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image7.png
Name the white solid formed in stage 2.





image8.png
An impure copper coin with a mass of 3.47g was analysed using the three stages
above.

Aftitre of 20.5cm? of 0.200mol dm~2 sodium thiosulfate solution was needed to react with
the iodine formed in stage 2 of the process.

Calculate the percentage of copper in the coin. Give your answer to an appropriate
number of significant figures.

.. % [6]





image9.png
The amount of Cu?* ions in aqueous solution can also be determined by colorimery.




image10.png
State the colour of Cu2* ions in water and explain why the solution has this colour.




image11.png
/ Inyouranswer you should use technical terms spelled correctly.

2




image12.png
Adition of concentrated hydrochloric acid to a solution of Cu2* ions in water causes a
change in the colour of the solution.

Name the type of reaction that has occurred and give the formula of the product containing
the copper.

type of reaction .....

formula of product containing the copper 2





image13.png
Describe how colorimetry is used to determine the concentration of Cu?* ions in an
aqueous sample.

In your answer you should indicate how experimental results lead to the required value.





image14.png
The water from wells in some rural areas smells of rotten eggs due to the presence of hydrogen
sulfide from decaying vegetable and animal matter. The smell can be removed by the addition of
dilute aqueous potassium manganate(VI).




image15.png
Balance the equation below for the reaction removing the ‘rotten egg’ smell.

HyS + oo MO, 4 2HY —> ..

W]




image16.png
Give the oxidation state of Mn in MnO,.

oxidation state of Mn = .





image17.png
The potassium manganate(VI) will also remove any iron(II) ions, which are often present in
water from wells, converting them to Fe(III).

A student added some drops of potassium manganate(VII) solution to a sample of water
from a well containing iron(I1) ions. He then added excess sodium hydroxide solution and
observed a red-brown precipitate.




image18.png
Name the precipitate.





image19.png
Give the ionic equation for the formation of the precipitate. Include state symbols.

[21




image20.png
By drawing arrows in the appropriate boxes complete the outer electron structure for
Mn2+,

3d 4s

U]
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Water is often purified by treatment with ozone. However, any bromide ions present are converted
into bromate ions, BrOS’, by the reaction given in equation 2.1. Bromate ions are toxic, and so
must be removed.

Brr + O —> BrO;” equation 2.1





image22.png
Give the reducing agent in equation 2.1 and explain your choice using your answers
to (i).

reducing agent .....

explanation .

2]





image23.png
A student used a colorimeter to investigate how much water was absorbed by a sample of
a super-absorbent polymer. He added 1.0g of the polymer to a measured volume of water
containing a blue dye. The molecules of the blue dye are not absorbed by the polymer.




image24.png
The student worked out that the water absorbency of this polymer can be deduced from
the change in concentration of the blue dye.

Describe how the student used a colorimeter to find out how the concentration of the
blue dye changed when added to the polymer.

In your answer, you should use technical terms spelled correctly.
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NiCd rechargeable batteries use the reaction between cadmium and nickel(IV) oxide to produce
an electric current. The electrolyte is a concentrated solution of hydroxide ions.

Table 5.1

half-reaction E°N
Cd(OH), + 2 —> Cd +20H- -0.81
NiO, + 2H,0 + 26~ —> Ni(OH), + 20H- +0.49





image26.png
Use the data in Table 5.1 to calculate the £, value for the reaction that takes place in a
nickel-cadmium cell when it delivers a current.

V1]





image27.png
The voltage of a‘NiCd battery’, measured with a high resistance voltmeter, is about 1.2V.
Suggest why your answer to (i) differs from this value.





image28.png
A'NiCd battery’ can be recharged by using an electric current o reverse the reaction. Give
the equation for the overall reaction occurring when the ‘battery’ is being recharged.

[




image29.png
NiCd batteries have to be carefully disposed of because cadmium and its compounds are
toxic. ‘Super-iron’ batteries have an iron-based cathode using potassium ferrate, K,FeO,, a
powerful oxidising agent. When super-iron batteries are used, the reaction produces iron(III)
oxide (rust).

Suggest reasons why potassium ferrate has been called a ‘green’ oxidising agent and
why super-iron batteries would be more environmentally friendly to dispose of than NiCd
batteries.
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Potassium ferrate can also be used to oxidise NO,™ ions in the purification of contaminated
water. The equation for the reaction is given below.

2K,FeO, + 3NO, + 2H,0 —> Fe,0,+ 3NO,~ + 4KOH

The concentration of NO,~ ions in a sample of impure water is 6.0 x 10-°mol dm™3.
What is the minimum mass of solid potassium ferrate needed to oxidise all of the NO,™ ions in

1000dm? of the impure water?

mass of potassium ferrate = . g4]





image31.png
When Fe,0, is added to dilute acid, a complex ion having the formula [Fe(H,0) ]** is
formed.




image32.png
Complete the table below about this complex ion.

name of shape of
ion

coordination
number of Fe

colour of ion in
water
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image33.png
When an excess of aqueous sodium hydroxide is added to a solution of this complex ion
a precipitate forms.

Complete the ionic equation for the formation of this precipitate. Include state symbols.

Fe®* -

[21




image34.png
Give the outer electron structure for Fe3* by drawing arrows in the appropriate boxes.

3d 4s

Fe¥*

[




image35.png
A bromate of potassium, KBiOy, was widely used for many years to improve the properties of
bread dough. However, after baking, the small amounts of KBIO, remaining in the bread were
found to be a health risk.

The problem has been salved by adding the KO, in an aqueous solution with iron(() sufate and
ascorbic acid. This makes sure that any unwanted KBIO, is removed on baking.




image36.png
The bromate ion, BrO,, acts as an oxidising agent in acidic solution. It reacts with iron(IT)
ions when the dough is baked.
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An aqueous solution of iron(III) chloride is sometimes used by coin collectors to identify the dates
of badly worn nickel coins. Nickel coins are made from an alloy of copper and nickel. The iron(III)
chloride solution reacts with the surface of the coin highlighting the date.
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The half-equation for the reaction of BO;

s
810;(aq) + 6H(aq) + 6o — Br(a) + H,0()

Give the oxidation states of Br in this reaction and use them to explain why BrO,~ is
acting as an oridising agen

12




image38.png
Give a balanced equation for the redox reaction between BrO-and iron(I) ions in acid
solution to produce iron(II) ions. State symbols are not required.

21




image39.png
Suggest a reason why ascorbic acid is added to the bread dough.

0]





image40.png
Vanadium forms a range of coloured compounds. Some of these can be used for dyeing and
printing fabrics. Table 5.1 gives the colours of some vanadium ions in aqueous solution.

vanadium ion | colour of solution
v liac,
v green
oz blue
vo,+ yellow

Table 5.1




image41.png
Explain, in terms of frequencies of light, why some transition metal ions in solution are coloured.

/ In your answer you should use appropriate technical terms, spelled correctly.
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A student made up a solution of VC?, and left it in an open beaker. After a while it had turned
blue because of oxidation by the air.

Use the data in Table 5.1 and Table 5.2 to explain the student's observations. In your answer,
show how you have used the data and explain why the final solution was blue, rather than
green or yellow.

half-reaction E°N
V3 4 & —> V2r ~0.26
VO?* + 2H* + &= —> V3 + H,0 +0.34
0, + 2H,0 + 4e- — 40H" +0.40
VO,* + 2H* + e~ —> VO>* + H,0 | +1.00

Table 5.2





image43.png
In aqueous solution, V2 forms complex ions with the formua [V(H,O)"




image44.png
Complete the table below for the complex ion [V(H,0),J7*.




image45.png
coordination number

shape of ion

name of ligand

type of bonding between
vanadium and ligand

4]




image46.png
[V(H,0)¢l?* can react with ammonia to form a new complex ion.
Name the type of reaction occuring.
i





image2.png
Use appropriate data from the table below to describe and explain the reaction occurring
between iron(I11) chloride solution and the copper in the coin.

You should give an ionic equation for the reaction occurring. State symbols are not required.

half-reaction EN
Fe?* + 2~ - Fe —0.44
Cu?* + 2¢e = Cu +0.34
Fe* + e - Fe?* +0.77





image47.png
Complete the electronic configuration for vanadium in the V2+ ion.

1s2 252 2p© 3s? 3pf
m




image3.png
onic equation

[31




image4.png
Complete the diagram below that shows how the £y value of an electrochemical cell
using the following two half-reactions is measured under standard conditions.

half-reaction E°N
Cu?* + 2e~ > Cu +0.34
Fe3* +e- - Fe?+ +0.77

Label the electrodes and solutions used and state the conditions required.

()
/




image5.png
Calculate the E gy value for the electrochemical cell in (i).

v




image6.png
The amount of copper in a nickel’ coin can be determined by the following method.

stage 1 A weighed coin s dissolved in concentrated nitric acid to form Cu?*(aq) ions.
The solution is made up to 250cm® in a volumetric flask.

stage2 An excess of potassium iodide solution is added to a 25.0cm? portion of the
Cu?*(aq) solution.

A white solid and iodine are produced.
2Cu?*(aq) + 41-(aq) ~ 2Culls) +L(aq)

stage 3  The amount of iodine formed is found by titration with a standard sodium thiosulfate
solution.

L(aq) + 25,0,*(aq) = S,0,2(aq) + 2I(aq)




