shows the correct formulae but it is not balanced.
Hz+ 02 — H0

While there are two hydrogen atoms on both sides of the equation, there is only one oxygen
atom on the right-hand side of the equation against two oxygen atoms on the left-hand side.
Therefore, a two must be placed before the HO.

He + 02— 2H:0

Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A two
must be placed in front of the Hz.

2Hz + 02— 2H:0

‘The number of hydrogen and oxygen atoms is the same on both sides, so the equation is
balanced.
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Practice questions
1 Balance the following equations.
aC+0,-CO
bN; + Hz — NHs
€ CaHa+ 02— H:0 + COz

2.3 Balancing an equation with fractions

To balance the equation below:

CaHs + 02— CO: + H:0

= Place a two before the CO: to balance the carbon atoms.

= Place athree in front of the H:0 to balance the hydrogen atoms.
CaHs + 02 2C0z + 3H:0

‘There are now four oxygen atoms in the carbon dioxide molecules plus three oxygen atoms in
the water molecules, giving a total of seven oxygen atoms on the product side.

= Tobalance the equation, place three and a haif in front of the Oz
CaHs + 3%0z — 2C0z + 3H:0

= Finally, multiply the equation by 2 to get whole numbers.
2C:Hs + 70z — 4C0; + 6H:0
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Practice questions.

2 Balance the equations below.
aCeHi+ 02—+ CO2 + H:O
b NH,CH,COOH + Oz — COz + Hz0 + Nz

2.4 Balancing an equation with brackets
Ca(OH): + HCI — CaClz + H:0

Here the brackets around the hydroxide (OH-) group show that the Ca(OH)z unit contains one
calcium atom, two oxygen atoms, and two hydrogen atoms.

To balance the equation, place a two before the HCI and another before the HO.
Ca(OH): + 2HCI — CaClz + 2H:0

Practice questions
3 Balance the equations below.
aMg(OH): + HNO: — Mg(NOx)z + H:0
b Fe(NOs)z + NasPO4 — Fes(POu)z + NaNOs

3 Rearranging equations and calculating concentrations
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3.1 Rearranging equations
In chemistry, you sometimes need to rearrange an equation to find the desired values.

For example, you may know the amount of a substance (n) and the mass of it you have (m), and
need to find its molar mass (M).
‘The amount of substance (n) is equal to the mass you have (m) divided by the molar mass (M):
m
"M
‘You need to rearrange the equation to make the molar mass (M) the subject.
Multiply both sides by the molar mass (M):
Mxn=m
‘Then divide both sides by the amount of substance ():

m
m-7

N
Practice questions
1 Reamange the equation p:% to make:

anthe subject of the equation
b Vthe subject of the equation.

2 Rearmange the equation PV = nRT to make:
an the subject of the equation
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b Tthe subject of the equation.

3.2 Calculating concentration

‘The concentration of a solution (a solute dissolved in a solvent) is a way of saying how much
solute, in moles, is dissolved in 1 dm* o 1 litre of solution.

Concentration is usually measured using units of mol dm-=. (It can also be measured in g dm.)
‘The concentration of the amount of substance dissolved in a given volume of a solution is given
by the equation:

v
where 1 is the amount of substance in moles, ¢ is the concentration, and V is the volume in dm?.

‘The equation can be rearranged to calculate:
= the amount of substance , in moles, from a known volume and concentration of solution

« the volume Vof a solution from a known amount of substance, in moles, and the
‘concentration of the solution.

Practice questions

3 Calculate the concentration, in mol dm™3, of a solution formed when 0.2 moles of a solute is
dissolved in 50 cm? of solution.

4 Calculate the concentration, in mol dm3, of a solution formed when 0.05 moles of a solute is

issolved in 2.0 dm® of solution.

5 Calculate the number of moles of NaOH in an aqueous solution of 36 cm? of 0.1 mol dm-=.
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4 Molar calculations

4 Calculating masses and gas volumes

‘The balanced equation for a reaction shows how many moles of each reactant and product are
involved in a chemical reaction.

fthe amount, in moles, of one of the reactants or products is known, the number of moles of any
other reactants or prodcts can be calculated.

‘The number of moles (n), the mass of the substance (m), and the molar mass (M) are linked by:

Note: The molar mass of a substance is the mass per mole of the substance. For CaCOs, for
‘example, the atomic mass of calcium is 40.1, carbon is 12, and oxygen is 16. So the molar mass
of CaCOs is:

401+ 12+ (16 x 3) = 100.1. The units are g mol-".
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Look at this worked example. A student heated 2.50 g of calcium carbonate, which decomposed
as shown in the equation:

CaCOs(s) — CaO(s) + COa(g)
‘The molar mass of calcium carbonate is 100.1g mol-".

Calculate the amount, in moles, of calcium carbonate that decomposes.

= 2.50/100.1 = 0.025 mol

Calculate the amount, in moles, of carbon dioxide that forms.

From the balanced equation, the number of moles of calcium carbonate = number of moles
of carbon dioxide = 0.025 mol

Practice questions

1

In a reaction, 0.486 g of magnesium was added to oxygen to produce magnesium oxide.
2Mg(s) + Oz(g) — 2MgO(s)

 Calculate the amount, in moles, of magnesium that reacted.

b Calculate the amount, in moles, of magnesium oxide made.

¢ Calculate the mass, in grams, of magnesium oxide made.

‘Oscar heated 4.25 g of sodium nitrate. The equation for the decomposition of

‘sodium nitrate is:

2NaNOs(s) — 2NaNOx(s) + Ox(g)

a Calculate the amount, in moles, of sodium itrate that reacted.

b Calculate the amount, in moles, of oxygen made.
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3 0.500 kg of magnesium carbonate decomposes on heating to form magnesium oxide and
‘carbon dioxide. Give your answers to 3 significant figures.
MgCOs(s) — MgO(s) + COx(g)
a Calculate the amount, in moles, of magnesium carbonate used.
b Calculate the amount, in moles, of carbon dioxide produced

5 Percentage

Ids and percentage errors

5.1 Calculating percentage yield

Chemists often find that an experiment makes a smaller amount of product than expected. They
‘can predict the amount of product made in a reaction by calculating the percentage yield.

‘The percentage yield links the actual amount of product made, in moles, and the theoretical
yield, in moles:

actual amount (inmoles) of product

Theoratical amount (inmoles) of product * '°°

percentage yield =
Look at this worked example. A student added ethanol to propanoic acid to make the ester, ethyl
propanoate, and water.

C2HsOH + CzHsCOOH — CzHsCOOCzHs + H:O

‘The experiment has a theoretical yield of 5.00 g.

The actual yield is 4.50 g.
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‘The molar mass of C2HsCOOCzHs = 102.0 gmol!
Calculate the percentage yield of the reaction.

Actual amount of ethyl propanoate: n

‘Theoretical amount of ethyl propanoate:

percentage yield = (0.0441/0.0490) x 100% = 90%

Practice questions
1 Calculate the percentage yield of a reaction with a theoretical yield of 4.75 moles of product
‘and an actual yield of 3.19 moles of product. Give your answer to 3 significant figures.

2 Caloulate the percentage yield of a reaction with a theoretical yield of 12.00 moles of product
‘and an actual yield of 6.25 moles of product. Give your answer to 3 significant figures.

5.2 Calculating percentage error in apparatus
‘The percentage error of a measurement is calculated from the maximum error for the piece of
‘apparatus being used and the value measured:

maximum error oo

measured value

Look at this worked example. In an experiment to measure temperature changes, an excess of
zinc powder was added to 50 cm* of copperll) sulfate solution to produce zinc sulfate and
copper.

Zn(s) + CuSOs(aq) — ZnSOx(aq) + Cu(s)

percentage error =
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‘The measuring cylinder used to measure the copper(1l) suifate solution has a maximum error of
2cm?

a  Caloulate the percentage error.
percentage error = (2/50) x 100% = 4%

Caloulate the percentage error when the thermometer is used to record a temperature rise of
3.9°C. Give your answer to 3 significant figures.
percentage error = (2 x 0.05)/3.9 x 100% = 2.56%

(Notice that two measurements of temperature are required to calculate the temperature.
change 5o the maximum error is doubled.)

Practice questions

3 Agas syringe has a maximum error of 0.5 cm?. Calculate the maximum percentage efror
‘when recording these values. Give your answers to 3 significant figures.
a21.0cm? b430cm?

4 Athermometer has a maximum error of £0.5 °C. Calculate the maximum percentage error
‘when recording these temperature rises. Give your answers to 3 significant figures.
at120°c b376°C
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6 Graphs and tangents

6.1 Deducing reaction rates

To investigate the reaction rate during a reaction, you can measure the volume of the product
formed, such as a gas, or the colour change to work out the concentration of a reactant during
the experiment. By measuring this concentration at repeated intervals, you can plota
‘concentration-time graph.

[AVmoldm=

251 {The steeper the gradient the higher is the
rate. By calculating the rate at two different
points, the order can be calculated.

2

15 The gradient of the tangent

concentration-time gives

1 the rate.

When the gradient is flat
the rate Is zero.

05

50 100 150
time/s

Note: When a chemical i listed in square brackets, it just means ‘the concentration of that
chemical. For example, [O2] is just shorthand for the concentration of oxygen molecules.

By measuring the gradient (slope) of the graph, you can calculate the rate of the reaction. In the
graph above, you can see that the gradient changes as the graph is a curve. If you want to know
the rate of reaction when the graph is curved, you need to determine the gradient of the curve.
S0, you need to plot a tangent.
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‘The tangent is the straight line that just touches the curve. The gradient of the tangent s the
gradient of the curve at the point where it touches the curve.

Looking at the graph above. When the concentration of A has halved to 1.0 mol dm, the
tangent intercepts the y-axis at 1.75 and the x-axis at 48.

The gradient % =-0.0365 (351).

So the rate is 0.0365 mol dm™ 1.

Practice questions

1 Using the graph above, calculate the rate of reaction when the concentration of A halves.
‘again to 0.5 mol dm-=.

6.2 Deducing the half-life of a reactant

In chemistry, half-life can also be used to describe the decrease in concentration of a reactant in

a reaction. In other words, the half-life of a reactant is the time taken for the concentration of the
reactant to fall by half.
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Practice questions.

2 The table below shows the change in concentration of bromine during the course of a
reaction.

Time /s [Bra] / mol dm™
0 00100
60 00090

120 00066
180 00053
240 00044
360 00028

a Plota concentration-time graph for the data in the table.
b Calculate the rate of decrease of Brz concentration by drawing tangents.
 Find the half-ife at two points and deduce the order of the reaction.
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