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Teacher’s Introduction

This activity pack is designed to help your students develop skills both during class and in an extracurricular setting.
The content covers titration where it occurs in a range of topics across the A Level course.

The resource contains:

e  astudent introduction

¢ 12 worksheets, each of which covers one of the skills outlined below

e  exam-style questions

e an appendix — a refresher for GCSE topics relating to titrations

Although each worksheet covers a specific section of the A Level resource, the exercises are primarily skills-focused.
These skills are all relevant to the A Level Edexcel examinations and are covered as follows:

1. Titration basics: results and uncertainties 7. Strong acids and bases

2. Concentrations and dilutions 8. Weak acids

3. Structured acid-base titration questions 9. Buffers

4.  Unstructured acid-base titration questions 10. Structured redox titrations

5. Back titrations 11. Unstructured redox titrations

6.  Titration curves and choosing indicators 12. The most difficult redox titrations

Each worksheet contains a short section of background information, followed by worked examples and then
in-depth questions to test students’ knowledge. The questions are split into three levels of increasing difficulty,
illustrated using the headings Prepare your solutions, High concentration and Drop the base. You'll find an answers
section at the end of the pack.

The pack also includes full exam-style questions which closely replicate the style of questions found in an
examination paper.

I hope this resource will be useful to your teaching and will help your students not only to tackle an area of
chemistry which many find challenging, but also to gain a deeper, more holistic understanding of the topic.

Free Updates!

Register your email address to receive any future free updates*
made to this resource or other Chemistry resources your school
has purchased, and details of any promotions for your subject.

* resulting from minor specification changes, suggestions from teachers
and peer reviews, or occasional errors reported by customers

Go to zzed.uk/freeupdates
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Student Introduction
Acids

Sour-tasting substances were called ‘oxein’ by the ancient Greeks. The Greeks di
responsible for sour tastes were acids. With the Romans, this word became ‘acet
vinegar, which tastes sour due to the presence of ethanoic aric: It was also know
o { react with meta

also noted tha’{valkails produce solutions of OH jons, and that acids and alkalis r
water. We still use these definitions today.

Titrations
Titrations were first used in eighteenth-century France. Joseph Louis Gay-Lussac d:
side arm, and inexplicably making it so the tap stuck out on the wrong side. Belo
another scientist, Biot, in a hot-air balloon in 1814, collecting gases at different a
improved the burette, adding a clamp and tip at the bottom, and then drawing
day, the sidearm tap of the burette remains curiously uncomfortable to reach ev
chemists.

Purpose of this pack
Titrations are probably among the more difficult practicals you'll do at school. Y
the solutions; swirling the flask and operating the tap at the same time always se
two hands, and even if you do manage to reach the end without your burette co
got to have a pretty good handle on the maths to make it all worth it.

This pack will equip you to deal with the really mathsv ity 8L ffting at the basic
exam questions, and everything you need to krov in

Resuits tables and uncertamtles .~ ... 7 7 strongacidsandb
Concentrations and dliu’m Y 8. Weak acids
9. Buffers

Structured acid-h <° 7
i ol 10. Structured redox t
: 11. Unstructured redo
Titration curves and choosing indicators 12. The most difficult

SOk wpn =
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Titration basics: results and unce

Key skills
e Reading a burette concordant
e  Completing titration results tables titrations, re
e  Caiculating mean titres titre — the r
e  Calculating uncertainties

Reading the burette Y &

Hilte
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Results tables

Usually, the first titre will be done very quickly to find a rough result. This result i
not be included in the mean. :

vFé%uits are obtained. Th

.+ icordant results is then taken,

. sum of alf concordant titres
mean titre =

number of concordant titres

Example table The experiment is repeated
to increase accuracy.

Rough 1 2 3
Start volume (cm?) 0.00
End volume (cm3) 25.65

pVolume of acid (cm3) | 25.65

End volume — Start volume

Titre 2 is not conca oy vitres 1 and 3 are concordant

Wlth tltre<v1 omot —they are within 0.10 cm? of
neah. each other.
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Uncertainties

Titration results come with a certain amount of
uncertainty. The main factor in this uncertainty is the
uncertainty due to the burette.

The uncertainty of a burette is + 0.05 cm? per I
reading. There are two readings in a titre; thereforz

the total uncertainty in a titre is 2 x 0.05 = 711 ¢ 3, =
e e e e = T~ | maam

Occasionally, you michi s, fc. 16 factor in the uncertainty from judging an en
ne _ncettainty of 0.05 cm?3 in every measurement.

Percentage uncertainties

Percentage uncertainties are a useful way of considering the scale of an uncertai
0.15 cm? if including the uncertainty due to the drop) is not very big if the averag
more important if the average titre is smaller, such as 8.5 cm?.

To calculate percentage uncertainty:
uncertainty % 100
value

% uncertainty =
Example
a)  Complete the results table.

Rough 1 2 3 Rou
Start - | start
volume 0.00 | 1815 | 005 | 1735| . . Jlume

o

(cm?®) . o em?)
End volume o1 | End volume
18.60 14 0480 ]
(cm3) s 1 | (em?®) 18.
Volume of Volume of

18.

acid (cm3)

cal

b) Calculate the mean titre for the results Mean titre _ 1740 ; 1
to 2 decimal places. 17455
=17.43
Q) Calculate the percentage uncertainty of the % uncertainty = Unceztam
mean titre due to the burette readings. ‘ 0:3 &
1743
=0.574
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Questions

1.

Prepare your solutions
Complete the results table below for a titration experiment.

Rough 1
Start volume (cm?) 0.00 12.65 |
End volume (cm?) 1265 | 2422 ¢
Volume ofacid (em?®) | .~ -7

L fon these burettes?
0

IHI|In
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High concentration
A titration has the following results:

Rough

Start volume (cm?) 0.80

End volume (cm?) 17.104 |

Volume of acid {cm?3)

Rough

Start volume (cm3) 0.05

End volume (cm?) 19.50

Volume of acid (cm3)

. Drop the base

The table below shows an incomplete set of results for a titration experiment
in the mean titre, taking into account the uncertainty due to making readings
due to the volume of a drop).

Rough

Start volume (cm?3) e | [

End volume (cm®) .,

-

Volumzcam ac . =

cleaned before this use. Explain how this could affect the mean titre.
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Concentrations and dilut

Concentration

Concentrations are used in titrations to calculate the amounts of a substance in
Concentration can be calculated using:

moles

concentration = and has un

voltim

To work out howto =~ = 'L.:-uOn“Wlth a specific concentration, you just have
_soltition with concentration 0.2 mol dm- and a volume

300
moles = concentration x volume = 0.2 x 00 = 0.0

Converting units

In titrations you may be given a volume in cm? with a concentration in mol dm™3
from ¢cm3 to dm?.

To convert a volume from cm3 to dm?, divide the value by 1000.

20

e.g. 20 cm® = —dm? = 0.020 dm’
To convert a volume from dm? to cm®, multiply the vaEue ; 300.
1240'cm? = 4000 cm?

e.g. 40cm =1

multiplying by ‘the new volume.

. old volume
new concentration = ————x old conce
new volume

e.g. A solution with concentration 0.5 mol dm= is diluted with water from 5 cm?

e
—
S Ny
new concentration = 0.5 x% = 0.25 wind “'.—3 i

moles

concentration = concentration

volume
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Example 1

10 cm3 of a solution with concentration : 0 1dm3 =100 cm3
0.30 mol dm=3 is diluted to 0.10 dm3. What is the Concentratlon = 0.30 x W
concentration of the new solution? :

= 0.0304nol d

Example 2

Citric acid has an M, of 192.1. R ocitric acid = 220 g
0.960 g of citric acid was dissolved in SOLE of 1921
distilled Water The solutlon wast el ¢ nedinto = 0.00500

LQO m?. ;
G of citric acid solution volume = 7000 €—

[ o 1 -3 :
Vask in mol dm | - 0250

in the volun

000500
T 0250

= 0.0200

! concentration

Questions

Prepare your solutions
1. Find the concentration in g dm= of a solution where 3.00 g is dissolved in 50

2.  How many moles are in 200 cm? of a 0.200 mol dm= solution?

3. Find the volume required to make a solution with .+ “:n _ijation 0.500 mol d

High concentraﬂon

‘ ! G «’made with concentration 2.00 mol dm™. 25.0 ¢
b C ,,?,,()U"‘d“m3 volumetric flask. Distilled water is used to fill the fl
concenXgg@# of HCl in the new solution.

5. Caiculate the total volume of a soiution of concentration 0.0125 mol dm=3 pr
0.400 mol dm= solution with water.

6. In atitration, a 2.00 cm? sample of Solution A is diluted to 100 cm?3. The 100
using titration, and is found to have a concentration of 0.240 mol dm=. Calcu
Solution A.

Drop the base

7. A 200 cm? solution of KI is made using 3.40 g of solid KI. KI has a relative for
concentration of KI in mol dm-3. :

8. 250 cm? of an NaCl solution with concentratic /1 74"9 jm—s is diluted to give
extra 0.500 g of NaCl is added. Calz . = . ‘ coricentration of the new soluti

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 7 of 67
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Structured acid-base titration ca

Titration calculations
The purpose of a titration is to find the concentration of a solution. Acid-base titr
reaction between a solution of known concentration and a solution of unknown ¢

concentration

moles = concentrati

= . . .
You will alsc’ g&xﬁ"‘ consider the effects of ratios of reactants in the reaction equ

eg. H3PO4 + 3NaOH — NasPO,; + 3H,0

ratio: 1 3 1 3

For this reaction, there is a 1 : 3 ratio of acid (H3PQO,) to base (NaOH).

Finally, don’t forget to convert your answer to the correct units.

Example 1
In a titration experiment, 0.210 mol dm= NaOH was used a)
to analyse a 25.0 cm? solution of HNO:. |

Start volume (cm?®)
Rough | 1 2 3 | % idvolume (cm?)
Start volume (cm?) 0.00 | 0.00 0.00 4 I\ slume of acid

End volume (cm® | 45.80 | 45.65 A 7 liem®
Volume of acid {cm®) | 4580 | .~ ' ]
; . 4565 + 4
. ; | mean titre = ———
The equation qgeahi- W 5 g
P - +NO; — NaNOs + H,0 ' b)  mol NaOH
a) Completethe results table above and calculate the

mean titre. ; o )
i ¢) ratioin reactio
b) Calculate the number of moles of NaOH in the mean :
mol HNO; =20

titre.

¢) Find the mass of HNO;s dissolved in the 25.0 cm? mass HNO; = 6
solution to an appropriate number of significant : - 0603 g
figures. (M; HNO; = 63.0) )

mol = conc x vol
Example 2

In a titration experiment, a standard solution of HSO4 2 mol H,SO, =
was used to find the concentration of a solution of Nac:! .

H2S0. + 2NaOH — NazS0s + 2H 7

O O

e | . b)  Ratio in reactio
50.0 cm? samples of the NaOH -z auc 1 yuve titrated '

against H,SO, withacc» & a4 i of 0.200 mol dm-3. mol NaOH =2

"g_‘o“

Find the\ige®oer of moles of H.SO, in th titre. |
a) n 3 © Per OT Moies O 2. 4 1N e mean Utre C) conc NaOH = 0

b) Find the number of moles of NaOH in each sample. =

¢) Find the concentration in mol dm= of the NaOH
solution to three significant figures.
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Questions

Prepare your solutions

In a titration experiment, 0.200 mol dm= HCl is put into a burette.
The following results are recorded:

Rough © 3
Start volume (cm?) 000 1. 16.15
End volume (cm?) N 'y 32.25
Volume of acid (7 | il

a) Fi

7-};9 ¢ a1 titre for this titration.
g&\ﬂ"‘ﬂ
b) Calctlate the moles of HCl used in the mean titre.

2. In atitration experiment, a solution of H,SO, with a concentration of 0.100 m
added to a solution of NaOH.
H,SO4 + 2NaOH — Na;SO4 + 2H,0
The following results are recorded:

Rough 1 2 3
Start volume (cm3) 0.00 0.00 23.85 0.00
End volume (cm?) 24.40 23.85 47.65 23.80
Volume of acid (cm?3)

a) Find the mean titre for this titration.

b) Calculate the moles of H,S0, used in the i n i ‘e

¢) Calculate the numberof ™ = 5f iqa-l which reacted with the H,SO..

Z
%
B
]
)
—
O
Z
®
O
Be
—<

COPYRIGHT
PROTECTED

" Stude’u’“fbrrns a titration experiment between HCl and KOH.

e

30.0 cm? samples of KOH were titrated with 0.200 mol dm= HCI. The student
13.70 cm?.

a) Calculate the moles of HCl in the mean titre.
b) Calculate the moles of KOH in the 30.0 cm? samples.

c¢) Calculate the concentration of KOH.

4. A student performs a titration experiment between H,SO; and KOH.

80.0 cm? samples of KOH were titrated with H.SO.. The H SO. solution was p
2.00 mol dm= solution diluted to 1.00 dm?. The st..'« ;¢ |culated the mean

a) Calculate the concentration of ..t "?4 :waéd"fh the titration.

b) Calculate the mole. - = Q’lfm the mean titre. Ig

0 CegrEt: .nesof KOH in the 80.0 cm® samples. Qg
vzlog(‘_\oﬂ M

d) Ca\@e the concentration of KOH. EéUCOtiOﬂ

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 9 of 67



Drop the base

5. A company wants to use calcium hydroxide to pickle cucumbers. To do this, i
that has a concentration of at least 6.00 g dm=.

A scientist diluted a solution of Ca(OH), from 200 cm3 to 1 dm3. The scientist
0.206 mol dm= HCl to titrate 250 cm?® samples of the soiutlon of Ca(OH),. Th
produced:

Start volume (cm?) 00Lws 1 330
End volume (cm®) 108 4055 | 40.50 | 4050
Volume g ac’y ' ‘*A .

ozoﬂ

g&\ﬂ‘) o

a) Us
b) Calculate the moles of Ca(OH), in the 250 cm? samples o a suitable nun
c) Calculate the concentration of Ca(OH), in the original 200 cm? solution i

d) Determine whether this sample of calcium hydroxide is concentrated en
6. A titration experiment involves the following reaction of a base, MOH, with H
HCl + MOH — MCI + H,0

236.4 mg of MOH was dissolved in 200.0 cm? of water. 20.0 cm?® samples of t
100 cm? and titrated against 0.245 mol dm~=3 HCl. The following results table :

Rough 1 | e 3
Start volume (cm?®) 0.55 05y 57| 040
End volume (cm?)

Volume of acid (cm3‘

AdOD NOILO4dSNI

compound MOH to an appropriate number of SIgmﬁcant flgures.
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Unstructured acid-base titration ¢

Titration Calculations

Titration calculations can be used to find out a number of different things,
such as:

e the concentration of an unknown solution

e  the mass of compound in an unknown substance .-
e the M: of a compound / the ldentity of o \o i from a §lst using M,

The steps that iead up to ang i ‘L e questions are usually very similar,

and you wilf negd tc.;» ‘:; . 0 cdrry them out comfortably under exam

ite 2 are labelled on the two examples below.

1. Work o zéquat:on for the reaction that happens in the titration.

2. Work out the moles in the mean titre.

3. Use the mole ratio to work out the moles in the solution being
titrated.

4.  Work out the moles in the original solution, i.e. before it was
diluted or samples were taken for titration.

5. Answer the question.

Example 1 Step 2

In a titration experiment, a standard solution of mol HNO; = 0.150 x &<
HNO; was used to find the concentration of a

solution of KOH. Step3 =0.002842 r

Step 1 (given in question) o )
HNO; + KOH — KNO3 + H,0 ;i action HNOs: Na
_Swep d

20.0 cm? samples of the NaOH 5o’ 1 . mol KOH = 0.002842

titrated against HzS0; waf‘* | Step 5

0.150 mol drosihe: t conc KOH = 0.002842
2 ? -

Find the con\a#®5tion of the NaOH solution to § 0'1%3 mol

three significant figures. 3sf

Example 2 Step 2

Compound A is one of the monoprotic carboxylic moles NaOH = 0.200

acids from the list below:

« methanoic acid HCOOH § Step 3 = 0.00655

+ ethanoicacid  CH3;COOH | ) )

« propanoic acid CH3;CH,COOH ; monoprotic, so 1: 1 ratio®

+ butanoic acid  CH3CH.CH>COOH ;
i n(A)in25cm?® = 0.00655
5760 mg of Compound A is mixed with water and
made up to 500.0 cm?. 50.0 cm? samples of the ., . » 4
solution are titrated against 0.200 mol dm* [ » o

Step 4

a “«
M A =225 0.0
; =879

: Step 5

Compound A is butanoic a

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 11 of 67
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Questions

Prepare your solutions

50.0 cm?® samples of NaOH with unknown concentration were titrated agains
following results. Calculate the concentration of NaOH.

NaOH + HZ! -\ l+ H,0

s R 3

L BT70 0.65 17.65
35.45 17.65 | 34.70

Start volume (cm?3)
?C. X “‘Qij £

2. 250 cm” samples of KOH with concentration 0.130 mol dm= were titrated wi
results. Calculate the concentration of HSO..

2KOH + HzSO4 — KzSO4 + ZHzo

Rough 1 2 3
Start volume (cm3) 045 0.55 0.00 0.40
End volume (cm?) 32.55 31.50 31.55 31.35
Volume of acid (cm?3)

High concentration
1.37 g of an unknown hydroxide MOH is dissolved in water and made up to *
titrated against 0.100 mol dm= H,SO,, givmg a mezr, | :gof 30.58 cm?3. Use
hydroxide MOH. '

.‘ -y "E + !12504 —> M2504 + HZO

4. The puraty ofa sohd cnd gLUg is tested by titration. 9.33 g of the sam
24 b of the solutlon are titrated with 0.125 mol dm=3 HCl.

Rough 1 2 3
Start volume (cm?3) 0.55 0.30 0.05 0.15
End volume (cm?) 41.90 41.10 41.10 41.05
Volume of acid (cm?3)

Write a balanced equation for the reaction between HCl and K,COs, which pr
products, and use the results to find the purity of the solid sample.

. mass of K;CO3
==X
percentage purity = —— po— 100

‘Drop the base

Two 10 cm?3 solutions of KOH, Solution A and SoEution] T re mixed together
volumetric flask. Solution A has a concentratic ..z ' | 3 10l dm3, and Solut

concentration. 25.0 ¢cm?3 sampies of tPM i "“u.: e titrated with 0.200 mol d
21.80 cm?. Write the symbol
Solution B.

€ i-this reactlon and use it to calculate

| cC - 'a.hs’jzy'86 g of Ba(OH)z, an unknown mass of NaOH, and ar:
impurit! w"“ ’ampie is dissolved in water and made up to 250 cm? in a volur:
tested using 0.150 mol dm2 H.SO., giving a mean titre of 28.85 cm3.

Ba(OH)z + HzSO4 — BaSO4 + Hzo
2NaOH + HzSO4 — Na2$O4 + 2H20

Find the mass of the unreactive impurity in the sample in g.

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 12 of 67
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‘Back’ titrations

‘Back’ titration

A back titration is a type of titration used to investigate substances which are
not very soluble, or when a reaction would be too slow to study using titration.
For example, to work out the amount of calcium carbonate ir “:rock, we cannot
use a normal titration because calcium carbonate doe< i is olve in water.
Instead we would react the calcium carbonat~ . iti ‘ar _..cess of acid first, in a
back titration. 6

The amount of titrant is calculated by:

e finding out how much acid/alkali is remaining and using this value to calcula

e using how much acid/alkali was used up to work out how much of the unkn
original solution to react with it

amount of titrant (unknown)
< . ?__, »

add an excess of reagent

A

this much reacts find remaining am

A
\

Example 1 P »
A 132 mg solid sample of a car-= e | 'wus, is | Step 1: find the moles of H
added to 50.0 cm? of H7l ‘v “silentration of |

' mol NaOH = 0.100 x 2

0.120 mol cgefSllhe « 1 wonis:
W &
MCCEIC! — MCl, + H,0 + CO, | = 0.002868
The resulting solution is analysed with " mol HCl = 0.002868
0.100 mol dm= NaOH, giving a mean titre of
28.68 cm’. | Step 2: calculate the moles
HCl + NaOH — NaCl + H,0 total mol HCI = 0.120 x =2
: ) 10
Determine the identity of the carbonate. § - 0.00600

| mol HCl used = 0.00600 -
| = 0003132

y alculate the moles

m.ﬂ MCO3 = 0.003132 -

= 0.001566

| Step 4: answer the questio

i «
i = ﬁ =

M, of MCO; = 000 0.00
Aof M =843-12

| MCO; is MgCO;3

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 13 of 67
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Questions

Prepare your solutions

A 0.782 g sample of chalk contains CaCO; and some unreactive impurities. Tt
solution of 0.100 mol dm=3 HCl.

\:§L+ COZ + Hzo

CaCOs + 2H7! 5~

50.0 cm? samples of the resul+ . n) _ are titrated with 0.100 mol dm- K

HCl + KOH — KCI + H,0O

b) Calculate the moles of HCl remaining in the 250 cm? solution after the C
c¢) Calculate the moles of HCI which reacted with the CaCOs.
d) Calculate the moles of CaCO; added to the acid.

e) Calculate the mass of calcium carbonate present in the rock sample.

2. Ammonia is a volatile base and cannot be titrated against directly. A back titr
the number of moles of ammonia in a 3.00 dm3 solution.

A 30.0 cm? sample of the 3.00 dm? solution reacts with 0.0250 mol of HCl an¢
distilled water. :
HC + NH ?1H4Ci

20.6 cm® samples of the resuiting soiunm e ‘ra’r m\_/d agamst 0.100 mol dm-
3245 cm3. -

AdOD NOILO4dSNI

a) Calgggte " “ “0vKOH in the mean titre.

ae
b) Fr ié\’d“ amount of KOH reacted, calculate the moles of HCl remaining
reacuon WIth NHs.

c¢) Calculate the moles of HCI which reacted with the NHs.

d) Calculate the moles of ammonia in the 3.00 dm? solution.

COPYRIGHT
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High concentration

1.15 g of a pure solid sample of a hydroxide with the formula M(OH); is plac
HsPO, and diluted to 250 cm?.

25.0 cm? samples of the resulting solution are titrated 2= nst KOH with conc

HsPC + $KCH L KsPO; + 3H,0

The following results are r uru yis
Rough 1 > 3
0.55 0.15 0.05 0.20

40.00 39.00 38.95 39.00

Volume of acid (cm3)

a) Balance the equation for the reaction between M(OH), and H3PO..
b) From the mean titre, find the amount in moles of H3PO4 in 250 cm? after

c¢) Determine the formula of the salt M(OH)s.

4. A pure solid is thought to be sodium carbonate heptahydrate, Na,CO3+7H,0
determining the relative formula mass of the salt by reacting the solid sodiur:
and then titrating the resuiting solution with a standard solution of 0.100 mo:
unreacted acid. Outline, with brief practical details, an experiment to determi
the solid, including any calculations you would per‘fn o U are provided wi
HNO:. 1

5. Aninsc ;:»hd salt has the formula MgCO;+ xH,0, where xis a whole num
finding WP lative formula mass of the salt. A crucible is placed on a balance
142.34 g. The salt is placed in the crucible, and the combined mass of the cru
This mass of MgCOs+xH,0 is placed in 150.0 cm? of 0.240 mol dm= HCl and

The solution is diluted to 250 cm3, and 50.0 cm?® and the samples are titrated
giving a mean titre of 20.08 cm?. Calculate the value of x.

6. A 200 cm? solution contains a mixture of Ba(OH), and NaOH. 250.0 cm? H,SC
0.200 mol dm= is added so that H,SOj is in excess of both reagents. The follc

2NaOH(aq) + H2S0s(ag) — NaxSOs(aq) + 2H.O(
Ba(OH)(aq) + H2804(aq\ > SaSO4(s) + 2H,0()

BaSO; is a precipitate and is removed b fire 'fj i “'-ls'"drsed and weighed to

The remaining solution is 7.z 4€’ L 7 o JOO cm3 and 50.0 cm? samples are titre
find the remainir '« ‘L:{ g a mean titre of 41.30 cm?.

2NaOH + H,504 — NaS0,4 + 2H,0

Caiculate the concentratlon of NaCH in the 200 cm3 solution in mol dm=3.

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 15 of 67
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Titration curves / indicat

Titration curves
Titration curves show how pH changes as one reagent is added to the otherin a
simple neutralisation curve for a titration in which 0.100 mol dm~ NaOH is adde

Key points

strong acid

I

e  The graph represents the change

inpH as NaOH is added toHCl. .~ _U
»  The solution starts acidic 7.2 ¢t \ 12

and becomes mor- & h I I I

s

. :;ec‘fi'on, a small 10 ‘ ’

volume™ar NaQH addeq !eads toa oH

large change in pH. This is where Equivalence at pH 7 —I

the indicator changes colour. LA —
e The equivalence point is the centre 6

of the steep vertical section of the

graph. 4
e  For this titration, the acid and base Z

reactina 1: 1 ratio, and have 2

equal concentration, so the

equivalence point occurs when the 0

volumes are equal (25 cm3). o 5 10 15 2 ‘ ’

volume

Strong and weak acids and bases P o

C
D
()]
Q
2
3 T
2 c
@ (o}
O0 10 20 I 30 40 50 > O0 10 20 30 40 50 > n
volume of base added / cm? volume of base added / cm?
14A ‘I4A
COPYRIGHT
12 12
- PROTECTED
()]
2 o e
a -
= 5
4] : '
7] : i
3 T ;
2 ' Eg
o I

»
g 10 20 30 40 50

)
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volume of base added / cm3
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Example 1

Choose a suitable indicator from the list below for
the following graph.

Indicator pH range
methyl orange 3.1-44
bromothymol blue 6.0-7.6

phenoiphthalein 8.3-10.0

4

a »
0 10 20 30 40 50 %

volume of base added / cm?®

Example 2

Draw a pH curve for 0.200 mol dm= NaOH, a
strong base, added to 30 cm?® 0.100 mol dm=
CH;COOH, a weak acid.

Label the egquivalence point.

Example 3

Draw a pH curve for 0.100 mol dm= HCl, a strong
acid, added to 20 cm? 0.100 mol dm= NaOH, a
strong base.

Label the equivalence point.

Steep section is from appr

Methyi orange is the only

ST T30 40

[ 10 20 30 40

volume of base added /

. centre of the steep secti

[ 10 20 30 40

valume of base added /

v‘volume of acid added / cm?
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Questions

,; Prepare your solutions
Here are four titration curves. All reagents have a concentration of 0.100 mol dm-

0 > i) »
10 20 30 40 50 % 0 10 20 30 40 50 "
volume / cm? volume / cm3
A A
14 C 14 D
12 12
10 10
pH & pH &
6 6
4 4
2 2

. |-
0 R R I 0 3 ) >

volume / cm? vorsiEE a2

“ii‘propanoic acid

b) adding ammen 1

) a ?d.arn"‘hj}droxide to 25 cm? ethanoic acid

G

2. This table shows information about some pH indicators which could be used

Indicator pH range Low pH colour
bromothymol blue 6.0-7.6 yellow
phenolphthalein 8.3-10.0 colourless
alizarine yellow 10.1-12.0 yellow
bromocresol green 3.8-54 yellow
thymolphthalein 9.3-10.5 colourless

a) Which indicator(s) could be used to track the titration represented by ¢

b) Which indicator could be used to track the titraticr * ‘presented by curv

‘zurmg the titration repr

c) Identify the colour change for thymo'ah zié'f:;

High concent=a . ~

and that the pH of the solution does not change. Use the tabie above to ide

4. Sketch a titration curve for 50 cm3 0.100 mol dm=3 HCl added to 35 cm3 0.10

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 18 of 67

AdOD NOILO4dSNI

COPYRIGHT
PROTECTED

'9

)

Education




Drop the base
5. Sketch the titration curve for 50 cm3 0.100 mol dm= NH; added to 10 cm3 0.

6. A student is performing a series of titrations of the acids and bases shown in

Acid Base
weak strong | reak strong
CHsCOOH | _Fis ' . CrsNH, KOH

The following indicators are “vafi L -

Indicator pH range
methyl orange 3.1-44
bromothymol blue 6.0-7.6
phenolphthaiein 8.3-10.0

For the following titrations, select the indicators which would give a precise €
a) CHs;COOH titrated against KOH
b) CHsNH; titrated against HBr

¢) HBr titrated against KOH

AdOD NOILO4dSNI
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Bronsted-Lowry
According to the Brgnsted-Lowry theory of acids and bases:

Acid . Base
proton donor o proton accep:
HA=H" + A~ B + H,O = BH*

Strong acids y
Strong acids are acids v . .¢ “%.éely ionise in solution. This means we can writ
p . udon of H- ions can be found from the concentration o

. H jon, so [H*] = [HC}] HCl -

e  H,SO, releases two H* ions, so [H*] = 2 x [H2SO4] H,SO.

pH is a way of measuring the concentration of H* ions.

You can find [H*] from pH using: [H*] = 10-PH

pH = -|Og1o[H+] 4—— [H*] means
\ concentration of H* ions

negative sign "log to the base 10

auty L on Vour calculator

Strong bases
Bases are in s ok
®M\: Lase, first find [H*].

HA + H,0 = BH* + OH-

sy L.
To do this yOGe*7 have to use Ky, the ionic product of water.
At room temperature: Kw = [H*] x [OH] = 1.00 x 1014
. . 100 10"
To calculate [H*], rearrange this equation: [H] = o )
'Jv’/‘“:;\
The pH can be calculated in the usual way: pH = -logo[H*] a
Example 1
Find the pH of a solution of H;PO4 with [H*] =3 x 0.001
concentration 0.00120 mo! dm=. § = 0.00360
pH ) = -Iog1o(0.C
= =244
Example 2 .
Find the concentration of a solution of HZ! vy | 41 d =10"3
i ' = 0.0501
Example 3 e »
Find the pH jiu’tion of NaOH with [OH] = 0.00670 ¢
concentration 0.00670 mol dm-2 at room ] _ 100x 10"
temperature. (K, = 1.0 x 1074 2 0.00670
g =149 x 1C
pH = —Iog1o(1.£§
’ =118

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 20 of 67
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Questions

Prepare your solutions

For the following solutions, convert between pH and concentration.
a) HCl concentration 0.00100 mol dm=

b) HBr pH 2.30

c¢) H:SO.concentration 0.000400 r‘;f" Y ;

2. FindthepHofthefc'z -, . .«hgbases using the ionic product of water K.
a) Nais

; .@%1 0.00160 mol dm-3

c¢) Ca(OH), concentration 0.0000451 mol dm™=3

High concentration

3. Ammonia, NHj3, is added to water to form a solution for use in a titration.
During this step, the following equilibrium occurs:

NH; + H,0 = NH4* + OH-
The pH of the solution for titrating is found to be 11.7.

Calculate the concentration of OH- ions in the solution using the ionic produ
Kw = 1.0 x 10 mol dm-.

4. A solution of H,SO, is found by titration te he fe";“”:*;;\ _entration of 0.000520
Caiculate the concentration of OH-j i . 1e solution.

WA periment, 500 cm? of 00100 mol dm- HCl is added to 150 crr
In this step, the following reaction occurs:

NaOH + HCl — NaCl + H,0

By working out the concentration of either the H* ions or the OH- ions left o
resulting solution.

6. At 10 °C, the ionic product of water is 2.88 x 107>,
a) Use a calculation to show whether pH 7 is acidic, neutral or alkaline at 1

b) 40.0 cm? 0.00420 mol dm~3 KOH is diluted to 800 cm?® at 10 °C. Calculate
10°Cto 2 dp.

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 21 of 67
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Weak acids

Weak acids
Acids are substances that dissociate to form H* ions. Whereas strong acids dissoc
dissociate completely. Many organic acids, e.g. carboxylic acids, are weak acids.

HA - H* + A~ Strong HA =

Ko

Each acid has a quantity called lts l( ih o ay of measuring the strength of
much it dissociates. s

For an acid HA = H* + A- Ks can be calculate

When the acidf HA dlssoaates equal numbers of A~ and H* ions are in the solutio
[A] = [H"]

~n

[H']

Al which can be

and so: K, =

The stronger an acid, the more of it dissociates to form H*, and, therefore, the hig

PK.
K. values are often extremely small or extremely large numbers, so K, values are ¢
of pK. values to make them more manageable.

pK, is calculated as: pKa = -logso(Ka)

Stronger acids have lower (or even negative) pKa value.

Example 1 T4 | T rea
Phenol has a pK, value of 9.20 . LK, = 10-PKa «
phenol. ! = 1098
=16x10710
Example 2 >
CClCOOH has a pKa value of 0.65. Find the Ke =107 «—
concentration of H* ions in a 0.0500 mol dm-3 ’ = 107065
solution of CCls;COOH. =0.224
CCl;COOH = CCICOO + H* K _ [CCL,CO0TH']
P ~ [CCIL,COOH]
' [H"]  =[CHsCOO],s0
PRI
P [CCL,COOH]

Example 2

CH3;COCH has a K, value of 1.58 x 10-5,
CH3;COOH = CH3COO‘

Calculate the pH of 2 0.200, . - - ~saiution of

CH3COOH. L

[H] = ./[CCI;COOH]xK,

{H*] = [CH3;COOH]xK,

=+/0.05x0.244
=0.110 mol dm3

_ [CH3€007][H?]

T [CH3COOH]

= {CH;CO0O], so
_ WP

~ |CH3;COOH]

=+/0.2x1.58 x 10
1.78 mol dm™3
—|Og10(1.78)
=-0.25

©
T
1
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Questions

Prepare your solutions
Convert these values:

a) Ki=142x10°topK,
b) Ki=4.98x107to pKa

o pKi=103toK,

pKe=312t0 Y, v

a) Wntevan expression for the K, of HSCN.
b) Calculate the pH of 0.0108 mol dm= HSCN.

'High concentration
HNO; is a weak acid with a pK; of 3.29.

A solution of HNO is found to have a concentration of 0.0452 mol dm3.

Calculate the concentration of NO, ions in a solution.

4. A 0.0230 mol dm3 solution of phenol, CHsOH, has a pH of 5.79. Calculate th

Drop the base

pK, values are often given for
other solvents, forex.; -

& dlssolved in water. pK, can also be

AdOD NOILO4dSNI

The ta’ "';‘w owsthe pK, values of ethanoic acid, CH;COOH, in two soh

pK. in water pK. in DMSO
476 12.3

a) Explain what it means that ethanoic acid has a higher pK, in DMSO than

b) What concentration of ethanoic acid in water would have the same pH &
ethanoic acid dissolved in DMSQO?

6. The pK, of water, H,O, can be calculated in the same way as that of any othe

COPYRIGHT
PROTECTED

a) Write an expression for the K, of water.

b) 1 dm? of H,O contains 1000 g of water. Determme ’fl“ 2 value of [H,0] giv
formula mass of 18.

¢) Calculate the pK, of water usmr s ‘:jjc‘\,n-f’ra'fiﬁon of H-O along with [H

product of water [H 1y
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Buffers

Buffers
Buffers are solutions which can minimise the change in pH when a small amoun

Forming buffers

Buffers are formed by combining a weak acid with asalt ¢ . weak acid. For exz
could be formed by adding sodium ethanoate to ¢ 1ia <ia.

Sodium ethanoate salt dissociat> e n L A
Ethanoic acid is in equil's o :f,_,. - CH3;COOH = CH

o 9
How buff! ea\;‘? ;m pH chunges
Buffers minimiise pH changes when H* or OH- ions are added through shifts in th

base equilibrium:

add acid 1

1

HASH + A !
1

1

—a o>
add alkali

For the examples of CH;COOH\CH;COO- buffer above:

When H* ions are added When C

e  The concentration of H* increases. e OH-reacts with F
e The equilibrium CHs;COOH & CH;00 + H* shiftsto «  The concentratio
the left and [H*] goes back down. = . The position of e

e  The pH change is minimised. g 250, .~ CH;COOH = CH;

Buffer calculatic -

'l-ﬁ,g 0l.en mvolve finding the pH of a buffer solution. It is importan

ol
rearrangeme\gg®

For this, use the formula: Ka= %
Which rearranges to: :—_[;':]_:_K_ _X_iA]_ K -
AT AT
1

Once you have calculated [H*], you can calculate pH in the usual way, using -log1¢

Example 1

A 1 dm? buffer solution is formed by mixing First, you heed to calculate
400 cm?® 0.175 mol dm= CHCICOOH (acid) with i and tF > salt when they hav
600 cm? 0.200 mot dm- CH,CICOONa (salt). . 2

0.175 x 400
1000

= 0.0700

. _0.200 x 600 <«
:[A} T 1000

AR - —

CH,CICOOH has a K, of 1.380 x 1(‘-’ {‘w'f,..ﬁcf;trfe

pH of the buffer solutlon "

gy

| = 0.120
[H] = 1.380x 102 x

pH =309 +—— cilc

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 24 of 67
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Example 2
A scientist wants to make a buffer with a pH of | The first step is to recognis:
3.60. Calculate the mass of NaNO, which could be | from the NaNO; is A~. '
added to a 150 cm? 0.200 mol dm=3 solution of ;

AT = K, %
HNO,. HNO: has a pK; of 3.29. ;
K
A
5 _ 150
= 0.0613 mol

' mass Hy,o.oms x 69
=422¢g

mol HNO, = mol A~

Questions

Prepare your solutions
1. Suggest a salt that could be used to form a buffer with the following weak ac

a) Methanoic acid, CHOOH
b) HCN

2. Abuffer solution is crea’re" i 1 g solutlon of CF;COCH with CF;COON:
the buffer equlhhrl C v s ‘buffer system minimises changes in pH wher:

AdOD NOILO4dSNI

nc,uht of HCI is added
iévd“‘

L4 a

e asmall amount of NaOH is added

High concentration
3. A 1.00 dm3 buffer solution is formed by mixing 200 cm?3 of 0.150 mol dm= H

HS~.
H.S has a pK, of 7.04. Calculate the pH of the buffer solution.
COPYRIGHT
4. A smail amount of ammonia, NHs, is added to an excess of hydrofluoric aci PROTECTED

forms a buffer which regulates pH when an acid or an alka%i is added.

5. Llactic acid, CH3CH(OH)COOH, has a pK, of 3 £y A " i:._i of factic acid is add

a) Explain why a buffer forr‘ dit ' Ldc ‘acid is added to a small amoun

'9

b) Find tha mz.< {L m:ld'needed to create a buffer solution with a p

)

Education

6. A buffer is formed between 600 cm? of 0.350 mol dm™ CsHaNHCI pK, 5.25 ar;
solution containing its conjugate base. Find the mass of the conjugate base r
buffer system to 5.60.
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Structured redox titratio
Redox

Redox reactions occur when one species’ oxidation number (also
known as oxidation state) increases and another species’ oxidation
number decreases. :

Cu goes from 0 — 2+ so is oxidised and is, therefore, a reducing agent.

Redox titrations
Redox titrations use redox reactions rather than acid—base neutralisations. Becau
involve a colour change, many redox titrations don't need an indicator.

Whereas equations for neutralisation reactions used in acid-base titrations are u
redox reactions can be quite complex.

| Baloncmg redox equations
| Firstly, the individual half-equations must be balanced, anf‘ *. 1 the equations ¢
1e.g. (1) Fe? — Fe¥* + e 16

@ MnOs — Mn2+ _ This equa

s Step 1: Bgnc~ ‘\ ‘M. < use H*/H,0 (acid) or OH/H;0 if you need t

e  Step 2: Balance the charges.
8H* + MnO4~ + 5e- — Mn?* + 4H,0

e Step 3: Combine the two equations to make a balanced redox equation
Combine the reactions so that the electrons balance on each side:

5x(D) + (2) = 5Fe?" + 8H" + MnOy4 + 5¢° — 5Fe3* + 5¢°+ Mn2* + 4H,0

Cancel the electrons (sometimes you will have to cancel other species such

5Fe?* + 8H* + MnQO,; — 5Fe3* + Mn2* + 4H,0

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 26 of 67
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Example 1
Iodine () and thiosulfate (S,0:*) react together in

. . : 2678 &
the following reaction: ‘a)  mol S0 W x {
L + 25,052 — 2 + $406- | = 0.0053
50.0 cm? samples of an jodine solution were b) mo§ L =0.0053
titrated with 0.120 mol dm=3 thiosulfate solution. ' = 0.0026
The mean titre was 26.78 cm3. ' = 4
i .. g conch = 0.0026
a) Calculate the number cf - A ”1 “iosulfate = 0.0535¢
used in thegnest * o 7 ﬂ
b) Caicula ::nu‘r"h"ber of moles of iodine
requirec®o react with this amount of
thiosulfate.
¢) Calculate the concentration of iodine in the
original solution.
Example 2 ‘
A lump of soluble iron(Il) salt was dissolved in a) volMnOs = 34'55;34'
250 cm? water, and 25.0 cm3 samples were taken |
and titrated with 0.150 mol dm= MnQO,~ solution. =34.53¢
The titres recorded were 34.55, 34.50 and 34.70 :
cm?, i b)  mol MnOs~ =0.150 »
5Fe2* + 8H* + MnOs — 5Fe3 + Mn2* + 4H,0 s =5.180 »
h q . culate ¥ »"'1 ' 5 ratio MnQy4 : Fe?!
a) Use the concordant titre§ fo c? cu/a“t i somolFe =5 x 5.1
mean volume of MnOgin e o 9
" = 0.0259

b)

Q)

d) Calculate the moles of Fe?* in the original

e) mass Fe
lump of salt. ;

e) Calculate the total mass of iron in the original
Fe’* salt.

') moles of Fe = 0.0259

=0.2590
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Questions

Prepare your solutions

50.0 cm3 of an iron(Il) solution is titrated with 0.0200 mol dm=3 KMnQ4 soluti
18.50 cm?. The reaction is:

SFe* + 8H* + MnO -~ - it % + Mn?* + 4H,0

-

a) Calculate the number of moles f:f Ny ;

.4 In the titration.

b) Calculate the numbo - m"» ;:.s.-OT"TfeE* which reacted with MnO4~.

cC 3y o sodtton of Fe2” jons in the 50.0 cm? solution.

e

2. lodine (®&nd thiosulfate (S.0:%) react together in the following reaction:
Iz + 252032_ — 2+ 54062_

50.0 cm? samples of an iodine solution were titrated with 0.120 mol dm= thi
was 26.78 cm?3.

a) Calculate the number of moles of thiosulfate used in the mean titre.
b) Calculate the number of moles of iodine required to react with this amo

c) Calculate the concentration of iodine in the original solution.

High concentration

3. 3.25 g of a soluble iron(ll) salt with the formula FeX; is discolved in 1.00 dm?
titrated with 0.0200 mol dm= KMnQ,, givingame-> e ﬁ 25.65 cm?.

The following reaction occurs during b« cavud

- - 4+ BH* + MnOs — 5Fe + Mn2* + 4H,0

AdOD NOILO4dSNI

a) Caic&[ate the number of moles of MnO4 used in the titration.

b) Calculate the number of moles of Fe2* which reacted with MnQO4~.

c¢) Calculate the number of moles of Fe2* ions in the 1.00 dm3 solution.

d) Determine the relative formula mass of the iron salt, and so determine t
4. A sample of impure iron with a mass of 6.00 g is reacted with excess nitric ac

iron(Il) nitrate which is made up to 500 cm3. 25.0 cm?® samples of the solution
potassium permanganate, giving a mean titre of 23.93 cm?®.

COPYRIGHT
PROTECTED

The following reaction occurs during the titration:

SFe?* + 817 =1 'n 3, 5Fed + Mn2* + 4H,0

~ Jus'of MnO used in the titration.

a) Calculate the num'.

'9

by CC >t ;fx;}rﬁ}":jér of moles of Fe2* which reacted with MnO4~.

)

Education

C) CaN#2 the number of moles of Fe?* in the original sample.

d) Calculate the mass of iron in the sample and hence determine the perce
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rop the base

A 500 cm? solution of hydrogen peroxide, H.O,, with a concentration of app
analysed using titration methods.

Step 1
8.40 g of potassium iodide is added to the hydrogen peroxide solution and t

Ho0 + 2H - .~ 1, + 2H,0
Step 2 Ne "
50.0 cm® samples of the resultine <= au & - re utrated with a solution of 0.15

giving a mean titreof 26 77 m°

e - eeurs during the titration:

: I + 2NayS;0; — 2Nal + NayS406
a) Demonstrate that iodide ions are in excess of hydrogen peroxide in Ste
b) From the mean titre, deduce the number of moles of H,O; in a 50.0 cm?
c) Calculate the concentration of H,O; in the original 500 cm? solution.

6. 6.03 g of a pure soluble iron(Il) salt with the formula FeSO4 n1H,O was dissolv
cm?® samples were taken and titrated with 0.0150 cm?® MnQO4~ solution, giving
The following reaction occurs during the titration:

S5Fe* + 8H* + MnOs — 5Fe3* + Mn?* + 4H,0

a) Calculate the moles of MnOy4 used in the titration.

o

b) Calculate the moles of Fe?* titrated.

«

c) Calculate the moles of Fe2r ~. ¢ e ) Aj,suivedwsampie.

,,,.f,:rnd’iadrﬁass of the salt FeSQ4+H:0O and thus det

AdOD NOILO4dSNI

d) Calculatethe .2 * “
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Unstructured redox titrati

Unstructured calculations

Unstructured redox titration questions can be worth around 4-7 marks. They may
which you haven't seen before.

When performing unstructured redox titration calculat s« .¢ ¢« :n sometimes be h
information you have been given to the ansv:» E ~h 5.4 O
them all together can be difficult Wi""‘f it 6’r ne

Here is some agusice 2« 4. 2 o h}ptmg unstructured redox titrations:
_ Y. are trymg to calculate - this could be:

o ga\f«"‘“ ‘simple — concentration, moles or mass

o harder- purity, percentage by mass or relative formula mass

o the most difficult — finding the charge on an ion or finding the formula
e  You might find it helpful to write down all of the values you are given from t

to work out how all the pieces of information can be used together to find t
e  Convert values into the correct units so that you can use them in the equatio
e Make sure that you haven't missed a key step! In complex calculations it's m

o ratio in a reaction equation

o adilution or where a sample has been taken from a larger volume

o avolume in cm? rather than dm?3

Examples
Example 1
A solution containing iodine is tested using redox .. e = 0.05 %
titration methods. ' - 6.185 x 1C
50.0 cm3§amfl’ef of an 10”' Av::fr-réq‘a;rez_ mol L - 6.185 x 1C
12.3? cm? of " ')Q 1 ‘thiosulfate (S:05%) | - 30925 x 1
solution to Y e orid pomt '
O ;
I; + 25:03% — 2" + 5,062 i concl =3.0925 x 1
Find the concentration of iodine in the solution. = 0.02427 m
Example 2
A 1.00 g iron sample is reacted with dilute sulfuric mol MnOs = 0.00930 x
acid until all of the iron dissolves, to form a 250 cm? ; _
solution of iron(Il) sulfate solution, FeSO.. | = 28858 x 1
25.0 cm?® samples of the solution are tested by >:1 raio Fe?* : MnOs-
redox titration methods with potassium mol Fe i > x 2.8858
permanganate, KMnO,, requiring 31.03 cm?® of . =0.001443
0.00930 mol dm~3 permanganate solution to reacP‘
the end point. e =0.001443
5Fe2* + 8H* + MnO > o M. e +4HZO =0.01443 m
/. ud Sample. " mass Fe = 0.01443 x
’ =0.805 g
purity Fe = 2%« 10
| ~ 805 %
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Questions

'Prepare your solutions

1. A solution containing iodine is tested using redox titration methods. 50.0 cm
require 24.33 cm? of 0.100 mol dm™3 thiosulfate (S,0327) solution to reach th

The following reaction occurs during the titration:

L, O + S0

Find the concentration N ad’!x ausolution.

e eacted Wlth dilute sulfuric acid untit all of the iron dissolv
soiution FeSQO4. The solution is made up to 500 cm3, 20 cm3 s

by reciox titration methods with potassium permanganate, KMnOj, requiring
permanganate solution to reach the end point.

The following reaction occurs during the titration:
5Fe’* + 8H* + MnO4~ — 5Fe3* + Mn?* + 4H,0

Find the mass of iron present in the sample.

igh concentration

3. Asoluble iron(ll) salt has the formula FeX,, where X represents one of CI-, Br-
dissolved in 100 cm? water, and 20.0 cm? samples are titrated against 0.0500
giving a mean titre of 14.58 cm?. :
The following reaction occurs during the titra’ foh

F ‘i + MnO4 — 5Fe3* + Mn?* + 4H,0

Determine The i) ":,

4. 500 cnpped joh containing Mn?3* reacts with a solid salt containing I~ ions,
chemist carried out this reaction, forming a 50.0 cm? solution of product.

The iodine solution can then be titrated against a solution of thiosulfate, S,0
during the titration:
L+ 252032‘ — 2I + 54062_

The solution of thiosulfate is made by dissolving 5.00 g of Na,S;03¢5H,0 in
thiosulfate is 34.55 cm?3. Na,S,03¢5H,0 has a relative formula mass of 248.0.
original Mn3* solution. (You will need to work out the equation for the first

rop the base :

5. Asample of Fe(NOs)s contains soluble, unreactive ...+ it 35,564 gofthes
forming a solution containing Fe3* ions. A e ’e{ » _/tin{ll) chloride is added
The excess Sn?* jons are removq LT e udon is made up to 500 cm?3 and

: pdféssium dichromate, KCr,07, giving a

Cro07% + 14H* + e~ — 2Cr3* + 7H,0

Write the balanced equation for the reaction which occurs during the titrati
of iron nitrate in the sample.
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6. Cuprite is an ore of copper. 832 mg of cuprite is added to concentrated hydr
formed containing Cu?* ions.

An excess of potassium iodide is added and the following reaction occurs:
2Cu%*(aq) + 4l{aqg) — 2Cul{s) + L(aq)

The resulting solution is diluted to 500 cm?, and 25.0 rrr“ :amples are titrate
thiosulfate, giving a mean titre of 14.55 cm?. -

During the titration, the foilowirjh_, £C L A,.:ccu’r’g:

L+ 25,05 — 21 + S0

e ntage by mass of copper in the ore.
o g

AdOD NOILO4dSNI
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The most difficult redox titra

In past papers some of the most difficult redox titration questions have been wort
7-mark questions not uncommon. These questions outline a multistep titration pr
such as the percentage purity, the identity of an ion, or a balanced equation.

These questicns are difficult because they require = '3 © jépwbetween the initia
The key is to recognise that most of the st2n = =2 « 2ty the same as more struct
can still get most of the marks for ' L~ sume set of steps involving moles, m
you've done many times. 7z ;. ‘A 4tial marks, you will need to pay very close at

Py

Top tips: :

1. Start by\@#<ing out the equations for any reactions taking place. This will of
balanced redox equation.

2. Identify all the quantities you are given in the equation, and what they relate
short list of what you know can be helpful.

3. Keep an eye out for dilution steps where 'samples’ are taken or water is adde
you would then work out the number of moles or the concentration of the ot

Examples

Example 1

A dicarboxylic acid with the formula Working out the redox equation
(COOH),(CH_), is analysed using titration | (1) HoX — 2H* + X + 2e~

methods with potassium permanganate,
KMnO.. The formula (COOH)2(CH2), can
be represented as H.X in equations.

@ MnO,~ - :8H* + 5e” — Mn?

-

ST K T0H" + 5X + 10e

1.38 g of the acid is dissolved in v
and made upto 900 cm?. "L« w7
samples gavom@iaes - © 12633 Ccm®  {5H X 4 2MnO, + 16H* + 10e” — 10

when titrat QS 351»40502;(51 mol dm=
KMnO.. i 5HoX + 2MnO, + 166" + 106" — 10
5 6H*

The half-equation for the oxidation of the Full egn: 5HoX + 2MnO4 + 6H* — 5
acid is: ’

HoX = 2H" + X+ 2 " mol MnO,~ = 0.0201 x i

= 5.2923 x 103 mol

<4

The half-equation for the reduction of

permanganate is:

: -3
: 5x 52923 x 10
L mol HpX =222

-
MnO4 + 8H* + 56~ — Mn2* + 4H,0 2
; = 0.01323 mol
Find the identity of n. ; .
i rfm !_/l‘)x - ‘ ’0@_3«_5_ - rfm. = %
- =104

rfm. (CHa)a= 104 = 2x(12 + 16x2 +
: - 14 Y

r.f.m. due to (COOH),

n =14 (12+2x1) 4"
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Example 2

0.510 g of sodium oxalate, Na,C,04, was mol MnOs =0.1 x %
titrated against a solution of § =152 x 10 mol
0.100 mol dm=3 potassium permanganate,

KMFIO4. :

L rfm Na:CoOs = 134 «+—— ¢
' ma:
-

‘= 3.8060 x 10 mol 4

The half-equation for the permanganate
ions is:

MnQ4 + 8H* + 5~ — Mn2* + ALt e

C2042_
motl ratio 3.8060 x 1073
whole number | 3.8060 x 10
. mol ratio 1.52 x 10

Calculate the ratio of MnO4~ to C,04™ in 25
the overall equation, and hence work out
the oxidation state of carbon in the § S
carbon-containing product formed. (You calculat
may assume that both carbons endup | G204 MOy = 5:2 4 magses

with the same oxidation state.) ;
i Mn changes oxidation state from +7

el

in MnO,~ each O is -2, so Mn m
be +7 to balance the -1 charge

Using the ratic 2 « MnOy4 requires 1
P Mnis 2 i oy 2).

1 1etefore, each of the 5 C,0.2 ions i

Each carbon in C:0.% must, therefor

Carbon’s oxidation state in C,04% is
! state at the end must be +4.
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Questions

Prepare your solutions

1. 5.68 g of an iron(ll) salt is dissolved to form a 500 cm? solution. 25.0 cm3 sam
solution of 0.0250 mol dm= dichromate, Cr.07*, giving a mean titre of 18.90
The half-equations for the reaction are:

CrO+ 1200 %

L

Use the haltecti: s 2  A “J \ite balanced equation for the redox reaction b
rzu7 -). Then, calculate the percentage by mass of iron in

2. A0382g sample of vanadium metal containing unreactive impurities is reac
V?* jons. 50.0 cm? samples of the solution are analysed by redox titration wit
solution, giving a mean titre of 21.1 cm3.

Write a balanced equation for the redox titration calculation, and find the pe
metal.

VZ* + 3H,0 — VO3~ + 6H* + 3e-
MnQO4 + 8H* + 56 — Mn2* + 4H,0

5 High concentration

3. A 500 ¢m3 solution with an unknown concentration of iron{ll) sulfate is left in
several months, producing solution A. Iron(II) sulfa*c i 5on can oxidise ov

N+ 2,0 - 4Fe{OH)SO4

“""iIA)fand Fe(Ill) ions.
_sed to find the percentage of iron ions which ar.

Solution A is, therefore 2 tu"‘e .
The following mf‘ﬂ g |
ag %

AdOD NOILO4dSNI

Step 1

25.0 cm mples of solution A are titrated with 0.0200 mol dm= KMnQ, sol
23.55 cm3.

5Fe’* + MnO4~ + 8H* — 5Fe3* + Mn?* + H,0
Step 2

A 100 cm? sample of solution A is passed over a reducing agent so that all o
becomes Fe(ll). The solution is then made up to 200 cm? with water.

2295)3 3 J f th Juti duced in step 2 titrated with 0.0200 COPYRIGHT
.0 cm? samples of the solution produced in step 2 are titrated with 0.
a mean titre of 28.93 cm3. PROTECTED

Calculate the percentage of iron ions which are Fe> !~ o f;tion A

4. Aninvestigation is carried out to Zadn j;lu..ihé’lféaction occurring when ferr
by icdide ions. s

'9

Step 1 . Qg
0.676 gXEg#® soluble salt barium ferrate(VI) is added to an atkaline solution, .
FeO42 ions. EéUCOtIOﬂ

Step 2
An excess of acidified potassium iodide, K, is added to the solution, which re
an iron species Fe", iodine (I;) and Ba?* ions. The resulting solution is made

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 35 of 67



Step 3
20.0 cm?® samples of the resulting solution are titrated with 0.0100 mol dm= ¢
Na;S,0s, giving a mean titre of 31.55 cm3. The equation for this redox reactic

252032’ + I — S406 + 21"

Determine the identity of the iron species Fe"* and hence determine the bala
reaction between ferrate(Vl) (FeO4*) and iodide V A \ here I is converte

Drop the base
A bottle of wine is tect- .

. icv_:'_:,;.;o'hali concentration by performing the foll

100 cm ,,,ﬁe is distilled to separate the ethanol, CHsCH,OH, from other ¢
distillate is pipetted into a 500 cm? volumetric flask which is made up to the |

Step 2
20.0 cm3 samples of the distillate are diluted to 100 cm?, and 25.0 cm? of 0.11
solution is added and left to react to completion. Dichromate is in excess for

2Cr,07+ + 3CH3CH,OH + 16H* — 4Cr3* + 3CH3COOH
Step 3

The samples are titrated with 0.109 mol dm= ammonium iron(ll) sulfate solut
as an indicator, to find the remaining concentration of Cr,O7*~.

Cr:07% + 6Fe?r + 14H* — Cr+ + 6Fe3* + 7H,0

A mean titre of 24.50 cm3 is recorded for the * ., 5u ce sélution. Calculate t
mol dm=. .

6. Step1
200 g

AdOD NOILO4dSNI

\lui ! _ A containing molybdenum with the formula NazMoO

Step 2
The solution is reacted with hydrochloric acid so that all of the molybdenum
solution is made up to 200 cm?3,

Step 3
50.0 cm?® samples of the solution of Mo®* are then titrated against 0.103 mol
mean titre of 20.05 cm?.

Ce* + e — Ce3*

COPYRIGHT
PROTECTED

Mo>* - Mo® + e~
Step 4
A second sample containing 1.50 g of A'is heated '
remaining anhydrous salt has a mass of 178 ¢

~ 1 ible, removing the

Identify the formula of the . 1, ’ﬁc g the values of both xand 7

X &

'9
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pH Titrations

1.  Afizzy drink company is developing a new soft drink. The drink contains an organ
acid.

The acid is monoprotic, which means it only ionises once:

a) Sketch a titration curve that you would expect on the axes when 40.0 cm3 0
25.0 cm? of the organic acid with a concentration of exactly 0.100 mol dm™

A
14

12

10
pH

AdOD NOILO4dSNI

{ 10 20 30 40 50 |
- volume of base added / cm?®
b) Lilt_of the titration are shown below:
Rough 1 2
Start volume {cm?) 0.00 | 0.10 | 0.05
End volume {cm?3) 33.35 | 31.15 | 31.15 | 3
Volume of NaOH (cm?3)

i)  Complete the table and calculate the mean titre of NaOH to two decim

............................................................................................................. COPYRIGHT
............................................................................................................. PROTECTED

i} Find the actual concentrati v '?o.gé’nic'acid.

'9

)

Education

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 37 of 67



¢) The organic acid has a pKa of 3.13.
Find [OH™] for a 0.150 mol dm™ solution of the organic acid.
Kw =1 x 107 mol? dm™.

d) The drink manufacturer would like to ensure that the pH of the drink is ke
The scientist proposes making a 1.00 dm? buffer solution by adding 500 cm
0.100 mol dm= NaOH.

i) Explain how this buffer controls pH when a small amount of HCl is ad
Include the equation for the buffer system equilibrium and explain ho

AdOD NOILO4dSNI
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2. Calcite is a mineral made from calcium carbonate, CaCOs.
A sample of calcite contains a small amount of quartz, made from silicon dioxide
The purity of calcium carbonate in calcite can be found by adding an excess of h
Calcium carbonate reacts with hydrochloric acid in the following reaction:

CaCOz + 2HCl = CaCly + CC2+ H0

Silicon dioxide does not react with hydrochloric 22ic = 7
The amount of unreacted acid can then b2 ¢ ate {m;;;.w y titration with sodium
Outline a method for an experin-... 3¢ « y _tely calculate the purity of calcium
given 100 cm® of 0.150 14 “Lsochloric acid.

24
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Redox Titrations

3. Rosegoldis an alloy used to make jewellery. It contains the elements gold and co
A rose gold ring with mass 0.945 g is added to sulfuric acid. The copper dissolves,
not dissolve,

The copper solution is added to an excess of potassit'm . 1. sand the following

2CuSOsfagt 1K w ,»wz“C'{‘jl(s) + Kz504(aq) + I2(aq)

The solution is filtered to rer v © “Jpper iodide, and made up to 250 cm? in
Starchisadded to 273 * 4 <..iles, which are titrated with 6.0100 mol dm™ sod
> ACU L oA

i 2 + 2Na;$:03 > Naz$0s + 2Nal

The average titre is 37.20 cm®.

a) Write the half-equation for copper in the first reaction.

b) Suggest why the solid copper iodide is removed by filtration before the titra

c)

AdOD NOILO4dSNI

d)
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4. A pure salt with the formula M2SOs contains ions of an unknown metal, M*.
The salt is tested by redox titration using the following method:

. 1.24 g of the salt is dissolved in water.
. The solution is made up to 200 cm?,
. 25.0 cm? samples are titrated against an acidified solution of 0.0150 mol dm

The end point was reached at 32.8 cm®. g
The half-equations for the reaction are: : -

~J0F + 8H' 4 567 > Mn® + 4H;0
© S0+ Hi0 > S0a2 + 2H + 2e7

AdOD NOILO4dSNI
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Appendix: GCSE knowledge r

At GCSE, you will have learnt some very important things about acids, alkalis, titr
an essential foundation for the A Level material you need to know.

If you studied GCSE Chemistry, you will probably aiready b~ [ hiliar with some a
will probably know your acids from your alkalis, an’ ' 0y . ow they react togeth
results tables used in titrations, and you o B ) moles o calculate conce
experiment. 2

A Level matenal.

Acids and alkalis

Examples

Acids and alkalis can be dissolved in water to form solutions. Solutions of acids ¢
alkalis contains OH- ions.

Here are some examples of acids and alkalis, and the ions they form in solution:

Acids
Name Formula Ions in solution | Name
Hydrochloric acid HCl H* and CI- Sodium hydroxide
Suifuric acid H>S0, 2H* and SO- 2—,; ot f_;,sium hydroxide
Phosphoric acid HsPO. 3H* orit B L ¢ Calcium hydroxide
Ethanoic acid CH:COOH . ar & & Magnesium hydroxide

Neutra!isa* -

H* + OH- — H,0.

This reaction is the general reaction for neutralisation reactions, because it occur
The salt is formed from the remaining ions in the solution. For example, when HC
formed is NaCl.

pH
The concentration of H* or OH- ions in a solution determines its pH. pH is a scale
numbers are more acidic. Here is a pH scale:

Acids
High H* concentratic =

orange in acndé green at neutral and blue or purple in alkalis. There are many kin
one similarity: they change colour depending on the pH.
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Concentration of acid

Dissolving more acid in a solution will increase the number of H* ions in the solu
high concentration low

pRiitrated Small amount
~Solution of acid

add pure water

Concentrated solution Dilute solution

Large amount

of Az

Acidity
Strong acids ionise more than weak acids. Ionisation is when the ions in the acid
For example, when the strong acid HCl dissolves, almost all of the H* ions separa

-

However, when the weak acid CH;COOH dissn! tes E’m"ﬁ,f‘,,,:.-191"theﬁH+ ions remain b
many free H- are in the solution. If the 2 #ic « 1 »unt'of each acid is dissolved, the :
concentration of H*, and, ther¢ . &, 2 ) serpH.

________ — ,'Et::dhg acid
)0 HCl particles dissolved in

solution the result is: dissolved

HCO — H~* + Cr
No. of particles 0 100 100

CH;COOH
No. of particles 99

Water __L—pps
molecule °©

cr +——=°
&

T o

7]
CH;COOH

H™

Only so

Allofthe i & Aéd,
d ' . ...cmanyH* ionised
" ions m
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Concentrations and mole calculations in reactions
Concentration
The concentration of a solution depends on the amount of the solute and the vo

calculated usingr .~ - volume

mol dm=3

i . . .

1 concentration the amount (in moles) dissolved or the m
] . . . > : .
1 Tepresents either: in a volume (in dr? in
1 s

’ - : v~~"'::i‘

! which can be o i o moles

i

i

i

i

i

i

]

Example
Dissolving 2 moles of sugar in 4 dm? of water:

moles

. 2
concentration = =7= 0.5 mol dm™3

volume

Converting between mol dm= and g dm=

You can convert between mol dm= and g dm= just as you
can convert between mol and g.

You need {o use the relative molecular mass of the substance <nown as M,).

=

gd

mol = arasc o moldm? =

Example

. 8
concentration = 2= = = 4 g dm-
volume 2
The concentration in mol dm3 is:
4gdm3 3
—0 " 0.1 mol dm
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Titration method

Titrations can be used to find the concentration of a solution by performing a re

e  An exact volume of the solution with unknown concentration is measured,

e The solution with known concentration is added to the burette.

e The tap of the burette is opened carefully, and the known solution is added
indicator changes colour, signifying the end point.

e  The volume change of the known solution is recorde.

e The experiment is repeated. o

pipette
(and filler)

conical
flask

indicator

Purpose

 "‘ \andJ Measurmg an accurate volume of the
filler) unknown solution to go into the coni

AdOD NOILO4dSNI

Conical flask | Holds the solution with unknown
concentration and the indicator

Indicator Changes colour and shows that the r
is complete

Funnel Used to minimise spillage of the solu
known concentration

Burette A very accurate and precise way of a
the solution of known concentration

White tile | A blank background to make it easie
the colour change

COPYRIGHT
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Titration calculations

In the following reaction, an acid (HCI) reacts with an alkali (NaOH) to form a salt
recognise this as a neutralisation reaction.

HCI + NaOH — NaCl + H,0

1
1
1
1
L

The premise of a titration experiment is that if you know "~ aumber of moles

find the number of moles of base.

. motes
concentration = ——
volume

A solution of NaOH has an
unknown concentration. HCl is
added to 0.050 dm3 of the NaOH
solution until the indicator
changes colour to show that the
solution is neutral.

' Step 1: find the number of moles of HCl use

i moles HCI = concentration x volume <—

= 1.0 x 0.020
= 0.020 mol

0.020 dm? of HCl with a
concentration of 1.0 mol dm3

was required to neutralise the
NaOH.

 Step 2: find the number of moles of NaOH
ratioof NaOH :HCl =1 "¢—F""—"—7——

| moles NaOH = 0,020 '

This is the reaction:

HCl + NaGH — NaCl + H.0 Step 7 [ti.:.4..A.¢oh’ééh'{rat§on of NaOH

wneNaOH =222 w—

volume con

_ 0020

~ 0.050

= 0.40 mol dm™3

Reduction and oxidation
Oxidation and reduction reactions

At GCSE you will have learnt that in reactions like the following, where substance
being oxidised:

4Li + O, — 2Li,O Lithium is oxidised

... and that in the opposite of these reactions, where an element loses oxyge

2Fe;03 — 4FeQ + O,  Iron is reduced

If an eleme S ¢ ~.5ifs, then it is being oxidised.
S electrons, it is being reduced.

e.g. Fe* + e — Fe** Fe** is reduced; it gains an electron

e.g. 2B — Br, + 2e-  Bris oxidised; it loses an electron
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Quick quiz

1.

10.

Which ion is found in all acidic solutions?
What is the name of the type of reaction when an acid reacts with a base?

Complete all of the gaps in the following word and symbe! equation:

hydrochloric acid ~ + potassium hvdr <@

HCl e +

3 mol of an acid are dissolved in 9 dm? of water.

Calculate the concentration of this solution in mol dm=,
Name three pieces of practical equipment you might use during a titration.

A science teacher makes two solutions of acids:

Solution 1 contains 1 mol of sulfuric acid, a strong acid.
Solution 2 contains 1 mol of propanoic acid, a weak acid.
Both sclutions are made using 500 cm? of water.

Explain why solution 1 has a higher concentra* 2> /¢ | :‘j_g?d..:agen ions than so

a) Write the balanced sym” - T “‘)u tor the reaction between H,SOs a

" “w.cerare formed when an excess of H,SO4 reacts

FeO, + 2C — Fe + CO»
Identify the elements which are:
a) reduced
b) oxidised

c¢) neither reduced nor oxidised
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Answers

Titration basics: results and uncertainties

1.

a) 20.15¢m?

Rough 1 2 |‘ 3
Start volume {cm?) 0.00
End volume (cm?) 12.65
Volume of acid (cm?) 1260

Rough 1 2 3
Start volume (cm3) 0.80 0.20 0.55 0.50
End volume (cm?3) 17.10 17.35 17.30 17.35
Volume of acid (cm?) 16.30 17.15 16.75 16.85
167541685 _ 16,80 [to 2 d.p.]
Rough 1 2 3
Start volume {cm?3) 0.05 19.50 0.10 . ;? 8.05
End volume (cm3) 19.50 3840 wg /| 38.05
Volume of acid (cm?) 1945 | 2.0 1 . 57| 19.00
mean result = 22201880 o jo 595 cm? [to 2 dpl
" Rough 1 2 3
Start volume (cm?) 0.00 0.55 0.40 0.15
End volume (cm?) 43.75 4310 | 43.05 43.05
Volume of acid (cm?) 43.75 4255 | 4265 4290

. 42.55 + 42.65
Mean titre = —————

=42.60

Percentage uncertainty = 4;% x 100 = 0.23 %

Reduces the concentration of the acid / some of the acid is neutralised
More [acid] is required to reach the end point

Mean titre is highers
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Concentrations and dilution
1. 500+ 1000 = 0.5dm?* - =600 gdm"

2. 200+ 1000=0.2dm3* 0.2 x0.2 = 0.0400 moles

3. vol =2 =25 - 500 dm?

€one 0.5

4. conc=2x— =0.100 mol dm-
1000

5. 10x

=320 cm? e

0.0125

6. conc—024><‘zif’_«;- 2

1 L
j [,-205 mol

200

conc KI = 0,0205 = 2% 0102 mol dm->
8. Concentration before NaCl added = 1 x ﬂ =0.250 g dm™3

Concentration after NaCl added = 0.25 + 0.5 = 0.750 g dm™3

Structured acid-base titration calculations

AdOD NOILO4dSNI

1.
Rough 1 2 3
Start volume (cm3) 0.00 16.20 0.10 16.15
End volume (cm?3) 16.20 32.25 16.15 32.25
Volume of acid (cm?) 16.20 16.05 16.05 16.10
a) 16.05 + 16ﬁ05 + 16.10 - ?607 Cm3 . i /
b) 02x 197 _ 3, 10% mol >
&Rough 1 2 3
Start , 0.00 0.00 23.85 0.00
End vo'¥¥5ie (cm3) 24.40 23.85 4765 23.80
Volume of acid (cm?) 2440 23.85 23.80 23.80
a) 23.85+23.80 +23.80 — 23 82 Cm3
b) 0.1x @_2382x1o3mo|
) 2.382>< 10 3X2 = 4.76 x 103 mol
3. a) molHCl = =22x02
= 0.00274 mol dm- COPYRIGHT
b) mot KOH =0.00274 mol [1:1 reaction KOH : HCI]
O conc KOH 3 PROTECTED

1000
= 0.0913 mol dm=

250
2000 st

4., a) conc H50, =2.00x

g

b) motl H9504

20192 mol dme?
=0.0192 x 2
= 0.0384 mol [2 : 1 reaction KOH : H,SO4]

d) conc KOH = 0.0384 + =2
1000

= 0.480 mol dm™3

)

Education

Q)

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 49 of 67




5. a) Results table:

Rough 1 2 3

Start volume (cm3) 0.05 040 | 040 0.20
End volume (cm?) 4195 | 40.55 | 40.50 | 40.50
Volume of acid (cm?3) 41.90 40.15 | 40.10 | 40.30
Mean titre = 81400 ; 4010

=40.13 cm?

b) mol HCl = Tax ¥ 0206, /7

=00 dr3

mol CalOH:. = 18,468 + 2

1};9 /010041334 mol [1: 2 reaction Ca{OH), : HCI]
BESH), = 00041334 + %
= 0.01653 mol dm[in 250 cm? samples]
¢) conc Ca(OH), = 0.01653 mol dm=3[in 1 dm? solution]

conc Ca(OH), = 0.01653 x % [1000/200 is the dilution of 200 cm

= 0.0827 mol dm3 [In 200 cm?® sample]
d) M, Ca(OH), =741
conc Ca(OH), = 74.1 x0.0827
=6.13gdm
Yes (it is above the required concentration)

CO.

AdOD NOILO4dSNI

6. a)
Rough 1 2 3
Start volume {cm?®) 0.55 0.50 0.85 0.40
End volume (cm?) 18.15 17.65 17.7¢. : 1765
Volume of acid (cm?) 18.65 17.15{_“ L _5 o 17.25
mean titre BRIACERIZEN
mi 3 = B LN
o vioo
W=D = 0004214 mol
b) mo™iOH = 0.004214 [1:1 ratio HCl : MOH]

- 2364
mass MOH = 7000

= 0.2364 g in 200 cm?

= 0.02364 g in 20 cm?

0236
M: MOH T 0004214

= 56.1 [3 sfl]
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Unstructured acid-base titration calculations
1. Results table:

Rough 1 2 3
Start volume (cm3) 0.00 18.70 | 0.65 17.65
End velume (cm?) 18.70 3545 | 1765 3470
Volume of acid {cm?) 18.70 1675 | 17.00 17.05

m 3 17.00 + 17.05
ean titre =

= 17.03 cm?
moles of HCl = 0.152 ; =m i

Sy s mol

conc KOH = 0.002555 + =2
1000
=0.0511 mol dm3

2. Results table:

Rough 1 2 3
Start volume (cm3) 045 0.55 0.00 | 040
End volume (cm?3) 32.55 | 31.50 | 31.55 | 31.35
Volume of acid (cm?) 33.00 | 30.95 | 31.55 | 30.95

_ 30,95 +30.95

AdOD NOILO4dSNI

mean titre .

=30.95 cm? 5
moles KOH = 0.130 x 222 g

1000 gt

= 000325 ot 7 e
2:1ra ! 7?\1;4
moies |' — UU(;SZS

= 0.001625
conc H,S04 = 0.001625 + 2222

1000

= 0.0525 mol dm=3

3. mol HySO, = 0.100 x 2238

1000

= 0.003058 mol

mol MOH in 25 cm3 = 0.003058 x 2
= 0.006116 mol

100

mol MOH in 250 cm® = 0.006116 x ——
= 0.02446 mol

COPYRIGHT
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4, Balanced equation:
2HCI + K,CO3 — 2KCl + CO; + H,O

Rough 1 2 3
Start volume (cm?3) 0.55 0.30 | 0.05 0.15
End volume (cm?) 4190 | 41.10 | 41.10 | 41.05
Volume of acid (em?®) | 4245 | 4080 | 41.05 | 4090

H 40.80 + 40.90
mean fitre - nRe
= 40.85 crf‘?
mO’ HC; — nﬂn 4_ %

<0 5106 mol

© 0.005106

2
= 0.002553 mol
mol K,CO, in 500 cm’? = 0002553 x 22

= 0.05106

M: K>COs = 138.2
mass KoCOs = 138.2 x 0.05106
=7.0560¢
_ 7.056

% purity =——x100

9.33

=756 %

5. KOH + HN03 — KN03 + Hzo

mol HNO; = 0200 x 2280

1000 s

=0.00436 mol .

mol KCH in total = 0.00436 mol F
e

mol KOH in A =0. 11‘?, o

s

*3'mol

AdOD NOILO4dSNI

" = mol in total — mol in A

mol KC
= 0.00436 — 0.00143
= 0.00293 mol
conc B = 0.00293 + ——
1000
=0.293 mol dm3
6. mol HSO4 =0.150 x 2%
1000
=0.0043275 mol
M, Ba(OH), =1717
mol Ba(OH), in 250 cm3® = 2.86 + 171.7
= 0.016657 mol COPYRIGHT
mol Ba(OH); in 25 cm® = 0.0016657 mol PROTECTED

mol H:SOs which reacts with NaOH = 0.0043275 - 00’\1 ‘5
= 0.0026618 moi .
mol NaQH in 25 cm?® =0. 0026618 ‘

g

mol NaOH in 250 crotw

)

Education

= 40.0 x 0.053236
=213g

mass of impurity =534-(286 +213)=035¢g
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‘Back’ titrations

1. a) mol KOH = 0.1 x 228
1000
= 0.001788 mol —
mol HCl in 50 cm? = 0.001788 mol
b) mof HClin 250 cm? = 0.001788 x =2 Z
{from titration) = 0.00894 mol m
¢) original mol HCY = 1200000 % 0.1
{in stock solution) =0Q. 02 ry'\"‘l T
mot HCl reacted 5 n (,u94
ey 106 mol I_I-I
d) = 001106
= 0.00553 mol ‘ ,
e = 100.1
mass CaC03 = 100.1 x 0.00553 _I
= 0.554 g —
2. a mol KOH = 0.100 x 222 O
1000
= 0.003245 mol
b) mol HClin 20.0 cm3 = 0.003245 mol
mol HCl in 100 cm? = 0.003245 x =2 Z
=0.016225 moI
¢) mol HCl reacted = 0.0250 - 0.016255
= 0.008745 mol
d) mol NH;in 30 cm? = 0.008745 mo! ( )
mol NHs in 300dm? = 0.008745 x (3 +%}
= 0.875 mol . O
3. a) 3M(OH); + 2H:PO, — Mg(PO4); G w —U
b) Resuits table: e
1 2 3 <
< A 0.15 0.05 0.20
| LY ’l%cawn Jme (cms) 40,00 | 39.00 | 3895 | 39.00
Vume of acid (em3) | 3945 | 38.85 | 3890 | 38.80

_ 38.85+38.90 +38.80

Mean titre -
= 38.85cm3
mol KOH = 3885 0 0.130
1000
= 0.0050505 mol

. 0.0050505
mol HzPO,4 in 25 cm3 =—

3
= 0.0016835 mol
mol HzPO4in 250 cm® = 0.016835 mol
original moi HiPOy4 = 2% L 0.15

" 1000

=0.0300
mot H;PO, reacted =0.03 -0.016835
=0013165mal 7
mot M(OH). =00
o =001 7475 mol
=115 + 0.0197475
=582
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4.  This would be an 8-mark question in an exam. Marks are shown by v'.

Part 1: Calculation of solid so that acid is in excess
Recognition that nitric acid must be in excess v/
100

mol HNO; = 0.150 x — = 0.0150 mol v
1000

Ratio from reaction equation is 2 : 1 HNO3 : Na:CO;
so mol Na,CO:s is less than 0.0075 mol (0.0150 x %) 4

Mass of Na,CO; weighed out < 0.0075 x (23x2 + 12 ! };3 7x(1642)) = < 1.

=

Part 2: Method el e
Use pipette to measure 100 .r ~ dc 1 Avvd add weighed solid to acid v/
Titrate unreacted aciz’ -« . *1,:+J0 mol dm= KOH and record titre when indica

meantitre

{ > x0.1) v

mol Na, (5 7H,0 = 0.0150 —

M = mass of sodium carbonate heptahyrate v
r moles of sodium carbonate heptahyrate
5. mol NaOH =01 x 2%
1000
= 0.002008 mol
mol HCl in 50 cm® = 0.002008 mol
mol HCl in 250 cm® = 0.002008 x =
= 0.01004 mol
original mol HCI = 10 0.24
1000
= 0.0360 mol
mol HCl reacted = 0.0360 - 0.01004
= 0.02596 mol
mol MgCQOs+xH,0 = 0.02596 + 2
= 0.01298 mol
mass MgCO:z-xH.0 = 14414 - 142.34 1
=180g

1.80

M, MgCO;+4H,0

AdOD NOILO4dSNI

Formula is MgCO;+3H,0

6. mol NaOH = H30.0.100
1000
= 0.00413 mol
mol H,SO4 in 50 cm3 =0.00413 =2
= 0.002065 mol
mol H,SO4in 500 cm3® = 0.02065 mol
M, BaSO4 = 2334 COPYRIGHT
3.05
mol BaSO. = Jiaa PROTECTED
= 0.01307 mot
mol H:SO; reacted with Ba(OH), = Q.O1307 mot
original mol H,SOx =20 020
1000 :
e

mol H.SO: reacted with NaO+ .+ j.gfn"al';nol — remaining mol — mol reacte
‘ # =0.0500 - 0.01307 - 0.02065

'9

= 0.01628 mol
mol N = 001628 x 2 )
= 0.03256 mol Education
conc NaCH = 0.03256 + % ucat
=0.163 mol dm3
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Titration curves / indicators

1. a C
by D
c A

2. a) bromothymoi blue
b) bromocresol green
¢) blue to colourless

irrwould both be colousless at this pH

3. blue (phenolphthalein and thy .o % " ‘.
giving the solution ite. .o - 2

, ';-e éi’étﬂ)ng acid-strong base curve with an equivalence point at 3

-
10 20 30 40 50 %

volume / cm?

5. Graph should be a strong acid—-weak base curve with an equivalence point at 20
A

AdOD NOILO4dSNI

volume / cm?

6. a) bromothymol blue and phenolphthalein
b) methyl orange and bromothymol blue
¢)  bromothymol blue
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Strong acids and bases

1. a pH =-10g:(0.00100) = 3.00
b) conc= 1023 =0.00501 mol dm=3
¢) pH =-logq(2 x 0.000400) = 3.10

1.00 x 10734

2. a) H = 0.00160
=6.25 x 107" mol dm™
pH = —|Ogm(6.25 x 10713)
=112 "

_ 1gox107H
0.000810

b) [H*]

- 2*0.0000451
= 1.11 x 107" mol dm~

= -|Og1o(1.11 X 10_10)
9.96

©
T
|

3. [H1 =107
= 1.995 x 1012
[H*] x [OH] = 1.00 x 107
1.00x 10714
ORT =
_ 1.00x107
1.995 x 1012

=501 x 1023 mol dm3

4, [H'] =2 x 0.000520 .

= 1.04 x 10~* mol dm3 i
_ 100x307H -
T y =
100 x 10714 e &
1.04x 1073

=962 % "

AdOD NOILO4dSNI

1400
=5x% 107 mol

mol NaOH = 0.03 x 2%

1000
=45 %103 mol
new mol HCI =5x102-45x 103
=5x 10 mol
650

new conc HCl =5x 104+ —
1000

=7.692 x 10* mol dm=3
pH = -l0g10(7.692 x 1074
=3.11

COPYRIGHT
PROTECTED

6. a) [HY] =107

=1.0x 107 moldm
_ 288x107M v
T 101077 _ o

=288x10%moldm?. .
[H*] > [OH], so acidic L T
b) [OH] =000

= o 0% mol dm3
3 Z88x 10715

[OH]

'9
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= 1371 x 10" mol dm™
pH = -logro(1.371 x 10-")
= 10.86
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Weak acids

1. a) -logi(1.42 x 107°) = 4.85
b) -logio(4.98 x 107) = 6.30
o 10719 =933 x 102
d)  10312=759 x 104

[H*]iscn)

2. a Koo = [HSCN]
b) [H*] =[SCN7]
+32
K, =L g
[HSCN} i

pk ;gqg((j.m%}

3. K = 107329
=5129 x 104
_ [H*]voz)
[HNO,]
[NOx1  =[H]
NO7 1

Ka = 1HNO,)

[NO;1  =./[HNO,] X K,
=+/0.0452 x 5.129 x 10~*
=481 x 103 mol dm=3

AdOD NOILO4dSNI

4. [H] = 10-579

= 1622 x 10~ mol dm=3

Ka  [CeHs0H) e

[H*] = [CsH:O}
_ _mr v

« " [Ce50H] -y

K _ (622X 107002 o O

) P Bro30

pPKa

5. a) Ethaaoic acid dissociates less in DMSO than in water.
b) Ki(DMSO)= 10123
= 50119 x 1013

[#*][cHscooT)

Ka = T [cH,cooH]

[H*] = [CHsCOO]

K __ T

a [CH5COOH]

[H*] = /[CH;COOH] X K,
=+/0.175 x 5.0119 x 1013 COPYRIGHT
=2962 x 107 mol dm™3

K (water) = 1047 PROTECTED
= 1738 x 105

N

[CH:COOH] =1

_ {2.562 107732 -

173841075 0

g

6. a) K = 09
b) HAGE® = 2 Education
= 5556 mol dm™
9 K, _ 1o
55.56
=1.8x 107
pK, = -log (1.8 x 107)
=157
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Buffers

1. a CHOONa 6.
b) NaCN-

2. Equilibrium: CF3COOH = CF,COO~ + H*
Added HCl: CF;COO reacts / uses up H* to form more CFgCOOH
Equilibrium shifts left o
Added NaOH: H* reacts with added OH- / moare i3 C 7 ,";
Equilibrium shifts right v

= 0.0300 mol dm™3
[A1 =0.0450 x ==

00

= 0.0360 moI dm-

[H] = 9.120 x 108 x 2239
0.0360
=7.6x10%
pH =7.12

4,  HF reacts with NHs to form F~(or NH4F)
This means there is a mixture of leftover weak acid (because it
was in excess) and its salt
HF=F + H*
When:
acid added: F~ reacts with added H* / more HF form7.
alkali added: H* reacts with added OH-/ mc 2 [ & -~ ~

Equilibrium shifts left when acid is > 'c =t ¢ ¢ £1b“"um shn‘ts right when alkali is a

AdOD NOILO4dSNI

5 a)
Qu 1 mutic acnd reacts with KOH forming CH;CH(OH)COOK / CH
b) [H ié ;4 .
1 % 10 mol dm™
Ka — 10 —3.86
= 1.3804 x10~

Assume [KOH] = CH3CH(OH)COO-
Assume [CH3CH(OH)COOH] = [CH3CH(OH)COOH] - [KOH]

[H] = K, [CH; CH(OH)COOH] - [KOH]
a [KOH]

[CH3CH(OH)COOH] - [KOH] = [KOH]
[CHsCH(OH)COOH] = [KOH] x 21 & [KOH]

005 to- 005 COPYRIGHT
= 0. —— + 0.
13804 x 1074
moi CH3CH(OH)COOH = 0. 08622 200
= 0.3449 moi T
M, CH:CH(OH)COOH =770

mass CH;CHOH)COOH wi &0~
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Structured redox titrations

1. a) molMnOs =002 x % 5. a) molK =
= 3.7 x 10 mol mol H,0, = —
b) 1:5ratio =
mot Fe?* =5x3.7 x 104 mol I > 2 x mol H,0,
= 1.85 x 103 mol (/)
¢ concFe*  =185x10%+—— 6 AnUNaS0s =015
=0037moldm® S = 401 _U
2 a) Zi N L 2 :1ratio Na,S;03: I
mol I _ 4017 rrl
= 2.00
b) _ 32136x 1073 mol H,O0, = 2.0085 x ‘ ’
16068 x 10° mol 9 molHC,
= i. X > MO
conc H,O
0 conch = 1.6068 x 10° + > e I
1000 I
— —3
=0.0321 mol dm 6. a) mol MnOs
3. a) molMnOyj =002 x 2322
1000 .
=513 x 10_4 mol b) 5:1 ratio
b) 1:5 ratio mol Fe?* Z
mol Fe2* =513 x10% x5 5
= 0.002565 mol ¢ molFe
9 mol Fe* — 0.002565 x 2% d) rfm. FeSO4nH0
' 100
= 0.02565 mol . < )
d) rfm. FeX =3.25 =+ 0.02565
= 126.7
rfm. X = @ o
=355 &b i “
Xis {4, so salt is FeCl, _U
4. a) molMnOs i g _<
: x - 1 1000
LI 9572 x 10" mol
by 1: ot 4
mot re+ =5 x 9572 x 10
= 4786 x 102 mol
¢ mol Fe?* = 4786 x 1073 x %
= 0.09572 mol
d) mass Fe = 0.09572 x 55.8
=534¢
purity Fe = 222 %100
=89 %
COPYRIGHT
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Unstructured redox titrations

1. mol S;05* =01 x 22 5. CrO7 + 6Fe? + 14H
= 2433 x 103 mol mol Cr,O7%
2 : 1 ratio of S;03% : I,
moi Iz =2433 x 10‘3 +2 mof Fez+ (in 25 Cma)
= 1.2165 x 102 mol
3. 50 =t .
conc = 1.2165 x 107 + o . AmuiFe (in 500 cm?)
= 00243 moldne? S
e : mol Fe(NOs);
- =] :1' ‘u_va
2. mol MnOy ‘3" S rfm. Fe(NOs);
= 9275 x 10~ mol mass Fe{NOs);
=5x 22275 x 107 purity Fe(NOs);

= 1.11375 x 107 mol

AdOD NOILO4dSNI

mol Fe2* in 500 cm? = 1.11375 x 103 x 22
= 0.02784 moI 6. mol $;0:%
mass Fe in sample =0.02784 x 55.8
=155¢g mol I in 25 cm?
_ 14 85
3. mol MnO4 = 0.050 x 00 mol 12 in 500 Cm3
= 7425 x 104‘ mol
5: 1 ratio of Fe?* : MnO4~ mol Cu?*
mol Fe2*in 20 cm3 =5x 7425 x 10*
=3.7125 x 10-3 mol mass Cu2*
mol Fe2* in 100 cm? = 3.7125 x 107 x %
= 0.01856 mol Sy mass
r.f.m. FeXz =2.74 + 0.01856 st ’
= 147.8 = 2 » '-'.:"'
_ 1478 - Spam i et na
rfm. X ey L Y
% =<‘i‘
X is NO '

4. mol Na,\u ﬁE solution =5 + 248
= 0.02016 mol

conc of $,03% in solution= 0.02016 + f;—ooo
= 0.04032 mol dm=3
mol S,0:2 in titre = 0.04032 x 222 zf)
=1.393 x 103 mol
B _ 1393x107%
mol 1 = 2
=6.966 x 10 mol
Equation: 2Mn?* + 217 = 2Mn?* + I, COPYRIGHT
mol Mn3* =6.966 x 10* mol x 2 = 13932 x 10‘3 mol PROTECTED
conc L =1.3932 x 107 1320

=0.0279 moldm=3 =¥

g
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The most difficult redox titrations

1. @ Cr,07% + 14H* + 6e- — 2Cr3* + 7H,0
) Fe3* + e — Fe?*
6x(2)  6Fe?* — 6Fe3* + 6e-
Overalf Cr,O72+ 14H* + e+ 6Fe? — 203 + TH,O + 6Fe’ +66"
Cr072 + 14H* + 6Fe?r — 2Cr3+ + 7H,0 + 6Fe3*

18.90

mol Cl’zO72_ = 0.0250 x oo
=4725 % 10 ulerl
mol Fe**in 25 am® =6 x 4727« L £ A

= —)“ s
35107 x 22
“" = 00567 mol
=0.0567 x 55.8
=3.164 g
. 3.164
purity Fe == X 100
=557 %
2. (O V2+ + 3H,0 — VO3~ + 6H* + 3e~
@ MnO,~ + 8H* + 5e~ — Mn2* + 4H,0

5x(1)  5V2* + 15H,0 — 5VO5 + 30H* + 15e-
3x(2)  3MnOs + 24H* + 15e~ — 3Mn2* + 12H,0

5V2* + 15840 + 3MNnO,~ +_24A* + 156 — 5V05 + 306 + 156 + 3Mn2* + 1215
3H,0 6H*

Overalt  5V2* + 3MnO4s + 3H,O — 5V0; + 3Mn2*+ + 6HY

mol MnO.4 = 00120 x 22
1000
= 2532 x 10 mol
mol V& in 50 cm® = g x 2532 x 1074
=422 5
mol V2* in 500 cm3 e ~'~asooo
L %22 x 107 mol
T =509 x 422 x 1073

AdOD NOILO4dSNI

mass V
- 02148 g
purity =222 %100
=562%
3.  Moles of Fe?* in solution A
mol MnO, = 0.0200 x 23
1000
=471 x 10 mol

mol Fe2*in25cm3® =5 x471 x 10*
= 2.355 x 102 mol

500

mol Fe2* in 500 cm?3 = 2.355 x 103 x —
= 0.0471 mol

COPYRIGHT
PROTECTED

Moles of Fe?* in solution made from solution A

mol MnO, = 00200 x 22
1000

= 5786 x 10 mol
mol Fe**in25am® =5x5786 >~~~ . .
= 28970 {072 Ao
mol Fe2* in 200 cm? . < £ 200 cm?

g

=y L . 200
2833 x 10 3 x - 09
=0.02314 mol A
mol Fe2* and Fe** inA = 0.02314 x 132 Education
=0.11572 mol
% Fe which is Fe2* = 2271 100
0.11572
=40.7 %
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4. mol S;052 =001 x 1
1000

= 3.155 x 10 mol

. 3.155x 1074
mol L in 20 cm3 =222

2
= 1.5775 x 10~ mol

mol Ez in 500 cm? :%x 15775 x 10
= 0.003944 mol
mO’ BaFeO4 = 0676 + (1 373+ 558 ! 1 g

=2629x 103 7

ol h FeO.
5944 x 1072 2629 x 1073
3.944 x 107 2.629 x 1073
mol ratio 2629 X 107 2629 x 107
1.5 1
3 2

ratio FeO,2 : I, =3:2

Half-equation I~ 2 - L + 2e”

FeO4% Feis +6

Fe must be reduced by 2e™ x ; = 3e”

FeO, — Fe?*

Half-equation FeQ4s:  FeO,* + 8H* — Fe3* + 4H,;0

Full equation: 2FeOg + 16H* + 61" — 2Fe’* + 3 + 8H;0
5. mol NH:FeSO, — 0,109 x 2*50
1000

= 26705508 4 0

5 .. T ] =
mol CrO72~ remaining . = -~

4457 x 10 mol
25
1000

= 2.875 x 1073 mol
mol Cr,07%~ used up= 2.875 % 107 - 4451 x 10
= 24299 x 10 mol

Tis : C ~ e 0.115 x

mol CH3;CH,OH in sample = ; x 24299 x 1073
= 3.6449 x 103 mol

mol CH;CH,OH in 500 cm® = 3.6449 x 102 x 22
=0.09112 mol

conc CHsCH,OH in wine = 0.09112 + %
=0.911 mol dm=
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6. Overall equation: Mo>*+ Ce*" — Ce3* + Mo®*

mol Ce3* =0.103 x 28
1000
= 2.0652 x 103 mol
mol Mo®* in 50.0 cm? = 2.0652 x 10~ mo!
mol MoS* in 200 cm?® = 2.0652 x 1073 x 25100
=826 x 102 mol
rfm. A =200 = 826 x 1073
=2421 gl
mol Ain 15 g o Ex

. 26196 x 107 mol

=15-128

=022¢g
mol H,O removed =0.22 + 18

=0.0122 mol

NaxMoOye nH,0 H.O
mol ratio 6.196 x 103 0.0122
whole number 6.196 X 107 0.0122
mol ratio 6196 X 10° 6.196 x 107
1 2

n=>2 P £

Na;MoOy+2H,0

rfm. due to O,= 242.1 - (2:2 /4°C . dx(2 + 16))

oA

AdOD NOILO4dSNI

Formula: Na;MoQO4+2H,0
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Exam-Style Questions: Answers

Question Marking Guidance
1a starts with an upwards curve
ends at 40 cm?

vertical section at 25 cm?
A

14

12 F‘ -0

0 0 10 20 30 40 50
volume of base added / cm®

1bi Rough 1 2 3
Start volume (cm?3) 0.00 0.10 0.05 0.00
End volume (cm?3) 3335 | 31.15 | 31.15 | 31.10
Volume of NaOH (cm3) 33.35 | 31.05 | 31.10 | 31.10

. 31.05+31.10 + 31.10
Mean titre =
= 31.08 cm?
1bii mo} NaOH — 0100 x 2108
1000 =
=3.108 x 10 mol ., ~ .~
mof organic acid = 3.108 x 10 v o A
conc organicacid =27 ¢ . \ A28
i A 1000

> 24 mol dm?

AdOD NOILO4dSNI

1c

' Hal

[H*] = [A]

K, =T
[HA]

[H*] = 2/K, x [HA]
= 3741 x 10-* x 0.150
= 0.01054 mol dm~3

Ky = [H*] x [OH]

o) el COPYRIGHT
PROTECTED

948 x 107 mol dm=3
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Question Marking guidance

1d| H3C6H507 = H2C6H507_ + H+
H,CeHsO7~ reacts with HCl / H*
Equilibrium position shifts left to reduce the concentration of H* again
H* concentration
1dii [H*] = 105
=1 x 10° mol dm™3
Koa =741 %10
K, = [H*]ia]
{HA}
assume [NaCH] = [A7]
K, = [H*|[NaoH]
[HALpiw

jn “|ivaon]
K,

[H*liNaoH

] [
. + [NaOH]

1x 1075 x 0.1
=—— + 0.1

7.41x107%

0.101 mol dm-3

Question Marking guidance
2 Stage 1: Acid is in excess

‘Hydrochloric acid must be in excess.”

mol HCl = 0.150 x =22

1000

= 0.015 mol
2 : 1 ratio HCl : CaCOs

max. mol CaCO; = % x 0.015 ‘
= 77010 ¢
max. mass Calf'f" Lac07? x (401 + 12 + 3%16)

AdOO NOILO4dSNI

S e 2: Experimental method

Measure 100 cm? HCl (with a pipette) and add the mass of calcite weig
conical flask.

Titrate: standard solution / 0.100 mol dm=/ 0.200 mol dm= NaOH in a
and record the volume when the indicator changes.

Stage 3: Calculate mol CaCO;

i 3
mO| NaOH = volume o};(I)\IOaOOH incm « [NaOH]

AND mol HCl = 7.5 x 10-3 — mol NaOH
AND mol CaCO; = ZHd

2

COPYRIGHT
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Stage 4: Calculate purity
mass CaCO; = maoles CaCO; x 107
AND Purity _ _mass Cal0z 5

mass of solid

9

a9

Education

Titrations 'Tricky Topics' Worksheets for A Level Edexcel Chemistry Page 65 of 67




Question Marking Guidance
3a Cu’t + e —~ Cut

3b Because it might react with sodium thiosulfate,

causing the result / titre / percentage by mass to be inaccurate

3¢ Indicator

37.20

3d moi Na;S;0s —— x 0.01

o e

=0.0002

250

Lin250am® = 0.000186 x 20

= 0.00186 mol
mol Cuinring = 0.00186 x 2
= 0.00372 mol
Mass Cu in ring = 0.00372 x 63.5
=02362¢g

0.2362

% by mass Cu = x 100
0.945

AdOD NOILO4dSNI

=250%
Question _ i 13 Gaidance
4 Full equation: 2MnQOy4 + SC" i 5!—. M2t + 55042 + 3H,0
molMnO; =00 o -~
L Buv
0 0 107 mol
S x492 x 107
- =123 x 107 mol
SO in200em® =123 x 10° x =2
=9.84 x 10-3 mol
_ 124
r.f.m. MzSO3 = oBax10=3
=126.0
_ 1260 - (32.1+3 X 16)
rfm.M e
=23
M* = Na*

COPYRIGHT
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Quick Quiz

1.

10.

H+
Neutralisation

hydrochloric acid ~ + potassium hydroxide - potassium chloride
HC} KOH - e + +

Neutral -

pH meter

Any three from:

° burette
e pipette
° beaker

e  conical flask

e clamp / clamp stand / retort stand
e  funnel

e white tile

e measuring cylinder

Strong acids / sulfuric acid / solution 1 dissociate(s) more easily than weak acid

a) H;SOs + 2NaOH — Na;SO4 + 2H.0 g
b) 024 mol

a)
b)
Q)
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