Percentage Yield and Atom Economy – Revision Pack (C3)
Percentage Yield:
Percentage yield is a way of comparing amount of product made (actual yield) to amount expected (predicted yield).
You want a high percentage yield so that no reactants are wasted. 

 (
x
 100
) (
Percentage Yield
 
 = 
Actual Yield
 
)

 (
Predicted Yield
)

· 100% Yield means that no product has been lost
· 0% Yield means that all of the product has been lost

Reasons for not getting expected mass:

· Loss when filtering
· Loss when transferring liquids
· Loss when evaporating
· Not all the reactant was made into a product
[bookmark: _GoBack]

Atom Economy:

The atom economy of a chemical reaction is a measure of the amount of starting materials that become useful products.

Inefficient, wasteful processes have low atom economies; atoms are wasted not made into useful products. . 

Efficient processes have high atom economies, and are important for sustainable development, as they use fewer natural resources and create less waste. A high atom economy also means that there are less unwanted products made.

BASIC SUMMARY: Atom economy is a way of measuring the amount of atoms that are wasted when manufacturing a chemical

 (
x
 100
) (
Atom Economy
 = 
Mr of desired product
)

 (
Sum of Mr of all products
)

· 100% atom economy means that all of the reactant was converted into the desired product
· 0% atom economy means that all of the product has been lost
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Hydrogen peroxide has the molecular formula H,0,

Hydrogen peroxide can be manufactured by reacting barium peroxide, BaO,, with sulfuric acid,
H,50,

BaO, + H,50, —> BaSO, + H,0,

Barium sulfate, BaSO,, is a waste product.

Look at the table of relative formula masses, M,

(a) Show that the atom economy for the reaction is 12.7%.

(b) A factory makes 18 tonnes of hydrogen peroxide.
Phil prodicts the factory should make 20 tonnes of hydrogen peroxide.

Calculate the percentage yield of hydrogen peroxide.

percentage yield
(€) The manufacture of hydrogen peroxide from barium peroxide is ot sustainable.

Explain why.

m
[Total: 4]
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13 Fertilisers and medicines are useful chemicals.

Ammonium sulfate is used as a fertiliser.

fertiliser
contains
ammonium
sulfate

" (NHy);504
L

Ammonium stifate is made by reacting ammonia with dilute sulfuric aci
The ammonia needed for this reaction is made in a continuous process.
This is different to the batch process used to make most medicines.

(a) () A continuous process is used to make ammonia but a batch process is used to make
most medicines.

Explain why.

[21
Itis more expensive to make medicines than itis to make ammonium sulfate fertiliser.

Suggest why.

(b) Alex makes some ammonium sulate in a laboratory.

(i) Alex predicts he should make 8.0g of ammonium sulfate.
He actually makes 6.0g.

Show, by calculation, that his percentage yield of ammonium sulfate is 75%.
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'SECTION C - Module C3

10 Stowmarket Synthetics manufacture ethanoic acid, C,H,0,, by two different processes.

Process 1 C,HO + 0, = C,H,0, + H,0

Process2  GH,0 + CO —> G,H,0,

Look at the table of relative formula masses.

ethanoic acid

crbon manode

The relative atomic mass of H = 1, of G = 12, and of O = 16.
(a) In process 2, Stowmarket Synthetics use 320g of methanol.

Calculate the maximum mass of ethanoic acid that can be made.

(b) Stowmarket Synthetics know that the atom economy of a process is important.
Water is a waste product in process 1

‘Show that the atom economy for making ethanoic acid by process 1 is 7%
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() Stowmarket Synthetics also know that the percentage yield of a process is important

The factory uses 5.2 tonnes of methanol in process 2.
A scientist predicts they should make 9.8 tonnes of ethanoic acid.
They actually make 9.5 tonnes of ethanoic acid.

‘Show that the percentage yield of ethanoic acid is 97%.

21

Look at the table.

It gives information about the atom economy and percentage yield for making ethanoic acid.

Atom economy rcentage yield
( (%
I R
I T A

Process 2 has a higher atom economy and a higher percentage yield.

(i) Explain one advantage, other than cost, of a very high atom economy.

(ii) Explain one advantage, other than cost, of a very high percentage yield.

W]
[Total: 8]
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11 Magnesium sulfate and magnesium nitrate are both used as fertilisers.

(a) Magnesium sulfate can be made in industry by a continuous process.

Explain why batch processes are used to make some pharmaceutical drugs but continuous
processes are used to make fertilisers.

Magnesium nitrate is made by a neutralisation reaction.
Look at the equation for the reaction.

2HNO, + MgO —> Mg(NO,), + H,0
Water is a waste product.

Show that the atom economy for the reaction is 89% and explain why it is important that the
atom economy for a reaction s as high as possible.

The relative atomic masses (A,) for H = 1, N = 14, 0 = 16 and Mg = 24,

The quality of written communication will be assessed in your answer to this question.

6]
[Total: 8]
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(a)

0.90 x 81=0.58(2)
125
but
relative molecular mass of zinc carbonate 125 and of zinc
oxide 81 (1)

2

86% (2)

but

0.50 x 100 or (actual yield / predicted yield) x 100 (1)
0.58

allow 86.2 (%) 86.21 (%)
86.0 (%) or 86.206897(%) = (1)

Total

uestion

Answer

Guidance

(a)

Mg + 2HCI —MgCh, + H,
formulae correct (1)
balancing (1)

balancing mark is conditional on correct formulae

allow = instead of —

allow multiples

allow one mark for correct balanced equation with minor
errors

eg.Mg + 2HCI —MgCP + H2

54-58(s) (1)

0.75 (cms) (1)

powered magnesium has a greater (surface) area (1)

therefore greater frequency of collisions ( between
magnesium and hydrochloric acid particles ) (1)

allow greater frequency / chance of collisions / more
collisions per second / rate of collisions faster / collisions
more likely (1)

ignore just more collisions / more successful collisions
ignore references to energy of reaction





image10.png
B721/02

Mark Scheme

January 2013

Question

Guidance

6@

3.1 (%) scores (2)
if answer incorrect for one mark:

180 x 100

M, of desired products x 100

2165

or M, of desired products x 100
'sum of M, of all reactants

M, of desired products
sum of M, of all reactants

M, of desired products
sum of M, of all products

Sum of M, of all producls

180x 100
138 +785

180
138 +785

180
180 +36.5

allow 83 any number of decimal places i
rounded correctly eg 83.141 (2)

but if rounded incorrectly eg 83.140 (1)

any two from:

idea of reduce production of unwanted products / ORA (1)

idea of making the process (more) sustainable (1)

maximise profit (1)

allow to make only wanted products / less
waste product

ignore reduce waste reactants

ignore reduce waste unqualified

ignore references to the environment

ignore unqualified references to cost
allow qualified reference to cost eg it costs
less for raw materials / cost less in
disposing waste

allow help profits
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balancing mark is dependent on the correct formulae but
allow 1 mark for a balanced equation with a minor error in
subscripts or case

g CHO + 302 — 2Co2 +3H,0 (1)
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(@

33(%) (2)

butif correct answer not given,

atom economy = 1, of desired broducts x 100
sum of 1, of all products

or

atom economy = I, of desired products x 100
sum of 1, of all reactants

or

atom economy = 58x 100 scores (1)

75

2

allow full marks for correct answer even if equation for atom
economy ot stated
allow 33.1% / 33.14%

allow 58 58 )

58+ 117 58+ (2x 58.5)

60(%) scores (2)
but

actual vield x100 (1)
predicted yield

or

21 x 100 scores (1)
35

Took for correct answer first, 60{%) on own scores (2)
unit not needed — ignore incorrect units

allow am x 100 (1)
pm
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the temperature change increases (1) but result for
decane does not fit the pattern / there is a bigger change
in temperature for nonane than for decane / there is a
bigger energy change for nonane than for decane (1)

Total
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34

— = x100
+169)

allow —+ 100/
(233+34) ©8

the mark is for the working out and not the answer

18 1007
20

90 (1)

am
allow = x 100 for one mark if answer incorrect
pm

allow full marks for 90(%) with no working out

because the atom economy is fow / Tots of atoms are
wasted in the reaction (1)

allow lots of waste made / produces waste products /
produces barium sulfate which is not used

not reference to percentage yield

Total

uestion

Answer

Guidance

(@)

hias many strong bonds between afoms / has many
covalent bonds between atoms (1)

takes lots of energy to break bonds present (1) — this
markis dependent on the correct bond being broken

many bonds / it has covalent bonds is not sufficient
allow each carbon atom is covalently bonded or strongly
bonded to 4 other (carbon) atoms.

not has many ionic bonds

not references to intermolecular bonding

allow has a giant structure for one mark if no other marking
point has been awarded
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« idea of increased surface area of calcium carbonate or
tablet / more calcium carbonate or tablet particles exposed
to the acid
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Question Answer Marks Guidance
73 [ (a) | () | ammonia is needed in farge amounts / ammonia is 2| allow ammonia needed all year round
needed in high demand / AW (1)

drugs or medicines are made on a relatively small allow demand for drug may be seasonal
scale / easy to switch to making a different drug / drugs
are needed in small amounts / AW (1) allow a batch can be re-called if there s a problem

making drugs is more labour intensive / more allow ora for fertiiser
specialised or qualified workers to make a drug / less. labour costs are high s ot sufficient
automation is possible when making drugs / more more workers is not sufficient
research and testing in drug manufacture
/ raw materials for drug manufacture may be rare or allow idea of need to have careful testing (of batches) / idea
expensive to exiract from plants / legislative demands need to have more quality control

(1

AN 4 100 (1) allow 22 x 100 (1) or 50-075(1)
predicted yield pm 50

percentage yiel = —2Ctualvield

but

60, 1002) 0.75x100 (1)
8.0

No mark for 75%

any two from:
to reduce wasting reactants (1) ignore reduces waste / reduces waste products / waste
materials

to reduce costs / to make more money / to make more to make money is not sufficient / to make a profit is not
profit (1) sufficient / to save money is not sufficient

saves wasting energy (1)
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32 (g) of methanol makes 60 (g) of efhanoic acid /
10 moles of methanol is used / 32 x 10 = 320 (1)

50320 (g) makes 600 (g) of ethanoic acid (1)

2

allow two marks for the correct answer of 600g even if no
working out

50 60
atom econom) /
60+18

12
ITIETREn
but

x100 / —22
Gees2

atom economy = x100 /

60+18

80 %100 2)
)

allow atom economy formula in words for one mark
i.e. atom economy = fotal Mr of desired products x 100 (1)
total Nir of all products

percentage yield = 22 (1)
os

but
percentage yield = 22 x 100 (2)
)

allow percentage yield formula in words for one mark
e.g. percentage yield = actual yield x 100
predicted yield
or
percentage yield = am x 100
pm

‘more sustainable / makes less or no waste products (1)

makes less waste is not sufficient
ignore makes less products
ignore it wastes less resources

Tess waste of reactants (1)

allow no need to recycle unreacted reaciants
ignore less waste / waste products
ignore able to make more / more products made
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(b)

Level 3 (5-6 marks)
Calculates the atom economy for the
given reaction

AND

Explains clearly why an industrial
process should have as high an atom
economy as possible.

Quality of written communication does not
impede communication of the science at this
level,

Level 2 (3-4 marks)
Calculates the atom economy for the
given reaction

OR

Gives at least two reasons why an
industrial process should have as high
an atom economy as possible.

Quality of written communication partly
impedes communication of the science at
this level

Level 1 (1-2 marks)
Gives a reason why an industrial process
should have as high an atom economy as
possible

OR

calculates the required formula masses
of magnesium nitrate and water.

Quality of written communication impedes
communication of the science at this level.

Level 0 (0 marks)
Insufficient or irelevant science such as
repeating the question. Answer not worthy
of credit

6

This question is targeted at grades up to A"
Indicative scientific points may include:

reasons for need for high atom economy:
« toreduce the production of unwanted products
(makes less waste is not sufficient)
to make the process more sustainable
in this reaction water is the only unwanted product so the process is
very green.

calculation of atom economy:
. recall

molecular mass of all of the desired products
sum of all of the molecular masses of all of the products.
formula mass of magnesium nitrate = 148
formula mass of water = 18
formula mass of all products = 166
atom economy = 89%

atom economy = x100%

Use the L1, L2, L3 annotations in scoris; do not use ticks.

Total
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bond making is exofhermic / bond making gives out energy | 2

/ bond making releases energy (1)

more energy taken in than is released / more energy

absorbed than given out (1)

allow heat instead of energy

ignore more bonds are broken than are made
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Section B - Module C3

Michael investigates the decomposition of zinc carbonate, Zn

Look at the apparatus he uses.

zinc carbonate

(a) The equation for the decomposition is.

ZnCO, = ZnO + GO,

The relative atomic mass, A, of Zn = 65,C = 12and O = 16.

Show, by calculation, that 0.90g of zinc carbonate should make 0.58g of zinc oxide, ZnO.

(b) Michael predicts that he should make 0.58 of zinc oxide.
Michael actually makes 0.50g of zinc oxide.

Calculate his percentage yield.

2
[Total: 4]

Turn over
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6 Aspirin is a medicine used to control pain.
Look at the equations. They show how aspirin can be made.

salicylicacid + ethanoyl chloride —> aspirin  +  hydrogen chloride

CHgOy + GH0C! — CHO, + HCl

Look at the table. It shows some information about the compounds involved in making aspirin.

P
ahanon s
yogen o

(a) Calculate the atom economy of this reaction.

answer
(b) A company is making a new medicine.
They want the atom economy to be as high as possible.

Explain why.

() Itis difficult to develop and test new medicines so that they are safe to use.

Explain why.

[Total:

Turn over
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Milk of magnesia is an antacid that helps to relieve indigestion.

Milk of magnesia contains magnesium hydroxide, Mg(OH),.

A pharmaceutical company makes magnesium hydroxide using the
following reaction

MgCl, + 2NaOH —> Mg(OH), + 2NaCl Phillips

The sodium chloride, NaCl, made is a waste product.

Look at the table of relative formula masses.

| Relative formula mass, M, |

I T R
Twon | w

Calculate the atom economy for the manufacture of magnesium hydroxide.

atom economy
John is a scientist working for the pharmaceutical company.
He predicts that he should make 35 of magnesium hydroxide.
He actually makes 21g.

Calculate his percentage yield of magnesium hydroxide.





