Contents

(@ 0T oY =T ol A I =1 o IR PR 2
Finding Percentage Purity/Percentage ComMPOSItION......cciciieiiiiie i ettt e st e see e ete et e e sbe e beesbaestbesabeeabeeteesteasaeessnesasennns 2
FINding UNKNOWN CONCENTIALION ..eiiiiiiiiiieiiiee sttt ettt e st e e s st e e e e et e e e s sabee e e ssabeeeeesabeeeeesaseeeeesaseeesssnseeesennsens 12
FINAING MOIRCUIAr FOIMUIG/MI ...ttt ettt sttt et e e te e s te e s te e st e s abe e be e te e baesbaessaeesbeentaasaestaesssesasesnbeenteeseessnas 16
2T o) OO PP P PP PRSP 30
T8 PO IR Y/ o Y=l o [V =Ty [ o LSRR 33

H,A type Questions




Chapter 1 Titration

Finding Percentage Purity/Percentage Composition

8

M is a mixture of iron(II) sulfate and iron(IlI) sulfate.
A student determines the mass of iron(Il) sulfate in the mixture using 0.0180mol/dm?3
aqueous potassium manganate(VII), solution S.

(a)

(b)

(€)

(d)

Potassium manganate(VII), which is purple, oxidises the iron(II) ions in the mixture.

Why does potassium manganate(VII) not react with iron(III) ions?

...................................................................................................................................... [1]
A sample of M is added to a previously weighed container, which is then reweighed.
mass of container+ M = 17.01g qé
mass of container = 11.93g
Calculate the mass of M used in the experiment. ‘\é

......... * g[1]
The sample of M is placed in a flask, dissolved in 1 of dilute sulfuric acid and
mixed thoroughly. The solution is made up to with distilled water. This is
solution P.
25.0cm?® of P is transferred into a conical fl o
What piece of apparatus should be u nsfer 25.0cm?® of P?
.................................................................................................................. [1]
Solution S is put into a d run into the conical flask containing P until the end-

point is reached.

(ii) atthe end-point when S is justin eXcess? ... [1]



(e)

Three titrations are done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

@

.

[

(f)

(9)

1st titration 2nd titration 3rd titration
—26 - - = -
= = 29 =P 46
= —3 - = =
27 = =l B -
= = 30 - — 47
- .| E - |
B - — 31 — 48
- 5 |

Use the diagrams to complete the following table.

%

titration number 1 2
final burette reading / cm?® o
initial burette reading / cm?

volume of S used / cm?® Q%

best titration results (v')

Summary

Tick (v) the best titrati
Using these ?ést‘ﬁ, th
e €M, [4]
S is 0.0180mol/dm? potassium manganate(VII).

Calculate the number of moles of potassium manganate(VII) in the average volume of
Sin (e).

vereenenen.. MOlES [1]
One mole of potassium manganate(VII) reacts with five moles of iron(II) sulfate.

Deduce the number of moles of iron(1l) sulfate in 25.0 em?® of P.

ceeeeeeenen. MoOlES [1]



(h) Calculate

(i) the number of moles of iron(II) sulfate in 250cm? P,

civeereeenn. Moles [1]

(ii) the mass of iron(II) sulfate in 250 cm?® of P.
[M.: FeSO,, 152]

<

enreesneneseresasngliis g
(i) Using your answers to (b) and (h)(ii), calculate the mass of iron(m@n 000g of M.

[Total: 13]

s/11/qp42




9 Substance F is a fertiliser containing ammonium sulfate.
A student determines the mass of ammonia produced from 1000g of F.

(a

(b)

A sample of F is added to a previously weighed container which is then reweighed.

mass of container + F
mass of container

9.22¢g
7469

Calculate the mass of F used in the experiment.

The sample of F is placed in a beaker and 50cm? of 1.00mol/dm? sodium hydroxide,
an excess, is added.

The mixture is heated until all the ammonia gas has evolved. 0
(NH,),SO, + 2NaOH — Na,SO, + 2H,0 + ‘ZN Q
After cooling, the remaining mixture, which contains excestI um hydroxide, is

transferred to a graduated flask and made up to 250cm?® stilled water. This is
solution G.

25.0cm? of G is transferred to a conical flask am& drops of phenolphthalein

indicator are added. 0

A burette is filled with 0.100 mol/dm?3 hydroc cid.

0.100mol/dm? hydrochloric acid is ad auntil an end-point is reached.
Phenolphthalein is colourless i ion and pink in alkaline solution.

What is the colour of the in the conical flask

........................................... 1]



(e) Three titrations are done.

(d)

(e)

The diagrams below show parts of the burette with the liquid levels at the beginning and
end of each titration.

1st titration 2nd titration 3rd titration

27
13

40

46

Use the diagrams to complete the following table. &

titration number 2 3

final reading/cm®

initial reading/cm?

Using these results, rage: volume of hydrochloric acid used is
..em?®, [4]

Calculate the number of moles of hydrochloric acid in the average volume of
0.100mol/dm? hydrochloric acid in (c).

Using the equation
HCI  + NaOH — NaCl + H,0

deduce the number of moles of sodium hydroxide in 25.0cm? of G.

.. moles [1]



(f)

(9)

(h)

U

()

Using your answer in (e) calculate the number of moles of sodium hydroxide in 250 cm?3
of G.

....................................... moles [1]

Calculate the number of moles of sodium hydroxide in 50cm? of 1.00 mol/dm? sodium
hydroxide.

..................................... les [1]
By subtracting your answer in (f) from your answer in (g) calculate t of moles
of sodium hydroxide which reacts with the sample F.

moles [1]

L/
Given that 1 mole of sodium hydroxide produces 17@onia.

Calculate

(i) the mass of ammonia produced from th@al sample of F,

o
0Q ....................................... g NH; [1]

ed from 10009 of F.

(ii) the mass of ammoni

¥, 7

*

................................ g NH,/1000g fertiliser F [1]

Like ammonium sulfate, ammonium nitrate NH,NO,, is a ‘nitrogenous fertiliser’ which is
used to promote plant growth and increase crop yield.

Which two compounds will react together to form aqueous ammonium nitrate?



(k) Calculate the mass of nitrogen in 1000g of ammonium nitrate.
[A. 1 H,1,N,14;0,16]

e, 911000 [1]

otal: 15
[ ] s/11/gp41




A student was given a bottle containing small pieces of scrap iron.
He was asked to find the purity of this sample of iron.

A small quantity of the iron was placed in a previously weighed container which was then
reweighed.

mass of container + iron = 6.16g
mass of container = 4.72¢g

(a) Calculate the mass of iron.

........................ e e @ 1]

dded to react
e sulfuric acid to

The iron was placed in a conical flask and excess dilute sulfuric ati
completely with the iron. The flask was warmed and the iron reacte
produce aqueous Fe2" ions.

A gas was produced during this reaction. &:
(b) (i) Name this gas. 0

(ii) Give a test for this gas.

(lif) State the equation fi action between iron and sulfuric acid.

When all the irc:mm‘reac esulting solution was cooled and made up to 250 cm?® with
distilled water in a gtadua sk. This was solution 5.

Using a pipette, 25.0cm?® of § was transferred into a conical flask.

Solution T was 0.0200 mol/dm? potassium manganate(VII).

A burette was filled with T.

T was run into the conical flask until an end-point was reached.

Agueous potassium manganate(VII) is purple.

Aqueous Fe2* is pale green.

(c) What colour is the solution in the flask at the end-point?

Explain your answer.



Three ftitrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

titration 1 titration 2 titration 3
12

w

]
I

I|II]I[IIII|

i oS

n
w

|l|||||||||||||

(d) Use the diagrams to complete the results table.

—

titration number

final burette reading/cm?

initial burette reading/ cm3

volume of T used/

Summary
Tick (v') the best titration results.

Using these results, the average volume of Twas .................. cm?. [4]



(e)

(f)

(@)

(h)

)

Calculate the number of moles of potassium manganate(VII) in the average volume of
T required in (d).

T was 0.0200 mol/dm? potassium manganate(VII).

....................................... moles [1]

Five moles of Fe2* react with one mole of potassium manganate(VII).

<
&9
.......... &

Calculate the number of moles of Fe2* in 25.0cm? of S.

Calculate the mass of Fe2*

[A,: Fe, 56]

¥,

*

Using your answers to (a) and (h), calculate the percentage purity of the sample of iron.

[Total: 15]

s/09/qp4




Finding Unknown Concentration

9

An experiment was done to find the concentration of an aqueous solution of ammonium
chloride labelled P.

Q was 0.0800 mol/dm?® hydrochloric acid.
A 25.0cm® sample of P was measured into a flask followed by 25.0cm?® of 2.00 mol/dm?®
sodium hydroxide (an excess). Some of the sodium hydroxide reacted with the ammonium
chloride to produce ammonia. The equation is given below.
NaOH + NH,Ct — NaCIl + NH; + H,O
(a) What apparatus should be used to measure out 25.0 cm?® of a solution?
@ ...... [1]
The flask was heated until no more ammonia was detected in the steam.
(b) Suggest a test to detect ammonia in the steam leaving the ﬂask.‘\b
~-[1]

made up to 250 cm?® with

After cooling, the mixture was transferred to a volumetric fl
distilled water.

This was solution R. 0

25.0cm?® of R was transferred to a conical flask ew drops of methyl orange indicator
added.

(c) What colour was the methyl orange Qlask?

until an end-point was reached.

A burette was filled wit
Q was run into the

What was the e’our ethyl orange when the end-point was reached?

1)



Three titrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

(d) Use the diagrams to complete the following table.

1st titration 2nd titration 3rd titration
—20 — —
E 47 E :_ 29
— —3 —
—21 — -
— - :— 30

titration number i 2 3

final burette reading /cm?®

initial burette reading /cm?®

volume of Q used /cm?

best titration results (v)

(e)

Summary:

Tick (v) the b’eit tit

Using these. Fe%ﬂ‘ls t

Q was 0.0800 mol/dm® hydrochloric acid. Calculate the number of moles of hydrochloric
acid in the average volume of Q calculated in (d).

ge volume of QWas .......ccecevvreeerenceiesresieeen.CmMe,. 4]

—



()

(9)

(h)

(0

Using the equation
NaOH + HCl — NaCi+ H,O

and your answer to (e), deduce the number of moles of sodium hydroxide in 25.0cm?
of R.

Using your answer to (f) calculate the number of moles of sodium hydroxi Ocm?®

of R.
’ é

aqueous sodium hydroxide which was a riginally to 25.0cm? of P.

Q""‘Q

Calculate the number of moles of sodium hi ide present in 25.0cm?® of 2.00 mol/dm?

¥,

Using your answers and (h), calculate the number of moles of sodium hydroxide
that reacted with 25.0cm? of P.



(J) Using the equation
NaOH + NH,Cl — NH, + NaCl + H,O
and your answer to (i),

(i) deduce the number of moles of ammonium chloride in 25.0cm?® of P,

(ii) calculate the concentration, in mol/dm3, of P. e q

1]

[Total: 14] 5/08/qpd




8

A student is given a sample of a metal carbonate, RCO,,.
She is asked to determine the relative atomic mass of I-*? and suggest its identity.

(a)

(b)

A sample of the metal carbonate is added to a previously weighed container which is
then reweighed.

mass of container + RCO,4
mass of container

12.01g
10.97¢g

Calculate the mass of RCO, used in the experiment.

eeeerienneee @ [1]

The student transfers the sample of RCO, to a beaker and add m3 of
1.00mol/dm? hydrochloric acid (an excess).

All the solid reacts to form an aqueous solution.
When the reaction has finished, the contents of the beaker are traf: 0 a volumetric
flask.

The solution is made up to 250 cm?® with distilled water and mi ell.
This is solution S.

Using a pipette, 25.0cm?® of S is transferred to a coni sk and a few drops of methyl

orange indicator are added.
A burette is filled with 0.100 mol/dm? aqueoug®so hydroxide which is added to the
conical flask until an end-point is reached.

What is the colour of the solution in th flask

(i) before the alkali is added, 0
(ii) at the end-point? Q

i




(c)

(d)

(e)

The student does three titrations. The diagrams below show parts of the burette with the
liquid levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
25 S s | E
u ~ — 48 - -
o - -23 | E = - 32
- L 26 il - =7 il
C - Co4 | E — " 33
i ; 27 £ E :— 8 C

Use the diagrams to complete the following table.

titration number 1 2 3

final burette reading / cm?

initial burette reading / cm?®

volume of 0.100 mol/dm?
sodium hydroxide / cm?

best titration results (/)

Summary:
Tick (v) the best titration results.
Using these results, the average volume of 0.100 mol/dm? sodium hydroxide is

verenne €M, [4]

Calculate the number of moles of sodium hydroxide in the average volume of
0.100mol/dm? sodium hydroxide.

vrereeene. MOlES [1]

Using the equation
NaOH + HC! — NaCI + H,0

calculate the number of moles of hydrochloric acid in 25.0cm? of S.

ceeeeeennen MolEs [1]



(f) Calculate the number of moles of hydrochloric acid in 250cm?® of S.

wvereeeeenee. MolES [1]

(g) Calculate the number of moles of hydrochloric acid in the original 50.0ecm?® of
1.00mol/dm? hydrochloric acid.

ceveennneen. MoOlES [1]

(h) By subtracting your answer in (f) from your answer in (g), calculate the number of moles
of hydrochloric acid that reacts with the sample of RCO,.

weeeneenn. Moles [1]
(i) Using the equation
RCO, + 2HCI — RCI, + H,0 + CO,

calculate the number of moles of HGDa that reacts with the number of moles of
hydrochloric acid in your answer (h).

ceveeennnn.. MolES [1]

(i) Using your answers to (a) and (i), calculate the relative formula mass of RCO, and
hence the relative atomic mass of R.
[A:C, 12,0, 16]

relative formula mass of RCOy =........ooeiveinii,

relative atomic Mass of B = ..ot

[2]
(k) R is less reactive than calcium but more reactive than zinc.
Suggest the identity of R.
[Total: 15]

s/13/qp42




A student is given a sample of a metal hydroxide, MOH, and asked to determine the relative
atomic mass of M by titrating an aqueous solution of MOH with 0.095mol/dm? sulfuric acid,
solution S.

(a)

(b)

A sample of MOH is placed in a previously weighed container, which is then reweighed.

mass of container + MOH
mass of container

11.58g
8.89¢g

Calculate the mass of MOH used in the experiment.

The student transfers the sample of MOH to a beaker, adds about 100 cm?® of distilled
water and stirs the mixture until all the solid has dissolved. The contents of the beaker
are then transferred to a volumetric flask.

The solution is made up to 250 cm? with distilled water.

This is solution G.

25.0cm?® of G is transferred to a conical flask.

A few drops of methyl orange indicator are added to the conical flask.

S is put into a burette and added to the solution in the conical flask until an end-point is
reached.

What is the colour of the solution in the conical flask
() before Sis added, ... e

(i) atthe end-pPoint? . [1]



(¢) The student does three titrations. The diagrams below show parts of the burette with the
liquid levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
[ Fos - - 6 -
[ [ — 48 i -
e = 23 — - — 32
= 26 B - —7 -
C [ L — 49 - [
= Sl = 33
- — 27 - — 8 =

Use the diagrams to complete the following table.

titration 1 2 3

final burette reading / cm?®

initial burette reading / cm?®

volume of S used / cm®

best titration results (v')

Summary
Tick (v") the best titration results.

Using these results the average volume of S is

(d) Calculate the number of moles of sulfuric acid in the average volume of 0.095 mol /dm?
sulfuric acid, S, from (c).

....................................... moles [1]



(e)

(f)

(9)

(h)

Using your answer to (d) and the equation, calculate the number of moles of MOH in
25.0cm? of G.

2MOH + H, SO, — M,SO, + 2H,0

....................................... moles [1]

Using your answer to (e) calculate the number of moles of MOH in 250cm? of G.

....................................... moles [1]
Using your answers to (a) and (f) calculate the mass of one mole of MOH.
................................................. [1]
Using your answer to (g) calculate the relative atomic mass of M.
[A:H1;0,16]
................................................. 1]
[Total: 11]

s/12/qp42




A student did an experiment to find the relative molecular mass of an organic acid. He titrated
solution R, an agueous solution containing 8.50g/dm? of the organic acid, with solution S,
containing 0.100 mol/dm? of sodium hydroxide.

25.0cm? of S was transferred into a conical flask and a few drops of phenolphthalein indicator
were added. (Phenolphthalein is colourless in acid and pink in alkali.)

R was put into a burette and run into the conical flask containing $ until the end-point was
reached.

(a) What was the colour change at the end-point?
The colour changed from ... 0 L 1]

Three titrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
~ - - -
26 n o 3 B
0 = - — 29
- — 13 39 .
- 27 = o 4 -
1 § . — 30
= C 14 —40 -
E = e 5 E
= 23 o — =
— 2 - C — 31
c C 15 = .

(b) Use these diagrams to complete the table of results.

titration number 1 2 3

final burette reading / cm?®

initial burette reading / em?

volume of R / cm?

best titration results (/)

Summary
Tick (v} the best titration results.

Using these results, the average volume of Rwas ... CMP,

[4]



(c)

(d)

(e)

(f)

(9)

Calculate the number of moles of sodium hydroxide in 25.0cm? of S.

........................................ moles [1]

Given that 1 mol of acid neutralises 1 mol of sodium hydroxide, use your answer to (c)
to deduce the number of moles of the organic acid in the average volume of R.

........................................ moles [1]

Calculate the number of moles of the acid in 1.00 dm? of R.

........................................ moles [1]

Using your answer to (e) and the information that R contains 8.50 g/dm? of the acid,
calculate the relative molecular mass of the acid.

.................................................. [1]
(i) The general formula of an organic acid is C H,,,,CO,H.
Calculate the value of n in the formula for the organic acid in R.
[A:-C, 12,0, 16;H, 1]
3 S UURUSSUSSURR [1]

(ii) Deduce the formula for the organic acid in R.

The formula for the organicacid iN RIS .........cccccoiiiiiiiiieiieeeee (1



(h) A sample of the organic acid was reacted with an excess of ethanol, C,H.OH, in the

presence of a small volume of concentrated sulfuric acid to give an organic product, T,
and water.

(i) Suggest the formula for T.

The formula for T is [1]

(ii) To which homologous series does T belong?

[Total: 13]
s/10/qp41/qp42




A student was given a sample of an organic acid, T, and asked to

- determine its relative molecular mass, and
- suggest its molecular formula.

A sample of the acid was placed in a previously weighed container and reweighed.

mass of the container and the acid = 8.25g
mass of container = 6.749

(a) Calculate the mass of the acid used in the experiment.

crvennneenenan @ [1]
The student transferred the sample to a beaker and added 50.0 cm? of 1.00 mol/dm? sodium
hydroxide. The contents of the beaker were allowed to react and then transferred to a

volumetric flask. The solution was made up to 250 cm? with distilled water. This was solution
S.

25.0cm? of S was transferred into a conical flask.
(b) What piece of apparatus was used to measure this volume of $?
-[1]
A few drops of phenolphthalein indicator were added to the conical flask.
0.100mol/dm? hydrochloric acid was placed in a burette and added to the solution in the
conical flask until an end-point was reached.
Phenolphthalein is colourless in acidic solution and pink in alkaline solution.
(c) What was the colour of the solution in the conical flask

o before the acid Was AUeU, ........eieeee ettt et ee s e e eae e ee e e eeasaeaean e ssnsessneessen

* attheend-point? ...

1



Three titrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and the end of each titration.

1st titration 2nd titration 3rd titration
= —aa | Y
25 — — —
- — 48
(d) Use the diagrams to complete the following table.
titration number 1 2 3

final reading/cm?
initial reading/cm?
volume of hydrochloric acid used/cm?

best titration results (/)

Summary

Tick («) the best titration results.

Using these results, the average volume of hydrochloric acid required
WAS oo em?, [4]

(e) Calculate the number of moles of hydrochloric acid in the average volume of
0.100 mol /dm? hydrochloric acid calculated in (d).



(f)

(9)

(h)

(i)

)

Hydrochloric acid reacts with sodium hydroxide according to the following equation.
HC/ + NaOH —— NaCl + H,0

Deduce the number of moles of sodium hydroxide present in 25.0cm? of solution S.

reeeerenenee. MOlES [1]

Using your answer in (f), calculate the number of moles of sodium hydroxide in 250em?
of solution S.

vreennnnenne. MoOlES [1]

Calculate the number of moles of sodium hydroxide in 50.0 cm? of 1.00mol/dm? sodium
hydroxide.

ceveeenee.. MOlES [1]

By subtracting your answer in (g) from your answer in (h), calculate the number of moles
of sodium hydroxide that reacted with the original sample of the organic acid, T.

ceeeeeneeee. MOlES [1]

Given that one mole of T reacted with two moles of sodium hydroxide, calculate the
number of moles of T in the sample.

eerereeen. MOIES [1]



(k) Using your answers to (a) and (j) calculate the relative molecular mass of the acid T.

-[1]
The acid T contains two carboxylic acid groups and has the formula
HOOCC,H, COOH
where x and y are whole numbers.
(I) Deduce the values of x and y in the formula.
[A:C,12:0, 16; H, 1]
X..
[2]

{m) A sample of the acid T was reacted with an excess of ethanol in the presence of a small
volume of sulphuric acid.

(iy Give the formula of the organic product.

-[1]
(i) To which group of compounds does the product belong?

[Total: 18]



s/07/qp4

Redox

9

R is a mixture of iron(II) sulphate and iron(III) sulphate.

A student determined the percentage of iron(Il) sulphate in the mixture using 0.0200 mol/dm3
aqueous potassium manganate(VII), solution S.

Potassium manganate(VII), which is purple, oxidises the iron(Il) ions in the mixture.

(a) Suggest why potassium manganate(VII) does not react with iron(III) ions.

..................................................................................................................................... [1]
A sample of R was added to a previously weighed container, which was then reweighed.
mass of container + R =18.04g
mass of container =11.96¢
(b) Calculate the mass of R used in the experiment.
.............................. g [1]

The sample of R was placed in a flask, dissolved in 100cm? of dilute sulphuric acid and the
solution made up to 250 cm?® with distilled water. This was solution T.

25.0cm?3 of T was transferred into a conical flask.

(c) What piece of apparatus should be used to transfer this volume of T?

Solution S was put into a burette and run into the conical flask containing T.
(d) What was the colour of the solution in the conical flask
(i) Dbefore S Was added, ..........oooiiiiiiiie e een

(i) AUHNE ENA-POINE? ..o e eees oo seeeone
(2]



Three titrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

1st titration Znd titration 3rd titration

&% 46

BRRRERRRRERN
[

ERRRRRRRRERERE

(e) Use the diagrams to complete the following table.

titration number 1 2 3

final burette reading / cm?

initial burette reading / cm?

volume of § used / cm?®
best titration results (v)

Summary

Tick () the best titration results.
Using these results the average volume of Sused Was .........ccccccceeivieiieciiieiiiicnnns cmd. [4]
S is 0.0200 mol/dm? potassium manganate(VII).

(f) Calculate the number of moles of potassium manganate(VII) present in the average
volume of S in (e).



One mole of potassium manganate(VII) reacts with five moles of iron(Il) sulphate.

(g) Calculate the number of moles of iron(II) sulphate in 25.0cm3 of T.

.............................. moles [1]

(h) Calculate the number of moles of iron(II) sulphate in 250 cm3of T.

.............................. moles [1]

(i) Using your answer to (h), calculate the mass of iron(ll) sulphate present in solution T.
[M.: FeSO,, 152]

.............................. g [1]

(j) Using your answers to (b) and (i), calculate the percentage of iron(Il) sulphate in the
sample of R.

.............................. % [1]

s/06/qp4




Salt.xH:0 type questions

8

Iron(II) sulfate crystals have the formula FeSO,.xH,O, where x is a whole number.

A student determines the value of x using aqueous 0.0200mol/dm® potassium
manganate(VII), F.

Potassium manganate(VII), which is purple, oxidises iron(II) ions to iron(III) ions.

(a) A sample of iron(II) sulfate crystals is added to a previously weighed container which is
then reweighed.

mass of container + crystals
mass of container

10.94g
5.989g

Calculate the mass of iron(II) sulfate crystals used in the experiment.

(b) The student transfers the sample of iron(Il) sulfate crystals to a beaker and adds
100cm? of dilute sulfuric acid. The solution is made up to 250cm? with distilled water
and mixed well.

This is solution G.

Using a pipette, 25.0cm? of G is measured into a conical flask.

F is put into a burette and run into the conical flask containing G.

What is the colour of the solution in the flask

(i) before F is added,

(ii) at the end-point? crteeeeneeennnaesieaseneeenneesseeanns [1]

(c) The student does three titrations. The diagrams below show parts of the burette with the
liquid levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration
-6 21 - 39 3 :
E - :_1 7 E_ - —31
- - - e —9 s
-1 22 - - 40 E_ o
- - - : : F 32
E || O F SO
2 | fes = F 41 3 3
3 3 3 : E - 33
- = n 19 - —11 F




Use the diagrams to complete the results table.

titration number 1 2 3

final burette reading / cm®

initial burette reading / cm?

volume of F added / cm3

best titration results (v)

Summary

Tick (v') the best titration results.
Using these results, the average volume of Fis .........cccccooovuvvivveecieeenenen. €M, [4]

F is 0.0200mol/dm? potassium manganate(VII), KMnO,.

(d)

(e)

(f)

(9)

Calculate the number of moles of KMnO,, present in the average volume of F.

....................................... moles [1]
Five moles of FeSO, react with one mole of KMnO,.
Calculate the number of moles of FeSO, present in 25.0cm? of G.
.. moles [1]
Calculate the number of moles of FeSO, present in 250cm? of G.
.. moles [1]

Using your answer to (f), calculate the mass of FeSO, in the original sample of
FeSO,.xH,0.
[Ar: 0O, 16;%, 32; Fe, 56]

creerieeeee @ [1]



(h)

()

(k)

(1)

Using your answers to (a) and (g), calculate the mass of water in the sample of
FeSO,.xH,0.

Using your answer to (h), calculate the number of moles of water in the sample of
FeSO,.xH,0.
[A:H, 1.0, 16]

.. moles [1]

Using your answers to (f) and (i), calculate the number of moles of water combined with
one mole of FeSO,.

.. moles [1]

State the value of x in the formula of FeSO‘rtzO.

When iron(II) sulfate crystals are left to stand in air a yellow solid forms on the surface
of the crystals.

(i) Suggest the identity of the yellow solid.

1]
(ii) Why is it formed?
............................................................................................................................. [1]
(iii) The yellow solid is dissolved in water. Aqueous sodium hydroxide is added.
What is seen?
.............................................................................................................................. [1]
[Total: 17]
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10 Washing soda is hydrated sodium carbonate, NaQCO3.xH20, where X is a whole number.

A student determines the value of x in the formula by titration with 0.100 mol/dm? hydrochloric
acid, solution S.

(a)

(b)

(c)

A sample of Na,CO,.xH,0 is placed in a previously weighed container which is then
reweighed.

mass of container + Na,CO,.xH,O0 =8.31¢
mass of container =479¢g

Calculate the mass of Na,CO;.xH,0.

The student transfers the sample of NaZCO3.xH20 to a beaker, adds about 100cm? of
distilled water and stirs the mixture until all the solid has dissolved. The contents of the
beaker are then transferred to a volumetric flask.

The solution is made up to 250 cm® with distilled water.

This is solution T.

25.0cm?® of T is transferred into a conical flask.

Name the apparatus used to transfer this volume of T.

A few drops of methyl orange indicator are added to the conical flask. S is put into a
burette and added to the solution in the conical flask until an end-point is reached.

What is the colour of the solution in the flask
(i) before Sisadded, .....oocooovviiiiiiiii,

(ii) atthe end-point? .. [1]



(d) The student does three fitrations. The diagrams below show parts of the burette with the

liquid levels at the beginning and end of each titration.

first second
titration titration

—26 —4 =

Use the diagrams to complete the following table.

12

titration number 1 2

final burette reading / cm?

initial burette reading / cm?®

volume of § / cm®

best titration results (v')

Summary
Tick (v") the best titration results.

Using these results, the average volume of § is

(e) S is 0.100mol/dm? hydrochleric acid.

third
titration
— 36
— 37
3
e CMP [4]

Calculate the number of moles of hydrochloric acid in the average volume of S from (d).

cererenneenn. MOIES [1]



(f)

(9)

(h)

(i)

1)

(k)

One mole of sodium carbonate reacts with two moles of hydrochloric acid.
Deduce the number of moles of sodium carbonate which reacts with the number of
moles of hydrochloric acid from (e).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, moles [1]
Using your answer to (f), calculate the number of moles of sodium carbonate in 250 cm?
of T.

....................................... moles [1]

Calculate the relative formula mass of sodium carbonate, Na,CO,.
[A:C,12; 0, 16; Na, 23]

Using your answers to (g) and (h), calculate the mass of sodium carbonate, Na,CO,, in
250cm3 of T.

SSUPURRR s I i ) |

By subtracting your answer in (i) from your answer in (a), calculate the mass of water in
the original sample of hydrated sodium carbonate.

Using your answers to (h), (i) and (j) in the following formula, calculate the value of x
and write the formula for hydrated sodium carbonate.

_ answer to (h) = answer to (j)
18 = answer to (i)

formula for hydrated sodium carbonate ... . [2]

[Total: 15]

s/12/qp41




The formula for iron(II) sulphate crystals is FeSO,.xH,O where x is a whole number.
A student determined the value of x using 0.0200 mol/dm? potassium manganate(VII). This
was solution G.

(a)

(b)

(c)

A sample of iron(II) sulphate crystals was added to a previously weighed container,
which was then reweighed.

Calculate the mass of iron(II) sulphate crystals used in the experiment.

Mass of container + crystals
Mass of empty container

Mass of iron(IT) sulphate crystals = ..................

1
w

(1

The sample was dissolved in 100 cm?3 of dilute sulphuric acid and the solution was
made up to 250 cm3 with distilled water. This was solution H.

A 25.0 cm? sample of H was measured into a titration flask.

Solution G was run from a burette into the flask containing H until an end-point was
reached. Potassium manganate(VII) is purple.

What was the colour change at the end-point?

Three titrations were done. The diagrams below show parts of the burette before and
after each titration.

titration 1 titration 2 titration 3

— 25 — - "6 | |

— = 48 — —
——— — o3| - — 3
= — 26 = = —7 | B
— = - —49 — —
—1 | £ —24| [ - — 33
- — 27 - - =




Use these diagrams to complete the table of results.

titration number 1 2 3

final
reading/cm3

first
reading/cm3

volume of
solution G/cm?

best titration
results (v')

Summary.

Tick (v) the best ftitration results. Using these results, the average volume of G was
... M3, [4]

(d) Gis 0.0200 mol/dm? potassium manganate (VII).

Calculate how many moles of KMnO,; were present in the fitrated volume of G
calculated in (c).

veeeeenneee-miol@S [1]

(e) Five moles of FeSO, react with one mole of KMnO;,.
Calculate how many moles of FeSO,were present in 25.0 cm? of H.

reeeeeeennmolES [1]

(f) Calculate how many moles of FeSO, were present in the 250 cm? of H.

e MOlES [1]



(g) Using your answers to (f), calculate the mass of FeSO, in the original sample of
FeSQOy4.xH,0. [M,: FeSOy, 152.]

(h) Using your answer to (a) and (g) calculate the mass of water in the sample of
FESO4.XH20.

(i) Using our answer to (h) calculate the number of moles of water in the sample of
FeS0O,.xH,0.
[A:H.1: O, 16]

rreeenenemoles [1]

(j) Using your answers to (f) and (i) calculate the value of x in FeSO4.xH-0.

1]

s/04/qp4




HxA type Questions

8 A student was required to determine the value of x in the formula of the acid H A, by titrating
an aqueous solution of the acid S with aqueous sodium hydroxide T.

S is 0.0450 mol/dm? aqueous acid, HA.
T is 0.0800mol/dm? aqueous sodium hydroxide.
(a) 25.0cm? of T was transferred into a conical flask.
Which piece of apparatus was used for this measurement?
............................................. [1]
(b) A few drops of methyl orange indicator were added.
What was the colour of the solution in the conical flask?

A burette was filled with S, which was run into the conical flask until an end-point was
reached.

What was the colour of the solution in the flask when the end-point was reached?

............................................. [1]

Three titrations were done. The diagrams below show parts of the burette with the liquid
levels at the beginning and end of each titration.

1st titration 2nd titration 3rd titration

39
17 31

]
—_

D
K




(c)

(d)

(e)

(f)

Use the diagrams to complete the following table.

titration number 1 2 3

final burette reading / cm?®

initial burette reading / cm?®

volume of S/ cm?

best titration results (v)

Summary

Tick (v") the best titration resulis.
Using these results, the average volume of S was

e €M, [4]
S is 0.0450 mol/dm® H,A.

Using your answer to (c) calculate the number of moles of acid H A in the average
volume of S.

....................................... moles [1]

T is 0.0800 mol/dm? sodium hydroxide.
Calculate the number of moles of sodium hydroxide in 25.0cm? of T.

....................................... moles [1]

Using your answers to (d) and (e) calculate the number of moles of sodium hydroxide
which react with one mole of H A.

....................................... moles [1]



(h) ()

(i)

Using your answer to (g), suggest the chemical formula of an acid represented by
HA.
X

Write an equation for the reaction between the acid suggested in (h)(i) and sodium
hydroxide.

(1]
[Total: 12]
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9 The formula of an acid is written as H,A.

A student tried to find the value of x in the formula of the acid by titrating its aqueous solution
with aqueous sodium hydroxide.

S is a 0.0450 mol/dm?® aqueous solution of acid H,A.

T is 0.120 mol/dm? sodium hydroxide.

A burette was filled with S.

A 25.0cm? portion of T was measured into a conical flask.

(a) Which piece of apparatus was used for this measurement?

A few drops of methyl orange indicator were added.
(b) What colour change was seen at the end-point?
The indicator changed from .........cceeveiieninnnnee. (o TP (1]

(c) The diagrams below show parts of the burette with the liquid levels before and after
each fitration. Use them to complete the results table and summary.

first titration second titration third titration

39
17 31

titration number 1 2 3

final burette
reading/cm?

first burette
reading/cm?

]
—

[\
(4]

Results

volume of S
required/cm3

Summary.

Tick the best titration results. Using these results, the average volume of solution S was
...Cm3, [4]

BTN LT



(d)

(e)

U

(9)

(h)

s/03/qp4

T is 0.120 mol/dm?3 sodium hydroxide.
Calculate how many moles of sodium hydroxide are present in 25.0 cm3 of solution T.

S is 0.0450 mol/dm?3 H,A.
Calculate how many moles of acid H,A are present in your average volume of S.

........................................... moles [1]

Using your answers to (d) and (e) deduce how many moles of sodium hydroxide react
with one mole of H,A.

Using your answer to (f) deduce the value of x in the formula H,A.

Using your answers to (f) and (g) write an equation for the reaction between sodium
hydroxide and H,A.



