CAIE AS Leve| Chemistry

Past Exam Questions

Organised by Experiment SubType

Summer 2009 to Winter 2022 (35 Papers)

Name:
Class:

60.0
CAIE A Level Chemistry 9701 Paper 3
Freequency of marks for each Experiment SubType from m2022 to m2016 blue squares,
compared to SAMPLE DATA section of this workbook in the red diamonds

2
Q.
2 500 +
] n
5 Experiment Name SAMPLE Data % ,' '.
[1°] Qualitative: Inorganic ions test l' '.
2 Titration 1: Acid/base H
e Titration 2: Redox of KMnO: and a reductant ™ i
[}
be 40-0 | Titration 3: Thiosulfate and T3 rl |I
Q Gravimetric: Thermal decomposition G1 : |l
-E Gravimetric 2: Water of cr isation G2 : H
g Gravimetric 3: Gas mass lost G3 ll l.
© Rate 1: Thiosulfate and acid R1 .' ll
w Rate 2: Thiosulfate and iodine R2 " "
f 30.0 | Qualitative: Organic reactions Qo " '.
1] Thermometric Titrations ThT ;a2
E Gas Collection 1: Carbonate reacting with acid GC1 H “
'16 Gas Collection 2: Decomposition of H,0; GC2 .' 'l
Gas Collection 3: Metal reacting with acid GC3 r' l‘
BQ Enthalpy 1: Metal displacement H1 .' “
20 0 Enthalpy 2: Carbonate reacting with acid H2 : '|
Enthalpy 3: Decomposition of H;0; H3 a ,' "
Enthalpy 4: Heat changes of salts dissolving r N .' '.
’ N i 1
rd N 1 |
+ N [} '
’ S 1 |
J \ ] \
. I ]
rd * I [}
10.0 - bd u i \
« / m, ] \
, ' \ ' \
N Experiment SubType Code a YW : -
A
A / e ,‘ !
A t‘ ] f \‘ " "\ .
L | | 7 Ry Y | IR
\ ~
-

.

R1 R2 T1 T2 T3 Qi Qo ThT
5.8 29 9.9 9.1 6.6 28.4 19 5.7
0.0 9.8 17.8 10.8 0.0 49.6 3.5 0.0

18 0.8

|- P309s22w 74 15 | 11 20 | 08 | 06 59
|--0--SAMPLEData 8.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Patrick Brannac Page 1 of 579

www.SmashingScience.org



http://www.smashingscience.org/

For and electronic version of this Paper 3
Workbook (scan code):

Contents
For and electronic version of this Paper 3 Workbook (Scan code): ........cccvvciieviieiiiiieececeee e 2
Introduction, EXercises and ANAIYSIS ......ceceiiiiiiiiiieriiiiiiiiiiiiniieiiiisiineresnsssssssssssse s ssssss e s s s ssssssssnss e e s s ssssssssnssessssessssnns 4
A General Note on All These SAmMPIE DAt .....ccuueiieiiiiie ettt e et e e e et e e e e e atee e e e baeeeesataeeeenntaeeeensreeens 4
A e E Y NV I CT ¢ o] o E U O O P PO PSP OO TUPPTOPUPOPRPTIO 5
A A el =Y o] [T PP RUPPTUPROTPPR 9
NOtES 0N ANAIYSIS OF PAPEI 3 .. et e et e e et e e e e st e e e s sateeeessstee e e nteeeesnstaeeesnsseeeanseeeesnseneennnsens 10
Alternate sample data AN @XEICISES............eiiviiiiiiiiiie ettt et sate st e e s beesbeessbeeesabeessbeesbeeenees 11
REDOX TITRATIONS Alternate Sample data and NOTES .......ueeiiiieiiiiiiieee e e et e e e e nraae s 11
THERMAL DECOMPOSITION Sample data and NOTES ......uveiiiiiieceiie et e e e et e e e seae e e s snnae e e eneeee s 12
THERMAL DECOMPOSITION activities and things to think @bout .............cccooiiiiiiiii e, 12
RATE OF REACTION (thiosulfate and acid) NOtES 0N EXPEIIMENTS .....ccveeiieeiieeeiee e e ese e s e e eesereesreeesareeens 12
THERMOMETRIC TITRATIONS Notes, Example Tables and Graphs.........ccceeeeeveiiiiiiec e 14
Calendars and time MAaNABEMENT .....cic it e e et e e e st e e e s ateeeesntaeeeanteeeesnsteeeeanteeeeannseeeenneeeann 16
PLaNNING YOUE TAYS .eeiiiiiiiieiiit ettt e st e etee e stte e sttt e st e e s teeeaeeessteessseessseeessaeesseessteeanteeenseeesseesnseesnsesanseesssseesnsenans 20
Paper 1 and 2 ANalysis @Nd Graphis .......oocieiieiiiee ettt et e et ee e e st e e e e e aba e e e e ataeeeatbeeeeaabaeeeerreeeeanraes 24
Paper 2: Notes and points Of INTEIESE .......viii i e e e et e e s e e e e s ee e e e esnteeeesnaeeeeannees 27
SECTION 1: Past Exam Questions with SAMPLE Data Provided........ccccceeerivereiiiiininiinnnnnniiinnnnenennsissssssssessnssssssssenns 30
T1 Acid Base Titration Chem 7 QU L... ..ottt ettt et e et e e st e e st e e e ebeeesabeesabeeebaeeabeeesnseesabeanns 30
T2 Redox Titration (KMNO4) Chem 6 Qf 11.......c.uiiiiiieie ettt eeteeeceettee e eette e e eetae e e e eabeeeeesateeeeebbeseesabeesesenbeeeeanns 57
G1 Gravimetric Thermal Decomposition Chem 10 QB 17 ........coooviiieiiiiee et et etre e e etre e e e saree e e eareee s 71
R1 Rate (Thiosulfate and acid) Chem 8 Qf 22........ccocuveiiiiiiie ettt eete e e et e e et e e esabaeeesateseesbeeeeeesbaeeesans 85
Qo Qualitative: Organic compounds teSt ChemM 17 QH 24 ......cccocuveeieeiiee ettt ee e e e stre e e e stre e e s eateeeeenreee s 94
Qi Qualitative: Inorganic ions test Chem 17 Q# 28 ........ocioeiiiiiecie et e e rtee e s nre e e e s neeeeennnees 101
SECTION 1: Mark Scheme for Questions With SAMPLE Data .........cccceiiiieriiiiineiiininneiinneeiienesimeeeinsseesmssessnmssesns 193
Q# 1/ T ACIH BaSE TIEratiON .ueeeeeeeeeeeeeeeeeeeee et et et e ettt e e e e e e e e eeeeeeeseaaa s aaseeeesssasassseseeeessssaaanaaeeeesssssasnrssaeeeesssanannns 193
Q#t 11/ T2 RedoX Titration (KIVINOA) ...ccveiieie et eete ettt ettt e et e st sste s e sbeeseatessateesntesenbessbeessnbessnbessnbesenses 201
Q# 17/ G1 Gravimetric Thermal DECOMPOSITION.......ccueieevieeeee et cetee et e ereeeeteeeeteeeereeeteeeeteseeteseeteeessreeesreeesesenes
Q# 22/ R1 Rate (Thiosulfate @nd @Cid).......ccuiieeiiiiiieiieceie ettt ettt ettt sat e e st e s ete s sebeessatessnbessnbesenres

Q# 24/ Qo Qualitative: Organic compounds test

www.SmashingScience.org Patrick Brannac Page 2 of 579 ~ A

N /-'1- \i?
SMASHING] V)



http://www.smashingscience.org/

Q# 28/ Qi QUAlItative: INOFZANIC IONS TEST....uiiiueiieeieicreecreeeeee ettt ere e et e et e eeteeeeaeeeeteeetesenteseeteeesseeeenresenseseses 227

SECTION 2 Unedited Exam questions ordered by EXxperiment SUDTYPE ......cceeeeeeeeeeeeeeeeeeeeeeeeeemeeeeeeeseesssssssssssssssssssssssnses 245
Qi Qualitative inorganic ions tests Chem 12 QH L.......ccuiiieiiiee e e e e e s e e e eatae e e e nree e ssnseeeeeannens 245
Til Acid/base titrations ChEM 7 QFH 32......eeiiiieiie ettt e ettt e e sttt e s e sttt e e ssate e e e sttt e sessbeeesssateesssssteesssreeessns 316
Ti2 Redox titrations with KMNO4 Chem 6 QH 42 .......cociiiiiiieieeeeieeteee ettt ettt sr e b e sreeneenneens 339
Ti3 Titrations with thiosulfate and iodine Chem 7 Q# 51 ......ccciiiiiiiiiiiieeeeeeee et 360
H1 Thermometric (metal displacement) enthalpy experiments Chem 6 Q#f 57 ......ccceeeevvvveeeecieeeecireeec e 376
H2 Thermometric (carbonate and acid) enthalpy experiments Chem 10 Q# 61 ........ccccueevieiniiienniienieenieeeiee e 394
H3 Thermometric (decomposition of H,03) enthalpy experiments Chem 5 QH 62 ........ccceeeveveeeeeireeeeeireeeeeenneenn 399
G1 Gravimetric (thermal decomposition) experiments Chem 10 Q# 65 .......ccccoviiiiiiiriienrieeerie e 406
G2 Gravimetric (water of crystallisation) experiments Chem 2 QH 73 .....ocovvieecieee et e 424
G3 Gravimetric (mass of gas lost) experiments Chem 10 QH 75.......ccoviiiiiieereeeiee e e e rree e sere e sre e e reeeees 428
R1 Rate (thiosulfate and acid) experiments Chem 8 QH 76 ........coocuiiiiiiiiiienieeeiee e 430
R2 Rate (thiosulfate and iodine) experiments Chem 8 Q#f 81...........covvieviiiiieeciee et sere e e 447
ThTi Thermometric titration experiments Chem 7 Q# 83 .....cccuiiiiiiiiiiiiiieeie ettt saae e saee s 456
GC1 Gas collection (carbonate reacting with acid) Chem 10 Q# 87.......ccciveevvievieeiieecee e erre e 471
GC2 Gas collection (Decomposition of H202) Chem 2 QH 90 ......oovviiiiiiiiieiiee ettt 478
GC3 Gas collection (metal and acid) Chem 6 QH 9L ....ccciiiiiiiiiieee ettt e sate e be e s baeenees 481
Qo Qualitative tests to identify unknown organic compounds Chem 17 QH# 92......cccvvveeviereeiiiee e 483

SECTION 2 Unedited Mark Scheme ordered by Experiment SUBTYPE .....ccceueeeiiieeieieeieeeeeeeeeeeeneeeeeemeeeeseeesssssssssssssssssssssss 491
Qi 1/ QUalitative INOIZANIC IONS TESTS .eiiuiiiiiitiiiieitiecte et et e et et e st e eeeeeesbesaeesabeesbeesbesabesasesasesasesnseenseenbeenseenseenns 491
(O Y A NolTo VA o= Y= AL =1 Ao ] o TSRS 512
Q# 42/ RedoX titrations With KIMINOZ .......c.coueiiiriiieieiesec sttt sttt b e ne e 521
Q# 51/ Titrations With thiosulfate anNd IOINE .......eeveiieeiieeeeie et e et e st e e s et e e s s sabeeessbaeeessnaees 531
Q#t 57/ Thermometric (metal displacement) enthalpy eXpPeriments ........cccceccveevieeiieeiieciie e e 538
Q# 61/ Thermometric (carbonate and acid) enthalpy eXperiment.........cccccueiiveeieeieecie e e 545
Q#t 62/ Thermometric (decomposition of H,0;) enthalpy eXperiment.........ccceeveeieiiieciieciece e 546
Q#t 63/ Thermometric (enthalpies of sOIUtION) EXPEIMENTS ...ccviiiiiieiie e 546
Q# 65/ Gravimetric (thermal decomposition) @XPErimENt ...........cciiiiiiiiiie ettt et 547
Q# 73/ Gravimetric (Water of CrystalliSatioN).......cc.eeccuieeerieeeee ettt ettt eetveesareeereeentesenees 553
Q# 75/ Gravimetric (mass of gas [0St) @XPEIrIMENT........cciiiiiiiecieciece ettt e te et et eabe e te b s 555
Q# 81/ Rate (thiosulfate and i0diNg) EXPEIIMENT .....ccviieeviieeeeccee ettt ettt cere et e et eeteeeetveeeareeereeeresenees 562
Q# 83/ Thermometric titration EXPEIIMENTS ........ccuiiiiiiiiciece et ee et e st e e ee et e et e et e eabeeabeeabeeabeenbeenbeeabeenreenns 565
Q# 87/ Gas collection (carbonate reacting With aCid) .........covieeeiioiiiiiececee e e e 571
Q# 90/ Gas collection (DecomMPOSItION Of H2O2)...cuiiiuiierieeeieeeeiee ettt e eetee et eeteeeeveeereeeeteseeteeeetveesareeensesesesenees 573
Q# 91/ Gas collection (Metal @Nd GCIA) ....oicveiiieiiiiiicieee ettt st e st e e et s ebe e ssbeeesnbessrbessnbesenres 573
Q# 92/ Qualitative tests to identify unknown organic COMPOUNGS .........ccvieeeieiieecieeceecee et 574

Qualitative Analysis Notes, Constants and Periodic Table .........ccooereeciiiiiiiec e e e e s e e enen s e e s s eeennnes 577

www.SmashingScience.org Patrick Brannac Page 3 of 579



http://www.smashingscience.org/

Introduction, Exercises and Analysis
A General Note on All These Sample Data

This is still a draft of the more complete version that might be finished in the second half of 2024.

This book cannot replace practical experience gained in a lab over years of secondary science education, but it can
help to shed light on some of the patterns in how marks are assigned and how skills are assessed, especially for
common experiments like the quantitative titration and the qualitative ions tests.

Section 1 contains sample data usually provided at the start of the question, or within it.

Section 2 only contains the questions in experiment subtype order ranked according to mark frequency (experiment
type rank first, then within that group ranked by subtype frequency).

The sample data normally is the value that would be measured if all aspects of the experiment were performed
perfectly (without any error) given the mounts of reagents used. In the real experiment you cannot get these exact
figures because, for instance, of small variations and impurities in the chemicals prepared, which would affect all
results using them equally (systematic error). This is why accuracy marks are compared against values that have
been experimentally determined within the same centre using the same equipment, but also, importantly the same
batches of solutions.

Results tables

You should create a suitable results table for every sample value for each question. The most successful students
will be able to create these kinds of tables quickly and error free because they have practiced drawing up suitable
tables a lot before. Good exam preparation delivers an ability to perform at a certain level, and a phrase that is
sometimes used in another competitive activity, sport, is “practice it until you get it right”. Outstanding exam
preparation is going further to “then practice until you cannot get it wrong”. The highest levels of success are all
about a passionate, ranked, fascination with all aspects of the details that impact that success. It can be helpful to
know that it is thought by scientists that there are different kinds of memory, with different properties; your
memory from thoughtful habits and repeated practicing (a kind of long-term memory) is longer lasting.

For a neat article about the current science of memory: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5491610/

For titrations, this results table should always be the same format, like the one below. You will therefore need to
think about suitable initial and final burette readings that could produce those Sample Data titres given in this book.

Titration trial
ROUGH 1 2 3 4 5

FINAL burette reading (cm?)
Initial burette reading (cm?3)

Titre (cm?)

Concordant results (tick)
Always include units in the headings. When reading through the mark schemes, take time to think about what
marks are awarded for. There are systematic reasons why marks are awarded for a complete and correct results
table, learning how to use those marking rules is good; learning them consistently well, is better.

Always include the same number of decimal places for every measurement, so 0 cm3 needs to instead be written as
0.00 cm? (it is a reading on an instrument, rather than an mathematical idea).

Normally, the most successful students will always have their last two titrations as within 0.05cm? for the titres.
Often there is a mark awarded for this feature in the table. They will also only have 1 rough value and a maximum
of 3 recorded titres; if you are note getting agreement to 0.1 cm3 within 2 or 3 titrations, then the problem
preventing you from getting reliable results (random error) is not going to get fixed by doing more, the time saved
can used in other parts of the exam, especially making sure the calculations are done properly.

P
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Analysis -Graphs
CAIE A Level Chemistry 9701 Paper 3: Advanced Practical Skills
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Analysis — Tables

Experiment Name ‘ Code ‘ SAMPLE Data % P3 09s-22w %
Qualitative: Inorganic ions test Qi
Titration 1: Acid/base T1
Titration 2: Redox of KMnO, and a reductant Iy
Titration 3: Thiosulfate and T3
Gravimetric: Thermal decomposition G1
Gravimetric 2: Water of crystallisation G2
Gravimetric 3: Gas mass lost G3
Rate 1: Thiosulfate and acid R1
Rate 2: Thiosulfate and iodine R2
Qualitative: Organic reactions Qo
Thermometric Titrations ThT
Gas Collection 1: Carbonate reacting with acid GC1
Gas Collection 2: Decomposition of H,0; GC2
Gas Collection 3: Metal reacting with acid GC3
Enthalpy 1: Metal displacement H1
Enthalpy 2: Carbonate reacting with acid H2
Enthalpy 3: Decomposition of H,0; H3
Enthalpy 4: Heat changes of salts dissolving H4
No longer on the syllabus X

Experiment Name 02s to 23s

Gravimetric 10.0
Gas collection - ‘ E
Thermometric 10.0
Rate 8.7
Titration

Qualitative ions
Qualitative organic
Therm. Titrn 5.7

Old content 6.3
Total
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Experiment Name Code P309s-22w

Gravimetric: Thermal decomposition Gl 7.4
Gravimetric 2: Water of crystallisation G2 1.5
Gravimetric 3: Gas mass lost G3 1.1
Gravimetric Total 10.0
Gas Collection 1: Carbonate reacting with acid GC1 2.0
Gas Collection 2: Decomposition of H202 GC2 0.8
Gas Collection 3: Metal reacting with acid GC3 0.6
Gas Collection Total 3.4
Enthalpy 1: Metal displacement H1 5.9
Enthalpy 2: Carbonate reacting with acid H2 1.8
Enthalpy 3: Decomposition of H202 H3 0.8
Enthalpy 4: Heat changes of salts dissolving H4 1.5
Enthalpy Total 10.0
Rate 1: Thiosulfate and acid R1 5.8
Rate 2: Thiosulfate and iodine R2 2.9
Rate Total 8.7
Titration 1: Acid/base T1 9.9
Titration 2: Redox of KMnO4 and a reductant T2 9.1
Titration 3: Thiosulfate and T3 6.6
Titration Total 25.6
Qualitative: Inorganic ions test Qi 28.4
Qualitative: Organic reactions Qo 1.9
Qualitative Total 30.3
Thermometric Titrations ThT 5.7
No longer on the syllabus X 6.3

Notes on analysis of Paper 3

Generally, as with Paper 5, it is harder to assign topic numbers to these kinds of skill-based exam questions. As a result,
topics like 12, which includes sulfates, nitrates and the ammonium ions have an outsized impact on these statistics, even
though there is very little chemistry syllabus content that these would be directly assessing. Similarly, most marks that are
assigned to the electrochemistry topic, Topic 6, can be accessed without knowing much or any theory from this topic, as
most of the marks relate to using moles in calculations and redox titrations.

A different approach, to assign marks instead to an experiment type makes it harder to compare the 3 different exam
question papers with each other and with the syllabus. But it has also been used here and allows a way to organise and
order the questions in a way that allows patterns to be more visible.

SAMPLE Data exists for most of the experiment types that are most frequently assigned marks.

Qualitative experiments, almost always on ions, are always included in every exam paper. The sample data provided
should be used to deliver the conclusions about what these results tell you about the identity of the unknown substance.
Titrations, both acid base and redox using the MnOg4 ion as the oxidizer and the indicator are very common and included
here, as are gravimetric analysis investigating the thermal decomposition of carbonates. Notably absent in the sample data
are thermometric titrations and thermometric (enthalpy experiments). A more comprehensive and systematic approach to
Sample Data will be attempted, possibly for the November 2024 exams.
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Alternate sample data and exercises
You can use this data, which is slightly incorrect for the questions shown.

This will help you get a better understanding of how, even if an experiment does not go to plan, you can still use the data
you do end up with to get many, if not most of the marks available for the exam.

REDOX TITRATIONS Alternate Sample data and Notes
For a comprehensive explanation of the chemistry for this type of experiment go here:

https://www.chemguide.co.uk/inorganic/transition/manganese.html

For alternate sample data that will be slightly incorrect:
Sample data for 2002/s/TZ 5/Q1.a-c

During the experiment you have these titres:
o 27,24,242,24.1

Sample data for 2011/s/TZ 3/Q1

During the experiment you have these titres:
e 32,31,29.8

Sample data for 2014/s/TZ 3/Q1

During the experiment you have these titres:
e 32,33,26.7,29,28,36

Sample data for 2015/s/TZ 1/Q1

During the experiment you have these titres:
e 2938

Sample data for 2015/s/TZ 1/Q1

During the experiment you have these titres:
e 32.0,31,30.05and 30.1

Sample data for 2010/w/TZ 4/Q1

During the experiment you have these titres:
e 29,32,25.9,15.05

Activities and Questions for Redox Titrations

1. After you have used the corre3ct values at the start of each question, repeat the question but use instead the
values above, which are slightly incorrect.

2. Work through the calculations for each exam question using these values. How differently do the correct values
make things?

3. Are the calculations any easier or harder if you don’t get the titration exactly right?
Is there any way to increase the number of marks awarded by presenting the data you have been given better?

Questions and Things to Think About for Redox Titrations

1. You will never be able to know how much exactly the correct volume for the titre.

2. What is the direction of error for this experiment, are you likely to add too much from the burette or too little?

3.  Which of these sets of results would have taken the most time in the real exam? Do you think they were more
accurate?

4. How many marks are awarded for getting the amount added correct?

5. What usually goes into the burette?

6. What is the end point? How do you know when all of the limiting reactant has been used up?

7. If you have limited results, how can you maximise your marks (analyse at the mark schemes!)?

8. What proportion of the marks are awarded for calculations?

9. What is the most common volume for a titre?
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THERMAL DECOMPOSITION Sample data and Notes
For a background that goes a little beyond AS level:

https://chem.libretexts.org/Bookshelves/Analytical Chemistry/Instrumental Analysis (LibreTexts)/31%3A Thermal Meth
0ds/31.01%3A Thermogravimetric Methods

Table 1: Use the following data to complete the 4 thermal decomposition questions that follow (they include the kinds of
mistakes you could make):

Paper ID Marks .I\/_Ietasured Measured

initial mass final mass
2022/s/TZ 3/Q2 12 42 41.42
2019/s/T21/Q2 14 42.98 41.52
2017/s/TZ21/Q2 10 43.60 42.76
2016/s/TZ2 4/Q2 14 35.8 41.29

THERMAL DECOMPOSITION activities and things to think about

1. Mark your first experiments using the mark scheme at the back and the exact values given in Table 2 above.

2. Complete the 4 exam questions again, using the values in Table 2 instead.

3. Describe and explain any differences you notice between values you might measure in the lab and the exact
values given in Table 2. Think about the kinds of mistakes that you could make in an experiment like this and how
they could either make the measured mass larger or smaller than it should be.

4. ldentify which experiment had an incorrect initial mass.

5. Describe and explain this error in initial mass.

6. Identify which experiment had the largest error.

7. Describe and explain what could have caused this error.

8. ldentify which carbonate is most often used for thermal decompositions.

9. Calculate the average exact starting mass for these 4 experiments.

10. Calculate the average exact mass lost for the 4 experiments.

11. Sometimes the crucible cracks, if for instance it is very hot and gets wet. Describe and explain a strategy to deal
with this problem in the actual exam so that you can maximise your marks after this mistake.

RATE OF REACTION (thiosulfate and acid) notes on experiments
For a background that covers the chemistry behind this experiment type:

https://www.chemguide.co.uk/physical/basicrates/concentration.html

For a background that goes a little beyond AS level:

https://chem.libretexts.org/Courses/University of British Columbia/UBC CHEM 154%3A Chemistry for Engineering/10
%3A Chemical Kinetics/10.02%3A Measuring Reaction Rates

For a YouTube video on this experiment type:

https://www.youtube.com/watch?v=J8zyMnMzbLA

https://www.youtube.com/watch?v=r4|1ZDPpN-bk
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Answers to the questions about the Thermal Decomposition Sample Data:
Mark your first experiments using the mark scheme at the back and the exact values given in the exam questions.

Complete the 4 exam questions again, now using the values in Table 1 instead.

2. Describe and explain any differences you notice between values you might measure in the lab and the exact
values and those given in Table 1. Think about the kinds of mistakes that you could make in an experiment like
this and how they could either make the measured mass larger or smaller than it should be.

Mistakes and experimenter error fall into 2 categories:

More mass is measured than should be. For instance, if the crucible is wet, or if a different, heavier lid is used, or
if some other substance, for instance from the pipe-clay triangles gets on the crucible. Or the thermal decomposition was
not complete, so some carbonate remains.

Less mass is measured than should be. For instance, the compound used was wet (so the water is lost). Some of
the residue was lost, for instance because of ‘spitting’ and crackling, where the heated solid changes shape suddenly
causing it to fly out of the crucible. Residue could also be lost from the crucible if some substance, like soot, gets wiped off
after the initial mass has been measured.

3. Identify which experiment had an incorrect initial mass.

Measured initial Measured final Mass of crucible Initial .
Paper ID Marks . Final mass
mass mass and lid mass

2017/s/72 1/Q2 10 43.60 42.76 40.76 43.51 42.74

4. Describe and explain this error in initial mass.
Crucible could have gotten wet, or the balance had contaminants on it.

5. Identify which experiment had the largest error.

Paper ID Marks Measured initial
mass
2016/s/TZ 4/Q2 14 35,8

6. Describe and explain what could have caused this error.
The crucible lid was not measured with the crucible.
7. Identify which carbonate is most often used for thermal decompositions.
Magnesium carbonate
8. Calculate the average exact starting mass for these 4 experiments.
1.66g; average of 1.30g for MgCOs3 and 2.75 for the single experiment with CuCOs.
9. Calculate the average exact mass lost for the 4 experiments.
0.71g for all 4 experiments; average of 0.69g for MgCOs and 0.77g for the single experiment with CuCOs.

Sometimes the crucible cracks, if for instance it is very hot and gets wet. Describe and explain a strategy to deal with this
problem in the actual exam so that you can maximise your marks after this mistake.

Use an estimated value of 0.71g as the mass lost in your calculations.
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THERMOMETRIC TITRATIONS Notes, Example Tables and Graphs

For a background that covers the chemistry behind this experiment type:

https://edu.rsc.org/experiments/a-thermometric-titration/429.article

If you really wanted to, you could try using some of this data in a thermometric titration question, which would get you

some more practice on some of the questions that followed. Often you are looking at

around 25 to 35cm?3 as being the

necessary volume needed to reach the end point (the middle of the range given in the exam question). Both intersecting

lines would need at least 2 data points each, so there should always be two points wh
the theoretical temperature where the two lines intersect.
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Calendars and time management
Organising your months in 2024
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Cambridge IGCSE™
Cambridge O Level
Cambridge International AS & A Level

«s CAMBRIDGE

International Education

Cambridge Final Exam Timetable June 2024

Administrative zone 5

CAIE Chemistry 9701 A Level Chemistry Exam Timetable for Administrative Zone 5 (Time Zone 2):

Paper 1 — AS Chemistry

Syllabus/Component Code Duration Session Syllabus/ Component Code Duration Session
IG | Drama 0411113 zh 30m AM |m| Chemistry (Multiple Choice) I I oz I I Th15m I ‘ m |
IG | Design & Technology 0445/33 Th AM
IG | Design & Technology 0445/43 Th AM
IG | Design & Technology 0445/53 1h AM
AS | Accounting (Multiple Choice) 97 06/13 1h AM

Paper 2 - AS Chemistry

Syllabus/Component Code

Duration Session Syllabus/ Component Code Duration Session

IG | Literature in English 0475/23 1h30m AM IG | Computer Science 0478/12 1h 45m PM

IG | Literature in English 0475/33 45m AM IG | French 0520/22 1h PM

IG | Literature in English 0475/43 1h15m AM OL | Computer Science 221012 1h 45m PM

OL | Literature in English 2010/23 1h 30m AM OL | French 3015/02 1h PM
AL | Mathematics (Pure Mathematics 3) 9709/33 1h 50m AM m chemwsr.ryl 70122 I 1h15m I WI

AL | Chemistry 970Nis2 1h 15m PM

www.SmashingScience.org Patrick Brannac
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Paper 3 - AS Chemistry

Thursday 02 May

Syllabus/Component Code Duration Session Syllabus/ Component Code Duration Session
| IG | Geography | 0460/13 | 1h 45m | AM | IG | Sanskrit 0499/22 1h30m PM
IG | Biology (Core) 0610/32 1h15m PM
IG | Biology (Extended) 0610/42 1h15m PM
1G | Combined Science (Care) 0653/32 1h 15m PM
IG | Combined Science (Extended) 0653/42 1h15m PM
IG | Co-ordinated Sciences (Double Award) (Core) 0654/32 zh PM
IG | Co-ordinated Sciences (Double Award) (Extended) 0654/42 zh PM
OL | Biology 5000/22 1h 45m PM
OL | Combined Science 5129/22 1h 45m PM
AS | Global Perspectives & Research 9239/12 1h 30m PM
[ 25 ][ hemistry (Practical - Advanced) | | E D:
Thursday 30 May
Syllabus/Component Code Duration Session Syllabus/ Component Code Duration Session
OL | Commerce 7100423 zh AM IG | Accounting (Multiple Chaice) 045212 1h15m PM
AL | Sedology 9699/43 Th 45m AM OL | Accounting (Multiple Choice) roriz 1h1sm PM
AS | Law 9084/22 1h 30m PM
[ a5 || chemistry (practical - Advanced) | orou3a| |zh E:
Paper 4 (A2 Chemistry)
Wednesday 08 May
Syllabus/Component Code Duration | Session Syllabus/ Component Code Duration Session
IG | Information & Communication Technology 041713 Th 30m aM IG | English (as an Additional Language) 0472/22 1h PM
IG | Global Perspectives 045713 1h 15m AM IG | English (as an Additional Language) 0472/42 1h PM
AS | Computer Science 9618/13 Th 30m AM IG | First Language English (Oral Endorsement) 0500/12 zh PM
AS ion Technology 9626/13 1h 45m AM IG | English as a Second Language (Speaking Endorsement) 051012 2h PM
IG | English as a Second Language (Count-in Speaking) 0511112 2Zh PM
OL | English Language 12312 zh PM
| ][ chemistry| aroa2| |zn
IG | Latin 0480/13 1h30m
AS | Thinking skills 9694/23 1h 45m
Paper 5 (A2 Chemistry)
Wednesday 15 May
e ration Syllabus/ Duration Session
IG | Literature in English 0475/23 1h 30m AM IG | Computer Science 047812 1h 45m PM
IG | Literature in English 0475/33 45m AM IG | French 0520/22 1h PM
IG | Literature in English 0475/43 1h15m AM OL | Computer Science 2210012 1h 45m PM
OL | Literature in English 2010/23 1h30m AM OL | French 3015/02 1h PM
AL | Mathematics (Pure Mathematics 3) w033 | 1h50m AM | as || chemistry | sror/zz| [ hism | Q:
AL | Chemistry 9701/52 1h 15m
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Cambridge Final Exam Timetable June 2024

. CAMBRIDGE
Syl. l.a b us view (A _Z ) International Education

Cambridge International AS Level

Syllabus/Component Code Duration  Date Session Syllabus/Component Code Duration  Date Session
Accounting (Multiple Choice) 970613 | 1h Tuesday 04 June 2024 AM
Accounting 9706/23 | 1h 45m Thursday 09 May 2024 AM
Language & Literature in English 8695/12 | 2h Monday 06 May 2024 PM
Biology (Multiple Chaoice) 9700712 | 1h 15m Tuesday 11 June 2024 PM Language & Literature in English 8695/22 | 2h Wednesday 01 May 2024 PM
Biology 9700022 | Th15m Tuesday 14 May 2024 PM Law 908412 | 1h30m | Tuesday 28 May 2024 PM
Biology (Practical - Advanced) 9700/33 | Zh Thursday 09 May 2024 PM Law 9084/22 | 1h30m Thursday 30 May 2024 PM
Biology (Practical - Advanced) 9700/34 | Zh Tuesday 28 May 2024 PM Literature in English 9695/12 | 2h Wednesday 01 May 2024 PM
Business 960913 | 1h 15m Monday 06 May 2024 AM Literature in English 9695/22 | 2h Monday 13 May 2024 PM
Business 960923 | 1h30m Friday 10 May 2024 AM
Marine Science 9693/13 | 1h 45m Friday 26 April 2024
Chemistry (Multiple Choice) 9701/12 | | 1h 15m Tuesday 04 June 2024 PM Marine Science 9693/23 [ th45m | Wednesday 01 May 2024 AM
Chemistry | a701/22 | | th 15m Wednesday 15 May 2024 | PM Mathematics (Pure Mathematics 1) 9709/13 | th50m | Monday 29 April 2024 AM
Chemistry (Practical - Advanced) 9701/33 || zh Thursday 02 May 2024 PM Mathematics (Pure Mathematics 2) o709/23 | th15m Tuesday 07 May 2024
Cheistry (Practical - Advanced) aro1/34 || zh Thursday 30 May 2024 PM Mathemnatics (Mechanics) 9709/43 | h15m Tuesday 07 May 2024 AM
Chinese Language (Listening - Multiple Choice) 8238M2 | 1h Monday 27 May 2024 PM Mathematics (Probability & Statistics 1) 9709/53 | 1h15m Monday 13 May 2024 AM
Chinese Language (Multiple Choice) 8238/22 | 1h30m Wednesday 29 May 2024 PM Media Studies 9607/22 | zh Tuesday 07 May 2024 PM
Chinese Language 8238/32 | 1h30m Friday 26 April 2024 PM Music (Listening) 9483/13 | zh Monday 20 May 2024 AM
‘Computer Science 9618/13 | 1h 30m ‘Wednesday 08 May 2024 AM
‘Computer Science 9618/23 | zh Friday 17 May 2024 AM Physics (Multiple Choice) o702/12 | 1th15m Thursday 06 June 2024 PM
Physics 9702/22 | h15m Thursday 16 May 2024 PM
Physics (Practical - Advanced) o702/33 | 2h Tuesday 30 April 2024 M
Physics (Practical - Advanced) 9702/34 | 2h Thursday 23 May 2024 PM
Economics (Multiple Choice) 9708/12 | 1h Friday 07 June 2024 [ | Portuguese Language 8684/02 | 1h 45m Tuesday 30 April 2024
Economics 9708/22 | zh Friday 10 May 2024 PM Portuguese Language 8684/03 | 1h30m Monday 20 May 2024
English General Paper 8021112 | Th15m Thursday 25 April 2024 PM Psychology 9990/12 | 1Th30m Thursday 25 April 2024 PM
English General Paper 8021/22 | Th 45m Monday 29 April 2024 PM Psychology 9990/22 | 1h30m Tuesday 30 April 2024 PM
English Language 9093/12 | zh15m Friday 03 May 2024 PM
English Language 909322 | zh Monday 06 May 2024 PM Sociology 9699/13 | th30m | Thursday 09 May 2024
Erwvironmental Management 829113 | Th45m Friday 26 April 2024 Sodology 9699/23 | 1h30m Friday 17 May 2024 AM
Environmental Management 829123 | Th45m ‘Wednesday 01 May 2024 Spanish Language (Listening - Multiple Choice) 802213 | 1h Monday 13 May 2024
Spanish Language (Multiple Choice) 8022/23 | 1h30m Wednesday 22 May 2024
French Language 8682/23 | Th45m ‘Wednesday 01 May 2024 AM Spanish Language 8022/33 | 1h30m Monday 06 May 2024
French Language 8682/33 | Th3om | Wednesday 20 May 2024 AM Sport & Physical Education 8386/13 | th4sm | Friday 24 May 2024
Further Mathematics 923113 | zh Monday 06 May 2024 AM
Further Mathematics 9231/33 | 1Th30m Friday 24 May 2024 AM Thinking Skills 9694/13 Monday 29 April 2024
Further Mathematics 9231/43 | 1h30m ‘Wednesday 29 May 2024 AM Thinking Skills 9694/23 | 1h 45m Wednesday 08 May 2024
‘Geography (Core) 9696/12 | 1h 30m Friday 03 May 2024
Geography (Core) 9696/22 | Th30m | Friday 17 May 2024 PM Monday 29 April 2024
Global Perspectives & Research 9239112 | 1h30m Thursday 02 May 2024 Urdu Language 8686/03 | Th30m Wednesday 22 May 2024
_
History 9489/13 | 1h15m Friday 03 May 2024
History 9489/23 | 1h 45m Friday 10 May 2024 AM

Cambridge Final Exam Timetable June 2024

. CAMBRIDGE
Syl. I.a b us view (A _Z ) International Education

Cambrldge International A Level

Duration  Date Session Syllabus/Component Code Duration  Date
_
S706/33 | Th30m | Tuesday 14 May 2024 9084/32 | 1h30m | Monday 03 June 2024 PM
S706/43 | Th Tuesday 21 May 2024 Law 9084/42 | 1h30m | Wednesday 05 June 2024 PM
Biology Tuesday 07 May 2024 PM Literature in English 9695/42 | zh Thursday 23 May 2024 PM
Biology S700/52 | Th15m Tuesday 14 May 2024 PM
Business 9609/33 | Th45m | Thursday 16 May 2024 AM Marine Science 969333 | 1h45m | Monday 06 May 2024
Business 9609/43 | Th15m Monday 20 May 2024 AM Marine Science 9693/43 | th4sm | Friday 24 May 2024
Mathematics (Pure Mathematics 3) 9702/33 | 1h 50m ‘Wednesday 15 May 2024 AM
Chemistry | (o701/42 | | 2h | Wednesday 08 May 2024 Mathematics (Probability & Statistics 2) 9709/63 | Th1sm Tuesday 07 May 2024 AM
‘o701/52 | | th1sm| | wednesday 15 May 2024 Media Studies 9607/ 42 Wednesday 22 May 2024
e eneuge & erature (Mutle Choice) | SB5a/T2 | 3om | Monday 27 My 2623 o _
Chinese Language & Literature 9868/22 | zh Friday 26 April 2024 PM Physics 9702742 | zh Monday 13 May 2024
Chinese Language & Literature 9868/32 | zh Monday 29 April 2024 PM Physics 9702/52 | th15m Thursday 16 May 2024 PM
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Organising your weeks

Week WKk Topic
Starti Events

arting  § Focus
25-Mar | 11

1-Apr 12

8-Apr 13 | MOCK EXAM(?)

15-Apr | 14

22-Apr | 15

29-AprN168 Thur 2" PM Paper 33 (TZ2)

6'May 17 Wed

ISSVISVRIRIEN \Wed 15" PM Paper 2 (TZ2)

Wed P (TZ2)

20-May | 11

27-May | 12 | Thur 30t PM Paper 34 (TZ2)

3-Jun | 13 | Tues 4t" PM Paper 1 (TZ2)

10-Jun 14
17-Jun 15
24-Jun 16
X
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Planning your days V1.0 — Continue to refine these to find and RECORD times you study best (and when you never study)

Period 7 Time _7>osam< Tuesday Wednesday Thursday Saturday _ Sunday
5:00 am
5:30 am
6:00 am
6:30 am
7:00 am
7:25am
7:50 am
8:40 am
9:30 am
10:20 am
11:00 am
11:50 pm
1:10 pm
2:00pm
2:50 pm
3:40 pm
4:20 pm
5:00 pm
5:30 pm
6:00 pm
6:30 pm
7:00 pm
7:30 pm
8:00 pm
8:30 pm
9:00 pm
9:30 pm
10:00 pm
10:30 pm
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Planning your days —v2.0

Period 7 Time _ Monday Tuesday Wednesday Thursday Saturday
5:00 am
5:30 am
6:00 am
6:30 am
7:00 am
7:25am
7:50 am
8:40 am
9:30 am
10:20 am
11:00 am
11:50 pm
1:10 pm
2:00pm
2:50 pm
3:40 pm
4:20 pm
5:00 pm
5:30 pm
6:00 pm
6:30 pm
7:00 pm
7:30 pm
8:00 pm
8:30 pm
9:00 pm
9:30 pm
10:00 pm
10:30 pm
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Planning your days —v3.0

Period 7 Time _ Monday Tuesday Wednesday Thursday Saturday
5:00 am
5:30 am
6:00 am
6:30 am
7:00 am
7:25 am
7:50 am
8:40 am
9:30 am
10:20 am
11:00 am
11:50 pm
1:10 pm
2:00pm
2:50 pm
3:40 pm
4:20 pm
5:00 pm
5:30 pm
6:00 pm
6:30 pm
7:00 pm
7:30 pm
8:00 pm
8:30 pm
9:00 pm
9:30 pm
10:00 pm
10:30 pm
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Planning your days — v4.0

Period 7 Time _ Monday Tuesday Wednesday Thursday Saturday
5:00 am
5:30 am
6:00 am
6:30 am
7:00 am
7:25 am
7:50 am
8:40 am
9:30 am
10:20 am
11:00 am
11:50 pm
1:10 pm
2:00pm
2:50 pm
3:40 pm
4:20 pm
5:00 pm
5:30 pm
6:00 pm
6:30 pm
7:00 pm
7:30 pm
8:00 pm
8:30 pm
9:00 pm
9:30 pm
10:00 pm
10:30 pm
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Paper 1 and 2 Analysis and Graphs

20.0
CAIE A Level Chemistry 9701 Paper 2
Freequency of marks for each Topic Number from m2022 to m2016 purple crosses, compared to m2022
18.0 to w2009 in the red diamonds (35 papers). Purple line shows most important 7 year trend
16.0 —
g
2 14.0 —
)
8 12.0
T
()]
T [ |
S 10.0 9
[y+]
2 [ | \
S
S
k]
X

Topic Number

0.0

= P209s-15w 3.7 5.1 4.5 1.6 6.8 1.7 9.3 13 7.4 4.9 2.3 6.7 21
==¢=-P209w-22m| 5.9 4.6 6.4 31 6.0 1.7 6.9 24 6.3 5.3 4.8 4.8 3.6
—p— P2 16m-22w | 7.3 4.2 7.7 4.1 5.4 1.7 5.2 3.1 5.6 5.6 6.5 3.5 4.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Chem X
23 24 2.5 0.0 0.0 18.7 0.0 3.6
3.2 3.6 2.8 0.2 0.8 10.6 2.5 2.2
3.9 4.4 3.0 0.4 1.4 5.2 4.1 1.3
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CAIE A Level Chemistry 9701 Paper 1: Multiple Choice

Freequency of marks for each Topic Number from w2022 to m2016 purple crosses, (Timezone 1 only) compared to w2015 to s2009 in the

8.0

7.0

blue squares (35 exams). Purple line shows most recent 7 year trend

% of Marks awarded for each topic

[ |
2.0
1.0
Topic Number
0.0 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 7 16 17 18 19 20 21 22 | ChemX
B 9w-15w 46 25 4.8 3.4 5.4 2.9 6.3 3.6 6.6 46 6.3 4.1 5.5 43 45 7 5.4 3.2 6.6 0.4 1.3 6.8 0.0 5.5
-=e=-9w-22m 4.7 3.1 5.4 3.4 5.2 3.6 6.4 3.6 6.4 5.3 6.0 3.6 5.9 3.9 4.6 7 43 4.9 6.7 0.7 1.9 4.4 1.5 3.8
—— 16m-22m| 4.8 3.5 5.7 35 5.2 4.0 6.4 3.8 6.5 5.7 5.8 3.3 6.2 3.6 48 7 3.6 6.0 6.8 1.0 2.4 2.9 2.5 2.0
. . . prs :,Ja.
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16.0

CAIE A Level Chemistry 9701 Paper 1 and 2
Freequency of marks for each Topic Number from w2022 to m2016 PAPER 2 purple crosses, (Timezone 1 only)

compared tosame period PAPER 1 in the red diamonds (70 exams). Purple line shows most important recent 7 year
14.0 [ |

12.0 | |

10.0 —

% of Marks awarded for each topic

Topic Number

0.0 |
1 2 3 4 5 6 7 8 9 10 11 12 13 22 7 Chem X
[ ] 09w-15w P1+2 4.1 4.1 4.6 2.3 6.2 2.1 8.1 2.2 7.1 4.8 3.9 5.7 3.5 8.2 3.1 3.5 2.7 4.1 0.1 0.5 139 0.0 7 4.4
==¢ =-Pl16m-22w 4.8 3.5 5.7 3.5 5.2 4.0 6.4 3.8 6.5 5.7 5.8 33 6.2 3.6 6.0 6.8 1.0 2.4 29 2.5 7 2.0
e P2 16M-22W 7.3 4.2 7.7 4.1 5.4 1.7 5.2 3.1 5.6 5.6 6.5 3.5 4.6 3.9 4.4 3.0 0.4 1.4 5.2 4.1 7 13
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Paper 2: Notes and points of interest

Paper 2 By Chemistry Branch P2 09s-15w | P2 16m-22w | 16m-22w P1+2
Physical Chemistry

1 Atomic structure 3.7 7.3 6.3
2 Atoms, molecules and stoichiometry 5.1 4.2 3.9
3 Chemical bonding 4.5 7.7 6.9
4 States of matter 1.6 4.1 3.9
5 Chemical energetics 6.8 5.4 5.3
6 Electrochemistry 1.7 1.7 2.6
7 Equilibria 9.3 5.2 5.7
8 Reaction kinetics 1.3 3.1 34
Physical Chemistry Totals 34.0 38.8 38.0
Inorganic Chemistry

9 The Periodic Table: chemical periodicity 7.4 5.6 6.0
10 Group 2 4.9 5.6 5.7
11 Group 17 2.3 6.5 6.2
12 Nitrogen and sulfur 6.7 3.5 3.4
Inorganic Chemistry Totals D2 21.3 21.3
Organic Chemistry

13 An introduction to AS Level organic chemistry 2.1 4.6 5.2
14 Hydrocarbons 10.9 9.6 7.2
15 Halogen compounds 2.3 2.1 3.1
16 Hydroxy compounds 2.3 3.9 3.8
17 Carbonyl compounds 2.4 4.4 5.0
18 Carboxylic acids and derivatives 2.5 3.0 4.5
19 Nitrogen compounds 0.0 0.4 0.6
20 Polymerisation 0.0 1.4 1.8
21 Organic synthesis 18.7 5.2 4.3
Organic Chemistry Totals 41.2 34.6 35.5
Analytical Techniques

22 Analytical techniques 0.0 4.1 3.5
No longer assessed 3.6 1.3 1.6
AS Total (if <100, then because some material moved to A2) 100.0 100.0 100.0
Physical Chemistry Totals 34.0 38.8 38.0
Inorganic Chemistry Totals 21.2 21.3 21.3
Organic Chemistry Totals 41.2 34.6 35.5
22 Analytical techniques 0.0 4.1 3.5

The main change was in Topic 21 Organic Synthesis, which in 2015 and before was a larger part of the
course (18.7% of all marks in 2015 and before, to 5.2% in Paper 2 from 2016 onwards). Questions that
required several answers from various parts to solve an unknown compound tended to be broken down
into smaller steps in 2016 and afterwards and the marks were therefore easier to assign to individual
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organic topics instead. This is line with a decades long trend away from thrilling subject-specific esoteric
riddles towards an increasingly prosaic, quantised and rational assessment approach.

One of the most substantial changes in A2 was a move away from organic chemistry towards allocating
a larger share of marks to the other branches of chemistry with the new 2016 syllabus. This change was
not really seen at AS level, though organic chemistry is less common.

The 11 topics most frequently given marks in both Paper 1 and Paper 2 were more important from 2016
and onwards, representing almost 2 in 3 of all marks.

Mark were assigned based on when a student, learning in topic order, ought be able to produce an
answer that would be awarded that mark, so sometimes material which the examiner may have
intended to cover in one topic, say Topic 12 Nitrogen and Sulfur, may have been assigned to a different
topic here, for instance Topic 3 Chemical Bonding instead because drawing a dot cross diagram of the
triple covalent bond in N; is fully covered in Topic 3. But explaining why N3 is unreactive, but CO, also
with a triple covalent bond, is reactive, would be placed in Topic 12 because although bond polarity is
covered earlier, this specific example isn’t obviously fully covered in Topic 3. This difference between
the topics assigned in these workbooks and what part of the syllabus the examiner was intending to
assess was somewhat evident in Paper 1, where questions assess topics largely in syllabus order, though
this general rule is not at all always followed in Paper 1.

Paper 1 and 2 By Frequency P116m-22w P2 16m-22w 09w-15w P1+2 | 16m-22w P1+2

Physical Chemistry
14 Hydrocarbons 3.6 9.6 8.2 7.2
3 Chemical bonding 5.7 7.7 4.6 6.9
1 Atomic structure 4.8 7.3 4.1 6.3
11 Group 17 5.8 6.5 3.9 6.2
9 The Periodic Table: chemical periodicity 6.5 5.6 7.1 6.0
7 Equilibria 6.4 5.2 8.1 5.7
10 Group 2 5.7 5.6 4.8 5.7
5 Chemical energetics 5.2 5.4 6.2 5.3
13 An introduction to AS Level organic chemistry 6.2 4.6 3.5 5.2
17 Carbonyl compounds 6.0 4.4 2.7 5.0
18 Carboxylic acids and derivatives 6.8 3.0 4.1 4.5
Top half most represented topics totals 62.7 64.9 57.3 64
21 Organic synthesis 2.9 5.2 13.9 4.3
2 Atoms, molecules and stoichiometry 3.5 4.2 4.1 3.9
4 States of matter 3.5 4.1 2.3 3.9
16 Hydroxy compounds 3.6 3.9 3.5 3.8
22 Analytical techniques 2.5 4.1 0.0 3.5
8 Reaction kinetics 3.8 3.1 2.2 34
12 Nitrogen and sulfur 3.3 3.5 5.7 3.4
15 Halogen compounds 4.8 2.1 3.1 3.1
6 Electrochemistry 4.0 1.7 2.1 2.6
20 Polymerisation 2.4 1.4 0.5 1.8
19 Nitrogen compounds 1.0 0.4 0.1 0.6
No longer assessed 2.0 1.3 4.4
AS Total (if <1000, then because some material moved
to A2) 99.9 100.0 99.4
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Paper 1 and 2 By Chemistry Branch | p1 16m-22w

Physical Chemistry

P2 16m-22w 09w-15w P1+2 | 16m-22w P1+2

1 Atomic structure 4.8 7.3 4.1 6.3
2 Atoms, molecules and stoichiometry 3.5 4.2 4.1 3.9
3 Chemical bonding 5.7 7.7 4.6 6.9
4 States of matter 3.5 4.1 2.3 3.9
5 Chemical energetics 5.2 5.4 6.2 5.3
6 Electrochemistry 4.0 1.7 2.1 2.6
7 Equilibria 6.4 5.2 8.1 5.7
8 Reaction kinetics 3.8 3.1 2.2 3.4
Physical Chemistry Totals 36.9 38.8 33.8 38.0
Inorganic Chemistry

9 The Periodic Table: chemical periodicity 6.5 5.6 7.1 6.0
10 Group 2 5.7 5.6 4.8 5.7
11 Group 17 5.8 6.5 3.9 6.2
12 Nitrogen and sulfur 3.3 3.5 5.7 3.4
Inorganic Chemistry Totals 21.4 21.3 21.4 21.3
Organic Chemistry

13 An introduction to AS Level organic chemistry 6.2 4.6 3.5 5.2
14 Hydrocarbons 3.6 9.6 8.2 7.2
15 Halogen compounds 4.8 2.1 3.1 3.1
16 Hydroxy compounds 3.6 3.9 3.5 3.8
17 Carbonyl compounds 6.0 4.4 2.7 5.0
18 Carboxylic acids and derivatives 6.8 3.0 4.1 4.5
19 Nitrogen compounds 1.0 0.4 0.1 0.6
20 Polymerisation 2.4 14 0.5 1.8
21 Organic synthesis 2.9 5.2 13.9 4.3
Organic Chemistry Totals 37.0 34.6 39.8 35.5
Analytical Techniques

22 Analytical techniques 2.5 4.1 0.0 3.5
No longer assessed 2.0 1.3 4.4 1.6
AS Total (if <100, then because some material moved

to A2) 99.9 100.0 99.4 100.0
Physical Chemistry Totals 36.9 38.8 33.8 38.0
Inorganic Chemistry Totals 21.4 21.3 21.4 21.3
Organic Chemistry Totals 37.0 34.6 39.8 35.5
22 Analytical techniques 2.5 4.1 0.0 3.5
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Exam Papers, their marks and their weighting towards the AS and A2 years and the A Level qualification:

Exam | % of % of Time secs/ % % ALL A-Level/
Paper | AS/ A2 | ALvl Marks inmin | marks YEAR | mark (weighting)

1 31| 15.5 40 75| 112.5 0.78 0.39
2 46 23 60 75 75 0.77 0.38
3 23 | 115 40 120 180 0.58 0.29
4 77 | 38.5 100 120 72 0.77 0.39
5 23 | 11.5 30 75 150 0.77 0.38

SECTION 1: Past Exam Questions with SAMPLE Data Provided

T1 Acid Base Titration Chem 7 Q# 1/ ALvl Chemistry/2022/s/TZ 1/Paper 3/Q# 1 :0)
www.SmashingScience.org

SAMPLE DATA
Use these burette readings to fill in the table you have created: 30, 27.25,
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T1 Acid Base Titration Chem 7 Q# 2/ ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# 2 :0) www.SmashingScience.org
SAMPLE DATA

Use these burette readings to fill in the table you have created: 30.0, 25,
24.95

2 Inthis expenmentyou will titrate a solution of the hydroxide of a Group 1 element, £ with sulfuric acid.
The equation for the reaction is shown.

Z may or may not be the same as X.
2ZOH(aq) + H,S0,(aq) — Z,S0(aq) + 2H,0()

FA 2 is 26.3gdm aqueous hydroxide of metal Z, ZOH.
FA 3 is 0.0500 mol dm™ sulfuric acid, H,S0,.
bromophenol blue indicator

(a) Method

e Pipette 25 0cm? of FA 2 into the 250 cm?® volumetric flask.

Add distilled water to the flask to make 250 cm?® of solution. Shake the flask thoroughly to
ensure complete mixing. Label this solution FA 4.

Rinse the pipette with a little distilled water and then a little FA 4.

Fill the burette with FA 3.

Pipette 25.0cm?® of FA 4 into a conical flask.

Add a few drops of bromophenol blue indicator.

Carry out a rough titration and record your burette readings in the space below.

The rough titreis ... cm?®.

e« Carry out as many accurate fitrations as you think necessary to obtain consistent results.

Make sure your recorded results show the accuracy of your practical work.

¢ Record in a suitable form in the space below all of your burette readings and the volume
of FA 3 added in each accurate titration.

II

2

-

(b) From your accurate titration results, calculate a suitable mean value to use in your calculations.
Show clearly how you obtained this value.

250cm®of FAd required ... cm®of FA 3. [1]

www.SmashingScience.org Patrick Brannac Page 33 of 579

(c) Calculations

(i) Give your answers to (c)(ii), (¢)(iii) and (c)(iv) to the appropriate number of significant
figures. [1]

(ii) Calculate the number of moles of sulfuric acid present in the volume of FA 3 you calculated
in (b).

moles of H,50, = ... mol [1]

(iii) Use your answer to (¢)(ii) and the information on page 4 to calculate the concentration, in
moldm=2, of ZOH present in FA 4.

concentrationof FA4=________________.___moldm=3 [1]

(iv) Calculate the concentration, in moldm=3, of ZOH in FA 2.

concentraton of FA2=___________________ moldm3 [1]
(v) Use your answer to (c¢)(iv) and the information on page 4 to calculate the relative atomic

mass, A, of Z. Hence identify Z.
Show your working.

ZiS e - [2]

(d) Using the value for the relative atomic mass of Z that you calculated in (c)(v), calculate the
percentage difference of your value from that shown in the Periodic Table.

(If you did not obtain a value for the A, of Z, assume it is 32.0. Note, this is not the correct
value.)

percentage difference = . % 1]

[Total: 15]
T1 Acid Base Titration Chem 7 Q# 3/ ALvl Chemistry/2021/m/TZ 3/Paper 3/Q# 1 :0) www.SmashingScience.org

SAMPLE DATA

Use these burette readings to fill in the table you have created: 30.00, 24.9, \;="
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(iv) Use your answer to (c)(iii) and your data on page 2 to calculate the relative formula mass,
M, of MHCO,.

M,of MHCO,= . []

(v) Calculate the relative atomic mass, A, of M.

Suggest the identity of M.

(d) (i) A student used a pipette that was labelled 25.0 + 0.06 cm® to measure FA 3.

Show how you calculate the maximum percentage error in the volume of FA 3.

[

(ii) The student suggested that it would have been more accurate to measure the volume of
FA 3 with a burette instead of the pipette.

State and explain whether you agree with the student.

[Total: 16]
™~
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T1 Acid Base Titration Chem 7 Q# 4/ ALvl Chemistry/2019/w/TZ 1/Paper 3/Q# 2 :0) www.SmashingScience.org
SAMPLE DATA

Use these burette readings to fill in the table you have created: 30, 24.5, 24.45

2 In this expenment you will determine the concentration of FA2 by fitration using agueous
sodium hydroxide.

HClI(aq) + NaOH(aq) — NaCl(aq) + H,O(l)

FA 2 is hydrochloric acid, HCI
FA 3 is 0 100mol dm? sodium hydroxide, NaOH
methyl orange indicator

(a) Method
Dilution of FA 2

Fill the burette with FA 2.

Run between 40.00 and 45.00cm?® from the burette into the 250 cm® volumetric flask.
Record the volume used.

Make the solution up to the 250cm? mark by adding distilled water.

Shake the flask thoroughly to ensure mixing.

Label this solution of hydrochloric acid FA 4.

volume of FA 2 used = ..

Titration

Rinse the burette with distilled water and then with a little FA 4.
Fill the burette with FA 4.

Pipette 25.0cm?® of FA 3 into a conical flask.

Add several drops of methyl orange indicator.

Perform a rough fitration and record your burette readings.

Theroughfitreis  cm?

« Carry out as many accurate titrations as you think necessary to obtain consistent results.
Make sure any recorded results show the precision of your practical work.
¢ Record in a suitable form all of your burette readings and the volume of FA 4 added in

each accurate titration.

I

I

s

v

v

VI
VI
VIII 8]
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e Carry out as many accurate titrations as you think necessary to obtain consistent results. (ii) Calculate the number of moles of sodium hydroxide added to the 4g of W.
Make certain any recorded results show the precision of your practical work.
e Record in a suitable form below all of your burette readings and the volume of FA 4 added

in each accurate titration.

. moles of NaOH added to4gW = ... mol
big Calculate the number of moles of sodium hydroxide that remain after the reaction with
= compound W.
e From your accurate titration results, obtain a suitable value for the volume of FA 4 to be moles of NaOH remaining after reaction with W = ....mol
used in your calculations. Show clearly how you obtained this value. [1]
(iii) Calculate the number of moles of sodium hydroxide that reacted with W.
250cm*of FA3required ... cm?® of FA 4.
3]
(b) Calculations
A halogenoethanoic acid reacts with aqueous sodium hydroxide in two reactions.
The alkali neutralises the carboxylic acid. moles of NaOH that reacted withW= mol
NaOH + CH,XCOH — CH,XCONa + H,0 Hence calculate the number of moles of W that reacted with this number of moles of
sodium hydroxide.
The halogenoalkyl group then undergoes a substitution reaction. é
NaOH + CH,XCO,Na — CH,(OH)CO,Na + NaX
(i) Calculate the number of moles of hydrochloric acid, FA 4, present in the volume calculated
in (a). moles of W thatreacted = ... mol

(iv) Use your answer to (iii), and the mass of W used to make FA 3, to calculate the M, of W.

moles of HCI= ... mol

Hence deduce the number of moles of sodium hydroxide present in 25.0cm? of FA 3.

moles of NaOH in 25.0cm*FA3= ... mol

AHE e
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e Carry out as many accurate titrations as you think necessary to obtain consistent results.

5 ik 2 (c) Calculations

e Make nm.:m_: any recorded results show the precision oq your practical work.

¢ Record in a suitable form below all of your burette readings and the volume of FA 2 added (i) Give your answer to (ii), (iii) and (iv) to an appropriate number of significant figures. [1]
in each accurate titration.

(ii) Calculate the number of moles of sodium carbonate present in 25.0cm? of FA 1.

moles of Na,CO; =......occonicciiicccasaee mol [1]
(iii) Calculate the number of moles of hydrochloric acid that reacted with the number of moles
1 of sodium carbonate you calculated in (ii).
I
I
v moles of HCI= . ..mol [1]
v (iv) Use your answers to (b) and (c)(iii) to calculate the concentration of hydrochloric acid
VI in FA 2.
VI
[71

(b) From your accurate titration results, obtain a suitable value for the volume of FA 2 to be used
in your calculations. Show clearly how you obtained this value.

concentrationof HCIinFA2 = ... moldm= [1]

[Total: 12]
250cm*of FA1 required ... cm*of FA2. [1]
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(vi) Use your answer to (v), the equation in Question 1 and the Periodic Table on page 12 to T1 Acid Base Titration Chem 7 Q# 8/ ALvl Chemistry/2016/s/TZ 1/Paper 3/Q# 2 :0) www.SmashingScience.org
calculate the mass of pure calcium carbonate, CaCO,, in the sample of industrial grade SAMPLE DATA

calcium carbonate, FA 1. Use these burette readings to fill in the table you have created: 30, 24.9, 25

2 In this experiment you will determine the concentration of the hydrochloric acid, FA 2, used in
Question 1. You will first dilute the reaction mixture that you prepared in Question 1 and then
titrate this diluted solution against sodium hydroxide, NaOH.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,O(l)

mass of CaCO, = ... g
- 5 : : FA 3 is 0.0400 moldm= sodium hydroxide, NaOH.
(vii)  Use your answer to (vi) and the mass of marble chips recorded in 1(a) to calculate the methyl orange indicator
percentage purity of FA 1.

(a) Method

Dilution

percentage purity of FA1= ... %, « Transfer all the reaction mixture that you prepared in 1(a) from the 250 cm?® beaker to the
(5] 250 cm?® volumetric flask.

* Rinse the beaker with a little distilled water and add these washings to the volumetric flask.
*  Fill the volumetric flask to the line with distilled water. Stopper the flask and shake it to
ensure thorough mixing.

(d) You have carried out two different methods to find the percentage purity of industrial grade o Labelthis Soltan B

calcium carbonate.

Titration
A source of error in Question 1 is that some carbon dioxide escapes before the bung can be
inserted. «  Fill the burette with FA 4.
* Use a pipette to transfer 25.0 cm® of FA 3 into a conical flask.
How would this affect the percentage purity of FA 1 calculated in the two questions? Explain e Add a few drops of methyl orange.
your answers. e Perform a rough titration and record your burette readings in the space below.

Question 1

The rough titre is ................... cmd.

i « Carry out as many accurate titrations as you think necessary to obtain consistent results.
Question 2 = Make certain any recorded results show the precision of your practical work.
* Record in a suitable form below all of your burette readings and the volume of FA 4 added
in each accurate titration.

3]
[Total: 16] 1

Wi

www.SmashingScience.org Patrick Brannac Page 49 of 579 NN
SMASHING | )}

www.SmashingScience.org Patrick Brannac Page 50 of 579

SMASHING] 1



11 TONIHSY IS

1T TONIHSYWS

YN 615 J0 7§ 98ed Jeuuelg ydlIed

=

[z1 ‘re01]

211} abeliane
3y} 10} awnjoA 121ealb e 0] peaj pjnom Siy} Jey} Juapnis ay) yim aaibe noA sayiaym urejdx3

“awnjoA 1ajealb e aq pjnom (g)z ui paje|najed
an abeiaae ay) jey) os pasn aq pjnoys E0OX Jo sseuw sajealb e jey) paysabbns juapnis v

¢J0113 SIY} paonpal aAey NoA pinod MoH
‘10112 abejuadiad jsajealb ay) sey painseaw aAey NoA Jey} UOIN|OS JO SWN|OA UYdIym 31e1S

"Z PUEB |, SUOIISaNY Y10g Ul SUONN|OS JO SaWNJOA
Bulnseaw SaAJ0AUI Z Y4 JO UOIEBIUSUOD 3y} Bululuiia)ap ul 10112 JO S32IN0S 3y} JO auQ

10755USPSBUIYSEWS MMM

(1)

M (p)

6.6 40 TG a5ed JeuURIg YdlIIRd §10730Ua10SJUIYSEWS MMM

..................... = ¢ ¥4 JO uonenusduod

“Z Y4 o uonenuasuod ay) aenajed o} (1m)(2)z pue (11)(2)z 0} siamsue inok asn (A1)

JOLL ™ R = | V4 Yiim pajoeal jeyi 1OH Jo ssjow

“} uonsany Ul no palled noA juswuadxa 3y} ul | 4 Yyum pajypeal
ey} 10H Jo sajow jo Jaqunu ay} ajenofed o} (n)(q)y pue (1)(q)L o) s;amsue nok asn

)

W "SeNy =¥ V410 ;W2 0G¢ Ul1OH jo sajow

‘¥ V4 0 (W2 Gz ulussaid 7OH ‘piae duojyd0ipAy Jo Sajow Jo Jaquinu ay) ajejnajen (1)

JORLL = e = HOEN Jo sajow

"€ 4 JO (WD 0°GZ Ul juasaid ‘HOBN ‘@pIxoipAy WNIPOS Jo S3jow Jo Jaquinu ayy jenaed (1)

‘suone|nd|ed
1noA jo dajs yoea 0} 1amsue |euly ay} ul sainby Jueayiubis ayeudoidde pue Bunjiom InoA moys

suopenojen (2)

[L] ¥ W4 J0 g o paiinbai ¢ ¥4 JO ;W2 'GZ

“anjeA sy} pauie}qo noA moy Ajiesjd moys "suone[najed InoA ui
pasn 3q 0} ¢ 4 JO SWN|OA 3y} 10} dN|eA J|eNNS B UIR}]O ‘S}NSal uones} ajeindde Jnok wol4 (q)



T1 Acid Base Titration Chem 7 Q# 9/ ALvl Chemistry/2013/s/TZ 1/ Paper 3/Q# 2/ :0) www.SmashingScience.org

SAMPLE DATA

Use these burette readings to fill in the table you have created: 35, 30, 29. w

2 A second way 8 determine the concentration of an acid is by volumetric titration. In this
experiment you irst dilute the sample of FA 2 that you used in Question 1 and then titrate
this diluted solution using aqueous sodium hydroxide.

H,SO,(aq) + 2NaOH(aq) — Na,SO,(aq) + 2H,0(l)

FA 2 is dilute sulfuric acid, H,SO,.
FA 3 is 0.150 moldm= sodium hydroxide, NaOH.
distilled water

(a) Method

Dilution of FA 2

e Usethe burette labelled FA 2 to transfer 25.00 cm? of FA 2 into the 250 cm?® graduated
(volumetric) flask, labelled FA 4.

e Make up the contents of the flask to the 250 cm® mark with distilled water.

e Stopper the flask and mix the contents thoroughly. This is solution FA 4.

Titration

e  Fill the burette labelled FA 3 with FA 3.

Use a clean pipette to transfer 25.0cm?® of FA 4 into a conical flask.
Add to the flask a few drops of the acid-base indicator provided.
Titrate the acid in the flask with the alkali, FA 3.

You should perform a rough titration.
In the space below record your burette readings for this rough titration.

The rough titreis ....................... cm?.

e Carry out as many accurate titrations as you think necessary to obtain consistent
results.

e Record, in a suitable form below, all of your burette readings and the volume of
FA 3 added in each accurate titration. Make certain that any recorded results show
the precision of your practical work.

151
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(b) From your titration results obtain a suitable value to be used in your calculation. Show
clearly how you have obtained this value.

25.0 cm*of FA4 required ............... cm?® of FA 3.
1

(c) (i) Calculate how many moles of NaOH are contained in the volume recorded in (b).

molesof NaOH=.................... mol

(ii) Hence, calculate how many moles of H,SO, are contained in 25.0cm?® of FA 4.

moles of H,SO, = .................... mol
(iii) Calculate the concentration of the sulfuric acid, FA 2.
concentratonof FA2= ... ... moldm=

(d) You have used two methods to determine the concentration of the sulfuric acid in FA 2.

Use your answers to 1(d)(iii) and 2(c)(iii) to calculate the difference in these values as a
percentage of the value found by the volumetric titration method.

percentage difference = .......................... %

[Total: 10]

For

Examiner’s

Use

T1 Acid Base Titration Chem 7 Q# 10/ ALvl Chemistry/2011/s/TZ 1/ Paper 3/Q# 1/ :0) www.SmashingScience.org
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T2 Redox Titration (KMnOa) Chem 6 Q# 11/ As Chemistry/2015/s/TZ 1/Paper 3/ :0) (b) From your accurate titration results, obtain a suitable value to be used in your calculations.
SAMPLE DATA Show clearly how you obtained this value.

Use these burette readings to fill in the table you have created: 35, 30, 30.05

1 In this question you will determine the concentration of iren{II) ions in FA 2. To do this you will do
a titration using potassium manganate(VII) solution. The iron(II) ions, Fe*, are oxidised by the
manganate(VII) ions, MnO, .

25.0cm? of FA 2 required .. .cmPof FA 1. [1]
5Fe?*{aq) + MnO,(aq) + 8H*(aq) — 5Fe*(ag) + Mn*{aq) + 4H,0()
(c) Calculations
When all the Fe? ions have been oxidised, the presence of unreacted MnO,~ ions causes the
solution to become a permanent pink colour. Show your working and appropriate significant figures in the final answer to each step of your
calculations.
FA 1 contains 0.0200 moldm~ manganate(VII) ions, MnO,~.
FA 2 is a solution containing iron(II) ions, Fe?*. (i) Calculate the number of moles of manganate(VII) ions present in the volume of FA 1
FA 3 is 1.0mol dm sulfuric acid, H,SO,. calculated in (b).
(a) Method
e« Fill the burette with FA 1.
e Use the pipette to transfer 25.0 cm?® of FA 2 into the conical flask. moles of MNO = . mol
e Use the 25cm?® measuring cylinder to add 10cm?® of FA 3 to the conical flask.
s Add FA 1 from the burette into the conical flask until the solution becomes a permanent (i) Calculate the number of moles of iron(II) ions present in 25.0cm® of FA 2.
pink colour.
e Perform a rough titration and record your burette readings in the space below.
moles of Fe®* = ... mol

(iii) Calculate the concentration, in moldm3, of iron(II) ions in FA 2.

The rough titreis ... cm?.
+ Do as many accurate titrations as you think necessary to obtain consistent results. concentration of Fe* NFA 2= ... moldm™=
e Make certain any recorded results show the precision of your practical work.
e Record in a suitable form below all of your burette readings and the volume of FA 1 (iv) FA 2 was prepared by dissolving hydrated ammonium iron(II) sulfate,
added in each accurate titration. (NH,),Fe(50,),.6H,0 in distilled water. Calculate the mass of salt that would have to be
) ) dissolved in 1.00 dm?® of water to prepare FA 2.
Keep FA 2 to use in Question 3. (A: H,1.0; N, 14.0; 0,16.0; S,32.1; Fe, 55.8)
I
I
mI
I
qu.q
o
I
v mass of (NH,),Fe(S0,), 6H,0 = ... g
v [4]
VI [Total: 12]
v
T2 Redox Titration (KMnO4) Chem 6 Q# 12/ AS Chemistry/2014/s/TZ 3/Paper 3/ :0) www.SmashingScience.com
11 \5 & SAMPLE DATA

™
\Vi www.SmashingScience.org Patrick Brannac Page 58 of 579

www.SmashingScience.org Patrick Brannac Page 57 of 579 0
SMASHING] )|




i TONIHSYWS

6L J0 09 23ed Jeuuelg ydlIed 10°35U3DSUIYSEWS MMM 6LS 40 65 98ed JeuueIg IR §10°95US10SBUIYSEWS MMM
(1] “Lwd o g o paunbal z w4 10 (W 0'6E
A
Al
“an|eA sIU) pauielqo aAeY nok moy AUE3[D mous
I "SUONEIN2[ED JNOA Ul Pasn 24 0} 2NjeA 2|gBUNS B UIBIQO ‘S)NSaJ uones) 21eindde nok wold (q)
i
1 (2]
[€1 Jezol] oA
[c] x
N . A
‘uonaeal auy} jo pnpoad Al
Ayl Ul W [B12W UONISUBS 2U] JO JaqUUNU uonepixo ayl alels o) (A1) oy Jamsue 1nok asn (A) o
............................................................................................................................................. -
............................................................................................................................................. H
0] Jamsue Inok ypm Jua1sisuod si suonenba om asau) Jo yaym uiejdxa pue s1e1S
O°HE + *COSING + TOSUWZ + "OS™ < "OS°HE + "OSWG + "OulMZ  Z uonenbs
o°Hg + (os)ws + "osumz + '0s™ « TOS'Hg + 'OSWO0L + "oumMz | uonenbs
“UONEL 21BINDIIE UIES Ul pappe
‘Mol2q 218 TOSIN UIM TOUWM PaUIpIDEe Jo uolpeal ay) 1ol suonenba ajqissod oml (A1) L ¥4 Jo 2wnjoa ay) pue sbuipeal agaung Inok 1o B ‘UUO) 2|GEUINS B Ul ‘MOJ2q pIoday e
“yJom [eanoeid 1noA jo uoisidaud 3y MoUs SINs2U papiodal AUe UIBU2D 2¥el e
Jouy T ="0OSI 10 sajow ‘S)Nsal JUSISISU0D UBlqo 0} AJBSS202U Uiy nok se suoijely) 21eindoe Auew se o AueD e
gl e <1 200 uBnos au
oUW Jo sjow |
YU 12e21 1BU1 TOSIN 10 S210W JO Jaquinu aul 21en2iea o (1) pue (1) 0] siamsue Jnok asn
o s = ;W2 0°5Z Ul "OSI 10 Sajow nojod yuid sjed Jusueuuad B wn) ¥Sey aul Jo SJujU0d S nun
L W4 ppY ‘Mojaq 22eds ay) u sBuipeal ap2ing JnoA pio2al pue uoneniy yBnol e no Aen e
“YSE| [EJIUOD 2U) OUl ¢ W 10 (WD GZ ppe 0] JapullA Buunseaw ayy asn e
“Sel) [B21UOD BUL OJUI g W4 0 ;W 0'GZ aPadl e
"Z ¥4 10 (W2 0'SZ ul "OSIN JO S3jow Jo Jaquinu aul 3jenaeD (i) P4 upmansIng Ul 4 e
o T = "ouwy 1o sajow poulaiy (e)

TOSTH ‘PIOB JUNYNS L WPOWQL I € V4
TOSIN “}es [B13W UOISUE] ;WP [OW LS00 S| 2 V4
“(a) w pareineo | vy Touny ‘(TA)s1euebuew wnisselod . Wpjow0zZo0 Sl L Y4
10 awnjon 3y} ul wasaid (ITA)s1euebuew wnisselod Jo sajow Jo Jaqunu auy aenae (1)
(T1A)=1euebuew wnissejod payiploe yim pajoeal usym
‘suonenaed ‘.zIN ‘UOI [E]SW UONISURL B JO J3gwnu uonepixo ul abueys auy ‘uonenn Ag ‘aulwisiep 0 ale noA L
InoA 10 dajs yaes o1 Jamsue [euy 2y} ul saunby ueauiubis ayjeudosdde pue Guppom inok moys 59z

suonemalen (2) ‘Gp"9Z ‘0 :pa1eaJd aney noA ajgel ayj ul ||13 03 sSuipeas a13a4ng 3asayl asn



T2 Redox Titration (KMnO4) Chem 6 Q# 13/ AS Chemistry/2011/s/TZ 3/Paper 3/ :0) www.SmashingScience.com «  Carry outas many accurate titrations as you think are necessary to obtain consistent

Fi

SAMPLE DATA resuits. Examines

. - . *  Make certain any recorded results show the precision of your practical work. Use

Use these burette readings to fill in the table you have created: 30, 29.8, «  Rocord in an appropriate form below all of your buretie readings and the volume of

29.85 FA 3 added in each accurate titration.

1 FA 1 is an iron salt in which all the iron is present as Fe?* cations. You will work out the !
percentage of iron in this salt by titrating a solution of this salt with a standard solution i
agueous potassium manganate(VII).

m
FA 1 is an unknown iron(II) salt. v
FA 2 is 1.00mol dm2 sulfuric acid.
FA 3 is 0.0100moldm—2 potassium manganate(VII). v
(a) Method VI
Weighing out the salt Vi
*  Weigh the tube containing FA 1.
= Tip the contents of the tube into a 250cm? beaker.
*  Re-weigh the empty tube.
*  Record all your readings in a suitable form in the space below.
[7]
(b) From your accurate titration results, obtain a suitable value to be used in your calculations.
Show clearly how you have obtained this value.
Preparing the solution
«  To the salt in the beaker use a measuring cylinder to add approximately 200cm? of
FA 2 and stir until the salt has dissolved.
. . 3 )
Pour ::.m contents of the beaker carefully into the 250 cm® graduated (volumetric) 25.00m? of the solution of FA 1 required ..................... em? of FA 3.
flask using the small funnel. 2]
+ Rinse the contents of the beaker twice with a little distilled water and add these
washings to the graduated flask. (c) Calculations Eor
*  Fill the graduated flask to the line with distilled water. Shake carefully to ensure Examinars
adequate mixing. Show your working and appropriate significant figures in the final answer to each step Usa
of your calculations.
Titration
(i) Calculate how many moles of MnQO,~(aq) were present in the volume of FA 3
«  Fill the burette with FA 3. calculated in (b).
*  Pipette 25.0cm? of the solution of FA 1 from the graduated flask into a conical
flask.

» Titrate the solution of FA 1 in the flask with FA 3 until the first appearance of a
permanent pink colour.

You should perform a rough titration. moles of MnO,~(aq) = ............. mol
In the space below record your burette readings for this rough titration.

The rough titre is ..

™
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(b) From your accurate titration results obtain a suitable value to be used in your calculation.

Show clearly how you have obtained this value.

25.0cm® of FB 1 required cm?® of FB 2_[1]

Calculations

Show your working and appropriate significant figures in the final answer to each step of
your calculations

(¢) (i) Calculate the concentration, in moldm=>, of the potassium manganate(VII) in
FB 2.

FB 2 contains2.00 gdm= KMnO,.
[A; O,16.0; K, 39.1; Mn, 54.9]

The concentration of potassium manganate(VIL)in FB 2 is

(i) Calculate how many moles of KMnO, were present in the volume calculated in (b).

.................... mol of KMnO,.

) Calculate how many moles of iron(Il) sulfate, FeSO,, reacted with the potassium
manganate(VII) in (ii).

2KMnO (aq) + 8H,S0,(aq) + 10FeS0O,(aq)—> 5Fe,(SO,)x(aq) + 2MnSO,(aq) + K,S0,(aq) + 8H,0()

............................ mol of FeSO, reacted with the potassium manganate(VII).

www.SmashingScience.org Patrick Brannac
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(iv) Calculate the concentration, in moldm= of FeSO, in FB 1.

The concentration of _um.WOA inFB1is ... moldm—2.
(v) Calculate the concentration, in gdm=3, of FesSO,inFB 1.
[A: 0, 16.0; S, 32.1; Fe, 55.6]
FB 1 contains ... gdm~3 of FeSO,.

(vi) FB 1is an aqueous solution containing 21.50gdm~> of FeSO, and Fe,(SO,),.
Calculate the percentage, by mass, of FeS0O, in this mixture.

The mixture contains ... % FeS0,.
(3]

[Total: 13]
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Calculate the concentration, in mol dm—2, of Fe2* in FB 1.

Concentration of Fe2* in FB1 = ... mol dm—3.

Calculate, to 4 significant figures, the concentration of (NH,),S0,.FeS0,.6H,0 in
FB 1ingdm=3.
[A: Fe,55.8; H,1.0; N, 14.0; O, 16.0; S, 32.1]

FB 1 contains ... g dm= of (NH,),S0,.FeS0,.6H,0.
9]

(d) A student learns that the solution of the iron(II) salt has been prepared by dissolving the
solid in distilled water that has absorbed air from the laboratory.
Suggest a way in which the distilled water can be prepared and stored in the laboratory
to ensure that it contains a minimum of dissolved air.

........................................................................................... [1]
(e) Estimate the error in reading a volume from a burette.
smallest division on burette scale= _......_....._...._.._.cm?
estimated error in readingavolume = + ... cm? [1
(f) A titre value is obtained by the difference between final and initial burette readings.
What is the maximum possible error in obtaining a titre reading?
estimated maximum errorin the titre= + cm?® )
(g) During one titration a student reads the burette twice.
Each reading has an error but the titre has no error. Explain how this can happen.
........................................................................................ 1
[Total: 16]
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T2 Redox Titration (KMnO4) Chem 6 Q# 16/ AS Chemistry/2002/s/TZ 5/Paper 3/ :0) www.SmashingScience.com
SAMPLE DATA

Use these burette readings to fill in the table you have created: 30, 24.25,
24.3

1

www.SmashingScience.org

FB 1 is 0.02 mol dm~> potassium manganate(VII), KMnO,.
FB 2 is a solution containing iron(II) ions, Fe®*.
FB 3 is an aqueous solution of a substance, X.
Under acid conditions X oxidises iron(II) to iron(III).
You are required to determine
= the concentration of iron(II) ions in FB 2 and, by a graphical method,
e  the volume of FB 3 that will oxidise the iron(II) ions in 25.0 cm® of FB 2.
(a) Experiment 1
Fill a burette with potassium manganate(VII), FB 1.

Pipette 25.0cm? of FB 2 into a conical flask and add, using the measuring cylinder
provided, 10cm? of 1 mol dm™ sulphuric acid.

Run FB 1 from the burette into the conical flask until the first permanent pale pink colour
remains. This is the end point of the titration.

Record your burette readings in Table 1.1
Repeat the titration as many times as you think necessary to obtain accurate

results.
Make certain that the recorded results show the precision of your practical work.

Table 1.1 Titration of FB 2 with FB 1

Final burette reading / cm?

Initial burette reading / cm?®

Volume of FB 1 used / cm?

[8]
Summary
25.0cm? of FB 2 reacted with ......._........... cm? of FB 1.

Show which results you used to obtain this volume of FB 1 by placing a tick («") under the
readings in Table 1.1.

<)

1Y
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(ii) Calculate the relative formula mass, M, of MCO,. G1 Gravimetric Thermal Decompisition Chem 10 Q# 18/ AS Chemistry/2019/s/TZ 2/Paper 3/ :0)

www.SmashingScience.com

SAMPLE DATA

Mass of
Paper ID Marks crucible and lid | Initial mass [Final mass
M, of MCO, = ... [1]
ﬁm_: From your qmwc_wwu.ﬂmn_r_ﬂm the _Qmjﬁ_q of M. 2022/s/TZ 3/Q2 12 42 41.42 40.76 42.06 11.38
Show your reasoning. 2019/s/TZ1/Q2| 14 42.98 41.52 41.58 42.98 42.24
2017/s/TZ 1/Q2 10 43.60 42.76 40.76 43.51 42.74
Mis = 1] 2016/s/TZ 4/Q2 14 35.8 41.29 41.58 42.78 42.10
2 When hydrated copper hydroxycarbonate, CuCO, Cu(OH),.yH,0O is heated, it decomposes as
shown.
{e) A student carries out the same procedure, using the same mass of solid. However, the student
uses the basic carbonate, MCO,*M(OH),, instead of the pure carbonate, MCO,. CuCO;.Cu(OH), yH,0(s) — 2Cu0(s) + COLg) + (1 +y)H,0(g)
When the metal hydroxide part of the basic carbonate decomposes, metal oxide and steam In this mxﬂm_..”:,_m:ﬁ xﬁo_._ Me__"—_wmmn _g_dﬂquma copper hydroxycarbonate to decompose it. You will use
are produced. The metal carbonate part decomposes in the usual way. YOUrTesUlls to invesugaieimeyalue oy

State how the loss of mass from the student's solid compares with the loss of mass you FB 4is hydrated copper hydroxycarbonate, CuCO, Cu(OH), yH,0.

obtained when you carried out your experiment. Explain your reasoning. (a) Method

Weigh the crucible with its lid and record the mass.

Add all the FB 4 from the container into the crucible.

Weigh the crucible and lid with FB 4 and record the mass.

Place the crucible and contents on the pipe-clay triangle.

Heat the crucible and contents gently for approximately two minutes with the lid on.
Use tongs to remove the lid and heat strongly for approximately three minutes.
Replace the lid and leave the crucible and residue to cool for several minutes.

While the crucible is cooling, you may wish to begin work on Question 3.
(d) Use a spatula to transfer a small quantity of your cold residue, FA 5, into a test-tube.

Add about a 1cm depth of dilute hydrochloric acid to the FA 5 in the test-tube. ¢ When the crucible is cool, reweigh it with its lid and contents. Record the mass.
e Calculate and record the mass of FB 4 and the mass of residue obtained.
Record what you observe. Results

State whether or not the thermal decomposition of MCO, is complete.

418 |=

Justify your answer based on your observations.

State the observations made while the decomposition of FB 4 was taking place.
[2]

[Total: 12] J
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(b) Calculations (d) Inordertodecompose Group 2 carbonates, the solid must be heated strongly. In this experiment
QCO, was heated for a few minutes.

(i) Calculate the number of moles of carbon dioxide produced during heating of FA 3. . . »
(i) Suggest an improvement to the method used that would ensure that decomposition was

complete.

(ii) Suggest a chemical test to determine whether the decomposition of QCO, was complete.
State the expected observation if the decomposition was incomplete.

moles CO, = ......................mol [1] .
Do not carry out this test.

(if) Usethe mass of FA 3 in (a) and your answer to (b)(i) to calculate the relative atomic mass,
A, of Q and hence identify Q. You should assume complete decomposition of QCO,.

(e) (i) In your calculation in (b) you used the mass of QCO, and assumed that it was all
decomposed during the heating.

Explain what effect incomplete decomposition would have on the calculated value of the

A ofQ.
AofQis. ... . .
(i) Astudent suggested that you could use the mass of the residue, QO, rather than the mass
Qs of QCO, in a calculation to identify Q.
4

Y Explain why this method of calculating the A, of Q is valid.

(c) Explain why the lid was placed on the crucible when the residue was left to cool.
] [Total 14]
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(iv) Use data from the Periodic Table to calculate the relative formula mass, M, of malachite G1 Gravimetric Thermal Decomposition Chem 10 Q# 21/ AS Chemistry/2016/s/TZ 4/Paper 3/ :0)
from its accepted formula, CuCO,.Cu(OH),.H,O. www.SmashingScience.com

SAMPLE DATA

Mass of
Paper ID Marks crucible and lid | Initial mass |Final mass

M, of malachite (from formula) =

(v) If the relative formula mass of malachite obtained from either of your experiments 2022/5/T2 3/Q2 12 42 4142 40.76 42.06 41.38
is within 2.5% of the answer in (iv), this is good evidence that the accepted formula, 2019/5/12 1/Q2 14 42.98 41.52 41.58 42.98 42.24
CuCO,.Cu(OH),.H,0, is correct.

2017/s/TZ 1/Q2 10 43.60 42.76 40.76 43.51 42.74
Show by calculation whether either of your experiments supports the accepted formula.
2016/s/T7 4/Q2 14 35.8 41.29 41.58 42.78 42.10

2 Some metal carbonates cannot be obtained in a pure state. For example magnesium carbonate
exists in a ‘basic’ form, in which magnesium hydroxide is also present.

One possible chemical formula of basic magnesium carbonate is MgCO,.Mg(OH),.2H,0.

When basic magnesium carbonate is heated, if the possible formula were correct, it would
(6] decompose as shown below.
c) (i) State one way of improving the accuracy of the experimental method, using the same
(e @ e e Srimer Y g MgCO,Mg(OH),.2H,0(s) — 2MgO(s) + CO,(g) + 3H,0(g)
Explain:the benefit.of your improvement. In this experiment, you will decompose basic magnesium carbonate by heating it, and you will use
your results to determine whether this possible formula is correct.

FB 4 is basic magnesium carbonate.

(a) Method
............................................................................................................................................. Read through the method before starting any practical work and prepare a table for your
............................................................................................................................................. results in the space below.

m i : : * Weigh a crucible with its lid and record the mass.

(ii) Explain why you would expect Experiment 1 to be more accurate than Experiment 2. Pidd 11153 oRFBI to the crucible: Weigh the crucible-and lid with FB 4 and record the
mass.

Place the crucible on the pipe-clay triangle and remove the lid.

Heat the crucible and contents gently for about one minute.

Then heat the crucible and contents strongly for about four minutes.

Replace the lid and allow the crucible to cool for at least five minutes.

While the crucible is cooling, you may wish to begin work on Question 3.

Re-weigh the crucible and contents with lid. Record the mass.

Calculate, and record, the mass of FB 4 used and the mass of residue obtained.

[Total: 14]

www.SmashingScience.org Patrick Brannac Page 81 of 579

www.SmashingScience.org Patrick Brannac Page 82 of 579

SMASHING1 V1

SMASHING1 )}



[T TONIHSYWS

6LS JO 8 98ed Jeuuelg ydlIed 10755USPSBUIYSEWS MMM 615 0 €8 93ed Jeuuelg yauled 10795UsPSBUIYSEWS MMM
[s]
[¥1 “eso1]
[¥]
R = Joua abejuadiad
‘pasn g4 Jo SSew a3y} ul Jous abejuadiad wnwixew ay} ajejnojen
= loua “Jamsue InoA Joj uoseal e aAl9 ¢ ejnuuio} ajqissod ay) poddns juswuadxa 1noA saoQq

193103 st ‘0°HZ “(HO)BIN 006N
‘ejnuuoy 3)qissod 3y} Jey} 2ouapiAe poob St sy} (1) Ul JSMSUB 3y} JO %GZ UIyIMm SI
“32uejeq 1noA uo Buipeas auo Bupjew uaym Jous sy} aels  (m) juawiadxa InoA woly paule}qo sjeuogled wnisaubew J1seq Jo SSew ejnuLIoy aAea1 3yl (A1)

............. e — (PINUILIOY WOY) Sjeuogued winisaubew diseq Jo iy

........................................................................................................................................... "O°HZ {HO)BW E0DB ‘ejnuwioy ajqissod sy wolj ajeuoqed wnisaubew
Jlseq Jo “yy ‘ssew BJNWLIO} SAIBja 3y} 3)endfed 0} 3jge] JIpouad 3y} woly eep asn ()
‘Juawuadxa yoea oy suonenojed ajeledas no Buikued jo abejueape auo 1sabbng
............................. = (Juswuadxa woyy) ajeuoqied wnisaubew Jiseq Jo Jy
‘Ajsjeledas sjuswuadxa om) siy WoJj ajeuoq.ed wnisaubew
JlSeq JO SSew BJNULIO) SARe|3) 3y} pajeinded aAey pinod ay ‘siy} Buiop jo pesjsul

"3jeuoqued wnisaubew JIseq JO SSew e[nuLIO) SARE[3I
3y} 3)e|Ndjed 0} Paule}qo apixo wnisaubew Jo ssew Uealw 3y} pue ¢ g4 JO SSew ueaw
3y} pasn aH ¥ g4 Jo sassew jualayip Buisn 301m) Juswuadxa 3y} o palued Juspnisy (1) "3jeuoqied wnisaubew Jiseq Jo “yy ‘ssew BjNULIOJ SARE[3I Y} 3}ejndjed
0} ‘pasn noA ¢ g4 Jo ssew 3y} pue { abed uo uonenba sy} ypm ‘(1) o) samsue 1nok asn (1)

JOLLY 7 SR SRR = pauiejqo OB Jo sajow

..................................................................................................... ‘anpisal
se pauie}qo ‘OB ‘epixo wnisaubew Jo s3ajow Jo Jaquinu 3y} 3jendjed o} synsal inoAasn (1)
“Jamsue InoA uiejdx3
‘¥ g4 1o ssew awes ay} buisn panoidu ‘suone|nojed
ua3q aAey pjnod ainpadoid [ejuawuadxa ay) Jo Adeindoe ay} yoiym ul Aem auo aels (1) 1noK jo dajs yoaea o} Jamsue [euly ay) ul sainbiy jueoyiubis sjeudoidde pue Buppom INoA moys

uonenjeAas (9) suonenoe)d (q)



R1 Rate (Thiosulfate and acid) Chem 8 Q# 22/ AS Chemistry/2021/w/TZ 4/Paper 3/ :0)
www.SmashingScience.com

SAMPLE DATA
Var Expl Time/s | Fxp2 Time/s | Exp3 Time/s | Exp4 | Time/s | Fxp5 Time/s
2018/m/TZ | TEMP
3/Q1 (degrees C) 25°C 78 55°C 12 47°C 20| 35°C 44 30°C 61
Volume of
2021/w/TZ | Sodium 30
4/Q1 thiosulfate 45cm? 35| 20cm? 120 | 25cm? 90 cm? 67 | 35cm® 52

Quantitative analysis

Read through the whole method before starting any practical work. \Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 The thiosulfate ion, S,0,%, is unstable in the presence of acid. The following reaction occurs.
S,0:(aq) + 2H'(aq) — S(s) + SO4aq) + H,0()

The rate of this reaction can be measured by timing how long it takes for the solid sulfur that is
formed to make the mixture too cloudy to see through.

You will investigate how the concentration of the thiosulfate ions affects the rate of this reaction.
Throughout these experiments care must be taken to avoid inhaling any SO, that is produced.
It is very important that as soon as each experiment is complete, the contents of the beaker
are emptied into the quenching bath and the beaker is rinsed thoroughly.

FB 1 is 0.100 moldm sodium thiosulfate, Na,S,0,.
FB 2 is 2.00 moldm=2 hydrochloric acid, HCL
distilled water

(a) Method
Experiment 1

Label one burette FB 1 and fill it with FB 1.

Run 45.00cm?® of FB 1 from the burette into the 100 cm? beaker.
Use the 25 cm?® measuring cylinder to measure 10.0 cm® of FB 2.
Add FB 2 to FB 1 and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.
View the print on the insert from above the mixture.

Stop timing when the print on the insert is no longer visible.
Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.
Rinse and dry the beaker so it is ready for use in Experiment 2.

www.SmashingScience.org Patrick Brannac Page 85 of 579 AV
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Experiment 2

Fill the second burette with distilled water.

Refill the burette labelled FB 1 with FB 1.

Run 20.00cm?® of FB 1 into the 100 cm? beaker.

Run 25.00cm? of distilled water into the same beaker.

Use the 25 cm?® measuring cylinder to measure 10.0cm?® of FB 2.
Add FB 2 to the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.
View the print on the insert from above the mixture.

Stop timing when the print on the insert is no longer visible.
Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.
Rinse and dry the beaker so it is ready for use in the next experiment.

Experiments 3-5

¢ Carry out three further experiments to investigate how the reaction time changes with
different volumes of FB 1.

The combined volume of FB 1 and distilled water must always be 45.00ecm?.
Do not use a volume of FB 1 that is less than 20.00 cm?®.

Record all your results in a table.
You should include the volume of FB 1, the volume of distilled water, the reaction time and the
reaction rate for each of your five experiments.

Calculate the rate of reaction using the following formula.

1000

rate = ——————
reaction time

I
o
I
w
v
VI
VI
VI
[
(b) On the grid opposite, plot the rate on the y-axis against the volume of FB 1 on the x-axis.
Identify any anomalous points. Draw a line of best fit.
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R1 Rate (Thiosulfate and acid) Chem 8 Q# 23/ AS Chemistry/2018/m/TZ 3/Paper 3/ :0)
www.SmashingScience.com

SAMPLE DATA
Var Expl Time/s | Exp2 Time/s | Exp3 Time/s | Exp4 | Time/s | Exp5 Time/s
2018/m/TZ | TEMP
3/Q1 (degrees C) 25°C 78 55°C 12 47°C 20| 35°C 44 30°C 61
Volume of
2021/w/TZ | Sodium 30
4/Q1 thiosulfate 45cm? 35| 20cm? 120 | 25ecm? 90 cm? 67 | 35cm? 52
Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show yourworking and appropriate significant figures in the final answer to each step of your calculations.

1 You will investigate how increasing temperature affects the rate of a reaction.

Sodium thiosulfate reacts with acid to form a pale yellow precipitate of sulfur.
The ionic equation for the reaction is given.

S,0:*(aq) + 2H(aq) — S(s) + S0,(g) + H,O()

You will measure the time it takes for the sulfur formed in the reaction to obscure the print on the
Insert supplied.

Record your results in a table on page 4. Your table should include the rate of reaction for each
expeniment.

FA 1 is an 18.1gdm solution of hydrated sodium thiosulfate, Na,S,0, 5H,0.
FA 2 is a 0.050 moldm solution of a strong monoprotic acid, HZ.

(a) Method

» Approximately half fill the 250cm? beaker with tap water and place it on the tripod and
gauze over the Bunsen burner.

o Heat the water in the beaker to about 55°C and then switch off the Bunsen bumer. This
will be your hot water bath.

» Use the 25cm® measuring cylinder to transfer 10cm?® of FA 1 into boiling tube 1. Place
boiling tube 1 into your hot water bath.

» Use the 50cm? measuring cylinder to transfer 20cm® of FA 2 into boiling tube 2. Place
boiling tube 2 into your hot water bath.

* Leave boiling tubes 1 and 2 in the hot water bath to heat up for use in Experiment 2.

e Start Experiment 1.

Experiment 1

» Use the 50 cm? measuring cylinder to transfer 20cm? of FA 2 into the 100cm? beaker.

* Measure and record the temperature of FA 2.

Use the 25cm?® measuring cylinder to transfer 10cm? of FA 1 into the same beaker and

start timing immediately.

Swirl the beaker once to mix the solutions and place the beaker on the Insert.

Look down through the beaker and contents onto the Insert.

Stop timing as soon as the precipitate of sulfur obscures the print on the Insert.

Record the reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiment 2. D
BE

N
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Experiment 2

Measure and record the temperature of FA 2 in boiling tube 2.

e Carefully transfer the hot contents of boiling tube 2 into the 100cm? beaker.

e Carefully transfer the hot contents of boiling tube 1 into the same beaker and start timing
immediately.

e Swirl the beaker once to mix the solutions and place the beaker on the Insert.

e Look down through the beaker and contents onto the Insert.

e Stop timing as soon as the precipitate of sulfur obscures the print on the Insert.

e Record the reaction time to the nearest second.

e Empty the contents of the beaker into the quenching bath.

e Rinse and dry the beaker so it is ready for use in Experiment 3.

Experiment 3

e Use the 25cm® measuring cylinder to transfer 10cm?® of FA 1 into boiling tube 1. Place
boiling tube 1 into your hot water bath.

e Use the 50cm® measuring cylinder to transfer 20cm?® of FA 2 into boiling tube 2. Place
boiling tube 2 into your hot water bath.

e Place the thermometer in boiling tube 2. When the temperature of FA 2 is about 8°C lower
than that for Experiment 2 record the temperature. Remove the thermometer and transfer
the contents of boiling tube 2 into the 100 cm® beaker.

e Transfer the contents of boiling tube 1 into the same beaker and start timing immediately.

e Swirl the beaker once to mix the solutions and place the beaker on the Insert.

e Look down through the beaker and contents onto the Insert.

e Stop timing as soon as the precipitate of sulfur obscures the print on the Insert.

e Record the reaction time to the nearest second.

e Empty the contents of the beaker into the quenching bath.

e Rinse and dry the beaker so it is ready for use in Experiments 4 and 5.

Experiments 4 and 5

e Repeat the method for Experiment 3 but at two different temperatures.
e Keep the temperature of FA 2 between room temperature and 55°C. Do not exceed 55°C.
Record all your results in your table on page 4.
w 28
AN~
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(c) Use your graph to calculate the time to the nearest second that the reaction would have taken
if you had carried it out at 17.5°C. Show on the grid how you obtained your answer.

(d) Explain, by referring to your graph or your table of results, how the rate of reaction is affected
by increasing temperature.

(e) Calculations

(i) Calculate the concentration of hydrated sodium thiosulfate, Na,S,0,.5H,0, in FA 1 in
moldm™.

concentration of Na,S,0,.5H,OinFA1= ... moldm= [1]

(ii) Calculate the concentration of the strong monoprotic acid, HZ, in the solution immediately
after FA 1 was added to FA 2 in the beaker.

concentration of HZ = ... .. moldm= [1]

(iii) Use the equation on page 2 to determine which reagent, FA 1 or FA 2, was in excess.

The reagent in excess was ..

-2
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(f) (i) Calculate the maximum percentage error in measuring the reaction time you recorded for
Experiment 2. Assume that the maximum error of the timer is +0.5s.

maximum percentage error in the reactiontime = ... % [1]

(ii) A student suggested that the error in measuring the reaction time in Experiment 1 was
greater than for Experiment 2.

Give one reason why the student could be correct.

[Total: 24]

Qo Qualitative: Organic compounds test Chem 17 Q# 24/ ALvl Chemistry/2022/w/TZ 1/Paper
3/Q# 3 :0) www.SmashingScience.org

Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

» colour changes seen

e the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent

added
e the formation of any gas and its identification (where appropriate) by a suitable test.
You should record clearly at what stage in a test an observation is made.

Where no change is observed you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.

Mo additional tests should be attempted.

)
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(b) FA T and FA 8 are agueous solutions of covalently bonded compounds.

Half fill the beaker with water and place it on a tripod and gauze. Heat until the water begins to
boil and then turn off the Bunsen burner. This will be used as a hot water bath.

(i) Complete the table by carrying out the tests described.
Use a 1cm depth of FA 7 or FA 8 in a test-tube for each test.

observation(s)

test
FA7 FA 8

Test 1

Add an equal volume of dilute
sulfuric acid and a few drops
of FA 3, aqueous acidified
potassium manganate(VIL),
then

place in the hot water bath for
several minutes.

Test2

Add an equal volume of
dilute sulfuric acid and an
equal volume of agueous
potassium iodide, then

add a few drops of
aqueous starch.

Test3

Add an equal volume of
aqueous iodine, then add
aqueous sodium hydroxide
until no further change occurs.
Leave the tube to stand.

Test 4
Add a few drops of FA 4, then

add agueous ammonia.

www.SmashingScience.org Patrick Brannac Page 97 of 579

Sample Data:

observation(s)

KMnQ: decolorised*.

fizzing/bubbling/effervescence or gas relights glowing spill*

Mo (further) change

no reaction
KMnO: not decolorised
and

KMnO. goes from purple to colourless (solution)*

Red-brown/ brown solution formed*

Mixiure goes fo (dark) biue / blue-black*

Mo change
and

Mo change*

ellow or colourless solution formed*

{On standing) off-white / pale yellow precipitate formed*.

Mo change / pale yellow {solufion) formed*

Red-brown / brown / rust precipitate (formed)*
Ignore fizzing

(iij) FA 8 contains an organic compound.

From your observation(s), suggest one possible identity for this compound.
Explain your answer.

name ...

reason ...

[21

(iii) State the type of reagent FA 7 acts as in its reaction with aqueous potassium iodide.
Explain your answer.

www.SmashingScience.org
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[Total: 18]
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test observations To 2cm depth of aqueous silver nitrate in a boiling-tube add ¥2cm depth of aqueous
sodium hydroxide. This will produce a brown precipitate of silver(I) oxide.

To a 1cm depth of FA 6 in a test-tube, Add aqueous ammonia a little at a time, with continuous shaking, until the brown
add a few drops of acidified potassium precipitate just dissolves. Do not add an excess of aqueous ammonia.
manganate(VII).
If no reaction is seen, warm the solution In each of the following tests add a few drops of the reagent to 1cm depth of FA 7, FA 8,
in the hot water bath. FA 9 and FA 10 in separate test-tubes.

In the tests using acidified potassium dichromate(VI) and Tollens’ reagent, if no initial
To a 1cm depth of FA 7 in a test-tube, reaction is seen, warm that tube and its contents in your hot water-bath. There is no
add a few drops of acidified potassium need to heat any tube to which you have added 2 4-DNPH reagent.
manganate(VII). ;
If no reaction is seen, warm the solution Do not heat any tube with a naked flame.

in the hot water bath.

Record your results in the table below.

Sample Data
Do not carry out tests for the shaded boxes.

Both observations required
FA6 no reaction/solution turns pink

observations
FA7 FA 8 FA9 FA 10

e reagent

FA7 tums colourless/decolourises the KMnO, | acidified

tassi
Suggest the identity of FA 6 and FA 7 with an explanation. Mﬂﬂ”ﬁ%ﬁﬂv

2,4-DNPH
reagent
[Total: 13]

Qi Qualitative: Inorganic ions test Chem 17 Q# 28/ ALvl Chemistry/2010/s/TZ 1/ Paper 3/Q# 2/ :0)
www.SmashingScience.org
Read through the remainder of question 2 before starting further practical work. Tollens’ reagent

Heat a half-full 250 cm® beaker of water for use as a hot water-bath.

(g) FA7,FA 8, FA 9 and FA 10 are organic compounds. Each contains one of the following
different functional groups.

3l

+  primary alcohol
+ tertiary alcohol
+ aldehyde

*  ketone

You are to react some of these compounds with some of the following reagents.
+ acidified aqueous potassium dichromate(VI)

+ 2 4-dinitrophenylhydrazine (2,4-DNPH) reagent

« ammoniacal silver nitrate (Tollens’ reagent)

You are provided with the first two reagents. You must prepare the last of these reagents,
Tollens’ reagent, immediately before use. Follow the instructions in the box below.

AN~
NV
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Sample Data

S(ali)

(i)

(iv)

(v)

observations

Test1

M1: MaOH: white ppt and solukle in excess

M2: Heat: no change / no (visible) reaction / itmus stays red

Test 2

M3: Al fizz and NHz/ gas tums (damp red) Iitmus blue

Test 3

M4: H20z: brown / {(darker) yellow / yellow-brown [ orange-brown / red-brown (solution)

From your observations suggest two possible identities for the cation in FA 6.
possible cations: .......................and ... ... [1]

Suggest a test that would allow you to determine which of the cations you suggested in
(a)(ii) is present in FA 6.

Carry out this test, record the result and hence identify the cation in FA 6.
(=1 USROS
=T SO S

The cation presentis ...

[2]

From your observations in (a)(i) suggest tweo anions that could be present in FA 6 and give
their formulae.

possible anions: ... 0T [1]

Suggest an additional test that could be carried out to confirm the presence of one of the
anions you suggested in (a)(iv).

Carry out this test, record the result and hence state the identity of the anion.
(= OO (A SOSOR
L= PSSO PR

The anionpresentis ...

[2]

[After you have suggested the additional tests, the sample data you will need to identify the unknown ions will be
found at the end of the next question]

www.SmashingScience.org
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

» colour changes seen

¢ the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent
. .ﬁm:nmammamzo_.. of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.

Mo additional tests should be attempted.

3 (a) FA 5 is an ionic solid containing two ions. It contains one or more ions that contain nitrogen.

(i) Carry out suitable tests to identify the anion. Reserve a small amount of FA 5§ for use in

(a)(ii).

Record the tests you carry out and the observations you make, in a table, in the space
below.

You must use a boiling tube if any liquid is heated.

anioninFAS= ... [4]

[Once you have described the test you intend to carry out and drawn a suitable results table you can find the sample
data to fill in your table at the end of the next question.]
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Qi Qualitative: Inorganic ions test Chem 12 Q# 31/ ALvl Chemistry/2022/m/TZ 3/Paper 3/Q# 3 :0) Sample Data:
www.SmashingScience.org .
Qualitative analysis 3(a)i)

FAT FAB

For each test you should record all your observations in the spaces provided.
E.ﬂi ,qa_._._._nn_.u: of) no n_.wm_..umk_ ne (visible)
Examples of observations include: white / off-white / reaction / no ppt*

cream/ pale yellow
e colour changes seen
e the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent +Ba no change (provided | white ppt *

added . L . . . . ppt reported with

e the formation of any gas and its identification (where appropriate) by a suitable test. H*}/ ppt remains

insoluble *

You should record clearly at what stage in a test an observation is made.
Test2 purple to colourless ! | no change ! no (visible)

Where no change is observed you should write ‘no change’. +MnO:™ | KMnO. reaction / stays purple *
decolourizes* Not ‘no ppt” alone

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given. +FeCh

Test3 purple colour fades/ | no change / no (visible)

turns colouress (on | reaction / solution stays
standing) * yellow *

If any solution is warmed, a boiling tube must be used.

2x*=1 mark

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted. (ii) From your test results, give the formulae of the anions present in FA 7 and FA 8. If the
tests do not allow you to positively identify an anion, write ‘unknown’.

3 FAT and FA 8 are solutions containing a total of three cations and two anions. Two of the cations

and both of the anions are listed in the Qualitative analysis notes. anion in FA S - -

(a) (i) Carry out the following tests and record your observations. Use a fresh 1cm depth of anionin FAB=

solution in a test-tube for each test. [2]

observations (b) (i) Select reagents for tests to identify as many of the cations as possible in FA 7 and FA 8.

FA7 FA S Carry out your tests and record your reagents, conditions and observations.

test

Test1

Add a 1cm depth of dilute nitric or
hydrochloric acid and allow to stand
for 2 minutes, then

add a few drops of aqueous
barium nitrate or aqueous
barium chloride.

Test2
Add a few drops of acidified aqueous
potassium manganate(VII).

Test3
Add a few drops of aqueous
iron(III) chloride and allow to stand

for 1 minute.
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Qi Qualitative: Inorganic ions test Chem 12 Q# 33/ ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

¢ colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
+ the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 Half-fill the 250 cm?® beaker with water and place it on a tripod and gauze above a heatproof mat. Heat
the water until boiling and then tumn off the Bunsen burmer. You will use this as a hot water-bath in

3(b)(i).

(a) FA 5, FA 6 and FA 7 are solutions. Each solution contains one cation and one anion.
Carbonate, CO,*, is not present in any of the solutions.

(i) Carry out the following tests and record your observations.
Use a 1cm depth of solution in a test-tube for each test.

observations

FAS FA B FA T

test

Test 1
Add an equal depth of
dilute sulfuric acid.

Test 2

Add an equal
depth of aqueous
sodium carbonate.

Test3

Add an equal

depth of aqueous
magnesium chloride.

Sampel Data

www.SmashingScience.org Patrick Brannac Page 113 of 579

3{a)i

FA S FA G FAT

white ppt/solid * nao (visible) reaction f no n (visible) reaction / no
change / no ppt/ solution change / no ppt/ solution
remains colourless * remains colourless *

white ppt/ solid * effervescence /fizzing fbu | no (visible) reaction / no
bbles * change / no ppt/ solution
gas/ COz tums limewater | remains colourless *
milky / cloudy white / forms:
white ppt *

no (visible) reaction { no no (visible) reaction! no white ppt/ solid *
change / no ppt/ solution change / no ppt / solution
remains colourless * remains colourless *

(ii) Use your observations in (a)(i) to suggest a possible formula for each of the following:
The cation inFASIS ...

The cation in FAB i

Theanionin FATIS ...
[3]

(iii) Apart from using an indicator, suggest a further test that would confirm the identity of the
anion in FAT.

Carry out this test and record the result.

[After you have suggested the additional tests, the sample data you will need to identify the unknown ions will be
found at the end of the next question]
(iv) Did the result of your test in (a)(iii) confirm the identity of the anion in FA 77
Explain your answer.
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(b) FA 4 contains one cation and one anion, both of which are listed in the Qualitative Analysis
Notes. The anion in FA 4 contains sulfur.

(i) Carry out appropriate tests to allow you to identify the cation and anion in FA 4.

Record each test and your observations in a suitable form below.

[71
[Once you have described the test you intend to carry out and drawn a suitable results table you can find the sample
data to fill in your table at the end of the next question.]

(i) Give the formula of the ions present in FA 4.

cation .
AMION oo
(1
[Total: 16]
www.SmashingScience.org Patrick Brannac Page 117 of 579

ample data for previous question where you need to suggest a suitable test/s (2021/w/TZ 1/Paper 3/Q# 3),

Test for OH"

Add specified (agueous) metal compound

gives appropriate {coloured) ppt

OR

Add a specified nitrate and Al and warm

Positive test for ammonia

OR

Add a specified ammonium compound and warm
Positive test for ammonia

Qi Qualitative: Inorganic ions test Chem 12 Q# 35/ ALvl Chemistry/2021/m/TZ 3/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

» colour changes seen

» the formation of any precipitate and its solubility in an excess of the reagent added

+ the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA 6 contains one cation and one anion both of which are listed in the Qualitative analysis

notes.

(i) Heat FA 6 gently for one minute in the hard-glass test-tube in which it is supplied.
Then heat strongly until no further change occurs.

Record all of your observations.

(ii) Identify the ion that must be present in FA 6.

:7

4 \7
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Sample data for previous question where you need to suggest a suitable test/s (2021/s/TZ 1/Paper 3/Q# 3) Qi Qualitative: Inorganic ions test Chem 12 Q# 36/ ALvl Chemistry/2020/w/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org

b)) prepare solution of FA 4 Qualitative Analysis

prepare a suitable table(s) Where reagents are selected for use in a test, the name or correct formula of the element or compound
minimum 2 tests and columns’ rows for tests and for cheervations must be given.

2 asterisks = 1 mark (round down) At each stage of any test you are to record details of the following:

+MNaOH * white ppt *
inscluble in excess *

» colour changes seen
e the formation of any precipitate and its solubility in an excess of the reagent added
o the formation of any gas and its identification by a suitable test.

+ NH3* white ppt*
insoluble in excess *

You should indicate clearly at what stage in a test a change occurs.

BaCL/Ba(NO:)* | white ppt* If any solution is warmed, a boiling tube must be used.

,_ . . . .4
HC1/HNO; e ST e Rinse and reuse test-tubes and boiling tubes where possible.

OR no change / no reaction § solution remains
dilute acid * + purple 1u_m No additional tests for ions present should be attempted.

KMy *

3 (a) FA 6 is a salt containing one cation and one anion. The anion is listed in the Qualitative
Analysis Notes.
Add all the sample of FA 6 to the 100cm?® beaker. Dissolve the solid in approximately 50 cm?®

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 7 in a test-tube,
add a 3cm depth of aqueous

silver nitrate.

Pour approximately half the contents of the test-tube into a clean test-tube.

Test 2
To the first test-tube add
agueous ammonia.

Test 3
To the second test-tube add FA 5,
aqueous sodium thiosulfate.

(21

(ii) From the results of your tests in (a)(i) suggest which anion is present in FA 6.
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+ KI{aq) {tums) brown / yellow-brown ! orange-brown / grey-brown

lgnore state
Allow mustard (brown)
Reject red-brown

+FA 5 then (brown sclution becomes paler) ppt is off-white / white

Allow cream / pale grey ppt.
Ignore effect of excess thio/ FA 5.

(iv) Explain your observations in (b)(iii).
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
» the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

2] No additional tests for ions present should be attempted.

[Total: 14] 3 (a) FA 6 is a hydrated salt. It contains two cations and one anion, all of which are listed in the

Qualitative Analysis Notes.
(i) Describe and carry out tests to identify the cations in FA 6.

Record your tests and observations in the space below.

The cationsinFAGare ... and o

(5]
[Once you have described the test you intend to carry out and drawn a suitable results table you can find the mQSEmﬁw =
Moo data to fill in your table at the end of the next question.]
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Sample Data: Sample Data

3B Award cne mark for every two corect observations (*) as shown in table below

Green precipitate and insoluble / no change in excess (NaOH)

observations

(Green) precipitate darkens and / or goes brown EAT FA B

Test1 no (visible) reaction/ no change / no precipitate / solid effervescence/ fizzing / bubbles *
+ Na:COs(s) (carbonate) dissolves / no effervescence * gas/ COz gives a white ppt with limewater / tums
limewater milky / cloudy white / chalky *

(When mixture heated) gas / ammonia tums (red) litmus blue

Both cations in FA 6 identified
» Fe®ions/iron()
+  Ammonium/ NHs*

Test 2 solution tums yellow ! brown [ orange-brown / no (visible) reaction/ no change / KMnC./ solution stays
+ HYKMnQy(aq) red-brown / yellow-brown * purple / colouress solution tums purple / purple sclution
formed *

+ starch(ag) (tums) dark blue / deep blue / blue-black / black * ignore

3{a)ii) | Goes brown/ rust/ red-brown / orange-brown

AND Ucn_._u_mw__.mNNm:D | effervescence Test3 (pale) yellow ppt (formed) * white ppt (formed) *

+ AgMOa(aq)

- - - —_— - - . . a(ag) ins iss: * i i 5 ion *
(iii) One reaction taking place in (a)(ii) involves oxidation of one of the cations in FA 6. L) | 4006 SODIE TS ok cltssolve { D ctanic Rty ssolecs [EOMUETOIVES B Cokale=s Sakion

Give the half-equation to show this oxidation reaction. State symbols are not required. (ii) Identify the anion in FA 7.
[1] anion . [1]
(b) FA 1 is agueous potassium manganate(VIL). (iii) Identify FA 8.
FA 2 is dilute sulfuric acid.
FA 7 and FA 8 are solutions, each containing one cation and one anion. A B IS e 1]
(i) Carry out the following tests and record your observations in the table. (iv) Carry out one further test to confirm the identity of the cation in FA B.
State the name of the reagent you used and record the observation(s) you made.
observations
test reagent ¥ O e ot en e
FAT FA S8 [After you have suggested the additional tests, the sample data you will need to identify the unknown ions will be
Test 1 found at the end of the next question]
To a 1cm depth of solution in a observation(s) ............
test-tube, add a small spatula
measure of solid sodium carbonate.
1
Test 2 Y
To a 1cm depth of solution in a [Total: 14]
test-tube, add an equal volume of
FA 2 and a few drops of FA 1, then ample data for previous question where you need to suggest a suitable test/s 2020/s/TZ 1/Paper 3/Q# 3|
add a few drops of aqueous starch. 3(a)(iy | Reagents used are NaOH and NH:
FA 6 dissolved in (distilled) water (before camying out tests)
Observations with both cold alkalis
» With NaOH: green ppt, insoluble in excess
Test 3 « With NH;: green ppt, insoluble in excess
. . OR
To a 1cm depth of solution in +  [fonly one of NaOH or NH: was selected, award this mark if the cbservation is comect, but it must include ‘ppt tums
a test-tube, add a few drops of brown’.
aqueous silver nitrate, then Observation when heated with NaOH
i m_m_m_umummmmmm Wu:mmj_uou_w_mu_ |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| Fizzing/bubbling and gas/iNH; tums (moist red) litnws to blue
J{a)y | Anion test and first observation
+  Add barium nitrate/chlonde

[5] + White precipitate

Observation with acid and conclusion:
white ppt iz insoluble in specified mineral acid (not Ha50.
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(c) FA 8is a solution containing a single cation and a single anion, both of which are listed in the
Qualitative Analysis Notes.

(i) Carry out the following tests and record your observations.

test observations
To a 1cm depth in a test-tube, add
a few drops of aqueous acidified
potassium manganate(VII), then

add starch indicator.

To a 1cm depth in a test-tube, add
agueous sodium hydroxide.

[2

Sample Data:

Red-brown (allow yellow / yellow-brown / orange / orange-brown / brown) (solution)
or KMnOy / purple decolourises
and tums blue-black / dark blue / black (on adding starch)

Green ppt and insoluble in excess ! tums brown (on standing)
Reject grey-green

(ii) Identify the two ions in FA 8.

FA 8 contains ..........._.

(iii) Suggest an additional test you could carry out to confirm the presence of the anion in FA 8.

Carry out this test and record your result.

[After you have suggested the additional tests, the sample data you will need to identify the unknown ions will be
found at the end of the next question]

[2

(iv) Give the ionic equation for the reaction you carried out using FA 8 and sodium hydroxide.
Include state symbols.

www.SmashingScience.org Patrick Brannac Page 133 of 579

ample data for previous question where you need to suggest a suitable test/s (2020/m/TZ 3/Paper 3/Q# 3)

(i) One suitable test for H* (reagent and observation) in any acid identified in (b)(i

« named pH indicator and comect final colour
OR

+ add magnesium and fizzes or gas / H:z pops with a lighted splint

Qi Qualitative: Inorganic ions test Chem 12 Q# 40/ ALvl Chemistry/2019/s/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org

Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

« colour changes seen;

o the formation of any precipitate and its solubility in an excess of the reagent added,
« the formation of any gas and its identification by a suitable test

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA 4 and FA 5 are agueous solutions each containing one anion and one cation.

(i) Carry out the following tests and record your observations. For each test use a 1cm depth
of FA 4 or FA §in a test-tube.

observations
FA 4 FAS

test

Add a 1cm depth of dilute
hydrochloric acid
Leave to stand.

Add a 1cm depth of
aqueous copper(IL) sulfate.
Leave to stand.

Add a few drops of
agueous silver nitrate, then

add aqueous ammonia.

Add a 1cm depth of
agueous chlorine, then

add a 1cm depth of FA 5.

(31
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(iif) Do your conclusions confirm your identification of M and Q in Questions 1 and 2?
Explain your answer.

Uszes silver nitrate and yellow ppt

ppt inzoluble in HNO: or ppt insocluble in MH3
(nitric acid may be added initialky)

Qi Qualitative: Inorganic ions test Chem 12 Q# 41/ ALvl Chemistry/2019/m/TZ 3/Paper 3/Q# 3 :0)
www.SmashingScience.org

Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:
» colour changes seen
# the formation of any precipitate and its solubility in an excess of the reagent added
# the formation of any gas and its identification by a suitable test.
You should indicate clearly at what stage in a test a change occurs.
If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.
No additional tests for ions present should be attempted.
3 FA4is a solid containing one cation and one anion.
FA 5 is a solution containing one cation and one anion.

Carry out the following tests and record your observations.

{a) (i) Warm (do not boil) a 5cm depth of FA 5 in a boiling tube. Stop warming the FA 5, add all
of the FA 4 and shake the boiling tube.

Filter the mixture into a second boiling tube. The filtrate will be used in the tests in (ii).

www.SmashingScience.org Patrick Brannac Page 137 of 579 AN
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(ii) Use a 1cm depth of the filtrate from (i) in separate test-tubes for each of the following

tests.

test

observations

Add aqueous ammonia.

Add a 1cm depth of aqueous potassium iodide,
then

add agueous sodium thiosulfate.
(Rinse the test-tube when you have completed
this test.)

Add a 1cm depth of dilute nitric acid followed
by a 1cm depth of agueous silver nitrate.

Add a 1cm depth of dilute hydrochloric or dilute
nitric acid followed by a 1 cm depth of aqueous
barium chloride or agueous barium nitrate.

(6]

(iii) FA 6 is a dry sample of the residue obtained by filtration in (i).

test

observations

Add a 1cm depth of dilute nitric acid

to all of the FA 6 in its test-tube. Allow
the mixture to stand for about 1 minute,
then

add agueous sodium hydroxide.

Sample Data:

3(a)(i)

) FA 4 + FA 5 observations may be in either order

blue solution formed / colourless to blue / solution tumns biue / blue filtrate

[2

pink / brown / red-brown AND residue | solid

observations

+ MH: {(pale) blue ppt) forming deep f dark blue solution in excess

+ KI, then tuns brown / yellow-brown

+ Naz5:0; white ppt

+ HNO;, then + AgNOs

no (visible ) reaction / no change / no ppt/ remains a blue solution

+ HCI/HNOs, then white ppt
+ BaCL /Ba(NQ:)z

i)

www.SmashingScience.org

FA 6 + nitric acid: (pale) blue zolution

then + NaOH: (pale) blue ppt
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(ii) Carry out the following tests on FA 7 and record your observations.

anionin FA4 = . .
[2] test observations
(ii) Wirite the ionic equation for the reaction that you have used to identify the anion in FA 4. To a 1cm depth of FA 7 in a test-tube
Include state symbols. add aqueous sodium hydroxide.
...................................................................................................................... 1 To a 1cm depth of FA 7 in a test-tube

(b) FA5is a mixture that contains two cations and three anions from those listed in the Qualitative i aguencsTammon.

Analysis Notes.

To a 1cm depth of FA 7 in a test-tube
A sample of FA § was added to water and the water stirred. The mixture produced was filtered add a few drops of aqueous silver nitrate.
to give a solid residue, FA 6, and a filtrate, FA 7.

(i) Carry out the following tests on FA 6 and record your observations. Toa1cm depth of FA7 in a test-tube
add a few drops of aqueous barium

nitrate or aqueous barium chloride, then

test observations

To a small spatula measure of FA 6 in
a test-tube add dilute hydrochloric acid,
then

add dilute nitric acid.

- Toa0.5cmdepthof FA7 ina
add aqueous ammonia. boiling tube add a 2 cm depth of aqueous
sodium hydroxide and warm, then

add a small piece of aluminium foil.

Place a small spatula measure of FA 6 in
a hard-glass test-tube and heat gently.

[6]

[4]

Sample Data:

2(b)(i) Hydrochloric acid

Effervescence / bubbling

and

blue / green / cyan / turquoise solution formed

gas/COz turns limewater milky / cloudy white / chalky / forms a white ppt

Ammonia
(pale) blue ppt and dark blue solution with excess

Heating
(FA &) turns black / black solid formed / it turns black

™
A
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(ii) Tests on the filtrate, FA 8

Carry out the following tests and record your observations in the table.

test observations

To a 1cm depth of FA 8 in a boiling tube
add a 1cm depth of aqueous sodium
hydroxide, then

warm gently.

To a 1cm depth of FA 8 in a boiling tube
add a piece of aluminium foil and a 1cm
depth of aqueous sodium hydroxide.
Warm gently.

Bl

Sample Data

3(b)i) + acid: fizz / effervescence / bubbling

Gas / CO,/ fizz turns limewater milky / cloudy white / forms white ppt

+ NaOH: white ppt soluble in excess NaOH

3(b)ii) + NaOH: (pale) blue ppt (reference to dark blue or dissolving is CON)

Warming: goes black / brown / grey

+ Al& NaOH: gas/ ammonia turns litmus blue

3(b)iii) | Cu*/copper(ll) definitely present

Zn® or AF"/ aluminium or zinc could be present

Add (aqueous) ammonia — give (white) ppt but only (that from) zinc dissolves in excess

3(b)(v) OOunr.‘omao:mﬁm definitely present

NO: or NOz / nitrate or nitrite could be present

=

) Conclusions about cations

State one cation that is definitely present in FA 6.

www.SmashingScience.org Patrick Brannac Page 145 of 579

Suggest how you could determine which of these two possible cations is present.
Do not carry out this test.

(iv) Conclusions about anions

State one anion that is definitely present in FA 6.

Qi Qualitative: Inorganic ions test Chem 12 Q# 44/ ALvl Chemistry/2018/m/TZ 3/Paper 3/Q# 2 :0)
www.SmashingScience.org

Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen;

e the formation of any precipitate and its solubility in an excess of the reagent added;
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

e w

X
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Sample Data: Qi Qualitative: Inorganic ions test Chem 12 Q# 45/ ALvl Chemistry/2017/w/TZ 1/Paper 3/Q# 3 :0) wwwsmashingscience.org

3 Qualitative Analysis

Gas / CO2/ effervescence tums limewater milky / cloudy white / (forms) white ppt
T — At each stage of any test you are to record details of the following:
Do not penalise ‘'no observation’, transparent’, "clear’, "= for 'no visible reaction’ more than once.

e colour changes seen;
m_n 4+FA3 B e the formation of any precipitate;
effervescence ing / bubbling " o P :
colourless solution formed * » the solubility of such precipitates in an excess of the reagent added.
FA 5+ Na:CO» Where reagents are selected for use in a test, the name or correct formula of the element or
white ppt *  (soluble in excess is CON) compound must be given.
FA 5+ NaOH : - - : :
N G GGG m_a.:mqm gases are .:m_mmmmn they should be identified by a test, described in the appropriate place

in your observations.
FA 5+ NH;
white ppt*  insoluble in excess * You should indicate clearly at what stage in a test a change occurs.
FAS5+Ag No additional tests for ions present should be attempted.
no reaction / no ppt/ no change * . . .

If any solution is warmed, a boiling tube MUST be used.
FA5+Ba" Rinse and reuse test-tubes and boiling tubes where possible.
white ppt *  insoluble in acid *
(addition of Hz50: shown in observation table negates second point) FA 6, FA 7 and FA 8 are solutions of salts.
FA 6 + NaOH
no change / no visible reaction / no ppt/ faint/ slight white ppt * Information about FA 6, FA7 and FA 8
FA 6+ NH; e Each salt contains one cation and one anion.
no change / no visible reaction / no ppt/ faint/ slight white ppt * ; ) 4 . . B .

e One of the ions is sodium; the other five ions are listed in the Qualitative
FA 6+ H.S0, Analysis Notes.
white ppt *  (soluble in excess is CON) < 5 . o0
e Each salt contains a different nitrogen-containing ion.

FAG+FAS g st
A" G ki DOW) e FA7 or FA 8 contains a halide ion.

(a) You will identify the cations present in FA 6, FA7 and FA 8.

(d) Give the formula of the acid you added to the mixture of FA 5 and aqueous barium chloride or
aqueous barium nitrate in (c).

The acid addedwas .............................. : [

(e) Identify the ions present in FA 4 and FA & from your observations in (c).

cation anion
FA 4
FAS5
2
[Total: 16]
[4]
A\ VJJ [Once you have described the test you intend to carry out and drawn a suitable results table you can find the sample{ __1
=) data to fill in your table at the end of the next question.] =)t 7/
www.SmashingScience.org Patrick Brannac Page 149 of 579 R\ www.SmashingScience.org Patrick Brannac Page 150 of 579 ¥ \»LV

To do this you will carry out six separate tests. You will use dilute sulfuric acid and aqueous
sodium hydroxide separately with FA 6, FA7 and FA 8.

Use a 1cm depth of each salt solution in a suitable tube for each test you carry out.

Record all of your observations in a table in the space below.
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Sample Data:

3(a)i) melts or dissolves or blue liquid / solution formed
condensation or steam/ vapour produced

black residue / solid

brown gas / fumes

gas / oxygen relights a glowing spill

4 or 5 observations correct = 2 marks
2 or 3 observations correct = 1 mark

(ii) Suggest the chemical formula of FA 6.

www.SmashingScience.org Patrick Brannac

Page 153 of 579

(b) (i) Dissolve the remainder of FA 6 in an approximately 10cm depth of distilled water in a
boiling tube.

FA 7 is a solution of a salt containing one anion from those listed in the Qualitative Analysis
Notes.
Two cations are also present.

Carry out the tests described below using separate portions of solutions FA 6 and FA 7.
Record your observations in the table.

observations
FA 6 FA7

test

To a 1cm depth of solution in a
test-tube, add an equal volume
of FA 3, aqueous potassium
iodide, followed by a few drops
of starch indicator.

To a 1cm depth of solution in
a boiling tube, add aqueous
sodium hydroxide, then

heat gently and carefully.

To a 1cm depth of solution in
a test-tube, add a few drops of
aqueous silver nitrate.

To a 1cm depth of solution
in a test-tube, add aqueous
ammonia.

To a 1cm depth of solution in
a test-tube, add a folded 3cm
length of magnesium ribbon.

™
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3(c)i) For FA 6 and FA 7 or FA 8 not identified in (b) as a halide
uses NaOH + Aland there is evidence of heating mixture

Observations for both compounds tested
gas/ammonia tumns (red) litmus blue

Uses the same unknowns as (i) and adds a named dilute acid or comrect formula
Allow if “acid” on reagent line and comect formula given in table, or adds (acidified) p i ganate(VI)

Observations: both must be correct for the reagent selected.

If HC I or HNO3 used

* with FA 6, fizzing / bubbling or pale brown gas (formed) or yellow solution (formed) or goes yellow
¢ with FA 7, no reaction

* with FA 8, no reaction

If H2SO4 used

* with FA 6, fizzing / bubbling or pale brown gas (formed) or yellow solution (formed) or goes yeliow
e with FA 7, no reaction

* with FA 8, white precipitate

If acidified KMnO4 used

* with FA 6, decolourised / goes colourless / loses purple colour

* with FA 7, no reaction / KMnO; not decolourised (or stays purple)
* with FA 8, white / pink (allow “pale purple”) precipitate formed

Qi Qualitative: Inorganic ions test Chem 12 Q# 47/ ALvl Chemistry/2017/m/TZ 3/Paper 3/Q# 3 :0)
www.SmashingScience.org

3 Qualitative Analysis
At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

N
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(a) FA 5, FA 6 and FA 7 are solutions, some of which contain ions that are listed on pages 10

and 11.

test

observations

FAS

FA 6

FA7

(i) Toa0.5cm depth of

solution in a boiling tube
add aqueous sodium
hydroxide, then

warm gently.

Allow to cool, add a piece
of aluminium foil and warm
again.

(ii) To a 1cm depth of solution

in a test-tube add two or
three drops of acidified
aqueous potassium
manganate(VII).

(Do not use FA 3.)

If no reaction occurs, pour
the mixture into a boiling
tube and warm gently.

(iii)

To a 1cm depth of solution
in a test-tube add a 2cm
depth of “10 volume’
hydrogen peroxide and
leave to stand.

(Do not use FA 1)

(iv)

To a 1cm depth of solution
in a test-tube add a 1cm
depth of dilute hydrochloric
acid, then

add a 1cm depth of
aqueous barium chloride
or aqueous barium nitrate.

www.SmashingScience.org
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observations

test

FA S

FA 6

(i)

Place a spatula
measure of solid in a
boiling tube and add
a 2cm depth of dilute
sulfuric acid.

Keep the solutions formed in (ii) for tests

and (iv).

To a 1cm depth of
solution from (ii)
in a test-tube, add
agueous sodium
hydroxide.

(iv)

To a 1cm depth of

solution from (ii)

in a test-tube, add

aqueous ammonia.

Samp!

le Data:

3a)i) FAE

FA &

yellow liguid! solution

(goes to) colouress or

{green) powder/ solid
{tums) black/black
residue

gas relights glowing splint

or gas tums limewater
milky / cloudy

white  chalky / forms white
ppt

gas

gas (tumns) brown/ brown

or sclution tums blue

{pale) blue solution / liquid
formed

3(a)ii{iv)

FA 6

dissolves/ colouriess solution
allow no reaction/no
change/no effervescence

effervescence/fizzing / bubbling
and blue solution/ liquid formed

(iv) no reaction/no
change/no ppt/remains
colourless

blue ppt
and
insoluble in excess

(v) no reaction/no
change/no ppt/remains
colourless

(pale) blue ppt

and

soluble in excess to give deep/dark blue
(solution)

www.SmashingScience.org
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v)

(vi)

(b)

www.SmashingScience.org

Identify as many ions as you can from your observations. Write ‘unknown’ where you have
not been able to identify an ion.

BA B CatON . oncuoerscsommnes sepasnsaguassssy dysinsagsnnsisds 211 [Te o VOIS S
FA 6> Calion: s e e s S N S A O e S S N S R s

Write an equation, including state symbols, for the reaction between FA 6 and dilute
sulfuric acid.

FA 7 is a solution containing one anion from those listed on page 11. The anion is either a
halide or contains nitrogen.

(i) You are to select suitable reagents to determine the identity of this anion. Record these in
a suitable form below.

(ii) Use these reagents to carry out tests to identify the anion in FA 7.

Record your observations and conclusions in the space below.

[]

[Total: 17]
=
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(iii) The remaining ion is a halide. Qi Qualitative: Inorganic ions test Chem 12 Q# 50/ ALvl Chemistry/2015/w/TZ 1/ Paper 3/Q# 3/ :0)
www.SmashingScience.org
Select a pair of reagents which can be used to identify the halide present. Carry out a 3 Qualitative Analysis
test using these reagents and record your observations below. Suggest the identity of the
halide anion present in FA 5. Explain why this test is not conclusive in this particular case. At each stage of any test you are to record details of the following.

e colour changes seen
e the formation of any precipitate
e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

[Once you have described the test/s you intend to carry out and drawn a suitable results table you can find the
sample data to fill in your table at the end of the next question.] Where reagents are selected for use in a test, the name or correct formula of
The otheranionin FASis .................... : the element or compound must be given.

............................................................................................................................................. (a) FA 6 is a sodium compound containing one anion listed on page 11.
............................................................................................................................................. Dissolve the FA 6 provided in about 15cm?® of distilled water in a boiling tube.
............................................................................................................................................. Carry out the following tests and record your observations in the table below.

_m_ test observations
(i) To a 1cm depth of the solution
of FA 6 in a test-tube, add a few
drops of aqueous barium chloride
or aqueous barium nitrate, then
(M add dilute hydrochloric acid.
Sample data for previous question where you need to suggest a suitable test/s (2016/w/TZ 1/Paper 3/Q# 3)
3(b)Xi) Selects AgNO; and NH;
Selects NaOH and Al and HCI/HNO,;/H,SO,
- . . ) (ii) To a 1cm depth of the solution of
3(b)ii) Clearly defined test | observation | conclusion sections FA 6 in a test-tube, add an equal
) i volume of aqueous hydrogen
FA 7 + AgNO; cream ppt partially soluble in NH, peroxide, then
FA 7 is bromide/Br ~ from cream ppt add a few drops of aqueous
e ——————— barium chloride or aqueous
barium nitrate, then
add dilute hydrochloric acid.

AN~
S A
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Sample Data:
Selects NaOH and NH;

FA7 FA S8 FA9 FA 10
Off-white/beige/light brown precipitate with both NaOH and
white ppt white ppt white ppt off-white / NH-
buff/beige/
light brown Both precipitates turns brown/darkens
ppt

excess | nochange |nochange | (ppt) insoluble in
NaOH |or or dissolves or | excess or i Selects AgNO3/silver nitrate and NH;/ammonia
insoluble in | insoluble in | soluble in ppt darkens

excess excess excess (owtte) White precipitate
and
insoluble / partially soluble in ammonia

NH; no pptor white ppt white ppt off-white /
no reaction buff/beige/
light brown

Cannot see if precipitate dissolves in ammonia/

ppt Mn?* causes (off-white) precipitate (so cannot be used to
nochange |nochange | insolublein distinguish between halides).

(ignore) or or excess or
insoluble in | insoluble in | ppt darkens
excess excess (owtte)

(ii) Use your observations to identify, as far as possible, the cation present in each solution. If
alternative identities are possible, state this clearly.

BRUT CATION s isonsn s e s B A

FA 8 cation ..

PR CAOM s oisemssmomsssssnmemmssns susssnusstsgmns
FAA0 Al oo s s e B amats

(iii) Give the ionic equation for the reaction of one of your cations with a few drops of sodium
hydroxide. State symbols are not required.

(iv) The precipitates obtained when alkalis are added to solutions of certain cations are
sometimes difficult to see. Suggest how, using no additional apparatus, the experiment
could be repeated in a way that would make these precipitates more visible.

[Total: 16]

Sample data for previous question where you need to suggest a suitable test/s (2016/s/TZ 1/Paper 3/Q# 3)

A
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Sample Data:

In (i) (solid goes from green) to black/ grey

In (i) condensation /water/water vapour/steam/steamy fumes
In (ii) fizzing and forms a (light) blue solution .

Cloudy with limewater in (i) or (ii) or (a)

In (ii) blue ppt with sodium hydroxide and insoluble in excess.

Any 2 from:
In (iv) white ppt insoluble in excess

In (v) white ppt insoluble in excess
In (vi) white ppt

(vii) Suggest possible identities for the ions present in FA 6.
CAUIORYS 1:vevosms o i minave s e doa e e b s e e P A e S S i
ANIONS ettt e ettt

(viii) Describe a further test that would allow you to determine exactly which anions are
present. Explain your choice. Do not do this test.

www.SmashingScience.org Patrick Brannac Page 173 of 579
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[Total: 13]

Qi Qualitative: Inorganic ions test Chem 12 Q# 52/ ALvl Chemistry/2014/w/TZ 1/ Paper 3/Q# 2/ :0)
www.SmashingScience.org
2 Qualitative Analysis

At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of the
element or compound must be given.

(a) FA 6 is a solid that contains one cation and one anion. One of the ions present is included in
the lists on pages 14 and 15. This ion contains the element nitrogen.

(i) State which nitrogen-containing ions could be present. Select reagents for use in tests that
would distinguish between them.

(ii) Carry out tests on FA 6 using the reagents selected in (i) to identify the nitrogen-containing
ion. Record your tests and observations in the space below.

[Once you have described the test/s you intend to carry out and drawn a suitable results table you can find the ﬂ
sample data to fill in your table at the end of the next question.]
www.SmashingScience.org Patrick Brannac Page 174 of 579
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3 Qualitative Analysis

(ii) Carry out the following tests to identify the two anions present in FA 6.

test observations
At each stage of any test you are to record details of the following. To a 1cm depth of FA 6 in a test-tube
add a 1cm depth of aqueous silver
e colour changes seen nitrate, then
e the formation of any precipitate
e the solubility of such precipitates in an excess of the reagent added
Where gases are released they should be identified by a test, described in the appropriate place add aqueous ammonia.

in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

To a 1cm depth of FA 6 in a test-tube
add a 1cm depth of agueous barium
chloride (or aqueous barium nitrate),

If any solution is warmed, a boiling tube MUST be used. than

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of the add dilute nitric acid.
element or compound must be given.

(a) FA 6 is a solution of two different salts. It contains two different cations, one of which is listed
in the Qualitative Analysis Notes on page 10. It contains two anions, both of which are listed in Sample Data:
the Qualitative Analysis Notes on page 11.

MMO VI Cream ppt with AQNO3 and partially sol / insol in NH;
(i) Choose reagents that will allow you to identify one of the cations. Carry out suitable tests Collection
using these reagents and record your results in the space below.

VIl White ppt with BaCl,/Ba(NO;), and insol in nitric acid.

The anionsinFA6are ............ and ............. .
[9]

I

I VI

m v

v VI

v X

One of the cationsin FAGis ................ :
[Once you have described the test/s you intend to carry out and drawn a suitable results table you can find the
sample data to fill in your table at the end of the next question.] D
-
A~
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test

observations

To a 1cm depth of aqueous FA 6 in
a boiling tube, add aqueous sodium
hydroxide until no further change
occurs, then

heat the mixture carefully.

Dissolve a few crystals of FA 5 in
a 1cm depth of distilled water in a
test-tube. Add a 1cm depth of FA 6,
then

add excess dilute hydrochloric acid
to the mixture.

Sample Data:

3 () (i)

www.SmashingScience.org

Collection

MMO Green precipitate and ppt insoluble in excess
NaOH/ppt turning brown (in air / on standing).

Decision to blue.

MMO (When heated with NaOH) gas / NH; turns red litmus

Collection HCL

Patrick Brannac

MMO (With BaCL), white precipitate forms and insoluble in

Page 181 of 579
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(ii) Identify the ions present in FA 6.

cations: Fe®* and ...

(iv) Place a small spatula measure of FA 6 into a hard-glass test-tube.
Heat gently, then strongly, until no further change is observed.
Record your observations in the space below.

Sample Data:

MMO
collection

MMO
Decisions

PDO
Layout

MMO
Collection

www.SmashingScience.org

[71

Any two of
Solid goes paler / loses green colour (at first)
and then becomes brown (on strong heating)
Condensation / water vapour / steam produced
(Gas/NH5) turns red litmus blue.

| Selects NaOH(aq) and NHs(aq), and uses each in excess

Il Unambiguous layout of all 4 observations (excess must
be stated).

11l White ppt with NaOH and soluble in excess.

IV White ppt with NH; soluble in excess.

Patrick Brannac
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Sample Data:

MMO
Collection

MMO
Decisions

Records a blue/greenish-blue ppt/solid with FA 3 and
ZNNOO?

Records a brown /rust/orange-brown /red-brown ppt/solid
with FA 5 and Na,COs.

Records effervescence with FA 5 (or FA 3).

Tests gas evolved with limewater. Allow from effervescence.

MMO
Collection

Records a white precipitate with silver nitrate solution and
soluble in aqueous ammonia.

MMO
Collection

(g) By considering the results of all your tests, enter one of the following responses in each
of the boxes below.

Records yellow-brown/orange-brown/brown /tan colour
(solid/solution) (formed on mixing FA 4 and FA 3).

Allow dark brown for solution only.

Allow (qualified) brown solution with white/off-white/ grey ppt.

Dark/ deep blue/blue-black/black/purple colour on adding
starch solution

insufficient tests (have been performed to identify any halide ion)

e chloride
e bromide
e iodide
e no halide ion is present
L]
FA3
FA4
FAS

www.SmashingScience.org
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2

Qualitative Analysis
At each stage of any test you are to record details of the following.

*  colour changes seen
* the formation of any precipitate
« the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate
place in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the full name or correct
formula of the reagents must be given.

(a) You are provided with three sodium salts FA 3, FA 4 and FA 5. Each salt contains one
of the ions carbonate, CO,2, sulfite, SO;2" or sulfate, SO,%~.

(i) Using your knowledge of the reactions of these ions, suggest one reagent you
could add to the solid to find out which ion is present in each of the solids.

(ii) Use the reagent you selected in (i) to identify which of these ions is present in FA 3,
FA 4 and FA 5.

Carry out suitable tests on a small amount of each solid and record the results of
your experiments in an appropriate form in the space below.

[Once you have described the test/s you intend to carry out and drawn a suitable results table you can find th
sample data to fill in your table at the end of the next question.]

www.SmashingScience.org

Identify the anions in FA 3, FA 4 and FA 5.
FA 3 contains the ..........cccccceeens ion.

FA 4 contains the ..........cccceeeienns ion.

Usa

Examiners

=H=

=

<

e

FA 5 contains the .. [6]
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(v) The cation in FA 7 is aluminium ion, calcium ion or zinc ion.
Select one reagent to identify the cation in FA 7.

PEEUEHENIE. - oo s i s e M 0 4 o 0 0 0 i G o w0 o G e e s 05

Use this reagent to carry out a test.
Record the observation(s) made and identify the cation.

..[9]

[Once you have described the test/s you intend to carry out and drawn a suitable results table you can find the

sample data to fill in your table at the end of the next question.]
(b) FA 8 contains one cation from those listed on page 10 and 11.

Put all of the FA 8 into a test-tube.
Half fill the test-tube with distilled water and dissolve the solid.

(i) To 1cm depth of the solution of FA 8 in a test-tube, add aqueous potassium iodide
until the test-tube is half full. Allow the mixture to stand for two minutes.

Use a dropping pipette to transfer about 1cm? of the mixture from the top of the
test-tube to another test-tube. Add 5 drops of starch solution.
Record all of your observations.

(ii) State what type of chemical behaviour has been shown by potassium iodide in this
reaction. Give an ionic equation to justify your answer.
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(iii) To another 1cm depth of solution of FA 8 in a test-tube, add aqueous sodium

hydroxide.

Record the observation(s) made.

Give the ionic equation for the reaction taking place.

Sample Data:

7 MMO
| |Collection |

ample data for previous question where you need to suggest a suitable test/s (2011/w/TZ 1/ Paper 3/Q# 2/)

MMO
Decisions

PDO
Recording

MMO
Collection

MMO
Decisions

ACE
Conclusions

(i)

[Total: 14]

Blue (do not allow dark blue) precipitate obtained,
which does not dissolve in excess NaOH

(«

Any named mineral acid or formula or
(acidified) potassium dichromate

Do not allow any reagent suitable for testing
cations or more than one reagent.

Tabulates evidence of 3 tests carried out
with no repeat headings.

Only consider observations with acid or
dichromate.

Bubbles/effervescence in FA 4.

Slower effervescence in FA 3 than FA 4 or
FA 3 turns green and FA 5 stays orange if
dichromate used.

Appropriate test with positive result used to
test for either gas.

V1 All three ions correct from suitable

observations.

FA3 is a sulfite.

FAA4 is a carbonate.
FAS5 is a sulfate.

(or correct formulae)
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Q# 2/ T1 Acid Base Titration ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

MMO
Decisions

(Heat) FA 7 with Alfoil and NaOH/ecf from anion 2@ 1
given.

The following data must be shown 1
+  burette readings and fitre for rough titration

+ 2x2"pox’ showing both accurate burette readings
‘Comrect’ headings and units are not required for this mark

Il Headings and units comect for accurate titration table and headings match readings. 1
+  initial / start and (burette) reading / volume + unit

MMO Gas/vapour/NH3 produced and it turns red litmus to «  final /end and (burett=) reading volume + unit
: H P i titre or volume / FA 3 and used/ added + unit
Collection blue and confirms that FA 7 contains nitrate/nitrite Units: () or o or i o1 ' by every ety
lons. Il All accurate burette readings to 0.05 cm® 1
g > . ; 14 - § IV The final accurate titre recorded is within 0.10 cm? of any other accurate titre. 1
g .o = &w NBBOJ_N. ﬂ IS mai Is =°~ msmﬁQ a Do not award the mark if any ‘accurate’ burette readings (apart from initial 0) are given fo zero dp.
Decisions second test is also used)
Award V if 8 < 0.50 cm?® 3
A : Award V1 if & < 0.30 cm®
ACE Zinc ions are present. (No ecf) =
. - 3
OOBO_CW_O—,_W Award VIIif & < 0.20 cmy
2(b) Candidate must average two (or more) fitres that are all within 0.20 cm? and quoted to 2 dp. 1
Working must be shown or ticks must be put next to the two (or more) accurate titres selected.
2(e)) Answers for (c){ii), (c)(iii), (c){iv) to 34 sf 1
. . 2{e)ii} | Comectly calculates 1
SECTION 1: Mark Scheme for Questions with SAMPLE Data APHS0.)= 0050 « )1 1000
2{c)iiii} | Comectly uses 1
i R i . . . L s
Q# 1/ T1 Acid Base Titration ALvl Chemistry/2022/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org IFA 81 () 02260 mak A
1(a) I All the following data orded: 1 Aekwv) clly cal !
a e following are recorded: _ 3
*  two burette readings and titre for the rough titration Fa-( 10 medm
« initial and final buretie readings for two (or more) accurate titrations
2(civ) | Comectly uses 2
Il Appropriate headings and units in the accurate fitration table and titre values recorded for accurate fitrations 1 MM = 263 _ Answer
= initial / start and (burette) reading / volume a3 {c)iiv)
+ final/ end and (burette) reading / volume M2: Use of Answer — 17 and identify Z
« titre or volume used /added { or FA 2 added <liz 149150 ¢ Nac 31.1 312 £ K = 623
« unit {em? or {cm?) or in en?® (for each heading) or cm? unit given for each volume recorded 623« Rb < 109.2 1092 & Cs < 250
Il All accurate burette readings are recorded to the nearest 0.05cm? 1 2(d) Comectly uses 'l
IV The final accurate fitre recorded is within 0.10 cm? of any other accurate fitre 1 _h\mc_.j {c)iv] - A from periodic _Mu_m_ S0 A, feom pesindic tatle:
For assessment of accuracy marks, round all burette readings fo the nearest 0.05 em?. Check and correct subtractions where et roap dlefmill = 1515 gl ore e
necessary.
Then select the ‘best titres using the hierarchy: Q# 3/ T1 Acid Base Titration ALvl Chemistry/2021/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org
«  two (or mare) accurate identical fitres (ignoring any that are labelled ‘rough’), then
= two (or more) accurate titres within 0.05 cm?, then 1(a) 1 Headings and data are recorded in the space provided 1
= two (or more) accurate titres within 0.10 cm?, efc. + (mass of) container with FA 2
These best fitres should be used to calculate the mean titre, expressed to nearest 0.01 cm?. «  (mass of empty) container
s (mass of) FA 2 (used)
‘Write the Supervisor's [comected] mean titre in a ring on each candidate script. Calculate the difference (§) between the candidate’s
mean titre and the Supervisor's. Write the value of 5 on each script. Award the accuracy marks as shown below. Subtraction for the mass of FA 2 used must be correct
Headings must be unambiguous and include either ‘mass’ or g for each piece of datum. Reject ‘weight’.
Award V if & < 0.50 (em?) 3
Award VI if3 < 030 Il The following data must be shown: 1
Award VIIif & < 0.20 + two burette readings and fitre for the rough titration
= initial and final burette readings for two (or more) accurate titrations
1) Wﬂﬁnﬁmﬁ must average two (or more) titres that are within 2 total spread of not mare than 0.20 em? 1 ll Titre values recorded for accurate tirations, and correct headings and units in the accurate titration table 1
working f explanation must be shown or ficks must be put next to the two (or more) accurate fitres selected * iniialistart and (burette) zw.u.n_in / volume
AND + finalfend and (burete) reading / volume
N e titre or volume / FA 1 and used /added
ed to 2 de | pl
Mmean quotsd o cmalplaces ject ‘difference’ or fotal’ or ‘amount’ or *V" but allow ‘wvol”
)iy Comectly calculates 1 e unit: /cm® or (cm?) or in c® for each heading or cm?unit given for each volume recorded
moles of NaOH used = 0.110 = ™/ 1000 A N N
AND answer to 3 or 4 sig fig IV All accurate burette readings are recorded to the nearest 0.05 cm®, including 0.00. 1
Reject 50¢.00) as an il burette reading
Cormectly uses. 1 Reject if more than one final burette reading is 50.(00)
(cMi) to calculate M = 105/ (e~ 40 Reject any burette reading is greater than 50.(00)
it i V: The final accurate titre recorded is within 0.10 em? of any other accurate titre 1
M1 Identity of carboxylic acid [must be consistent with the M, in 2 Ignare any fitre fabelled ‘rough’
M2 Skeletal formula (must comrespand to candidate’s name of acid) Reject if any ‘accurate” burette reading is recorded as an integer (apart from an initial 0 crr’)
o]
\/\F Check and correct titre and mass subtractions where necessary.
oH Examiner selects the best mean titre.
- Apply hierarchy: 2 identical, fitres within 0.05 cm?, titres within 0. 10 cm?, etc. Examiner calculates supervisor's comected
1id)() | Comect equation with state symbols 1 average titre /supervisor's mass of FA 2 fo 2 dp.
NH:CHCOOH(aq) + NaCH(ag) —+ NH:CH:COONa(aq) + H:O() Examiner calculates candidate’s corrected average fitre / candidate’s mass of FA 2 to Zdp_
Subtract the candidate value from that of the supervisor &
L Student’s fitre would be larger 1
AND
M; of amino acid is 75/is lower than M. of FA 1 so more moles of amino acid are present ORA
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1(b) Candidate must average two (or more) fitres for which the total spread is not greater than 0.2 cm>.

Working must be shown or ticks must be put next to the two (or more) accurate readings selected.

The mean should normally be quoted to 2 dp rounded to the nearest 0.01. Example: 26.667 must be rounded to 26.67.
Two special cases where the mean may not be to 2 dp:

allow mean fo 3 dp only for 0.025 or 0.075 e.g. 26.325;

allow mean to 1 dp if all accurate burette readings were given to 1 dp and the mean iz exactly correct e.g. 26.0 and 26.2 =
26.1 i correct but 26.0 and 26.1 = 26.1 i incorrect

Do not award this mark if:

any selected titre iz not within 0.20 cm® of any other selected titre;

the rough titre was used to calculate the mean;

the candidate camied out only 1 accurate titration;

burette readings were incorrectly subtracted to obtain any of the accurate fitre values.

All burette readings, excluding initial 0, (resulting in titre values used in calculation of mean) are integers.

Note: the candidate’s mean will sometimes be marked as correct even if it is different from the mean calculated by the
examiner for the purpose of assessing accuracy.

All answers to (c) correct to 3 or 4 sig figs.

1{e)Gi)

1.30
106=10

Correctly calculates moles Na;CO3 in 25.0cm® FB 1=

Correctly calculates answer to (c)(ii) x 2

e)iv) answer to

x 1000
Volume from (b)

Correctly uses

Q# 7/ T1 Acid Base Titration ALvl Chemistry/2016/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

2(a) 1 initial and final burette readings and volume added recorded for rough titre and accurate titre details 1
tabulated. [minimum 2 x 2 ‘boxes’ with relevant information]

itial and final burette readings recorded and volume of FA 3 added recorded for each accurate titration. 1
Headings and units correct for accurate titrations

Headings: initial /final (burette) reading/volume or reading/volume at start/finish
and

volume/FA 3 added/used or titre [not difference/total]

allow vol but not V

and

Units: (cm®) or/cm?or in cm?® [or cm? by every entry]

Il All accurate burette readings are recorded to the nearest 0.05cm® 1
Do not award this mark if:

50(.00) is used as an initial burette reading;
more than one final burette reading is 50(.00);
any burette reading is greater than 50(.0)

IV Final uncomrected titre ithin 0.10cm?® of any previous uncorrected accurate titre. 1
Do not include a reading if it is labelled rough.
Do not award the mark if any accurate burette readings (apart from the initial zero) are given as integers.

2(b) Check mean titre is comectly calculated from clearly selected values (ticks or working). 1
*  Candidate must average two (or more) titres where the total spread is < 0.20cm’.

*  Working must be shown or ticks must be put next to the two (or more) accurate readings selected.
*  The mean should normally be quoted to 2 dp rounded to the nearest 0.01.

[e.g. 26.667 must be rounded to 26.67]

Two special cases where the mean may not be to 2 dp:

allow mean to 3 dp only for 0.025 or 0.075, e.g. 26.325;

allow mean to 1 dp if all accurate burette readings were given to 1 dp and the mean is exactly correct.
[e.g. 26.0 and 26.2 = 26.1 is correct

but 26.0 and 26.1 = 26.1 is incorrect]

Do not award this mark if:

e the rough fitre was used to calculate the mean;

* candidate carried out only 1 accurate fitration;

*  burette readings were incomrectly subtracted to obtain any of the accurate titre values;

* all burette readings (resulting in titre values used in calculation of mean) are integers.

Note: the candidate’s mean will sometimes be marked as correct even if it is different from the mean
calculated by the examiner for the purpose of assessing accuracy.

2(c)i) 0.140x%(b) 1
and (i) Comectly calculates 000

and

same answer in (ii)

and

both answers to 3 or 4 sf

2(c)(iii) and
s

Cormectly uses (ii) x 10 1
and
Answer = 5.(00) x 107

2(ckv) Correctly calculates (iv) — 1
2(c)(vi) Correctly uses [(v) x 100.1)2 1
2(c)(vii) Comectly uses [(vi) x 100)¥(mass in (a)] to a minimum of 2 sf 1
5
2(d) Question 1: % purity lower 1
as loss of gas means fewer moles/less mass CaCOs 1
Question 2: no change /% same 1
as same amount of acid reacts/(amount) acid left is same 1
4 max 3
Total 16
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2 (a)

| Initial and final readings and titre value for rough titre
and initial and final reading for two (or more) accurate
titrations

1

Il Titre values recorded for accurate titrations
and
Appropriate headings for the accurate titration table and cm®
units.
« initial/start burette reading/volume / value
+ final/end burette and reading/volume / value
+ fitre or volume/FA4 and used/added
o unit: /em® or (cm®) or in cm® or cm? (for each heading)

Il All accurate burette readings are recorded to nearest
0.05 cm®
Do not award this mark if:

« 50.(00) is used as an initial burette reading

+ more than one final burette reading is 50.{00);

« any burette reading is greater than 50.(00)

s there is only one accurate titration

IV There are two uncorrected, accurate titres within 0.10em?

+ Do not award this mark if, having performed two titres
within 0.1 cm®, a further titration is performed which is
more than 0.10cm’ from the closer of the two initial
titres, unless a further titration, within 0.10cm’ of any
other, has also been carried out.

+ Do not award the mark if any “accurate” burette
readings (apart from initial 0 cm?) are given to zero dp

4]

(b)

Candidate must take the average of two (or more) titres that
are within a total spread of not more than 0.20cm?®.

Working must be shown or ticks must be put next to the two
(or more) accurate readings selected.

The mean should be quoted to 2dp, rounded to the nearest
0.01.

Two special cases where the mean may not be to 2dp:

« Allow mean expressed to 3dp only for 0.025 or 0.075
(e.g. 26.325)

« Allow mean if expressed to 1dp if all accurate burette
readings were given to 1dp and the mean is exactly
correct.

(e.g. 26.0 and 26.2 = 26.1 is allowed)
(e.g. 26.0 and 26.1 = 26.1 is incorrect — should be
26.05)

Note: the candidate’s mean will sometimes be marked as
correct even if it is different from the mean calculated by the
examiner for the purpose of assessing accuracy.

(1]

(c) @

I Correctly calculates n(NaOH) = 0.001

(i)

Il Shows use of

(iii)

Il Correctly calculates 2 x 1(b)(i)

(iv)

IV Shows use of 2(c)(ii) + 2(c
correct calculation

) either as expression or

V  Shows use of /0.025(0) or x 40 or x 1000/25

(5]

(@) @

States that the measuring cylinder/volume of FA2 has the
greatest error and should be replaced by burette or pipette

\Wm«»
VRN & q
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(c) ACE | Expression needed in step (i) 1
Interpretation (= mean titre * *'%; 000 mol)

and

step (ii) (= answer to step (i) / 2)

No irrelevant or incorrect working should be
included.

Il Correctly evaluates step (iii) (= answer to step (ii) | 1
x 10)
and
step (iv) (= answer to step (iii) x 40)

PDO Display 1

Some relevant working shown in a minimum of 1
three parts in the calculation.
(In (ii) could be x 2 or + 2, in
or+10).

could x 10

IV All answers given are quoted to 3 or 4 sig figs 1
(must be a minimum of three steps) [4]

[Total: 12]

Q# 11/ T2 Redox Titration (KMnO4) AS Chemistry/2015/s/TZ 1/Paper 3/ :0) www.SmashingScience.com

1 (a) I Initial and final burette readings and titre unambiguously 1
recorded in rough and accurate titrations.
Minimum of 2 x 2 boxes for accurate.

Il Headings and units correct for accurate titration and headings 1
match readings.

Headings: initiall final (burette) reading/ volume or

Reading/ volume [ vol/ value at start/ finish and Volume/vol/ FA 1
added/ used or titre [not “difference or "total”]

and Units: (ecm’) or lem® or in cm® or em® by every entry

Il All accurate burette readings (initial and final) recorded to 1
nearest 0.05¢m*

Do not award this mark if:

50(.00) is used as an initial burette reading;

mare than one final burette reading is 50.(00);

any burette reading is greater than 50.{00)

IV Has two uncorrected, accurate titres within 0.1 cm?® 1

Do not award this mark if, having performed two titres within
0.1¢cm?, a further titration is performed that is more than 0.1cm’®
from the closer of the two initial titres unless further titrations
within 0.1cm® of any other has also been carried out.

Do not award the mark if any ‘accurate’ burette readings (apart
from initial 0) are given to zero dp.

Examiner rounds all all burette readings to the nearest 0.05¢m® and checks subtractions. Examiner
selects the ‘best titres using the hierarchy:

two (or more) ide ntical,

then two (or more) within 0.05¢cm*,

then two (or more) within 0.1cm®, etc.

www.SmashingScience.org Patrick Brannac Page 201 of 579
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Award V, VI and VIl if 5 < 0.20cm?®
Award V and V1if 0.20 <3 < 0.40cm®
Award V if 0.40 < 5 < 0.60cm”®

Spread penalty: if the two ‘best’ titres used by the examiner are
more than 0.50cm® apart cancel one of the Q marks.

—

(b)

Calculation of mean

Candidate must average two (or more) titres that are all within
0.20cm’.

Working must be shown or ticks must be put next to the two (or
more) accurate readings selected.

The mean should normally be quoted to 2 dp rounded to the
nearest 0.01. Example: 26.667 must be rounded to 26.67.

Two special cases where the mean may not be to 2 dp:

alfow mean to 3 dp only for 0.025 or 0.075, e.g. 26.325;

allow mean to 1 dp if all accurate burette readings were given to
1 dp and the mean is exactly correct, e.g. 26.0 and 26.2 = 26.1 is
comect but 26.0 and 26.1 = 26.1 is incorrect.

(c)(i)i)

(iii)
(iv)

0.0200 % (b)

1C tly calculat
orrectly calculates 1000

in step (i)

and
= 5 in (ii)

Il Expression (ii)/0.025
Il Expression (i) » 392.0 (or addition of A.s shown)

IV Answers to (i) to (iv) given to 3 or 4 sf (min 3 answers needed)

Qn1

Total

2]
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Examiner rounds any burette readings to the nearest 0.05 cm®, checks subtractions
and then selects the “best” titre using the hierarchy:

two identical; titres within 0.05 cm®; titres within 0.1 em’; etc

to calculate mean (ignore any labelled rough).

Examiner compares [corrected mean titre/corrected mass of FA 1] with Supervisor
result. Calculate the ratios to 2 dp.

MMO Quality

Award V, Vl and VIl if 5 < 0.05 (cm®g™")

Award Vand VIif0.05<3=0.10

Award Vonly if 0.10 <5 £0.20

If the “best” titres are = 0.60 cm® apart cancel one of
the Q marks.

-

(b)

MMO Decision

PDO Display

Selects correctly subtracted accurate titre values

within 0.20 cm®. Must use more than one value. If no
calculation shown then titres must be indicated (e.g.
with a tick) in the table

Correct mean from any values selected (may include
rough) by candidate given to same decimal places as
most precise burette reading recorded in the table.

The third decimal place may be rounded to the
nearest 0.05 cm’.

A mean of exactly .x25 or .x75 is allowed but the
candidate may round up or down to the nearest
0.05 em®.

If ALL burette readings are given to 1 decimal place
then the mean may be given to 1 decimal place if
numerically correct without rounding.

Mean of 24.3 and 24.4 = 24.35 (¥)

Mean of 24.3 and 24.4 = 24.4 (%)

If no working shown allow mean if value identical to
that used by Examiner.

[2]

(c)

ACE
Interpretation

PDO Display

I Inpart (i) {titre from (b)/1000} x 0.01(0)
If no working shown then answer must be
cormect.

Il ansto(i)x5
and
ans to (i) x 10
with no additional steps
Il ans to (i) x 55.8
If (iii) incorrect allow correct (i) x 10 x 55.8

IV correct (ans to (iii) x 55.8/mass of FA 1) x 100
to sf shown (ecf allowed from (iii))
(sf shown may come from (i) with no previous
rounding)
If (iii) incorrect allow correct (i) x 10 x 55.8 x
100/mass FA 1
(If choice of answer take the one in the answer
space.)

V 3 or 4 significant figures in final answers to all
parts attempted (minimum three parts)
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(d) |ACE
Interpretation

(i) Uncertainty either 1 or .5 in final place.
If balance displays to 1 decimal place:
error in balance reading is +0.05 g or +0.1(0) g
If balance displays to 2 decimal places:
error in balance reading is +0.005 g or +0.01 g
If balance displays to 3 decimal places:
error in balance reading is +0.0005 g or +0.001g

(i) {2 = (i)/mass used} = 100
answer to 2, 3 or 4 sf

(2]

[Total: 16]

Q# 14/ T2 Redox Titration (KMn04) AS Chemistry/2010/w/TZ 4/Paper 3/ :0) www.SmashingScience.com

1 (a) PDO layout

MMO
Collection

MMO
Decisions

PDO
Recording

MMO Quality

1 Volume given for Rough titre
and
accurate titre details tabulated.

] In the comect spaces, records initial and
final burette readings for Rough titre and;
Initial and final burette readings and,
volume of FB 2 added recorded for each
accurate titre
Headings should match readings.
Do not award this mark if:
50(.00) is used as an initial burette reading;
More than one final burette reading is 50.(00);
Any burette reading is greater than 50.(00)

n Has two uncorrected, accurate titres within
0.1 cm®
Do not award this mark if having performed
two titres within 0.1 cm® a further titration is
performed which is more than 0.10 cm® from
the closer of the initial two titres, unless a
fourth titration, within 0.1 cn® of the third
titration or of either of the pair has also been
carried out.

v All accurate burette readings (initial and
final) recorded to nearest 0.05 cm®.
Assessed on burette readings only.

V, VI and VIl

Round any burette readings to the nearest 0.05 em®.
Check and correct subtractions in the titre table.
Select the “best” titre using the hierarchy:

two identical; titres within 0.05 cm®, titres within

0.10 cm® etc.

Award V, VI and VI for a difference to
Supervisor within 0.15 cm®

Award V_and VI only for a difference of
0.15+ cm® — 0.25 cm®

Award V only for a difference of

0.25+ em® — 0.40 cm®

If the selected “best” titres are > 0.40 cm® apart,
cancel one of the Q marks awarded.

1
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Q# 16/ T2 Redox Titration (KMn04) AS Chemistry/2002/s/TZ 5/Paper 3/ :0) www.SmashingScience.com

%

Page 1 ] Mark Scheme [ Syllabus | Paper |

-

[ A Level Examinations — Juna 2002 [ EL AL 5

14a)

www.SmashingScience.org

N.E. Boxed re‘erences within this marking scheme relate to the accompanying booklet of Standing
Instructions

Experiment 1

Titration table [Standing Instructions (fy
Check the Candidate's subtraction of @ach titrakon unless labelled Rough. The subtraction of 2 Rough
titration shouid be checked if the Candidate has ticked the valug and used it in calediating the average
titre.,

Give ome mark if all burette readings are in the comrect spaces in the tabte, the volume has been filled in,
and all final burette readings ars o at least 2 d.p. ignore any litre which has been labelled Rough.

Give one mark for 3 sufficient number of titrations (any two titres differing by 0.10 cm” or less). Awarg
this mark on uncorrested titres — Rough values may be included in asaessing sufficient number of
titrations.

Give one mark for a value of volume used from the burette and quoted in the Summary, which is clearly
justified by the Candidate’s indicalion of the results used. Do not give this mark If no value is quoted
in the Summary, no Values are ticked in the fitration table or no calzulation of the average is
shown. This will usually be the value of two [dentical titres or any other awerage provided it is comect o a
least 2 d.p. orto the nearest 0 05 cm? {first and second d p.s may be omitted here if they are 0)

3

Accuracy
[ See section (g}. i

As soon as the candidale’s average titre has been checked or corrected, the titre value transferred
to page 4 sheuld be confirmed and corrected as necessary,

Assign accuracy marks by comparing the candidate's average titre (corrected as necessary) with the
Supervisor's value.

The Supervisor's Titre, corrected if necessary, should be recorded on the front of the script.
Apply spread penalty as shown below

Accuracy marks Spread Penalty
Mark Cifference from Supenvisor / em Range used fem” Deduchan
5 upto 0.20 0.20+t0 Q.25 1
4 020+ to 0.25 0.25+ 10030 2
3 025+ 1o 030 0.30+ to 0.35 3
2 .30+ 1o 0.50 0.35+ 1w C.AD 4
1 0.50+ to 1.00 greater than 0.40 5
o Greater than 1.00
5
Suspect Supervisor Values

Adopt procedure (i} in {h) for any suspect Supervisor results

if there is not an obvious value from the Candidates’ results, use 24.20 as the Standard
Value. Reportyour action to Team Leader on the Centre Accuracy Return,

Patrick Brannac Page 209 of 579

Caleulations

In all calculations, ignore evaluation erors it working is shown

titre
2 002 1

(b} Give one mark for 1000

1000
25
lone)  (one)

{e) Give two marks for ans{a)] x 5§ x

Q#t 17/ G1 Gravimetric Thermal Decomposition
AS Chemistry/2022/s/TZ 3/Paper 3/ :0) www.SmashingScience.com

2{a) I Unambiguous headings and units for four weighings and entered in the space provided:
s (mass of) crucible, lid (empty)

d and FA 4 {or ‘contents before heating’)

id and FA 5/ residue / contents after first heating

- d and FA 5/ residue / contents after second heating

Units: /g or (g) or gram{me)s or in grams

Il Readings are appropriately recorded:
= all weighings recorded to same number of decimal places (two or more)
= mass of FA 4 is within the range 0.80-1.80 g (from weighings)
= fourth weighing is within +0.02 and —0.05 g of third weighing

Correct subtractions to give:
* massof FA4

* massof FAS

* mass loss

mass FA 4
mass FA 5 (residus)

For

of marks: calculate supervisor's mass ratio {fo 2d.p.) =

Write this value in a ring on each script.
Calculate the 25% and 10% ranges comect to 2 dp_

< . o L _ mass FA 4
Calculate the candidate’s mass ratio (fo 2 dp) = s FA B [residus)

Award accuracy marks as shown below.

Award IV if & is within 25% of supervisor AND ratio > 1.00
Award V iz within 10% of supervisor AND ratio > 1.00

2(b)(i) Comrectly calculated

mass loss

—_— m
a4

AMND answer to 2—4 significant figures

amount of COz = ol

Comectly uses

M ofFA4- mass of FA 4 used
(b}

AND answer to 2—4 sf

Ar of metal = ) — 60
AND Group 2 metal corectly deduced from Ar

Be if A-isinrange 0 — 12.1: Mg for A, 12.2 - 32.2: Ca for A, 32.2 - 63.8: Srfor A, 63.9 - 112.4: Ba for A 112.5- 250
(Other metals forming white carbonates with formula MCO; are acceptable provided the A is close to the value given in the
pericdic table.)

2(c) M1: student's mass loss is lower AND M: HO < M CO: (or values given)
M2: using Mg as example

% loss from Mg(OH): = |

_mmu | %100
% loss from MgCOs = _% * 100 (which is greater than % for Mg{OH)z)
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2 Materials
Correctly calculated no. of moles of CuD 1 =)
@ The materials listed in the table must be provided to each candidate.
+  No.of moles CuQ = ™= o o S
*  Answer must be comect and expressed to 2, 3 or 4 sig. fig. © Waming: Small amounts of NH, [C][T][N], which can cause respiratory distress in some people, may be produced. The laboratory must be well
ventilated.
2(b)ii) Correct use of mole ratio 1 : 2 1 per . .
. label candidate identity notes
*  No. of moles of FB 4 = snawerlf,
FB1 [MH] 3.0-3.1g | amidosulfonic acid Provide 3.0-3.1g of NH,SO,H Hz:..._ in mmﬁuw@.&a oa:.m.imv
Correctly uses n to calculate M; of copper hydroxycarbonate, 1 Suppliers may name this as sulfamic acid or aminosulfonic acid.
)
FB 2 120¢m¢ | - 110moldm Dissolve 4.40g of NaOH [C] in each dm? of solution.
o My=me=etFBAumedf L ns sodium hydroxide
*  Answer (for M) must be expressed to 2, 3 or 4 =ig. fig » 2.5=2.7g of CuCO,.Cu(OH),.H,O [MH][N] in a stoppered container.
= Some working must be shown to access the second mark FB 4 [MHIN] 26-279 | basio copper(ll) carbonate Any basic coppe! carbonate is suitable.
@
M, =224 1 W FB5 [MH] 1.3-1.5g | ammonium carbonate 1.3—1.5g of (NH,),CO, [MH] in a stoppered container.
g Dissolve 15.7 i
3 7 g of Ba(OH), 8H,0 [C][MH] in each drm? of solution.
Appropriate comment on the value of y 1 H 0.05moldm= The sol i 2 w It shoul il hort!
s If answer 2{b)ii) is less than 221, candidate should state that y is negative, so the experiment has been inaccurate 5 FB6& [MH] 20cm® glcﬂo:mﬂ_axam wcmcww M___mo_., Mﬂmﬁ__ﬂesmu.ﬂUMM““m=ﬂwmwhuﬂccwa Wﬂ.ﬂ.@)%«_‘.‘mﬂmz
= If answer 2{b| mm between 213 and 229, .n._m: (within experimental error) there is no water of erystallisation cloudiness in the solution will not affect candidates’ experiments.
= |f answer 2(b){ii) is greater than 221, candidate should calculate the value of y and state that it should be an integer 0.1moldm=
manganese(ll) chloride 2cm? 1 chlorid Dissolve 19.8g of MnCL,.4H,0 [MH] in each dm® of solution.
2{c) Heat to constant mass (or description of procedure) 1 amzmm:mmumuh ) chioride
0.1 moldm .
2 ]
>ﬂ . copper(ll) sulfate [MH] 2cm copper(ll) sulfate Dissolve 25.0g of CuS0Q,.5H,0 [C][MH][N] in each dm?* of solution.
aratus
P distilled water 300cm® | distilled water
The apparatus listed must be _n__-n_<_n_mn_ to each candidate. thymolphthalein [F][HH][MH] Scm® | thymolphthalein See preparation instructions in the current syllabus.
Provide each candidate with 2cm?® of Universal Indicator solution and
1% anz._u E_UQ—.—O Universal Indicator [F] 2em?® Universal Indicator solution the pH colour chart.
1 U_Umﬂnm filler m label per identi notes.
1 x 50cm® burette B candidate ty
2 i "
1 x 250cm* volumetric flask 2 | dilute hydrochloric acid 10em® | 2.0moldm HCI
1 x 250cm?® beaker
. itri s <
2w 150cm? or 250 cm?® conical flask dilute nitric acid [C] 10cm® | 2.0moldm= HNO,
1 » burette stand and clamp dilute suifuric acid [MH] 10cm® | 1.0moldm H,S0,
1 x funnel (for filling burette) -
1 % white tile aqueous ammonia [CJ[MH][N] 10cm® | 2.0moldm™ NH, See preparation instructions in the cument syllabus.
1x mUm.__..__m aqueous sedium hydroxide [C] 10cm?® [ 2.0moldm= NaOH If necessary, each of these reagents can be provided as a
2 x teat/dropping pipette communal supply for groups of up to 6 candidates.
aqueous barium chloride 0.1moldm BaCl,
1 x glass rod or 10em?  |or Invigilators must be alert to the risk of contamination and the
1 % crucible nmUmn_.Q muu_dx:.:mﬁm_v. 15cm?. with lid < aqueous barium nitrate 0.1meldm= Ba(NO,), opportunity for malpractice when using a communal supply.
1 1 2
5 saturated aqueous
“ x jmmﬁﬂﬂonwﬁ mat §  |limewater (MH] 10em® | Calcium hydroxide, Ca(OH),
1 * ﬁn_.r_n_n_ € longs m aqueous silver nitrate 10cm® | 0.05moldm= AgNO,
» Npo ©
aqueous acidified 5 | 0.01moldm® KMnO, in
1x W._.._:m\m: Ucﬂjmq potassium manganate(VII) [MH] o 0.5moldm™ H,80,
1 x pipe-clay triangle
= * Anexcess of at least 10% of each material must be prepared to cover accidental loss.
1 = hard-glass test-tube
8 x test-tube* « Al solutions must be thoroughly mixed.
1 x test-tube rack If ble t f th hy I st tact Cambridge Ints it | as f bl d of th fi
* I you are unable to source any of these chemicals, you must con ambridge Intemational as far as possible in advance of the exam for
1 x test-tube holder advice.
1 x stop-clock or sight of a clock
1 h bottl taini distilled e Materials must be labelled only as specified in the ‘label’ column. The identities of chemicals labelled with letter codes, e.g. FB 1, may
* Wasl € containing distlle: water = be different from their descriptions in the question paper. Candidates must use the descriptions given in the question paper.
1 x pen for labelling glassware
access to balance weighing to a minimum accuracy of 0.1g
paper towels
red and blue litmus papers
aluminium foil for testing nitrate/nitrite
wooden splints
the apparatus normally used in the centre for use with limewater in testing for carbon dioxide
*Candidates are expected to rinse and reuse test-tubes where possible.
Additional tubes should be available.
Where balance provision is limited, some candidates should be instructed to start the exam with
different questions. See the current syllabus for balance : candidate ratio.
,\-wﬂ\ww»
5,
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per -
label candidate identity notes

=g =]

dilute hydrochloric acid

10cm® | 2.0moldm™ HC!I

dilute nitric acid [C] 10cm® | 2.0moldm™ HNO,

dilute sulfuric acid [MH] 10cm® | 1.0moldm™ H,S0,

aqueous ammonia [C][MH]I[N] 10em® | 2.0moldm® NH, See preparation instructions in the current syllabus.
aqueous sodium hydroxide [C] 10cm® | 2.0moldm™ NaOH If necessary, each of these reagents can be provided as a

or

agueous barium chloride

aqueous barium nitrate

communal supply for groups of up to 6 candidates.
0.1moldm= BaCi,

0.1moldm= Ba(NO,),

limewater [MH] 10em?®

saturated aqueous
calcium hydroxide, Ca(OH),

EHIANADILEN026

aqueous silver nitrate 10cm® | 0.05moldm=AgNO,

agueous acidified
potassium manganate(VII) [MH]

0.01moldm= KMnO, in

s
10em | s moldm= H,S0,

10cm® | or Invigilators must be alert to the risk of contamination and the
opportunity for malpractice when using a communal supply.

» Anexcess of at least 10% of each material must be prepared to cover accidental loss.

e All solutions must be thoroughly mixed.

e If you are unable to source any of these chemicals, you must contact Cambridge International as far as possible in advance of the exam for

advice.

e Materials must be labelled only as specified in the ‘label’ column. The identities of chemicals labelled with letter codes, e.g. FA 1, may
be different from their descriptions in the question paper. Candidates must use the descriptions given in the question paper.

=3

Q# 20/ G1 Gravimetric Thermal Decomposition AS Chemistry/2017/s/TZ 1/Paper 3/ :0) www.SmashingScience.com

2(a)

I: Table of data, to include:
*  Unit “covering” all weighings, or given for each weighing
* No repeat headings (i.e. not two lists of weighings)
*  Appropriate headings for the three weighings:
Mass of crucible and lid
Mass of crucible, lid and FA 5 (or “contents before heating™)
Mass of crucible, lid and residue / CuO/ contents after heating

1

Il: Weighings recorded
*  Six weighings recorded in the space provided.
* Al weighings recorded to same number of decimal places (one or more)
* Label/heading to indicate which is Expt 1 and Expt 2

Both masses of FA 5 and residue, correctly subtracted
* Masses of FA 5 used recorded on page 4, correctly subtracted
* Masses of FA 5 used were between 2.5-3.0gand 1.5-20g
*  Masses of residue recorded on page 4, comrectly subtracted

For of must check and correct (if necessary) the masses of FA 5 used and of CuO
obtained by the supervisor and by the candidate for Experiment 1.

*  Examiner works out the ﬁ-_oal.zmk;.ﬂsg—o-n&m:um«sgq (2dp)

*  Examiner works out the ratio (mass FA 5: mass CuO) for the candidate (2 dp)

. i 5 the dif between these two ratios.

Award IV and Vif 5 < 0.08
Award IV if0.08 <5 < 0.15

VI: Observations made during heating
Solid goes black / black residue (formed)
or reference to blue/green flame

2(b)(i)

*  No of moles CuQ = m==efrsae,
*  Answer must be comrect and expressed to 3 or 4 sig fig

www.SmashingScience.org
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2(b)(ii) *  No of moles of FA 5 = ==l
o M =TEIFARE) oo FAS

2(b)(iii) = S e B O 2 2 ¥ 2 i ol i (Cu)

2(b)(iv) M, of FA 5 calculated from A values = 239

2(b)(v) Candidate should

* cormectly calculate the 2.5% of M, in (iv) = 5.98/6.0, and

* make a correct about the of the formula, based on their result(s).
or corectly calculate % difference for their result(s) from M, in (iv) and correct comment

2(c)i) * heat (crucible and residue) to constant mass
* heat more gently for longer period
* cool in a desiccator

e toensure that d ition (of FA 5) is or to ensure that all the residue is CuO
* to prevent escape of dust/ smoke /solid (during heating)

2(c)i) Larger masses have lower percentage emror in weighing

Total:

14

Apparatus

1 In addition to the fittings ordinarily contained in a chemical laboratory, the apparatus and matenals

specified below will be necessary.

2 Pipette fillers (or equivalent safety devices), suitable eye protection and disposable gloves should

be used where necessary.
3 Foreach candidate

1 x 25cm? pipette

1 x 50cm? burette

2 x 150 cm? or 250 cm® conical flask

1 x 25cm?® measuring cylinder

1 x burette stand and clamp

1 x funnel (for filling burette)

1 x white tile

1 = spatula

2 « teat/dropping pipette

1 x glass rod

2 x crucible with lid, capacity approximately 15cm?
1 » crucible tongs

1 » heatproof mat

1 x tripod

1 x Bunsen burner

1 x pipe-clay triangle

1 = hard-glass test-tube

3 x boiling tube

8 x test-tube®

1 x test-tube rack

1 x test-tube holder

1 x wash bottle containing distilled water

1 » marker pen (suitable for labelling glassware)
1 = stop clock or sight of a clock

paper towels

access to a balance weighing to a minimum accuracy of 0.1g

*Candidates are expected to rninse and reuse test-tubes and boiling tubes where possible.

Additional tubes should be available.

Where balance provision is limited, some candidates should be instructed to startthe examination

with different questions. See the current syllabus for balance: candidate ratio.
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Apparatus

Chemicals Required

1 In addition to the fittings ordinarily contained in a chemical laboratory, the apparatus and materials
specified below will be necessary.

Itis especially important that great care is taken that the confidenti
indirectly.

information given below does not reach the candidates either directly or

910z $310N @
-

2 Itshould be noted that descriptions of materials given in the question paper may not correspond with the specifications in these Instructions.
2 Pipette fillers (or equivalent safety devices), safety goggles and disposable gloves should be used 3
where necessary.

Particular requirements

per identif notes
3 Foreach candidate hazard fabel candidate identity (hazards given in this column are for the raw materials)
Dissolve 15.5g of hydrated ‘borax’, Na,B,0,.10H,0 [HH] in each dm?
B 1 150cme | 0-0408moldnr hydrated | of solution.
1 = 10em? pipette ‘borax’, disodium tetraborate | The solid should be ground to a fine powder. The solution should be

warmed and stirred to aid dissolving.

w.
1 x 25¢cm? pipette 2.00mol dm hydrochloric

1 % 50 cm? burette m FB2 30cm® acid See preparation instructions on page 56 of the current syllabus.
3 3 H 3 1.5 -1.6g of 3MgCO,.Mg(OH),.3H,0 in a stoppered container.
2 150em® or 250 n_._w_ conical flask W FB4 1.5g9 basic magnesium carbonate | Any type of basic .:mm:mwm:.:nnminuzﬁm is suitable, irrespective of
1 = 250 cm? volumetric (graduated) flask 2 the formula on the i
1 x burette stand and clamp > FBS 10em® | 0.2moldm barium chloride Dissolve 48.8g BaC[,.2H,0 [T] in each dm® of solution.
- 3 B: itabl 3
1 = funnel (for filling burette) (Barium nitrate is not a suitable alternative.)
1 % white tile [N] FB6 10cm® | 0.05moldm™ silver nitrate See preparation instructions on page 56 of the current syllabus.
1 x spatula ] ) [MH] FB7 10em® | 1.0moldm™ sulfuric acid See preparation instructions on page 56 of the current syllabus,
2 x teat/dropping pipette - -
1 = crucible with lid, capacity approximately 15 em? FBS 2g sodium hydrogencarbonate Approximately 2g of NaHCO, in a stoppered container.
1 = crucible tonas magnesium 3x2em . . Strips of Mg ribbon [F] cut to approximate length 2.em.
g Fl ribbon strips magnesium ribbon Ensure that extra strips are available.
1 x heat-proof mat aqueous
] - " . 5 .
1x ﬁ:UQn_ N iodide 10cm’ 0.2meldm= potassium iodide | Dissolve 33.2g of KI in each dm?® of solutian.
1 x Bunsen burner led water | 350cm® | distilled water
1 x pipe-clay triangle [FIMH] | methyl oran;
ge N " - "

N . - P Scm methyl orange indicator See preparation instructions on page 56 of the current syllabus.

1 = stop clock or sight of a clock with seconds display [HH viorang pree pag v

1 x hard-glass test-tube

8 x test-lube” . .
5 HHMMKHUM rack Q# 22/ R1 Rate (Thiosulfate and acid) As Chemistry/2021/w/TZ 4/Paper 3/ :0)

1 = test-tube holder www.SmashingScience.com

1 x wash bottle containing distilled water 1(a)i) |1 Constructs a single 4 x 5 table for results for 5 experiments 1
‘1 x marker or labels (suitable for labelling glassware) )
paper towels

access to a balance weighing to at least 0.1g Il Correct headings and units for data given. 1

at least one experiment attempted

« volume of FB1 and in em? or/cm? or (em?)
«  volume of water and in cm? or /cm? or {em?)
* Candidates are expected to rinse and re-use test-tubes where possible. . H.mm_ﬁi_: wmsa_m orfsor(s)
Additional lubes should be available. e 1 L L0 ()
Il Alltimes recorded to the nearest second 1
AND

Where the provision of balances is limited, some candidates should be instructed to start the

all volumes given to st 0.05
examination with Question 2. See page 58 of the current syllabus for balance : candidate ratio. voRames gven 10 e

IV 3 additional velumes chosen with intervals not less than 5.00cm? 1
AND
all additional volumes of FB 1 = 25.00cm?
AND

In all 3 additional experiments water is added to make a total of 45.00 cn?

V Al rates comectly calculated using 1000 /time 1
%@Samn to the same number of dp or same number of sf.

V1 All five imes increase with decreasing volume of FB 1 1

VIl & VIl Compare ratio of time for 20.00 em?® of FB 1 /time for 45.00 cm® of FB 1 to 2 dp. 2

Award VI for ratio 2.10 - 2.60

Award VI for ratio 2 20 - 2.50

www.SmashingScience.org Patrick Brannac Page 221 of 579 www.SmashingScience.org Patrick Brannac Page 222 of 579
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*Candidates are expected to rinse and reuse test-tubes and boiling tubes where possible.
Additional tubes should be available.

4 Per five candidates
A bucket labelled Quenching bath must be provided.

The bucket must contain 1dm? of 5% sodium carbonate solution (made up by dissolving 509 of
Na,CO, or 135g of Na,CO,.10H,0 in 1dm? of water) and Universal Indicator.

The Supervisor must monitor the colour of the Universal Indicator in each quenching bath to check
that the solution has not become acidic_ If the solution becomes acidic, the Supervisor must add
more 5% sodium carbonate solution to the quenching bath.

Chemicals required

Itis especially important that great care is taken that the confidential information given below does not reach the candidates either directly or
indirectly.

8l0zs3ION G
-

2 It should be noted that descriptions of substances given in the Question Paper may not correspond with the specifications in these Confidential
Instructions.

3 Particular requirements

per notes.
hazard label candidate identity (hazards given in this column are for the raw materials)
0.20moldm= . ’ ’
3
FA1 75cm sodium thiosulfate Dissolve 49.6g Na,S,0,.5H,0 in each dm® of solution
FA2 150ecm?®  [0.05moldm™ nitric acid Dilute 25.0cm? of 2.0moldm® HNO, [C] to 1dm?
9
a
8 Ic] FA3 15em® | 2.0mol dmr nitric acid See preparation instructions on page 56 of the current syllabus.
a
]
H [MH] FA4 1g barium carbonate Provide approximately 19 BaCO, [MH] in a stoppered container.
]
FAS 10eme | 1-0moldar Dissolve 246.4g MgS0,.7H,0 in each dm* of solution.
magnesium sulfate

NOTE: Small amounts of SO, [C] [T], which can cause respiratory disiress in some people, may be produced. The laboratory must be well
ventilated.

Q# 24/ Qo Qualitative: Organic compounds test ALvl Chemistry/2022/w/TZ 1/Paper 3/Qé# :0)
www.SmashingScience.org

_ FA 6 is agueous Zn(NOs): and KI; FA 7 gives results for ethanal but is actually butan-2-ol _

k0] M1: Test 2 (triiodomethane test) 2
(Pale) yellow ppt

M2: Test 3 add (acidified agueous) potassium manganate({VI)
purple / KMnQ:; decolourised

any 2 of the following tests comect 2
Test 1: does not contain —OH /not an alcohol / not a carboxylic acid / not hydroxyl group
Test 2: contains —~CH2C=0 (or —-CH{OH)CHs) group

Test 3: is an aldehyde (or a 1° or 2° alcohol)

3ib) FA T is ethanal / CH:CHO 1

Q# 25/ Qo Qualitative: Organic compounds test ALvl Chemistry/2020/s/TZ 1/Paper 3/Q# :0)
www.SmashingScience.org
1

FA1/FA 6is (NH:kFe(S0:6H:0; FATisH:0x  FABis ethanol

3{a)(i) | Reagents used are NaOH and NH: 1
FA 6 dissolved in (distilled) water (before camying out tests) 1
Ohservations with both cold alkalis 1

= With NaOH: green ppt, insoluble in excess

» With NH;: green ppt, insoluble in excess

OR

+ [fonly one of NaOH or NH: was selected, award this mark if the chservation is comrect, but it must include “ppt tums
browm’”

Observation when heated with NaOH 1
Fizzing/bubbiing and gasMH. tumns (moist red) Iitnws to blus

Both ions comectly identified 1
Iren{II) and ammonium (Fe* and NH:")

www.SmashingScience.org Patrick Brannac Page 225 of 579
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3(a)(i) | Anion test and first observation

Add barium nitrate/chloride
White precipitate

Observation with acid and conclusion:

white ppt is insoluble in specified mineral acid (not H:50.)

sulfate / S0+ present

loni

c equation

Fe*{aq) + 20H{aq) — Fe{OH)
NH:"(aq) + OH{aq) — MHi(@) + H-Olorag)
Ba*(ag) + SO:(aq) — BaSOds)

Any one of the following eguations, provided that the appropriate fest was camed out.

3iapiv) | Correct use of M. to calculate no of moles water.
Mass of water = (392) - 558 -1922 - 36

n{H:0) = 3%2-34/,; (expressed as integer)

y
3L Award one mark for every two comect observations (*) as shown in table below

fest

ocbservation(s)

FAS

FAG

Test1

KMnO; decolorised*.

fizzing/bubbling/effervescence or gas relights glowir

no reaction
KMnQ, not decolorised
ng spil* | and

No {further) change

KMnQ, goes from purple to colouriess (solution*

Test2

Red-brown/ brown solution formed™

Mixture goes to (dark) blue / blue-black®

No change
and

No change®

Test3

“ellow or colourless solution formed*

{On standing) off-white / pale yellow precipitate formed*.

Testd

No change / pale yellow (solution) formed*

Red-brown / brown / rust precipitate (formed)*
Ignore fizzing

()i} | FA 8is ethanol or propan-2-ol or butan-2-ol (or any secondary 2-oi}
Comect reference to the CHiztest or to CHyCH{COH}- or CH;CO group

Comrect reference to the redox reaction with KMnC., (provided that FA 8 was identified as an alcoholfaldehyde) 1

3(b)i) | FAT is an oxidising agent because iodine is formed

Q# 26/ Qo Qualitative: Organic compounds test ALvl Chemistry/2018/s/TZ 1/Paper 3/Q# :0)

www.Smash

ingScience.org

FAS5isHCOOH: FA7isZnCOs3: FA8is Cu(NO3)2

3(a)i) |+ Na:COs fizz/ effervescence /bubbling

+KMnOx: purple

llow pink) to colouriess (allow pale yeliow)

+ AgNO3: no (visible) reaction / no change / no ppt/ solution remains colouriess

+ Tollens": silver mirror/ black ppt/ grey ppt

3(a)ii) | (Carboxylic) acid

Aldehyde / primary alcohol / secondary alcohol / alkene

Q# 27/ Qo Qualitative: Organic compounds test ALvl Chemistry/2016/s/TZ 1/Paper 3/Q# :0)

www.Smash

ingScience.org

FA5 is MnSO, and NH,C; FA6 is propanone; FA7 is propanal;

(d)

Both observations required
FAG6 no reaction/solution turns pink
and

FA7 tums colourless/decolourises the KMnO,

FA7 is propanal as it can be oxidised.

FAG is either 2-methylpropan-2-ol or propanone as they
cannot be oxidised (only 1 needed) and

2]

Question 3

[13]

www.SmashingScience.org
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Q# 32/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
N ! ; |

_ FA 5 is BaCk({aq); FA 6 is H:SQ:(aq); FA 7 is NaOH(aq); FA 8 is HCOOH(ag)

Q# 33/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

FA 5 is BaCk{aq); FA 6 is H:SC:{aq); FA 7 is NaOH(aq); FA 8 is HCOOH(ag)

insoluble in excess *

BaCL/Ba(NOs)* | white ppt *

Al | FAT - 500 f Q# 34/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2021/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
FA B =50 1 3(a)i) Test 1 no change / (pale) orange / (pale) red/ (pale) pink solution 1
Allow solution becames colourless ./ paler
oM | sefects Naok and it 1 Test2 2
uses both NaOH and NH; to excess f warms at least one NaOH mixtures +NaOH | green /dirty green / pale green / dark green ppt *
ppt tums brown (at surface) *
3
FAT FAS +H:5S0s | ppt dissolves or yellow / yellow-brown / orange-brown solution formed *
ange i * +5SCN™ | (solufion) tums dark(er) orange / blood-red / red / dark(er) red / deep red / red-brown *
+ NaOH mﬂ%ﬁ_mv —mhﬂ:%c_.:_?a ﬁmﬂhﬂ. excess* colour must be more intense than in Test 1
ppt* 2 asterisks = 1 mark (round down)
no change to (red) gas / NH; tums (red) Fe* is formed (in Test 2) 1
litmus/* litmus blue ™
ignore no reaction oxidation of Fe>/ redox 1
ignore bubbling N
3(aliii) | NHsSCN 1
+MNHz Ignore white ppt *
insoluble in excess * 3(ajiv) | Fe(aq) + 20H-(aq) — Fe{OH)(s)
2x*="1 mark (round down) eomect product formula 1
3Gy ﬁm FA 8 = AP from fully comect observations 2 balancing and state symbols 1
FA 8 = NH.* from litmus turning blue
3(b)i) prepare solution of FA 4 1
M2 FA 7 is unknown and both ions in FA 8 correct
prepare a suitable table(s) 1
3 One of 1 minimum 2 tests and columns/ rows for tests and for observations
AF-(aq) + 30H(aq) —» AYOH)(s) sterisks =
ALOH}(5) + OH-(ag) — [AHOH)I (aq) rastenshs - 1 mak (found doam) ®
NH:*(ag) + OHaq) — NH:(g) + H:0(1) +NaOH * white ppt
insoluble in excess *
Altow ecf fram (b)(ii) on incomect cations
+NH;* white ppt*

HCI/HNG; * insoluble in excess suitable named acid *
3(b)i) M1: Test 1 purple/ pink to colouriess/ (pale) yellow ! pale brown OR KMnO. is decolounised 2 OR no change | no reaction / solution remains
dilute acid* + | purpie ™
M2: Test 2 effervescence / fizzing / bubbles KMnQs *
AND _
gas/ He pops with a lighted splint/ bums with a pop Ignare atditional reagents
3(b)i) | M1:(FA 8) can be oxidised /is a reducing agent 2 Mu_-uo:” Mg 1
M2: (FA 8) is an acid anion: S0

Q# 35/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2021/m/TZ 3/Paper 3/Q#

:0) www.SmashingScience.org

FA Gis NHCL FA T is NHiI; FA 8is BaCk

3(a)i) 1 mark for comrect gas test:

3@ FAS FAG FAT 3

white ppt/ solid *

no (visible) reaction / no
change / no ppt/ solution
remains colouriess *

na (vigible) reaction / no
change / no ppt / solution
remains colouriess *

change / no ppt/ solution
remains colourless *

change / no ppt/ solution
remains colourless *

NazCO; | white ppt/ solid * effervescence / fizzing/bu | no (visible) reaction f no
bbles * change / no ppt/ solution
gas/ CO; tumns limewater | remains colouriess *
milky / cloudy white / forms
white ppt *

MgCE | no (visible) reaction s no no (visible) reaction/ no white ppt/ solid *

M1: Cation in FA 5 is Ba™ or Ca™
MZ2: Cation in FA 6 is H*
M3: Anion in FA T is OH-

3(a)

Test for OH™

Add specified (agueous) metal compound
gives appropriate (coloured) ppt

OR

3{a)(iii)

Add a specified nitrate and Al and warm
Positive test for ammonia

OR

Add a specified amm
Positive test for ammonia

m compound and warm

3a)(iv)

<mw because it gave ammonia gas (on warming) which is alkaline.

<mw because the test gave a named ppt of specified hydroxide which is insoluble (in water).

www.SmashingScience.org

Patrick Brannac

Page 229 of 579

{gas / vapour / fumes) tum {moist red) litmus to blue
Reject if incorrect gas identified

1 mark for any two bulleted observations comect:

+ solid sublimes / white solid forms near top of tube {owtte; allow residue for solid)
Reject ‘solid evaporated”
Allow ‘white layer formed around glass fube’ (bod)

+ white and smoke / vapour / fumes produced
Reject ‘effervescence’
Reject ‘gas’

+ no residue (at bottom of tube)
Allow ‘crystals disappear completely”

+ after heating for some time, gas tums (moist blue) litmus to red

ammonium /NHs"
Reject if more than one ion identified

14 ohservations. Two * = 1 mark (round down)

b))
7 Reject ‘no abservation’ (for ‘no change’) the first time seen, then allow

www.SmashingScience.org Patrick Brannac
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Q#39/ Qi

Qualitative: Inorganic ions test ALvl Chemistry/2019/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

FA 5is AINH#{S0.:).12H20; FA 8 is KI and FeSO0.

3(a)ii)

=  melis/dissolves

condensation / moisture on the walls of the test-tube / steam produced
white smoke / fumes (NOT gas)

(gas) tums red litmus blue

gas tums blue litmus red

white residue

Award 1 mark for two comect observations from the list, award 2 marks for three or more correct observations.

If both gas observations are given they must be in the comrect order for both to be credited.

3a)iiy

NH:
White ppt and insoluble in excess

NaOH
White ppt and sol in excess
Allow 1 mark for white ppt with both NH; and HaOH

hot NaOH
Gas/ NH; (on warming) tums red litmus blue

Bat~
White ppt insoluble in acid { white ppt no reaction with acid
Reject white ppt formed when acid added

names or comrect formulae

NH™, AP*, 50>
Award 1 mark for two ions, award 2 marks for three ions.

3(b)

Any formula (involving all three ions) in which the charges on the ions cancel
(.9 KCri504):)

KCr{S0:2 12H:0

3e)i

Red-brown (allow yellow / yellow-brown / orange / orange-brown / brown) (solution)
or KMnQs / purple decolourises
and tums blue-black / dark blue / black (on adding starch)

Green ppt and insoluble in excess / fums brown (on standing)
Reject grey-green

Fe [iron(II) and I~/ iodide
This mark is free-standing

Uses silver nitrate and yellow ppt

ppt insoluble in HNO or ppt insoluble in NHs
(nitric acid may be added initially)

3{c)iv)

Fe*(aq) + 20H-(aq) — Fe(OH),(s)
ecf for Cr>/ Cu®* / Fe* or any other fransition metal ion concluded in (

Q# 40/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2019/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

32 FA4 FAS 2
HC1 No (visible) reaction / no change * Pale yellow/ cream / white /
Allow pale yellow solution / colourfess off-white ppt *(ignore excess)
solution
CuS0. Brown (ppd/ colour / soln) * Green soln *
Do not allow orange/~-brown or red-brown allow blue-green / cyan / turquoise
pptis CON
AgNO; (pale) Yellow ppt * Yellow ppt /black ppt / grey
ppt/ (allow solid/ particles for ppt) *
+MNHz Insol in NH; * ignore NHz
Allow no change
Ck Yellow or brown or red-brown / orange- Mo (visible) reaction / no change *
brown { yellow-brown sofn * Allow colourless solution.
Do not allow orange.
Ppt is CON
+FAS Decolourised *
If C& reaction is incorrect then allow ecf
e.g. colourless solution
For every two correct observations (*) award 1 mark (round down)
Allow no observation for no (visible) change.
3(a)(i) [ FA 4 contains iodide I~ 1
or
FA 5 contains thiosulfate / S:0:™
3(a)in) Reagent: starch 1
Observation expected: dark blue or blue / black colour
www.SmashingScience.org Patrick Brannac Page 233 of 579

{Red) litmus tumns blue
Gas turns litmus blue is CON

30)i) | QO(s) +H:0[)  Q{OH}(s)/ (an)

3{e)i) hydrochiloric { nitric acid
allow sulfuric acid
accept comect formula

3(c)(ii) Clear layout to show tests, observations and conclusions.

(Chooses) NH;
Ignore NaOH / named sulfate / HzSOs
Any other reagent is CON

FA 6:no ppt/no (visible) change / no reaction / colourless solution.
(allow no observation)

FA 7- white ppt insoluble in excess

Ignore cbservations with other reagents

M is calcium (or barium), @ is magnesium

Conclusions to follow identification of M or Q in Questions 1 and 2 and conclusions of tests in (b))

Qi 41/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2019/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org

FA 4is CuzO(s); FA 5 is H;S0x{aq); FA 6 is Cu powder

(@) FA 4 + FA 5 observations may be in either order

bilue solution formed / colourless to blue / solution turns blue / blue filtrate

pink / brown / red-brown AND residue [ solid

test observations marks
+ NHz {(pale) blue ppt) forming deep/ dark blue solution in excess 1
+ KI, then tums brown / yellow-brown 1
+ Na:5:0: white ppt 1
+ HNQ;, then + AgNO; no (visible) reaction / no change / no ppt/remains a blue solution 1
+ HCIFHNOs, then white ppt 1
+ BaCk/BalNOz):

@i FA & + nitric acid: (pale) blue solution

then + NaOH: (pale) blue ppt

metal ion: Cu** / copper(Il) AND anion- SO*/ sulfate

Ba*(aq) + SOs*(aq) — BaS0k(s)
OR Cu*(aq) + 20H{ag) —+ Cu{OH):(s)
OR 2Cu*"{aq) + 41-(ag) — 2Cull(s) + Lx(aq)/ (s}

3(p)(ii) | redox (from some reaction in (a)(iii))
OR oxidation of metal/ Cu
OR reduction of nitrate.

3(c) Na;C Qs (or other named carbonate)/ Mg / Al/ Zn / Fe/ sodium thiosulfate

+ COy*: effervescence / gas tumns limewater milky / chalky / cloudy white / white ppt
+ appropriate metal: effervescence / gas pops with lighted splint
+ thio: white/ off-white / pale yellow ppt

Student is comect/ FA 5 is an acid from comect observation

Q# 42/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2018/w/TZ 1/Paper 3/Q# :0) www.Smash

FA 4 is sodium chloride; FA 6 is copper(Il) carbonate: FA 7 is a mixture of zinc sulfate and zinc nitrate

2(a)i) | Make a solution of FA 4 and add aqueous AgNO;

white ppt shows anion is CI~

2(a)i) |Ag’(aq) + CI"(aq) — AgCi(s)

2(b)i) | Hydrochloric acid

Effervescence / bubbling

and

blue / green / cyan / turquoise solution formed

gas / COz turns limewater milky  cloudy white / chalky / forms a white ppt

Ammonia
(pale) blue ppt and dark blue solution with excess

Heating
(FA 6) turns black / black solid formed /it turns black

www.SmashingScience.org Patrick Brannac
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3(d Correct formulae of unk 2 ;
(d) Cotiect formi uw“. unknowns 3(e)i) cation(s) anion(s) 3
o FATisNH.Br FAS unknown unknown
«  FA8isBa(NOz)2/Ca(NO3): FAS Fe™ firon(IT) and NH:"/ammonium S0/ sulfate
three formulae correct = 2 marks FAT unknown NO: /nitrite
one formula correct = 1 mark
a(b)ii) | clearly shows the reagent and expected observation(s) 1
X o . i i i add NH3 AND green ppt. AND insoluble in an excess of ammonia/tuming brown (on standing) 1
Q# 46/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2017/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org -
L L 3b)ii) | Fe™(aq) + 20HT(aq) — Fe(OH(s) 1
FA 6is Cu(NO;);; FA 7 is FeCh e i
[Fe(H;0)l™(aq) + 2NHs(aq) — [Fe(OH)R(H0)J(s) + 2NH:(aq)
3(a)() *  melts or dissolves or blue liquid / solution formed 2
2 ﬂﬂoﬁhﬁnﬁwg:ﬂ%& produced Q# 48/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2016/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
\\\\\\ 1 [
*  brown gas/fumes -
« gas/oxygen relights a glowing spill FA 5is NaNOs(s); FA 6is CuCOs(s); FA 7 is NaBr{aq)
4 or 5 observations correct = 2 marks e FAS FAG
2 or 3 observations correct = 1 mark
(goes fo) colourless or (green) powder/ solid
3(a)(i) FA 6 is Cu(NO,). 1 yellow liquid! solution AEﬁm. black. black 1+1
residue
3(b)(i) * with KI, FA 7 gives a brown / red-brown / red / orange solution 1 - - -
*  with starch, blue / blue-black / dark colour gas relights glowing splint w:-,_Man_,“.ﬂmz._,Enimﬁq
* with FA 6, blue precipitate (formed) 1 white/chalky/forms white 1
* on heating, (blue precipitate) turns black ppt
*  With FA7, red-brown/brown /rust ppt. (formed ) gas (tums) brown/brown | (pale) biue solution /liquid 1+1
= formed
*  With FA 6, no reaction /no change / no ppt. 1 gas
«  With FA 7, white precipitate formed or solution tums blue
*  With FA 6, (pale) blue precipitate, then 1 =
*  deepl/dark blue (solution) with excess a)(i-iv) FAS FA G
*  With FA 7, red-brown / brown / rust precipitate (forms) (iii) solid effervescence/fizzing / bubbling 1
dissolves/colourless solution | and blue solution/liquid formed
Mg test ! 1 allow no reaction/no
Both observations correct change/no effervescence
With FA 6, brown /black precipitate / solid formed or blue colour fades / disappears = =
With FA 7, fizzing / bubbling / effervescence (iv) no reaction/no blue ppt
change/no ppt/remains and
Test for hydrogen: (gas) “pops” with lighted splint 1 colourless insoluble in excess 1
(v) no reaction/no (pale) blue ppt
3b)i) | FA7 is acidic, because it fizzes / produces hydrogen with magnesium 1 Chengeio ptiremeins o ey S e ,
3(b)iii) Fe*(aq) + 30H(ag) — Fe(OH)(s) 1 (solution)
3(b)iv) | Redox because iodine was produced (from iodide ions) 1 3a)v) “» mm anu m._ﬁ_wu%v m:.g‘“ﬂnwmﬁww: e/ O™ “
5 per(); 5
3(b)v) ‘You can't be certain about the colour of the precipitate (with AGNO3) due to the coloured solution / colour of FA 7. 1 4 correct = 3 marks 3 comect = 2 marks 2 comrect = 1 mark 1
or
You can't be sure whether the precipitate with AQNO; is white / AgC1or cream / AgBr 3(a)vi) CuCOs(s) + H2S04(aq) — CuSOs(aq) + H20(l) + COz(g) 1 12
3(b)(vi) Ammonia would react with the Fe™ ions in FA 7 (masking the effect of ammonia on AgC1) 1 2
or 3{b)i) Selects AGNO; and NH: 1
The cation in FA 7 gives a precipitate with ammonia (so the precipitate of AgCIwould not appear to dissolve). Selects NaOH and Aland HCI/HNO;/H;SO, 1
Total: 14 3(b)(ii) Clearly defined test | observation | conclusion sections 1
FA 7 + AgNO; cream ppt partially soluble in NH, 1
. - o . . . FA 7 is bromide/Br ~ from 1
Q# 47/ Qi Qualitative: Inorganic ions test ALvI Chemistry/2017/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org te bromide! O~ fom creantpot
L !
5
FA 5 is CsH1205(aq): FA 6 is (NHz12Fe(SOa)(aq): FA 7 is NaNO=(aq)
Total 17
3(aNiiv) _ see below _ 1"
Q# 49/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2016/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
__fest —rhs gas L FA5 is MnSO, and NH,C[: FA6 is propanone; FAT7 is propanal;
(i) aqueous sodium | no reaction/no ppt. AND green ppt. AND insol in excess/ | no reaction/no change/no ppt.
hydroxide, then turning brown 1] AND R .
warm gently solution tums yellow /yellow- gas/NH tums (damp red) litmus | no reaction/solution remains 3 (a) () |Redlitmus tuns blue (then red) 1
brown /brown 1 (paper) blue 1 | colourless 1 N - - -
Condensation or sublimation/white smoke/white fumes 1 [2]
aluminium foil and | effervescence with FA 5 or FA 7 AND gas!NH; turns (damp red) ltmus
warm (paper) blue 1 (a) (ii) | NH,"/ammonium in 3(a)(ii) and Mn*' /manganese(Il) in 1
and 3(b)(i).
(i) acidified no reaction purple decolourises/solution turns | purple decolourises/turns (b) (i)
aqueous potassium | AND yellow AND colourless 1
te (VII) .
manganate (V) (b) (i) | Selects NaOH and NH; 1
warm gently purple decolourises /tums
colourless 1 i - . R
Off-white/beige/light brown precipitate with both NaOH and 1
i) hydrogen solution tums yellow no reaction/no change 1 NH3
peroxide effervescence AND
gas relights glowing splint 1 Both precipitates turns brown/darkens 1
no reaction/no change/no ppt. brown gas/ colourless bubbles/gas (i) | white precipitate and insoluble in acid 1
tuming brown in air/blue solution
AND AND
white ppt 1 | no reaction 1
www.SmashingScience.org Patrick Brannac Page 237 of 579 www.SmashingScience.org Patrick Brannac Page 238 of 579
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(b) + HCI (aq): white ppt 1
+ KI: yellow ppt 1
+ NHs: no effect/ppt insol 1
+ glucose: silver mirror/ black/(dark) grey ppt 1 [4]
(c) (i) | (Solid is) yellow when heated 1
Goes white/paler on cooling 1
(ii) | effervescence/fizzing/rapid bubbling and limewater turns milky 1
White ppt and soluble in excess NaOH 1
(iv) | White ppt and soluble in excess NH; 1
(v) | lons present: Zn®* 1
and CO;™" (from fizz or limewater test correct) [6]
Qn2 Total [15]
Q# 53/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2014/s/TZ 1/ Paper 3/Q# 3/ :0)
www.SmashingScience.org
FA 6 is ZnSO4(aq) and NaBr(aq); FA 7 is FeSO4(aq)
3 (a) (i) |MMO | Selects NaOH(aq) and NH3(aq), and uses each in excess 1
Decisions
PDO Il Unambiguous layout of all 4 observations (excess must 1
Layout be stated).
MMO 11l White ppt with NaOH and soluble in excess. 1
Collection
IV White ppt with NH; soluble in excess. 1
ACE vV Zn* 1
Conclusion
(ii) | MMO VI Cream ppt with AgNO3 and partially sol / insol in NH; il
Collection
VIl White ppt with BaCl./Ba(NO;). and insol in nitric acid. 1
ACE Vil Br- 1
Conclusion
IX SO, 1 [0
(b) (i) [MMO | Green ppt turning brown (in contact with air) 1
Collection
(ii) Il No reaction/no change 1
or yellow or green solution
Il Red-brown/brown/green-brown ppt 1
and effervescence
IV Gas relights a glowing splint 1
(iv) | ACE V Redox 1
Conclusion
(v) VI Decomposition of hydrogen peroxide to give oxygen 1
or
ppt is Fe(OH), / oxidation of Fe** to Fe™ [6]
Qn3 Total [15]
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Qualitative: Inorganic ions test ALvl Chemistry/2013/w/TZ 1/ Paper 3/Q# 3/ :0)

FA 6 is (NH;):Fe(SOa).(s). FA7isNa,COs(aq); FA 8is Pb(NO)x(aq); FA 9 is K,CrO4(aq)

and then becomes brown (on strong heating)
* Condensation / water vapour / steam produced

3 (a) (i) | MMO Green precipitate and ppt insoluble in excess 1
Collection NaOH/ppt turning brown (in air / on standing).
MMO (When heated with NaOH) gas / NH; turns red litmus 1
Decision to blue.
MMO (With BaCL), white precipitate forms and insoluble in 1
Collection HCL
(ii) | ACE FA 6 contains ammonium ions and sulfate ions. 1
Conclusion (correct evidence needed for each ion in the
observations table).
ACE Fe® + 20H - Fe(OH), 1
conclusion
(iv) | MMO Any two of
collection « Solid goes paler / loses green colour (at first) 1

o (Gas/NH;) turns red litmus blue. [71
Q# 55/ Qi Qualitative: Inorganic ions test ALvl Chemistry/2012/w/TZ 1/ Paper 3/Qi# 2/ :0)
www.SmashingScience.org
FA 3is CuCl(aq); FA 4 is AIK(SO;)x(aq) + KI(aq); FA 5 is FeCls(aq); FA 6 is Pb(NO3)2(aq)
2 (a) | MMO Records a blue/greenish-blue ppt/solid with FA 3 and 1
Collection Na,COs.
1
Records a brown /rust/orange-brown /red-brown ppt/solid
with FA 5 and Na,COs.
Records effervescence with FA 5 (or FA 3). 1
MMO Tests gas evolved with limewater. Allow from effervescence. 1
Decisions [4]
(b) | MMO Records a white precipitate with silver nitrate solution and 1 [1]
Collection soluble in aqueous ammonia.
(c) | MMO Records yellow-brown/orange-brown/brown /tan colour 1
Collection (solid/solution) (formed on mixing FA 4 and FA 3).
Allow dark brown for solution only.
Allow (qualified) brown solution with white/off-white/ grey ppt.
Dark/ deep blue/blue-black/black/purple colour on adding
starch solution
1
[2]
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SECTION 2 Unedited Exam questions ordered by Experiment SubType

Qi Qualitative inorganic ions tests Chem 12 Q# 1/ ALvl Chemistry/2022/w/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

colour changes seen

the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent
added

the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed you should write ‘no change’

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3

www.SmashingScience.org

(a) FA6is an aqueous solution that contains one cation and two anions. The three ions are listed
in the Qualitative analysis notes.

(i) Carry out the following tests on FA 6 and record your observations.

test observations

Test1

To a 1cm depth of FA 6 in
a boiling tube add aqueous
sodium hydroxide, then

heat gently.

Test 2

Toa 1cm depthof FAGin a

boiling tube add a 1cm depth of
aqueous sodium hydroxide and a
piece of aluminium foil. Heat gently.

Test 3

Toal1cmdepthof FABIn a
test-tube add a few drops of
hydrogen peroxide.

[4]

Patrick Brannac Page 245 of 579

(ii) From your observations suggest two possible identities for the cation in FA 6.

possible cations: ..o @NG e [1]

Suggest a test that would allow you to determine which of the cations you suggested in
(a)(ii) is present in FA 6.

Carry out this test, record the result and hence identify the cation in FA 6.
S
TSl

The cation presentis ...

[2]

(iv) From your observations in (a)(i) suggest two anions that could be present in FA 6 and give

their formulae.

possible anions: ... OT [1]

(v) Suggest an additional test that could be carried out to confirm the presence of one of the

anions you suggested in (a)(iv).

Carry out this test, record the result and hence state the identity of the anion.

st Nl e
TSI e

The anion present IS ...

Qualitative inorganic ions tests Chem 12 Q# 2/ ALvl Chemistry/2022/s/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

colour changes seen

the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent
added

the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

www.SmashingScience.org
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Qualitative inorganic ions tests Chem 12 Q# 3/ ALvl Chemistry/2022/m/TZ 3/Paper 3/Q# 3 :0)
www.SmashingScience.org

Qualitative analysis

For each test you should record all your observations in the spaces provided.
Examples of observations include:
¢ colour changes seen

e the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent

added
e the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.
Where no change is observed you should write ‘'no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and bailing tubes where possible.

No additional tests should be attempted.

3 FATand FA 8 are solutions containing a total of three cations and two anions. Two of the cations
and both of the anions are listed in the Qualitative analysis notes.

(a) (i) Carry out the following tests and record your observations. Use a fresh 1cm depth of
solution in a test-tube for each test.

observations
test
FAT FA 8

Test1

Add a 1cm depth of dilute nitric or

hydrochloric acid and allow to stand

for 2 minutes, then
|add a few drops ofaqueous | |
barium nitrate or aqueous

barium chloride.

Test2

Add a few drops of acidified aqueous

potassium manganate(VII).

Test 3

Add a few drops of agueous

iron(IIT) chloride and allow to stand

for 1 minute.

[4]
www.SmashingScience.org Patrick Brannac Page 249 of 579 AV

SMASHING] 1)

(i) From your test results, give the formulae of the anions present in FA 7 and FA 8. If the
tests do not allow you to positively identify an anion, write ‘unknown’.

anioninFAT = ...
anioninFA8= ...

[

(b) (i) Select reagents for tests to identify as many of the cations as possible in FA 7 and FA 8.
Carry out your tests and record your reagents, conditions and observations.

[4]

(ii) From your test results, give the formulae of as many cations as possible in FA 7 and FA 8.
If the tests do not allow you to positively identify a cation, write ‘unknown’.

FA 7 contains ............

FA 8 contains ............

2
(iii) Write an ionic equation for one reaction you observed in (b)(i). Include state symbols.
[l
[Total: 13]

Patrick Brannac
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(ii) Use your observations in (a)(i) to suggest a possible formula for each of the following:

The cationin FASis ...

The cationin FAGis ... .

Theanionin FAT7Is ...

[3]

(iii) Apart from using an indicator, suggest a further test that would confirm the identity of the

anion in FA 7.

Carry out this test and record the result.

(iv) Did the result of your test in (a)(iii) confirm the identity of the anion in FA 77
Explain your answer.

Qualitative inorganic ions tests Chem 12 Q# 6/ ALvl Chemistry/2021/s/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative analysis

[

[

Where reagents are selected for use in a test, the name or correct formula of the element or compound

must be given.
At each stage of any test you are to record details of the following:

» colour changes seen
» the formation of any precipitate and its solubility in an excess of the reagent added

www.SmashingScience.org

o the formation of any gas and its identification by a suitable test.
You should indicate clearly at what stage in a test a change occurs.
If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

Patrick Brannac Page 253 of 579

3

(a) Agueous ammonium thiocyanate reacts with agueous iron(III) ions to form an orange or red

coloured compound. Iron(IL) ions do not react in this way. The darker the orange or red colour,
the more iron(III) ions are present in the solution.

(i) For each test use a 1cm depth of FA 1in a test-tube. Record all your observations.

test observations

Test 1
Add a few drops of aqueous
ammonium thiocyanate.

Test 2

Add a few drops of aqueous

sodium hydroxide and leave for at least
two minutes, then

add a few drops of agueous
ammonium thiocyanate.

131

(i) Suggest a reason for any difference in observation when you added aqueous

(iii)

(iv)

www.SmashingScience.org

ammonium thiocyanate in Test 2 compared with Test 1.
Your answer should refer to the type of reaction that occurred in Test 2.

....................................................................................................................................... [2]
The charge on the thiocyanate ion, SCN-, is —1.

Determine the formula of ammonium thiocyanate.
....................................................................................................................................... [1]
A solution containing Fe?* reacts with aqueous ammonia to form a green precipitate.
Write the ionic equation for this reaction.

Include state symbals.
....................................................................................................................................... [2]
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(b) (i) FA T and FA 8 are aqueous solutions.
Each solution contains one cation and one anion both of which are listed in the Qualitative

analysis notes.

Use 1cm depths of FA T or FA 8 in test-tubes for the following tests.
Complete the table by recording your observations.

test

observations

FA T

FA 8

Test1

Add a few drops of

aqueous acidified

potassium manganate(VII), then

add a few drops of starch
indicator.

Test 2
Add a few drops of aqueous
silver nitrate, then

add aqueous ammonia.

Test3

Add aqueous sodium hydroxide,
then

pour the mixture into a boiling
tube. Warm gently and carefully,
then

add a piece of aluminium foil.

Test 4
Add a few drops of dilute
sulfuric acid.

(if) Deduce the chemical formulae of FA 7 and FA 8.

FATis ...

JESUUSUNUSSUSSURSURUURUURUU - 1y [+ I of .S - L=

[2]

(iii) Give the ionic equation for the reaction of FA 8 with sulfuric acid.
Include state symbols.
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[Total: 12]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:
e colour changes seen

* the formation of any precipitate and its solubility in an excess of the reagent added
o the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.
If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA 6 is a salt containing one cation and one anion. The anion Is listed in the Qualitative
Analysis Notes.
Add all the sample of FA 6 to the 100cm® beaker. Dissolve the solid in approximately 50 cm?
of distilled water.
Label this solution FA 7.

(i) Carry out the following tests and record your observations.

test observations

Test 1

To a 1cm depth of FA 7 in a test-tube,
add a 3cm depth of aqueous

silver nitrate.

Pour approximately half the contents of the test-tube into a clean test-tube.

Test 2
To the first test-tube add
agqueous ammonia.

Test 3
To the second test-tube add FA 5,
aqueous sodium thiosulfate.

(ii) From the results of your tests in (a)(i) suggest which anion is present in FA 6.

Patrick Brannac Page 258 of 579

SMASHIN




6LS 40 09 25ed Jeuue.g YdlIed §10730U3DSBUIYSEWS MMM

"s210N sishjeuy aajeyeny
3} Ul paJs| 2JE YJIYMm JO |[B ‘LOIUE 3UO PUE SUOHED OM] SUIBJUCD ) ‘Jes pajelpAy e sigwyd (e) ¢
‘paidwane aq pjnoys juasaid suol Joj S)sa) [euonippe oN
-alqissod alaym sagny Guijog pue saqny-jsa) asnal pue asury
‘pasn aq 1snw aqny Buljloq e ‘pauwuem si uonnjos Aue J|
"sin220 abueyd e 1s3) e ul abe)s Jeym 1e Aj1es|d 21e21puUl pINoYS NOA
"153) 3|geyns e Ag uoneaynuapl sy pue seb Aue jo uonewlo) 3yl e
pappe wabeal ay) Jo ssaoxa ue ul Ayjignios sy pue ajeudinaid Aue jo uoneulo) 3y e
uaas sabueyd ooy e

-Buimol|o} a1 Jo s|ielap piodal o] 2. noA 153} Aue Jo abels yoea 1y

-uamb aq 1snw
punodwod Jo JuawWwaj@ 2y} JO BN 199109 10 sweU 23U )s3) B Ul 95N 1o} pajoajas aue sjuabeal alayp

sisA|euy aaneyenp
10795US1PSBUIYSEWS MMM
(0: € #0/€ 4aded/T Z1/5/0207/Aasiway) ATV /6 #D TT WidYD Sisa) suol dluesioul dAIRe|enD

[1 revol]

(q) ui suoneasasqo JnoA uieidx3 (A1)

[e]

“21BJNSOIL) WNIpos snoanbe ‘g w4 ppe

uayj ‘spipol wnissejod

snoanbe jo ydap wo | e ppe
aqn}-}sal B Ul g 4 Jo Yidsp wa | e o)
L ¥sal

[

SUOHBAISSGO 15391

‘suoneasqo inok plodal pue s1s3] Buimopo) ayy no Aues ()

[T TDNIHSYWS
/ 6L 40 65 98ed deuuelg yoLIed

_”_‘_ I ¥ (o 1) | a0 ]

'8 ¥4 ul uoned au} Auapl (i)

-apixolad uaboiply
snoanbe jo sdolp ma) e ppe pue
aqny Buijloq e ojul sjuauod ay} Jnod

uay} ‘abueys sayuny

oU S1 2434} [JUN BIUOWLLE Sno3nbe ppe
‘agniisal e ul g 4 Jo yidsp wa | e oy
| 3saL

SUONBAISSGO 159]

‘suonemasqo Jnok piodal pue s1s3) Buimoyo) syl no Auen (1)

“S310N SISAjeuy aABYEND Yl Ul pajsl| suoned ay) jo auo Buiuejuod uonnjos e s g4 (q)

.w_Dﬂ:.__}w S]ELS 2pNau]
"L Y4 PUuE s1EIIU J3A|l
usamjaq uoioeal 3y} 1o} uonenba aluol ue sum ‘()(e) woly uoisnppuod Inok Buisn (A1)

[g] T wnipos St g 4

‘Mojaq
22eds 2y} ul SUOISN[IUOD INOA pue S1S3] INoA Jo S)INSal au ‘paloajas sjuabeal ay) ploday

“21BJ|NS WNIPOS
10 21yNs WNIpos SI § W4 Jaylaym apioap ol Japlo Wl 2 ¥4 uonnjos Buisn s)sa) ino Auen

"OseN ‘ajeyins wnipos 1o fQgPeN ‘slyIns Wwnipos 2q pinod 9 v4 jeyl patsabbns siy  (m)

10795UsPSBUIYSEWS MMM



(i) Describe and carry out tests to identify the cations in FA 6.

Record your tests and observations in the space below.

ThecationsinFAGare ... and . .

(ii) The anion in FA 6 is a sulfite, sulfate or a halide.

Carry out a test to identify the anion in FA 6.
Record your tests and observations in the space below.

Theanionin FAGIs ... . [2]
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Give the ionic equation for one reaction you have carried out in (a)(i) or (a)(
Include state symbols.

(iv) The formula of FA 6 is XY,Z,»wH,O where

o XandY are the cations present and Z is the anion present
e w is the number of moles of water of crystallisation in the hydrated salt.

The relative formula mass of this compound is 392.0.

Using your conclusions from (a)(i) and (a)(ii), calculate the value of w, the number of
moles of water of crystallisation.

W= 2

Qualitative inorganic ions tests Chem 12 Q# 10/ ALvl Chemistry/2020/m/TZ 3/Paper 3/Q# 3 :0)
www.SmashingScience.org

Qualitative analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
 the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

3 (a) FA3is aqueous hydrogen peroxide, H,O,.
FA 6 is a solution containing two cations and one anion from those listed in the Qualitative
analysis notes.

(i) To a 1cm depth of FA 6 in a boiling tube, add aqueous sodium hydroxide until it is in

excess. Then heat the tube, gently and carefully.
Keep the mixture obtained in the boiling tube for the test in (a)(ii).

A

% 4Nz
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(ii) Pour a 4 cm depth of distilled water into a boiling tube. Add the remaining FA 5 and stir
carefully until the solid has dissolved. This solution is FA 6.
Carry out the following tests on FA 6 and record your observations.

test observations

To a 1cm depth in a test-tube, add
agueous ammonia.

To a 1cm depth in a boiling tube, add
agueous sodium hydroxide, then

warm the mixture.

test observations

To a 1cm depth in a test-tube, add
aqueous barium nitrate or aqueous
barium chloride, then

add dilute hydrochloric acid or dilute
nitric acid.

[“

iii) Identify the three ions in FA 5.
FAScontains ..., ..................&and.

[2

(b) A student carried out Qualitative Analysis tests on a hydrated salt, FA 7, and concluded that it
contained the ions K*, Cr** and SO,
The relative formula mass of FA 7 is 499.3.

Determine the formula of FA 7.

The formula of FATIs ...
2]
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(c) FA 8 is a solution containing a single cation and a single anion, both of which are listed in the
Qualitative Analysis Notes.

(i) Carry out the following tests and record your observations.

test

observations

To a 1cm depth in a test-tube, add
a few drops of aqueous acidified
potassium manganate(VII), then

add starch indicator.

To a 1cm depth in a test-tube, add
aqueous sodium hydroxide.

(ii} Identify the two ions in FA 8.

FA 8 contains ...

Carry out this test and record your result.

Include state symbols.

www.SmashingScience.org

Patrick Brannac

[2

Suggest an additional test you could carry out to confirm the presence of the anion in FA 8.

[2

(iv) Give the ionic equation for the reaction you carried out using FA 8 and sodium hydroxide.

(1]
[Total: 16]
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(c) In Questions 1 and 2 you identified the Group 2 metals present in MCO, and QCO,.

You will now plan and carry out tests to confirm, or not confirm, the identities of M and Q. Both
M and Q are listed in the Qualitative Analysis Notes.

(i) Group 2 carbonates are insoluble in water. In order to test for the cations present (M* and
Q) they must be in solution.

Name a reagent you could use to prepare solutions of the cations from solid samples of
MCO, and QCO,.

(if) You are provided with the following solutions.
FA 6 contains M?*(aq).
FA 7 contains Q*(aq).
Choose reagents that could be used to confirm the identity of M and Q.
Carry out the tests. Record the tests, observations and conclusions.
[

(iii) Do your conclusions confirm your identification of M and Q in Questions 1 and 2?
Explain your answer.

[Total: 16]
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Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:
e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its idenfification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.
If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.
No additional tests for ions present should be attempted.
3 FA4is asolid containing one cation and one anion.
FA 5 is a solution containing one cation and one anion.
Carry out the following tests and record your observations.

(a) (i) Warm (do not boil) a 5cm depth of FA 5 in a boiling tube. Stop warming the FA 5, add all
of the FA 4 and shake the boiling tube.

Filter the mixture into a second b

ng tube. The filtrate will be used in the tests in (ii).

(ii) Use a 1cm depth of the filtrate from (i) in separate test-tubes for each of the following
tests.

test observations

Add aqueous ammonia.

Add a 1cm depth of aqueous potassium iodide,
then

add agueous sodium thiosulfate.
(Rinse the test-tube when you have completed
this test.)

Add a 1cm depth of dilute nitric acid followed
by a 1cm depth of aqueous silver nitrate.

Add a 1 cm depth of dilute hydrochloric or dilute
nitric acid followed by a 1cm depth of aqueous

barium chloride or aqueous barium nitrate.
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Analysis Notes.

(b) FA5is a mixture that contains two cations and three anions from those listed in the Qualitative

A sample of FA 5 was added to water and the water stirred. The mixture produced was filtered

to give a solid residue, FA 6, and a filtrate, FA 7.

(i) Carry out the following tests on FA 6 and record your observations.

test

observations

To a small spatula measure of FA 6 in
a test-tube add dilute hydrochloric acid,
then

add aqueous ammonia.

Place a small spatula measure of FA 6 in
a hard-glass test-tube and heat gently.

(ii) Carry out the following tests on FA 7 and record your observations.

[4]

test

observations

To a 1cm depth of FA 7 in a test-tube
add aqueous sodium hydroxide.

To a 1cm depth of FA 7 in a test-tube
add aqueous ammonia.

To a 1cm depth of FA 7 in a test-tube
add a few drops of aqueous silver nitrate.

To a 1cm depth of FA 7 in a test-tube
add a few drops of aqueous barium
nitrate or aqueous barium chloride, then

add dilute nitric acid.

Toa0.5cmdepthof FA7 ina
boiling tube add a 2 cm depth of aqueous
sodium hydroxide and warm, then

add a small piece of aluminium foil.

www.SmashingScience.org
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(5]

(iii) From your observations, identify the two cations present in FA 5.

(iv) From your observations, identify two anions present in FA 5.

(v) From your observations, identify two anions that could be present in FA 5.

[Total: 15]

Qualitative inorganic ions tests Chem 12 Q# 15/ ALvl Chemistry/2018/s/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
Qualitative Analysis

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

At each stage of any test you are to record details of the following:

e colour changes seen;

e the formation of any precipitate and its solubility in an excess of the reagent added;
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests for ions present should be attempted.

(b) FA 6 is a mixture that contains two cations and two anions from the Qualitative Analysis Notes.
Distilled water was added to FA 6, the mixture was stirred and then filtered. You are provided
with the dried residue, FA 7, and the filtrate, FA 8, from this process.

(i) Tests on the residue, FA7

Carry out the following tests and record your observations in the table.

test observations

Place a spatula measure of FA 7 in a
boiling tube. Add dilute hydrochloric acid
until no further reaction occurs, then

transfer a 1cm depth of the solution into
a test-tube. To this add aqueous sodium
hydroxide.

3]
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(b) Identify the anion present in HZ from your observations in (a). (d) Give the formula of the acid you added to the mixture of FA § and aqueous barium chloride or
aqueous barium nitrate in (c).

LIS i annnnssams 2 [1]
(c) FA 4 and FA 5 both contain one cation and one anion. The ions present in FA 4 are different The acid added Was ... . Y
from the ions present in FA 5. All four ions are listed in the Qualitative Analysis Notes.
You are to identify the four different ions.
By (e) Identify the ions present in FA 4 and FA 5 from your observations in (c).
Carry out the following tests and record your observations.
cation anion
test . observations FA4
To a small spatula measure of FA4in a
ng tube, add a 4cm depth of FA 3 EA5
and shake the tube well.
Leave the tube to stand for at least five [2
minutes. Label the solution formed FA 6.
To a 1cm depth of FA 5 in a test-tube, [Total: 16]
add aqueous sodium carbonate. Qualitative inorganic ions tests Chem 12 Q# 17/ ALvl Chemistry/2017/w/TZ 1/Paper 3/Q# 3 :0)
www.SmashingScience.org
To a 1cm depth of FA § in a test-tube, ¥ Cualitiiiyshnalyals
add aqueous sodium hydroxide. At each stage of any test you are to record details of the following:
- + colour changes seen;
Toa 1cm depth of FA 5 in a test-tube, e the formation of any precipitate;
add aqueous ammonia. ¢ the solubility of such precipitates in an excess of the reagent added.
Where reagents are selected for use in a test, the name or correct formula of the element or
To a 1cm depth of FA 5 in a test-tube, compound must be given.
add a few drops of aqueous silver nitrate.
Where gases are released they should be identified by a test, described in the appropriate place
in your observations.
To a 1cm depth of FA § in a test-tube,
add a few drops of aqueous You should indicate clearly at what stage in a test a change occurs.
barium chloride or aqueous No additional tests for ions present should be attempted.
barium nitrate, then
add a 1cm depth of a suitable acid. If any solution is warmed, a boiling tube MUST be used.
Rinse and reuse test-tubes and boiling tubes where possible.
FA 6, FA 7 and FA 8 are solutions of salts.
To a 1cm depth of FA 6 in a test-tube,
add aqueous sodium hydroxide. Information about FA 6, FA7 and FA 8
e Each salt contains one cation and one anion.
To a 1cm depth of FA 6 in a test-tube, e One of the ions is sodium; the other five ions are listed in the Qualitative
add aqueous ammonia. Analysis Notes.
e Each salt contains a different nitrogen-containing ion.
Toa 1cm depth of FA 6 in a test-tube, e FA7 or FA 8 contains a halide ion.
add dilute sulfuric acid.
(a) You will identify the cations present in FA 6, FA7 and FA 8.
To a 1cm depth of FA 6 in a test-tube, ; x : i s ¢ 5
adda1cm awus of FA5. ’ To no this you .<<___ carry out six separate tests. You will use dilute sulfuric acid and aqueous
sodium hydroxide separately with FA 6, FA 7 and FA 8.
8] Use a 1cm depth of each salt solution in a suitable tube for each test you carry out.
AHE )
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If any solution is warmed, a boiling tube MUST be used. (b) (i) Dissolve the remainder of FA 6 in an approximately 10cm depth of distilled water in a

Rinse and reuse test-tubes and boiling tubes where possible. boiling tube.
(a) FA 6 is another salt of copper. The anion present is one of those listed in the Qualitative FA 7 is a solution of a salt containing one anion from those listed in the Qualitative Analysis
Analysis Notes. Notes.

Two cations are also present.
(i) Transfer a small spatula measure of FA 6 into a hard-glass test-tube.
Heat gently at first, then heat strongly, until no further change occurs. Carry out the tests described below using separate portions of solutions FA 6 and FA 7.
Record your observations in the table.
Record all your observations below.

observations
FA 6 FA7

............................................................................................................................................. test

...................................................................................................................................... To a 1cm depth of solution in a
test-tube, add an equal volume
............................................................................................................................................. of FA 3, aqueous potassium
iodide, followed by a few drops
............................................................................................................................................. of starch indicator.

............................................................................................................................................. To a 1cm depth of solution in
a boiling tube, add aqueous
.......................................................................................................................................... sodium hydroxide, then

heat gently and carefully.

3] To a 1cm depth of solution in
a test-tube, add a few drops of
aqueous silver nitrate.

To a 1cm depth of solution
in a test-tube, add aqueous
ammonia.

To a 1cm depth of solution in
a test-tube, add a folded 3cm
length of magnesium ribbon.

(i) What can you deduce about solution FA 7 from its reaction with magnesium?
Explain your answer.

. . A= . . A=
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(a) FA 5, FA 6 and FA 7 are solutions, some of which contain ions that are listed on pages 10 (b) (i) Identify as many ions presentin FA 5, FA 6 and FA 7 as possible from your observations.

and 11. If an ion cannot be identified from the tests, write ‘unknown’ in the space.
fest observations cation(s) anion(s)
es|
FAS FA 6 FA7 FAS5
(i) Toa0.5cm depth of
solution in a boiling tube FA 6
add aqueous sodium
hydroxide, then FA7
warm gently. (ii) Describe another test you could carry out to confirm the identity of a cation you have

identified in (i). Record the reagent(s) and expected observation(s) in the space below.
Do not carry out this test.

Allow to cool, add a piece
of aluminium foil and warm
again.

(ii) To a 1cm depth of solution
in a test-tube add two or
three drops of acidified
aqueous potassium
manganate(VII).

(Do not use FA3)) (
fnoreactonioccwrs;pour:| 0 [ 7 0 7 MiEEEs 7 O B Y 4 e T ."B 8 S WSP89
the mixture into a boiling 6]
tube and warm gently.

[Total:17]

(iii) To a 1cm depth of solution
in a test-tube add a 2cm
depth of “10 volume’
hydrogen peroxide and
leave to stand.
(Donotuse FA1)

(iv) Toa 1cm depth of solution
in a test-tube add a 1cm
depth of dilute hydrochloric
acid, then

add a 1cm depth of
aqueous barium chloride
or aqueous barium nitrate.

(11

AE T

= m// ) . . 3 &4/
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(b) FA 7 is a solution containing one anion from those listed on page 11. The anion is either a ' ?
halide or contains nitrogen. www.SmashingScience.org
3 Qualitative Analysis

(i) You are to select suitable reagents to determine the identity of this anion. Record these in

Qualitative inorganic ions tests Chem 12 Q# 21/ ALvl Chemistry/2016/s/TZ 1/Paper 3/Q# 3 :0)

a suitable form below. At each stage of any test you are to record details of the following.

e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place

in your observations.

You should indicate clearly at what stage in a test a change occurs.

Marks are not given for chemical equations.

No additional tests for ions present should be attempted.
If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

(ii) Use these reagents to carry out tests to identify the anion in FA 7.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

Record your observations and conclusions in the space below.

FA 5 is a mixture of two different salts. Each of these salts contains one cation and one anion from
those listed on pages 12 and 13. You will identify the cations and anions present.

(a) (i) Carry out the following test and record your observations.

test

observations

Place a small spatula measure of FA5in
a hard-glass test-tube and heat strongly.

Test any gases that are given off.

(ii) Identify one of the cations in FA 5.

One of the cations in FASis ................... .

(3]
[Total: 17]
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(i

ii) The remaining ion is a halide.
Select a pair of reagents which can be used to identify the halide present. Carry out a

test using these reagents and record your observations below. Suggest the identity of the
halide anion present in FA 5. Explain why this test is not conclusive in this particular case.

The other anionin FA5 is ..

....................................... AN s s i snsies: [1
Qualitative inorganic ions tests Chem 12 Q# 22/ ALvl Chemistry/2015/w/TZ 1/ Paper 3/Q# 3/ :0)
www.SmashingScience.org
3 Qualitative Analysis

At each stage of any test you are to record details of the following.

e colour changes seen

e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of
the element or compound must be given.

www.SmashingScience.org Patrick Brannac Page 293 of 579
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(a) FA6is a sodium compound containing one anion listed on page 11.

Dissolve the FA 6 provided in about 15cm? of distilled water in a boiling tube.
Carry out the following tests and record your observations in the table below.

test

observations

(i) To a 1cm depth of the solution
of FA 6 in a test-tube, add a few

drops of agueous barium chloride

or aqueous barium nitrate, then

add dilute hydrochloric acid.

(ii) To a 1cm depth of the solution of
FA 6 in a test-tube, add an equal
volume of aqueous hydrogen
peroxide, then

add a few drops of aqueous
barium chloride or aqueous
barium nitrate, then

add dilute hydrochloric acid.

test

observations

To a 1cm depth of the solution
of FA 6 in a boiling tube, add an
equal volume of FA 2, sulfuric
acid, then

heat the mixture gently and
cautiously.

(iv)

To a 1cm depth of the solution

of FA 6 in a test-tube, add an
equal volume of aqueous sodium
hydroxide, then

add a few drops of FA 1, aqueous
potassium manganate(VII), then

add FA 2, sulfuric acid.
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(b) FA 6 is a mixture of two salts, each of which contains a single cation and a single anion from
those listed in the Qualitative Analysis Notes on pages 10 and 11.
Do the following tests and record your observations in the table below.

test observations

(i) Place a small spatula measure of
FA 6 in a hard-glass test-tube and
heat strongly.

(ii) Place a small spatula measure of
FA 6 in a test-tube and carefully
add dilute sulfuric acid until the
reaction is complete, then

add aqueous sodium hydroxide.

(iii) To a 3cm depth of distilled
water in a boiling tube, add the
remaining sample of FA 6. Stir
and then filter the mixture into a
clean boiling tube. You will use
this solution for tests (iv)—(vi).

(iv) Toa 1cm depth of the solution

from (iii) in a test-tube, add
aqueous sodium hydroxide.

(v) Toa 1cm depth of the solution

from (iii) in a test-tube, add
aqueous ammonia.

(vi) To a 1cm depth of the solution
from (iii) in a test-tube, add
aqueous barium chloride or

aqueous barium nitrate.

www.SmashingScience.org Patrick Brannac Page 297 of 579

(vii) Suggest possible identities for the ions present in FA 6.
CHHOMS ...avicusisn o oottt e soie s s oo S0 SR e e A S e SN S S SR 5 S
ANUOMIS oot e e e e e e e e ena e

(viii) Describe a further test that would allow you to determine exactly which anions are
present. Explain your choice. Do not do this test.

[Total: 13]

Qualitative inorganic ions tests Chem 12 Q# 24/ ALvl Chemistry/2014/w/TZ 1/ Paper 3/Q# 2/ :0)
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2 Qualitative Analysis

At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of the
element or compound must be given.

(a) FA 6 is a solid that contains one cation and one anion. One of the ions present is included in
the lists on pages 14 and 15. This ion contains the element nitrogen.

(i) State which nitrogen-containing ions could be present. Select reagents for use in tests that
would distinguish between them.

A
s AN
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3 Qualitative Analysis
At each stage of any test you are to record details of the following.
e colour changes seen
e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of the
element or compound must be given.

(a) FA 6 is a solution of two different salts. It contains two different cations, one of which is listed
in the Qualitative Analysis Notes on page 10. It contains two anions, both of which are listed in
the Qualitative Analysis Notes on page 11.

(i) Choose reagents that will allow you to identify one of the cations. Carry out suitable tests
using these reagents and record your results in the space below.

One of the cationsin FA6is ............... %

www.SmashingScience.org Patrick Brannac Page 301 of 579

(]

N

(ii) Carry out the following tests to identify the two anions present in FA 6.

test observations

To a 1cm depth of FA 6 in a test-tube

add a 1cm depth of aqueous silver

nitrate, then

add aqueous ammonia.

To a 1cm depth of FA 6 in a test-tube

add a 1cm depth of aqueous barium

chloride (or aqueous barium nitrate),

then

add dilute nitric acid.

The anionsin FA6are ........... 15 PR ;
VI
VI
VI
X
www.SmashingScience.org Patrick Brannac Page 302 of 579
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(ii) Identify the ions present in FA 6. (a) Some cations interfere with tests for anions and have to be removed from the solution
before the tests for anions present can be performed. One way in which this can be

CAtONSI FE2 AN ... coossomsnusisiiearsontsisnsss AIIONE 3500 cssvnsmss soassmssssme s s dmassvssss carried out is to precipitate the cation in the form of its insoluble carbonate.
(iii) Give the ionic equation for the reaction of iron(II) ions with hydroxide ions. Carry out the following tests on both FA 3 and FA 5.
.................................................................................................................................... observation
(iv) Place a small spatula measure of FA 6 into a hard-glass test-tube. fest FA3 FAS

Heat gently, then strongly, until no further change is observed.

Record your observations in the space below. To 5cm depth of solution in

a boiling tube, add all of the
sodium carbonate, Na,CO,,
from one of the tubes provided.

Stir the mixture.

Retain the mixture from FA 3 for use in (b).

[7 [4]
Qualitative inorganic ions tests Chem 12 Q# 27/ ALvl Chemistry/2012/w/TZ 1/ Paper 3/Q# 2/ :0) (b) Filter the mixture from FA 3 from (a) into another boiling tube. Ignore any colour in the
www.SmashingScience.org filtered solution.
2 Qualitative Analysis Add 5cm depth of dilute nitric acid. This removes any excess of carbonate ions.
At each stage of any test you are to record details of the following. Carry out the following tests on the acidified filtrate from FA 3.
e colour changes seen test observation

e the formation of any precipitate

e the solubility of such precipitates in an excess of the reagent added To 2cm depth of the acidified filtrate

from FA 3 in a test-tube, add 1cm

Where gases are released they should be identified by a test, described in the appropriate depth of aqueous silver nitrate, then

place in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions present should be attempted.

add an excess of aqueous ammonia.

If any solution is warmed, a boiling tube MUST be used.

Rinse and reuse test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the name or correct formula of the
element or compound must be given. 1]

Solutions FA 3, FA 4, FA § and FA 6 each contain one cation and one anion from those listed
on pages 12 and 13.
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Qualitative Analysis

At each stage of any test you are to record details of the following.
*  colour changes seen
* the formation of any precipitate
of such precipitates in an excess of the reagent added

.

When gases are released they should be identified by a test, described in the appropriate
place in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.
No additional tests for ions should be attempted.

If any solution is warmed, a boiling tube MUST be used.

Rinse and re-use test-tubes and boiling tubes where possible.

Where reagents are selected for use in a test, the full name or correct formula of
the reagents must be given.

(a) FA 7 contains one cation and one anion from those listed in the Qualitative Analysis
Notes on pages 10 and 11.

Put two spatula measures of FA 7 into a test-tube.
Add about two-thirds of a test-tube of distilled water and dissolve the solid.
For each test that you carry out, use 1cm depth of the solution of FA 7.

(i) Carry out the following tests and complete the table below.

test observation(s)

Add 5 drops of aqueous barium
chloride (or barium nitrate) to
your solution of FA 7.

Add 5 drops of aqueous silver
nitrate to your solution of FA 7.

Examiners
Use

I

I

Patrick Brannac Page 309 of 579
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(ii)

(iv)

(v)

www.SmashingScience.org

Put a very small spatula measure of solid FA 7 into a hard glass test-tube.

Hold the test-tube horizontally and heat it gently for a few seconds, then heat it
strongly until no further change takes place.

Leave the test-tube to cool to room temperature.

While cooling takes place, move on to (iv).

In the space below record the observations made at each stage in an appropriate
form.

State what deductions you can make about the identity of the anion in FA 7 from
the tests above.

Use the information in the Qualitative Analysis Notes on pages 10 and 11 to select
a further test to confirm the identity of the anion in FA 7.

Carry out this test and, in the space below, record the observation(s) made in an
appropriate form. State your conclusion.

The cation in FA 7 is aluminium ion, calcium ion or zinc ion.
Select one reagent to identify the cation in FA 7.

reagent .

Use this reagent to carry out a test.
Record the observation(s) made and identify the cation.
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(d) Carry out the following tests on each of the solutions FA 3, FA 4 and FA 5.
Record your observations below.

observations

test

FA3 FA 4 FA 5

To 1cm depth of
solution in a test-
tube, add 2cm depth
of aqueous sodium
hydroxide.

To 1cm depth of
solution in a test-tube,
add 2cm depth of
aqueous ammonia.

Qualitative inorganic ions tests Chem 12 Q# 31/ ALvl Chemistry/2009/s/TZ 1/ Paper 3/Q# 3/ :0)
www.SmashingScience.org

3 FA S5 FA 6, FA7 and FA 8 are aqueous solutions each containing one cation and one anion.

You

carry out specified tests to deduce

« the cations present in two of the four solutions,
« the anions present in three of the four solutions.

At each stage of any test you are to record details of the following.
+  colour changes seen

+ the formation of any precipitate
+  the solubility of such precipitates in an excess of the reagent added

Where gases are released they should be identified by a test, described in the appropriate

place in your observations.

You should indicate clearly at what stage in a test a change occurs.
Marks are not given for chemical equations.

No additional tests for ions present should be attempted.

If any solution is warmed, a boiling-tube MUST be used.

www.SmashingScience.org Patrick Brannac
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(a) Carry out the following tests. Record your observations in the spaces provided in the
table.

FAS FA 6 FA7 FA 8

To 1cm depth
of solution in a
test-tube add
aqueous sodium
hydroxide, a little
at a time, until in
excess.

To 1cm depth
of solution in
a test-tube
add aqueous
ammonia, a little
at a time, until in
excess.

www.SmashingScience.org

Using the qualitative analysis notes printed on page 11 and the observations above it is
possible to identify the cation present in one of the solutions and also to identify possible
cations in another of the solutions.

Soalution«........c.c B comtainsthe single cation: ..o :

Solutionh . &....«........ 8 contains one of the following cations, ................................. .
[4]

Rinse and re-use test-tubes.

(b) You are to select suitable reagents and carry out tests on the solutions to identify which
solution or solutions contain either a nitrate or a nitrite ion.

Record in an appropriate form below the tests performed and the observations made.

Nitrate or nitrite ions are contained in solution(s) .................................... . [2]
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(c) Calculations

(i) Calculate the amount, in mol, of sodium hydroxide present in the volume of FA 2 calculated
in (b).

amountofNaOH = ... mol [1]

(ii) Use your answer to (c){i) and the information on page 2 to calculate the relative formula
mass of the carboxylic acid in FA 1.

M, of carboxylic acid = ... [1]
Identify the carboxylic acid in FA 1.
Draw its skeletal formula.
skeletal formula
name of acid ........... 5 N
2

(d) A student carries out a similar titration to the titration you carried out in (a). The only difference
is that a solution of aminoethanoic acid, NH,CH,CO,H, containing 10.50gdm=2 is used instead
of the acid in FA 1.

(i) Construct an equation for the reaction taking place in the student’s titration.
Include state symbols.

(ii) State whether the student’s titre will be larger or smaller than your titre. Explain your
answer.
The student’s titre will be .. .. than mine.
B ANMATION e
[Total: 14]
www.SmashingScience.org Patrick Brannac Page 317 of 579
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2 Inthis experimentyou will titrate a solution of the hydroxide of a Group 1 element, Z, with sulfuric acid.
The equation for the reaction is shown.

Z may or may not be the same as X.

2ZOH(aq) + H,SO,(aq) — Z,80(aq) + 2H,0()

26 3gdm~ aqueous hydroxide of metal Z, ZOH.
FA 3 is 0.0500 moldm™ sulfuric acid, H,SO,.
bromophenol blue indicator

(a) Method

e Pipette 25.0cm?® of FA 2 into the 250 cm?® volumetric flask.

Add distilled water to the flask to make 250 cm® of solution. Shake the flask thoroughly to
ensure complete mixing. Label this solution FA 4.

Rinse the pipette with a little distilled water and then a little FA 4.

Fill the burette with FA 3.

Pipette 25 0cm?® of FA 4 into a conical flask.

Add a few drops of bromophenol blue indicator.

Carry out a rough titration and record your burette readings in the space below.

The rough titreis ... cm?.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

Make sure your recorded results show the accuracy of your practical work.

e Record in a suitable form in the space below all of your burette readings and the volume
of FA 3 added in each accurate titration.

I

2

<

(b) From your accurate titration results, calculate a suitable mean value to use in your calculations.
Show clearly how you obtained this value.

250cm® of FA 4 required ... cm?of FA 3. [1]

www.SmashingScience.org
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¢ Carry out as many accurate titrations as you think necessary to obtain consistent results.

Make sure any recorded results show the precision of your practical work.

* Record in a suitable form below all of your burette readings and the volume of FA 1 added
in each accurate titration.

(b) From your accurate titration results, obtain a suitable value for the volume of FA 1 to be used
in your calculations.

Show clearly how you obtained this value.

250cmPof FA3required ... cm? of FA1. [1]

(c) Calculations

(i) Give your answers to (c)(ii), (e)(iii), (e){iv) and (c)(v) to the appropriate number of
significant figures. [1]

(ii) Calculate the number of moles of sulfuric acid present in the volume of FA 1 calculated in

(b).

moles of H,SO, = .. ..mol [1]

(iii) Complete the equation for the reaction of sulfuric acid and MHCO,.
State symbols are not required.

..... MHCO, + .. H,S0, — ...M,SO, + +

Use your answer to (c)(ii) to deduce the number of moles of MHCO, used in each titration.

moles of MHCOy = ... mol [1]

www.SmashingScience.org Patrick Brannac Page 321 of 579

(iv) Use your answer to (c)(iii) and your data on page 2 to calculate the relative formula mass,
M,, of MHCO,.

M ofMHCO,= __ _________ [1]

(v) Calculate the relative atomic mass, A, of M.

A of M=
Suggest the identity of M.

Mis .

(d) (i) A student used a pipette that was labelled 25.0 + 0.06 cm® to measure FA 3.

Show how you calculate the maximum percentage error in the volume of FA 3.

[

(ii) The student suggested that it would have been more accurate to measure the volume of
FA 3 with a burette instead of the pipette.

State and explain whether you agree with the student.

[Total: 16]

7,/
AN
SMASHING] 1

www.SmashingScience.org Patrick Brannac Page 322 of 579



10755USPSBUIYSEWS MMM

6L5 0 pze 98ed deuuelg yoLed

01

S o VI |- ] wmwﬁ_._QthQ LUNLUEKELL

sey
JLIBWN|OA B} 01 pappe NoA Z W4 10 awnjoa sy} ul Jous sbejusised wnwixew sy s1enae) (p)

[1]
LU oL~ - g Ul O 4O UOHRHUSIUD

"Z W4 Ul pidE JU0Jy20JpAY JO UonBUaIu0D sy slenae) (A1)
[1]
spjow T — g UL DH 10 Uoneljusiuod

“t W4 Ul pIoE JU0JY20JpAY JO UonBnUSuoD syl slgnae)  (m)
[1]
oy et = 1 JO sajow

"€ 4 10 (WD (°GZ UNM pa1oesl 1By} ploe JLOJUJ0IpAY JO S8jowW Jo Jequinu syl sjenaes (i)
[1] "saunBiy yueaubis jo Jaquinu sjeudoidde auyy o (A1) pue (1) ‘(1) o1 siemsue Inok ansy (1)
suonenajen (2)

[1]

Y0 wD T pannbel g W4 JO W0 06T

"an|eA sIy) paule)qo Nok moy Apes|d> Moys suonenajes
INOA Ul pasn aq 0] % 4 10 SWN|OA 8U) JoJ SNjeA B UIRIGO ‘S)NSel UONEN 8)eindioe InoA wold (q)

i TONIHSYWS

615 J0 €2€ 95ed Jeuuelg Ydlied

10795UsPSBUIYSEWS MMM

[8]

A
oA
N
A
Al
1
i
I
‘uoneJy] sjeIndde yoes
ul pappe § W4 Jo swnjoa sy} pue sBulpess s)jaing INOA JO [|B WLIOL S|QEJNS B Ul pJoday o
“pom [eanaeld oA jo uoisiaald sy moys sjnsal paplodal Aue ains ayely e
S)Nsal JUSISISU0D UIR)GO 0] AIBSSEISU 3UIY) NOA SB SUONEL 8)eINJJE AUEW SE N0 ALBD e
i e g g ybnod sy |
‘sBuipeal eaing InoA piodal pue uonenn ybnol e ulopsd e
“J0jedipul sbiuelo |Ayew Jo sdolp [Blenes ppy e
{SEl} [e21U0D B OJUI € W4 JO (W Q'GZ eedid e
Tydumenaingayli4 e
¥ Y74 B[l B YiM Us) pue Jsiem pa[jusIp Uim elaing sy esuy e
uoneiy]
gllD 7T - dggn) 7y JO SLWNJ0oA
V¥ Pioe JL0jyI0IpAY JO UORN|OS SIL} [2qeT]
‘Buxiw ainsus o} AjYybnolioy) ysey sy} 8xeYS e
“1ejem pellisip Buippe Aq siew (o 0Gg ey} 0} dn UoNN|oS eu) eXely e
"Pasn aWn|oA Uy} pIoday e
WS} 2LBLUNIOA (U O5Z BY) OJUI 8YlaIng Ul WOl ;W2 00 G PUe 00 0F Usamiaq uny e
TY4dmepaing ayii4 e
24 o uonnjig
poulaiy (e)
Jojesipul sbuelo [Ayjew
"HOBN ‘epix0IpAy WNIpos - Wpow QL 0 S! € vd
1OH 'poe duojypoIpAY SI Z W
(NO°H + (be)oeN < (be)HOBN + (be)iOH
‘apixolpAy wnipos
snoanbe Buisn uoneny Aq g4 JO UOENUSIUOD B} SUILLSISP |M NOA Juswuadxs syl u| g

810°92uBPSBUIYsEWS MMM (0: 7 #O/€ Jaded/T Z1/M/6T0Z/ANSILBY) IATY /SE #D £ Way) SUOHELN} 9Seq/pioy




(e)

In Question 1 and Question 2 you have determined the concentration of FA 2 by two different
methods. Each method used has possible sources of error, for example in Question 1 the
largest source of error is escape of gas.

Apart from this error, state and explain a source of error for each method.

Question1 ...

Question2 ...

[Total: 16]
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In this question you will determine the identity of the halogen in compound W. Compound W is the
halogenoethanoic acid CH,XCO,H, where X is a halogen.

4g of W were heated with 250cm?® of 0.400moldm= aqueous sodium hydroxide. Some of the
sodium hydroxide reacted with compound W. The solution that remained after this reaction is FA 3.

By titrating FA 3 with hydrochloric acid, you will determine how much of the sodium hydroxide
remained after reaction with W. You will then calculate how much sodium hydroxide had reacted
and use this to determine the identity of X in CH,XCO,H.

FA 3 is aqueous sodium hydroxide after reaction with W.
FA 4 is 0.100 moldm hydrochloric acid, HCL
bromophenol blue indicator

(a) Method

e Fill the second burette with FA 4.

e Rinse the pipette with distilled water followed by a little FA 3.

e Use the pipette to transfer 25.0cm? of FA 3 into a conical flask.

e Add a few drops of bromophenol blue indicator.

o Perform a rough titration and record your burette readings in the space below.

The rough titreis ............................ cme.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

Make certain any recorded results show the precision of your practical work.

¢ Record in a suitable form below all of your burette readings and the volume of FA 4 added
in each accurate titration.
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e From your accurate titration results, obtain a suitable value for the volume of FA 4 to be
used in your calculations. Show clearly how you obtained this value.

25.0cmPof FA3required ... cm®of FA 4.
3]

(b) Calculations

A halogenoethanoic acid reacts with aqueous sodium hydroxide in two reactions.
The alkali neutralises the carboxylic acid.
NaOH + CH,XCO,H - CH,XCO,Na + H,O
The halogenoalkyl group then undergoes a substitution reaction.
NaOH + CH,XCO,Na — CH,(OH)CO,Na + NaX

(i) Calculate the number of moles of hydrochloric acid, FA 4, present in the volume calculated
in(a).

moles of HCI= ... mol

Hence deduce the number of moles of sodium hydroxide present in 25.0 cm? of FA 3.

moles of NaOH in 250cm®*FA3= ... mol

(ii) Calculate the number of moles of sodium hydroxide added to the 4g of W.

moles of NaOH addedto4gW= ... mol

Calculate the number of moles of sodium hydroxide that remain after the reaction with
compound W.

moles of NaOH remaining after reactionwithW= ... mol

G

A
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A

Patrick Brannac Page 326 of 579

SMASHING1 V)



i TONIHSYWS

6LS 0 8¢€ 98ed Jeuuelg ydlied 810790UaDSSUIYSEWS MMM ﬁ/«\ \
=~y

3

............................ st any ybnou ay |

‘Mojaq a2eds auyj ul sBuipeal ayaing noA piodal pue uoneny ybnos e wiopad
“j0je21pul abuelo |Ayiaw jo sdoip maj e ppy

Sk} [BIIUOD B OJul | 4 JO (WD (°Gg Jajsuel) o} apadid auy asn

T VY4 yimapaing e |4

e o 00
P~
N
—

poueiN e @090 R e R R R R R ST
JolEspurabeioAima: $Z0009090909090900000 N sy e TTeom st e e S R iR e i S e

TOH ‘P1oe 2L0jy201pAY S1 Z W4
W2 0GZ Yaes ut \po%N 60g | Bulurejuod sjeuoqed WnIpos Jo UORN|OS B Si | 4

(DO*H + (B)°00 + (be);oeNg « (be);oHZ + (be)*0O%eN
‘uonesyy e no BuiAued Aq 70H ‘poe Juojy20IpAY JO UOHN|OS B JO UOIIB]JUadU0D

ay) auwsep 0} ‘OO%N ‘Sjeuogied WNIPosS JO UORNIOS B 3sn M noA juswuadxa siy up )

‘uoisnjouod 1noA payseal noA moy uiedx3 "X Jo Ayuapl

“suone[na[ed InoA jo dajs yoaea o} Jamsue [eulj ay) ui sainbiy juesyiubis ajenndoidde pue 6uppiom inoA moys ay) auILwSIEp O} (A1) O} Jomsue JnoA 3sM ‘HIODXHD ‘PIoe dloueyioouaboey e st M (A)

‘papinoid adeds ay} ul s)nsal oA 1oy U] oo o
3|qe) e aledaid ‘sjeudoidde asayp) pom [eanoeld Aue Bunue)s aiojaq poyjawl ajoym ay) ybnoiyy peay L =Mmiow

sisAjeuy aAneUENd
840°92u31dSBUIYSEWS MMM (0: T #D/€ Jaded/T 71/5/8T0T/ASIWBYD |ATY /LE #D L WaYD SUONEI)) 8SBQ/PIoY

[L1 -es01]

"M 1O ¥ 31 3)en2jed 0] ‘g W< 3xew 0] pasn M JO ssew 3y} pue ‘(i) o} .amsue inoA asn (A1)

[

= pajoeal Jey) M Jo ssjow

‘uabojey Juasayip e sem X jey}

“apixoipAy wnipos
papnjauod aaey pjnom noA ‘(A1)(q) ui pajenojed auo ay} 0} 1Saso|d ‘M Jo anjea Y leym e ajels (p)

JO S9joW JO J3qWINU SIY} YIM pajoeal Jey} A JO S3JOW JO Jaquinu 3y} S)ejndjed 3duaH

jouy "o = M Yim pajoesal jeyl HOEN 1o ssjow

“JOLI SIY} 3SIWiuIW pinod noA moy uiejdx3
“as101axa [ed1oeld siy} ul Jou3 Jo
221nos juedyiubis e 1sabbns ‘suonnjos jo sawnjoA ay) Buipeas ul sapeinddeul Aue woly pedy (2) "M UM pajoeal jey) apixolpAy wnipos Jo Sajow Jo Jaquinu ay) ayenoen (i)

6L6 40 Lz€ 25ed JeuURIg YdlIIRd §10730Ua10SJUIYSEWS MMM



e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make certain any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 2 added
in each accurate titration.

|2 |H|=

g

(b) From your accurate titration results, obtain a suitable value for the volume of FA 2 to be used
in your calculations. Show clearly how you obtained this value.

250cm?of FA1 required ... cm*of FA2. [1]
(c) Calculations
(i) Give your answer to (ii), (iii) and (iv) to an appropriate number of significant figures. [1]

(ii) Calculate the number of moles of sodium carbonate present in 25.0cm? of FA 1.

moles of Na,CO, = ... .mol [1]

(iii) Calculate the number of moles of hydrochloric acid that reacted with the number of moles
of sodium carbonate you calculated in (ii).

moles of HCI=
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(iv) Use your answers to (b) and (c)(iii) to calculate the concentration of hydrochloric acid
in FA 2.

concentrationof HCIinFA2= ... moldm= [1]
Acid/base titrations Chem 7 Q# 38/ ALvl Chemistry/2016/w/TZ 1/Paper 3/Q# 2 :0) www.SmashingScience.org

2 You will determine the amount of hydrochloric acid remaining in flask X after the reaction with
the marble chips in Question 1. You will do this by titration with sodium hydroxide of known
concentration.

NaOH(aq) + HClI(aq) — NaCl(aq) + H,0O(l)
The impurities in the calcium carbonate will not react with the alkali.

FA 3 is 0.140 mol dm= sodium hydroxide, NaOH.
bromophenol blue indicator

(a) Method

e Transfer all the contents of flask X into the 250 cm?® volumetric flask.

* Rinse flask X with distilled water and add the washings to the volumetric flask. Add distilled
water up to the mark.

Stopper the volumetric flask and mix the contents thoroughly. Label this solution FA 4.
Rinse the pipette then use it to transfer 25.0 cm® of FA 4 into a conical flask.

Add about 10 drops of bromophenol blue indicator.

Fill the burette with FA 3.

Perform a rough titration and record your burette readings in the space below.

The rough titre is ..............ccocooeennne cm?.

« Carry out as many accurate titrations as you think necessary to obtain consistent results.

« Record, in a suitable form below, all of your burette readings and the volume of FA 3
added in each accurate titration.

* Make certain any recorded results show the precision of your practical work.

gla|<|2|B|=]|~
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Acid/base titrations Chem 7 Q# 39/ ALvI Chemistry/2016/s/TZ 1/Paper 3/Q# 2 :0) www.SmashingScience.org

2 In this experiment you will determine the concentration of the hydrochloric acid, FA 2, used in
Question 1. You will first dilute the reaction mixture that you prepared in Question 1 and then
titrate this diluted solution against sodium hydroxide, NaOH.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,0O(l)

FA 3 is 0.0400 moldm= sodium hydroxide, NaOH.
methyl orange indicator

(a) Method
Dilution

e Transfer all the reaction mixture that you prepared in 1(a) from the 250 cm® beaker to the
250 cm® volumetric flask.

* Rinse the beaker with a little distilled water and add these washings to the volumetric flask.

the volumetric flask to the line with distilled water. Stopper the flask and shake it to
ensure thorough mixing.

e Label this solution FA 4.

Titration

e  Fill the burette with FA 4.

« Use a pipette to transfer 25.0 cm® of FA 3 into a conical flask.

e Add a few drops of methyl orange.

« Perform a rough titration and record your burette readings in the space below.

The rough titre is .................. cm?®.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

* Make certain any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 4 added
in each accurate titration.

d18|#=

[4]
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(b) From your accurate titration results, obtain a suitable value for the volume of FA 4 to be used
in your calculations. Show clearly how you obtained this value.

250cm®of FA3required ... cm®of FA4. [1]

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the number of moles of sodium hydroxide, NaOH, present in 25.0 cm?® of FA 3.

molesof NaOH = .................... mol

(ii) Calculate the number of moles of hydrochloric acid, HC1, present in 250 cm?® of FA 4.

moles of HClin 250cm®*of FA4= ... mol

) Use your answers to 1(b)(i) and 1(b)(ii) to calculate the number of moles of HCI that
reacted with FA 1 in the experiment you carried out in Question 1.

moles of HCIthat reacted with FA1= ... mol

(iv) Use your answers to 2(c)(ii) and 2(c)(iii) to calculate the concentration of FA 2.

concentratonof FA2= ... moldm=

A
N
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i) Calculate the concentration of the sulfuric acid, FA 2.

concentratonof FA2= ... moldm™

(d) You have used two methods to determine the concentration of the sulfuric acid in FA 2.

Use your answers to 1(d)(iii) and 2(c)(iii) to calculate the difference in these values as a
percentage of the value found by the volumetric titration method.

percentage difference = ......................... %
1
Acid/base titrations Chem 7 Q# 41/ ALvl Chemistry/2011/s/TZ 1/ Paper 3/Q# 1/ :0)
1 FA1is sulfuric acid, H,SO,, of approximate concentration 0.7 moldm™3.
FA 2 is 0.150 moldm= sodium hydroxide.
You are also provided with phenolphthalein (indicator).

You will determine the exact concentration of FA 1 by titration.
H,80,(aq) + 2NaOH(aq) — Na,SO,(aq) + 2H,0(l)
(a) Method

Dilution

*  Pipette 25.0cm? of FA 1 into the 250cm? graduated (volumetric) flask labelled FA 3.
*  Make the solution up to the mark using distilled water.
*  Shake the flask to mix the solution of FA 3.

Titration

* Rinse out the pipette with distilled water and then with FA 3.

*  Pipette 25.0cm? of FA 3 into a conical flask.

* Add 5 drops of phenolphthalein indicator to the flask. The indicator should remain
colourless.

*  Fill the burette with FA 2.

*  Titrate FA 3 with FA 2, until a permanent pale pink colour is obtained.

You should perform a rough titration.
In the space below record your burette readings for this rough titration.

The rough titre is .
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*  Carry out as many accurate titrations as you think necessary to obtain consistent
results.

* Record in a suitable form below all of your burette readings and the volume of FA 2
added in each accurate titration.

*  Make sure that your recorded results show the precision of your practical work.

7
(b) From your accurate ftitration results, obtain a suitable value to be used in your
calculations.
Show clearly how you have obtained this value.
25.0cm? of FA 3 required ................ cm® of FA 2. [1]

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step
of your calculations.

(i) Calculate how many moles of NaOH were present in the volume of FA 2 calculated
in (b).

............... mol of NaOH
(i) Calculate how many moles of H,SO, were present in 25.0cm?® of FA 3.

H,S0,(aq) + 2NaOH(aq) —> Na,SO,(aq) + 2H,0(l)

............... mol of H,S80,

(iii) Calculate how many moles of H,SO, were present in 25.0cm? of the undiluted
solution FA 1.

............... mol of H,SO,
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Hence calculate the concentration, in moldm-, of ethanedioate ions in FA 1. e Carry out a rough titration and record your burette readings in the space below.

The rough titreis ... cm?.
concentration of (COO7),= ... moldm™ e Carry out as many accurate litrations as you think necessary to obtain consistent results.
[1] o Make sure any recorded results show the accuracy of your practical work.

e Record in a suitable form below all your burette readings and the volume of FA 2 added in
(iv) Calculate the relative formula mass, M, of the hydrated ethanedioate, (COOM),+2H,0. each accurate titration.

Keep FA 1 for use in Question 3.

I
M, = g
. . m
(v) Identify M. Show your working.
w
A
VI
VII
2]
7
(b) From your accurate titration results, obtain a suitable value to be used in your calculations.
(d) Explain why it is necessary to add FA 3 in each titration. Show clearly how you obtained this value.
[Total: 15] 250cmPof FA1 required ... cm*of FA 2. [1]
Redox titrations with KMNO4 Chem 6 Q# 43/ ALvl Chemistry/2021/s/TZ 1/Paper 3/Q# 1 :0)
www.SmashingScience.org .
Quantitative analysis (c) Calculations
Read through the whole method before starting any practical work. Where appropriate, prepare a table (i) Give your answers to (e)(ii), (e)(iii) and (e)(iv) to an appropriate number of significant
for your results in the space provided. figures. [n
Show yourwaorking and appropriate significant figures in the final answer to each step of your calculations. (ii) Calculate the number of moles of potassium manganate(VII) present in the volume of
FA 2 calculated in (b).
1 lron(II) sulfate crystals, FeSO,*xH,0, contain water of crystallisation. You will carry out a titration
to determine the value of x in the formula, where x is an integer. A solution containing a known
mass of the crystals will be titrated with acidified agueous potassium manganate(VII) of known
concentration.
EFe?(aq) + MnOy(aq) + 8H*(aq) — 5Fe¥(aq) + Mn®(aq) + 4H,0()) moles of KMnOy = ..o mol [1]

FA 1 contains 26.52gdm of hydrated iron(II) sulfate, FeSO+xH,0.
FA 2 is 0.0200 mol dm® potassium manganate(VII), KMnO,.
FA 3 is dilute sulfuric acid, H,S0O,.

Calculate the number of moles of iron(Il) sulfate present in 1.00dm? of FA 1.

(a) Method

ill the burette with FA 2. —

lesof FeSO, = ... I [1
e Pipette 25 0cm? of FA 1 into a conical flask_ moles &% mol [1]
e Use the 25cm?® measuring cylinder to transfer 25 cm? of FA 3 into the same conical flask.

AV www.SmashingScience.org Patrick Brannac Page 342 of 579 A AV
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Carry out as many accurate titrations as you think necessary to obtain consistent results.

Redox titrations with KMNO4 Chem 6 Q# 45/ ALvl Chemistry/2020/m/TZ 3/Paper 3/Q# 1 :0)
www.SmashingScience.org

e Make sure any recorded results show the precision of your practical work.

in each accurate titration.

Keep FA 3 and FA 4 for use in Question 3.

Hld|a|<|2 H|=]|~

(b) From your accurate titration results, obtain a suitable value for the volume of FA 3 to be used

in your calculations.
Show clearly how you obtained this value.

25.0cm? of FA 4 required ...

(c) Calculations

(i) Calculate the number of moles of potassium manganate(VII) present in the volume of

FA 3 calculated in (b).

moles of KMnO, =

(ii) 1 mol of KMnO, reacts with 5mol of the hydrated salt, FA 1.

e Record in a suitable form below all of your burette readings and the volume of FA 3 added

Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significantfigures in the final answer to each step of your calculations.
1 The concentrations of solutions of hydrogen peroxide are often represented in terms of ‘volume

strength’. In this experimentyouwill determine the ‘volume strength’ of a solution of hydrogen peroxide
by titration with acidified potassium manganate(VII).

2Mn0O,(aq) + 5H,0,(ag) + 6H*(ag) — 2Mn*(ag) + 8H,0(l) + 50,(g)
(8]
FA 1 is 0.0300 moldm™ potassium manganate(VII), KMnO,.
FA 2 is dilute sulfuric acid, H,SO,.
FA 3 is aqueous hydrogen peroxide, H,0,.

(a) Method

Dilution of FA 3

................. cm® of FA 3. [1]

Pipette 25.0cm? of FA 3 into the 250cm? volumetric flask.
Make the solution up to the mark using distilled water.
Shake the flask thoroughly.

Label this diluted solution of hydrogen peroxide FA 4.

Titration

Fill the burette with FA 1.

Rinse the pipette thoroughly with distilled water and then with a little FA 4.

Pipette 25.0cm? of FA 4 into a conical flask.

Use the 25cm?® measuring cylinder to add 20 cm® of FA 2 into the same conical flask.
Perform a rough titration and record your burette readings in the space below.

3
=X
e s s

Calculate the concentration of the hydrated salt, in moldm=, in FA 4.

concentration of FAd4= .

Show your working.

www.SmashingScience.org Patrick Brannac

....................... moldm= [1] .

The rough titreis ~cm®
e Carry out as many accurate titrations as you think necessary to obtain consistent results.
Make sure any recorded results show the precision of your practical work.

s Record all of your burette readings and the volume of FA 1 added in each accurate titration.

Use your answer to (c)(ii), and your data on page 2, to calculate an experimentally
determined value for the relative formula mass of the hydrated salt, FA 1.

» Keep FA 1, FA 2 and FA 3 for use in Questions 2 and 3.

o
I
v
Mof FA1= [11 v
[Total: 12] VI

VII 7]
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Redox titrations with KMNO4 Chem 6 Q# 46/ ALvl Chemistry/2017/m/TZ 3/Paper 3/Q# 2 :0)

www.SmashingScience.org (c) Calculations

2 You will carry out a second experiment to determine the concentration of hydrogen peroxide, FA 1, Show your working and appropriate significant figures in the final answer to each step of your
in moldm2, by titration with acidified aqueous potassium manganate(VII). The equation for the calculations.
reaction is given below.

(i) Calculate the number of moles of manganate(VII) ions present in the volume of FA 3

2MnOy(aq) + 5H,0,(aq) + 6H(aq) - 2Mn*(aq) + 8H,0() + 50,(g) calculated in (b).

FA 1 is a solution of hydrogen peroxide, H,O,.
FA 3 is 0.0300 mol dm™ potassium manganate(VII), KMnO,.
FA 4 is dilute sulfuric acid.

(a) Method moles of MNO,~= ... mol

e Fill the burette with FA 3. (ii) Calculate the number of moles of hydrogen peroxide present in 25.0cm? of FA 1.
e Pipette 25.0cm?® of FA 1 into a conical flask.
e Use the 25cm® measuring cylinder to add approximately 20cm? of FA 4 to the conical
flask.
e Perform a rough titration and record your burette readings in the space below.

- mol

moles of H,0, = ...

e (iii) Using your answer to (ii) calculate the concentration, in moldm=, of hydrogen peroxide in
The rough titreis ... cm?. FA1.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

Make certain any recorded results show the precision of your practical work.

e Record, in a suitable form below, all of your burette readings and the volume of FA 3
added in each accurate titration.

1 concentration of H,O,in FA1 = ... moldm™
= [4]
Redox titrations with KMNO4 Chem 6 Q# 47/ ALvl Chemistry/2015/w/TZ 1/ Paper 3/Q# 1/ :0)
m www.SmashingScience.org
v 1 In this experiment you will determine the ionic equation for the reaction of acidified potassium
manganate(VII) with potassium iodide. Excess potassium iodide is used and the reaction produces
v iodine. The amount of iodine produced is measured by titration with sodium thiosulfate.
v FA 1 is 0.0180 moldm potassium manganate(VII), KMnO,.
VI FA 2 is 1.00 moldm= sulfuric acid, H,SOj.
FA 3 is 0.500 moldm= potassium iodide, KI.
m FA 4 is 0.100moldm sodium thiosulfate, Na,S,0,.

starch indicator

(b) From your accurate titration results, obtain a suitable value for the volume of FA 3 to be used (a) Method

in your calculations. Show clearly how you obtained this value. . ) :
Pipette 25.0cm? of FA 1 into a conical flask.

Use the measuring cylinder to add 25 cm? of FA 2 to the conical flask.
Use the measuring cylinder to add 20 cm? of FA 3 to the conical flask.
Fill the burette with FA 4.
Carry out a rough titration. When the colour of the mixture becomes yellow/orange, add a
_cmPof FA3. [1] few drops of starch indicator. Then titrate until the mixture goes colourless.
e Record all your burette readings in the space below.

25.0cm3 of FA 1 required .

The rough titre is ........................ cm?®.
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Redox titrations with KMNO4 Chem 6 Q# 48/ ALvl Chemistry/2015/s/TZ 1/ Paper 3/Q# 1/ :0)
www.SmashingScience.org

In this question you will determine the concentration of iron(II) ions in FA 2. To do this you will do
a titration using potassium manganate(VII) solution. The iron(II) ions, Fe, are oxidised by the
manganate(VII) ions, MnO,~.

1

www.SmashingScience.org

5Fe*(ag) + MnO,(aq) + 8H*(aq) — 5Fe*(aq) + Mn*(aq) + 4H,0(l)

When all the Fe? ions have been oxidised, the presence of unreacted MnO,~ ions causes the
solution to become a permanent pink colour.

FA 1 contains 0.0200 moldm= manganate(VII) ions, MnO, .
FA 2 is a solution containing iron(II) ions, Fe?.
FA 3 is 1.0moldm= sulfuric acid, H,SO,.

(a) Method

Fill the burette with FA 1.

Use the pipette to transfer 25.0 cm?® of FA 2 into the conical flask.

Use the 25 cm?® measuring cylinder to add 10cm?® of FA 3 to the conical flask.

Add FA 1 from the burette into the conical flask until the solution becomes a permanent
pink colour.

Perform a rough titration and record your burette readings in the space below.

The rough titre is .

Do as many accurate titrations as you think necessary to obtain consistent results.
Make certain any recorded results show the precision of your practical work.
Record in a suitable form below all of your burette readings and the volume of FA 1
added in each accurate titration.

Keep FA 2 to use in Question 3.

glal=lz2la|=]|~

Patrick Brannac Page 353 of 579

(b) From your accurate titration results, obtain a suitable value to be used in your calculations.
Show clearly how you obtained this value.

25.0cm*of FA2 required ........................ cm®*of FA1. [1]

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i)

(i)

(iv)

Calculate the number of moles of manganate(VII) ions present in the volume of FA 1
calculated in (b).

moles of MNO,~= ... mol

Calculate the number of moles of iron(I) ions present in 25.0cm?® of FA 2.

moles of Fe?* = _.......icniiin mol

Calculate the concentration, in moldm=, of iron(II) ions in FA 2.

concentration of Fe**inFA2= ... moldm=

FA 2 was prepared by dissolving hydrated ammonium iron(II) sulfate,
(NH,),Fe(S0,),.6H,0 in distilled water. Calculate the mass of salt that would have to be
dissolved in 1.00dm? of water to prepare FA 2.

(A: H,1.0; N, 14.0; O, 16.0; S, 32.1; Fe, 55.8)

mass of (NH,),Fe(S0O,), 6H,0= ... g

Patrick Brannac Page 354 of 579
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1 In this experiment you are to determine the relative formula mass of an iron(II) salt by titration
with potassium manganate(VII).

FA 1 is the iron(II) salt.
FA 2 is 0.0200 moldm potassium manganate(VII), KMnO,.
FA 3 is dilute sulfuric acid, H,SO,.

(a) Method
Preparing a solution of FA 1

e  Weigh the 250 cm® beaker and record the mass in the space below.

e Add all the FA 1 provided to the beaker. Weigh the beaker with FA 1 and record the
mass.

e Calculate the mass of FA 1 used and record this in the space below.

e Use a measuring cylinder to add approximately 100 cm?® of FA 3 to the beaker. Stir
until all the solid has dissolved.

e Transfer the solution into the 250 cm? volumetric (graduated) flask labelled FA 4.

e Wash out the beaker thoroughly using distilled water and add the washings to the
volumetric flask. Make the solution up to the mark using distilled water.

e Shake the flask thoroughly to mix the solution before using it for your titrations.

e This solution of the iron(II) salt is FA 4.

Titration

Pipette 25.0cm?® of FA 4 into a conical flask.

Use a measuring cylinder to add 20 cm? of FA 3 to the flask.

Fill the burette with FA 2.

Titrate FA 4 with FA 2 until the solution changes to a permanent pink colour.
Perform a rough titration and record your burette readings in the space below.

The rough titre is ...
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e Carry out as many accurate titrations as you think necessary to obtain consistent
results.

o Make sure any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 2
added in each accurate titration.

71

(b) From youraccurate titration results, obtain a suitable value to be used in your calculations.
Show clearly how you have obtained this value.

25.0cm® of FA4 required ........................ cm®*of FA2 [1]
(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of
your calculations.

(i) Calculate the number of moles of potassium manganate(VII) present in the volume
of FA 2 calculated in (b).

moles of KMnO, = . mol
(ii) The half-equation for the reduction of a manganate(VII) ion is:
MnO, + 8H* + 5e - Mn* + 4H,0
Give the half-equation for the oxidation of an iron(II) ion to an iron(III) ion.
Therefore, 1 mole of manganate(VII) ions reacts with 5 moles of iron(II) ions.
Patrick Brannac Page 358 of 579
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(b) From your accurate titration results, calculate a suitable mean value to use in your calculations.
Show clearly how you obtain the mean value.

10.0cm® of FA 3 plus 25.0cm® of FAd required ... cm®of FA 5. [1]

(e¢) Calculations

) and (iv) to an appropriate number of significant figures.

[

(i) Give your answers to (e)(ii),

(ii) Useyour answer to (b) to calculate the amount, in mol, of sodium thiosulfate, FA 5, required
to react with the excess iodine which remained in the conical flask.

amount of Na,S,0, = ... mol

Hence calculate the amount, in mol, of iodine, FA 4, remaining in the conical flask.

amount of [, remaining = ... mol

Calculate the amount, in mol, of iodine, FA 4, added to the conical flask.

amountof [yadded = ... mol

Hence calculate the amount, in mol, of iodine that reacted with the 10.0 cm?® of sodium sulfite,
FA 3.

amount of I, that reacted with Na,SO, = ... mol

(iv) Use your final answer to (e)(iii) and the information on page 5 to calculate the amount, in
mol, of sodium sulfite present in 1.00dm? of FA 3.

amount of Na,SO, in 1.00dm®*= ... mol [1]
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(v) Use your answer to (c)(iv) to calculate the value of x in Na;S04xH,0.

X e [2]

(d) A student suggests that sodium carbonate should be added to each mixture of sodium sulfite
and iodine in the conical flask before titrating with sodium thiosulfate.

State whether you agree with the student. Explain your answer.

[Total: 15]

Titrations with thiosulfate and iodine Chem 6 Q# 52/ ALvl Chemistry/2020/w/TZ 1/Paper 3/Q# 1 :0)
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1  In this experiment you determine the value of x in the formula of hydrated sodium thiosulfate,
Na,S,0,+xH,0, where x is an integer. You will first prepare a solution of the salt and then use this
solution in a titration with aqueous iodine. The thiosulfate ions react with iodine as shown.

25,0, (aq) + Laq) - S,0.7(aq) + 2I7aq)

FA 1 is hydrated sodium thiosulfate, Na,S,0,xH,0.
FA 3 is 0.0500moldm™ iodine, I,.
starch indicator

(a) Method

Preparation of salt solution

e Weigh the container containing FA 1.

e Tip the contents of the container into the 250 cm?® beaker.
e Weigh the container with any residue.

o Record all your readings in the space below.
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(d) (i) State the maximum error in a single reading on the balance used in (a).

maximum error =+ ... 9]

Calculate the maximum percentage error in the mass of FA 1 used in (a).
Show your working.

maximum percentageerror=+ ... %

(1

(ii) Assume that the uncertainty in the mass of FA 1 is the only source of error in your
experiment.

Calculate the minimum value for the relative formula mass of FA 1.
Show your working.

minimum value for the relative formulamassof FA1 = ... [1]

(e) A student prepares FA 2 using anhydrous sodium thiosulfate salt and the same mass of salt
that you used in (a).

State how the student’s titre would compare with the average titre value you obtained in (b).
Explain your answer.

(f) In many titrations it is usual to fill the burette with the solution of known concentration.

Suggest why this was not done in (a).

[Total: 19]
Patrick Brannac
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1

In this experiment you will determine the oxidation number of iodine in one of its compounds by
titration.

FA 1 is a 0.0197 moldm= solution of the iodine-containing compound.
FA 2 is dilute sulfuric acid, H,SO,.

FA 3 is aqueous potassium iodide, KI.

FA 4 is 0.105moldm= sodium thiosulfate, Na,S,0,.

starch indicator

FA 1 reacts with excess acidified potassium iodide to produce iodine, I,. This iodine is then titrated
with aqueous sodium thiosulfate using starch indicator.

(a) Method
e Fill the burette with FA 4.
° pette 25.0cm?® of FA 1 into a conical flask.
e Using the measuring cylinder, add 10cm? of FA 2 to the same conical flask.
e Using the same measuring cylinder, add 20 cm® of FA 3 to the mixture in the conical flask.

The mixture will now be a red-brown colour, due to iodine produced.

Carry out a rough titration by adding FA 4 from the burette until the mixture becomes light
brown.

Then add 10 drops of starch indicator. The mixture will change to a dark blue colour.

e Continue titrating until the mixture becomes colourless. This is the end-point.

The rough titreis ......................... cme.

Carry out as many accurate titrations as you think necessary to obtain consistent results.
e Make sure any recorded results show the precision of your practical work.
e Record in a suitable form below all of your burette readings and the volume of FA 4 added

in each accurate titration.

v

VI

VII

[

www.SmashingScience.org

(b) From your accurate titration results, obtain a suitable value for the volume of FA 4 to be used
in your calculations. Show clearly how you obtained this value.

The iodine produced required ............................. cmiof FA4. [1]

G
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(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the number of moles of sodium thiosulfate, Na,S,0,, in the volume of FA 4
calculated in (b).

. mol

moles of Na,S,0, = .

(ii) Balance the equation for the reaction of iodine with sodium thiosulfate. State symbols are
not required.

(iii) Using your answer to (ii), calculate the number of moles of iodine that reacted with the
number of moles of Na,S,0, calculated in (i).

(iv) lodine, I, is produced in the reaction between FA 1 and FA 3. FA 3 is in excess.
2Cu*(aq) + 4I7(aq) — 2Cul(s) + I,(aq)

Using your answer to (iii), calculate the number of moles of copper(Il) ions in 25.0 cm? of
FA1.

moles of CuZ*ions = ............................ mol

(v) Using your answer to (iv) and the information on page 2, calculate the relative formula
mass of the copper compound in FA 1.

M, of copper compound = ...
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There are three questions on this paper. Question 2 should not be the last question
attempted.

1  You are to determine the concentration of hydrochloric acid, which supplies the H* ions in
the following reaction.

10,7(aq) + 5I7(aq) + 6H*(aq)—> 3H,0(l) + 3L(aq)

In the presence of an excess of I0,~ ions and an excess of I~ ions, the amount of I, liberated
is directly proportional to the amount of H* ions present and can be determined by titration
with sodium thiosulfate, Na,S,0,.

You are provided with the following reactants.

FA 1 hydrochloric acid

FA 2containing 15.0 gdm™ sodium thiosulfate, Na,S,0,.5H,0
aqueous potassium iodate(V), KIO,

aqueous potassium iodide, KI

(a) Method

»  Fill a burette with FA 2.

+  Pipette 25.0cm? of FA 1 into the conical flask.

+  Use a 25cm? measuring cylinder to add to the flask 10 cm? of aqueous potassium
iodate(V) and 10cm? of aqueous potassium iodide. There is an excess of each of
these reagents.

*  Place the flask on a white tile.

«  Titrate the liberated iodine with FA 2.

+  During the titration the colour of the iodine in the solution will fade from red-brown
to orange to yellow. The end-point occurs when the solution just goes colourless
with the addition of a single drop of FA 2.

*  You should perform a rough titration.

In the space below record your burette readings for this rough titration.

The rough titre is ..........o.ooooooooeoeeeee. cm®

«  Carry out as many accurate titrations as you think necessary to obtain consistent
results.

» Record in a suitable form below all of your burette readings and the volume of FA 2
added in each accurate titration.

»  Make certain any recorded results show the precision of your practical work.
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Titrations with thiosulfate and iodine Chem 6 Q# 56/ ALvl Chemistry/2009/s/TZ 1/ Paper 3/Q# 1/ :0) Perform sufficient further titrations to obtain reliable results.
www.SmashingScience.org Examiner's
1 You are provided with the following. Record your titration results in the space below. Make certain that your recorded results | Us
FA 1 is 0.15moldm~2 sodium thiosulfate, Na,S,0,. show the precision of your working.
FA 2 is aqueous copper(II) sulfate.
You are also provided with a 10% solution of potassium iodide, KI, and starch indicator. i

You are required to determine the concentration, in gdm=2, of hydrated copper(I) sulfate,
CuS0O,.5H,0, in FA 2. iii

Dilution of FA 2 v

(a) By using a burette measure between 47.00 cm® and 47.50 cm® of FA 2 into the 250cm?® -
graduated flask labelled FA 3. o1 LY
Record your burette readings and the volume of FA 2 added to the flask in the space
below. (b) From your titration results obtain a volume of FA 1 to be used in your calculations.

Show clearly how you obtained this volume.

(11

Calculations
Show your working and appropriate significant figures in the final answer to each step of

3 . ..
Make up the contents of the flask to the 250cm?® mark with distilled water. Place the your calculations.

stopper in the flask and mix the contents thoroughly by slowly inverting the flask a

number of times. (c) Use your answer to (b) to calculate how many moles of Na,S,0, were run from the

S burette into the conical flask.
Titration

Fill a second burette with FA 1.

Perform a rough (trial) titration as follows. mol of Na,S,0; were run from the burette into the conical flask.

Pipette 25.0 cm? of FA 3 into a conical flask. Calculate how many moles of I, reacted with the Na,S,0, run from the burette.
Use the measuring cylinder provided to add 10cm?® of 10% potassium iodide to the

flask. 28,03- —> S,0%F + 2e-

The Cu?* ions in FA 3 oxidise the iodide ions to iodine, L,, which can be titrated with

FA1. L +2e = 2I

The flask will also contain an off-white precipitate of copper(I) iodide, Cul.

Run FA 1 from the burette, 1cm? at a time, until the brown colour of the iodine solution
has changed to pale brown.

Add approximately 10 drops of starch indicator. A blue-black colour should be seenas mol of I, reacted with the Na,S,0; run from the burette.
the starch reacts with the residual iodine. ot s s gt 5
Continue to add FA 1 1cm?3 at a time until the blue-black colour of the starch-iodine Calculate how many moles of Cu“" ions reacted with iodide ions to produce this amount

complex disappears and there is no further colour change. of I,.

2+ =
In this rough titration .............. cm? of FA 1 were added. 2Cu?™ + 41" — 2Cul + I,

mol of Cu?* reacted to form the L,

D

A
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(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use your answer to (b)(iii) to calculate the heat energy produced in the reaction.
(Assume that 4.2 J are required to increase the temperature of 1cm?® of solution by 1°C.)

heat energy produced = ..
(ii) The molar enthalpy change, AH, for the reaction shown below is —219kJmol-'.
Zn(s) + CuSO,(aq) —» ZnSO,(aq) + Cu(s)
Use this value and your answer to (i) to calculate the number of moles of
copper(II) sulfate in your reaction.
moles of CuSO, = ... mol

(iii) Use your answer to (ii), to calculate the concentration of copper(II) sulfate, in moldm=,
inFAS5.

... moldm™

3]

(d) (i) Calculate the maximum percentage error in the highest temperature that you recorded in
your results table.

concentration of CuSO, = ...

%

maximum percentage error = ..
(ii) A student suggested that the concentration of the copper(II) sulfate could be determined

more accurately if a greater mass of zinc had been used.
Explain whether you agree with this student.

(iii) A second student suggested that the concentration of the copper(II) sulfate could be
determined more accurately if a smaller volume of copper(II) sulfate was used.
Explain whether you agree with this student.

AN~
S A
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From your graph, use the two straight lines of best fit to calculate the change in temperature

)

e

(b) (i) On the grid below plot a graph of temperature (y-axis) against time (x-axis).
at time = 23 minutes.

temperature change = ...

(c) Calculations
In the reaction in (a), the sulfuric acid was in excess. Without carrying out any additional

(i)
tests, what observation could you have made during your experiment to confirm this?

(ii) Calculate the energy change that occurred during the reaction in (a).
[Assume that 4.2 J is needed to raise the temperature of 1.0 cm® of solution by 1.0°C ]

energy change =

Use your answer to (ii) to calculate the enthalpy change, in kJmol™', for the reaction

(iii)
between sulfuric acid and magnesium.
[A.: Mg, 24 .3]
Mg(s) + H,SO,(aq) — MgSO,(aq) + H,g) Reaction 1
enthalpy change for Reaction1= ... ... . kJ mol-!
sign value
(4]

(ii) Complete the graph by inserting two, straight lines of best fit: 1
e one to show the temperature up to time = w,_wl minutes, I
e one to show the temperature after time = 2 minutes. m
v
www.SmashingScience.org Patrick Brannac Page 382 of 579

Patrick Brannac Page 381 of 579
SMASHING] 1}

www.SmashingScience.org




11 TONIHSY IS

6LS JO 8¢ 98ed Jeuuelg ydlIed 10755USPSBUIYSEWS MMM
[¥]
anjea ubis
COUTp= s memmmres = Z uonoeay Joj abueyd Adjeyua
Z uonoeay (s)ng + (be)’osBW <« (be)’osnD + (s)BW

[evz ‘B vl

['D-0°1 Ag uonnjos jo (w2 (| Jo aimesadwsa) sy} siel 0} Papaau si 7" 1y} swnssy]
‘a)eyns (11)4addod pue wnisaubew usam}aq uondeal

3y} Joj ‘,jowry u ‘abueyd Adjeyus ayy aenaied ‘(1) pue (1) woiy sanjea anoA Buisn

‘suonaeal
3SaY} Ul SSaX3 Ul sem 3eyns (11)4addod ay 1ey) ‘uonendied sjgeuns e buisn ‘moys

B o = Ssew ueaw

‘pasn wnisaubew Jo ssew ueaw ayj aje|ndjed ‘(p) wol synsal inok Buisn

@ R = 3su ainjesadwa) ueaw

“3su ainjelsadwa) ueaw a3y ajejnojed ‘(p) wol synsal 1nok buisn

(m)

(1)

®

suonejndjed (9)

Ui TONIHS VWS

6LS JO €8€ 95ed Jeuuelg Ydlied

[

¥ 4 Jo 20e|d ul g Y4 Buisn juswuadxa siy} Jeaday

‘Aip 0} ayeys pue dnod onse|d ay) asury

"a1sem pa||aqe| Jaxeaq (wd gL 3y} ojur dna anseld sy} jo syusjuod ay) fdwg
-31eyins (17)1oddod 3y} 0} pappe ¢ W4 JO SSeWw 3y} piodal pue ajejnde)

“SSEUW 3y} P03y Y4 paulejuod pey jey} aqn} pasaddoys ayy ybiapp

“uonoeal ay} buunp pauna2o jey) abueyd ainjesadwa) WnWixew 3y} p10Jal pue ajejnde)d
‘uonoeal ay} Buunp payoeal ainjeiadwa) WNWIXew 3y} pJodal pue aINSeaj]
‘Apue)suod ainixiw sy} uns pue dnd 3y} Ul € Y4 3U) 0} ¥ Y4 34} PPY
“ainjesadwa) ay} piodal pue dnd aise|d ay} ul ¢ 4 Jo ainesadwa) ay) ainseap
-dno anse|d ay) ojul ¢ w4 JO (WD Gz Jajsuel} 0} Japuljkd Buunsesw ay} asn
“19yeaq (W oGz 3y} ul dnd onseid ay) poddng

“SSeW 3y} pioday ¥ 4 Buiuiejuod aqny pasaddols ay) ybiapp

10795UsPSBUIYSEWS MMM

‘s)jnsal JnoA
10} 3|ge)} a|geyuns e asedaid pue yiom [eandeid Aue pejs noA a104aq poylaw ay) ybnoiyy peay

‘BN 4apmod wnisaubew ale g 4 pue ¢ v4
FOsn) ‘seyns (11)12ddod wpjow oL sl ¢ V4

poyiaiy (p)

Z uonoeay (sno + (be)’osb < (be)’osnD + (S)B

Z uonoeay Joy aBueyd Adjeyyus ay3 Buluiuusiag



Enthalpy change for Reaction 3 Thermometric (metal displacement) enthalpy experiments Chem 5 Q# 59/ ALvl Chemistry/2011/s/TZ 1/

) Paper 3/Q# 2/ :0) www.SmashingScience.org
Reaction 3 is shown below. 2 Youwill determine, using Hess' Law, the enthalpy change, AH,, for the reaction of magnesium
. with oxygen to form magnesium oxide.
Cu(s) + H,S0,(aq) — CuSO,(aq) + H,(g) Reaction 3

: Mg(s) + ¥20,(g) — MgO(s)
(f) Use your values for the enthalpy changes for Reactions 1 and 2 to calculate the enthalpy

change for Reaction 3. (a) Reaction of magnesium with sulfuric acid
Mg(s) + H,SO,(aq) — MgSO,(aq) + H,(qg) Reaction 1 Method
Mg(s) + CuSO.(aq) — MgSO4(aq) + Cu(s) Reacdon .2 FA 4 is 0.64moldm™ sulfuric acid.

Show clearly how you obtained your answer. FA 5 is magnesium turnings. This is supplied in two containers.

(If you were unable to calculate the enthalpy changes for Reactions 1 and 2, you should You will carry out the experiment twice.
assume that the value for Reaction 1 is —444 kJmol~' and that the value for Reaction 2 is

; i 3
—504 kJmol~'. Note: these are not the correct values.) *  Support the plastic cup in a 250cm™ beaker.

*  Using a measuring cylinder, transfer 25cm? of FA 4 into the plastic cup.

* Tilt the beaker so that the bulb of the thermometer is covered by the solution.
Measure and record the initial temperature of the solution.

Carefully, add all the FA 5 from one of the containers into the plastic cup.

Stir the mixture constantly with the thermometer.

Record the highest temperature obtained.

Empty and rinse the plastic cup and dry it with a paper towel.

Repeat the experiment using the second portion of FA 5.

In the space below, record all your readings in an appropriate form.
Calculate the mean temperature rise.
enthalpy change for Reaction 3= ... ... kJ mot'

[2]

(g) (i) The method you used to determine the enthalpy change for Reaction 1 was more accurate
than the method you used to determine the enthalpy change for Reaction 2. Suggest two
reasons why the method used for Reaction 2 was less accurate. Explain your answers.

mean temperature rise = ..........ccccecuenee. °C [5]

Calculation

Show your working and express your answers to three significant figures.

(i) Using the mean temperature rise above, calculate the mean heat energy produced
....................................................................................................................................... in the reaction.

: : 3
(ii) A student suggested that the accuracy of the method used for Reaction 2 could be AmMA_vuaHM ﬂw mww_u%v?mﬁ “#8ih.ar required nsaise thestemporaiure:of. 1.0 cntof any

improved by using a larger volume of copper(II) sulfate. Is this a correct suggestion? Give
a reason for your answer.

heat energy produced = .........ccccviviiiens vevrieeien

[Total: 25] value unit
AE T

I~
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Thermometric (metal displacement) enthalpy experiments Chem 6 Q# 60/ ALvl Chemistry/2009/w/TZ 1/ Paper 3/Q#
1/ :0) www.SmashingScience.org

1 You are provided with the following reagents.

«  two weighing bottles labelled FA 1, each containing between 2.90g and 3.00g of
zinc powder
+  FA 2, 0.80moldm= copper sulfate, CuSO,

You are to determine the enthalpy change, AH, for the following reaction.

Zn(s) + CuSO,(aq) — Cu(s) + ZnSO,(aq)

You will carry out the experimental procedure twice.

Read through the instructions below before starting the experiment.

(a)

(b)

www.SmashingScience.org

You will weigh each bottle and later in the experiment weigh it again after the zinc powder
has been tipped into copper sulfate solution.

In the space below prepare a table to record the weighings and the mass of zinc powder
used in each experiment.

Weigh accurately, to at least one decimal place, one of the weighing bottles labelled
FA 1.
Record this mass in the table you have prepared. [1]

Procedure

+  Support the plastic cup in the 250 cm?® beaker and, using a pipette, place 25.0cm?
of FA 2 into the plastic cup.

«  Stir gently, taking a temperature reading every %2 minute until a steady temperature
has been obtained for a period of at least 2 minutes. You may need to tilt the beaker
in order to cover the bulb of the thermometer with solution.

+  On a precise minute reading tip the zinc powder from the weighing bottle into the
plastic cup.
Do not read the temperature at this time or at the following 2 minute.

+  Continue to stir the mixture thoroughly. Starting 1 minute after the addition of the
zinc powder, record the temperature every %2 minute until the temperature has
reached a maximum value and then decreased steadily for at least 5 minutes.

* Reweigh the empty weighing bottle. Record the mass of the bottle + any residual
zinc powder and the mass of zinc powder used in the experiment in the table you
prepared in (a).

*  Record your results in an appropriate form in the space on the following page.

Repeat the experiment using the contents of the second weighing bottle and
25.0cm? copper sulfate solution pipetted into a clean plastic cup.

Patrick Brannac Page 389 of 579
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(b) continued

Results Make certain your readings of temperature display the precision of the
apparatus used.

(1]

(c) Plot your temperature and time readings separately for each experiment on the grids

on the next page. Your temperature axis should extend 10°C above the highest
temperature you recorded.
Draw lines as instructed below.

On each graph draw a horizontal straight line through the steady initial temperature.

Extrapolate the cooling section of each graph back to the time when you added the zinc
powder.

Draw construction lines on the graphs to deduce the “theoretical” temperature rise at
the moment of mixing the reagents.
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(g) From your mean “theoretical” temperature rise at the time of mixing, calculate the heat
energy released in the plastic cup by the reaction of zinc powder with copper sulfate
solution.

[You may assume that 4.3 J are required to raise the temperature of 1 cm? of any solution
by 1°C and that the mass of any solid may be ignored.]

........................ of heat energy are released. [1]

(h) Calculate, correct to 3 significant figures, the enthalpy change in kJmol-' for the
following reaction.

Zn(s) + CuSO,(aq) — Cu(s) + ZnSO,(aq)

(i) Identify and explain one source of error in the experiment you have carried out.

(i) Suggest a way in which the experimental method you used could be improved in a
school or college laboratory in order to minimise this error.

[Total: 26]
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of your calculations.
1 In this experiment you will determine the percentage purity of a sample of impure anhydrous
sodium carbonate. You will use two different methods to measure the enthalpy change of reaction
when a sample of impure anhydrous sodium carbonate reacts with excess dilute hydrochloric acid.
FA 1 is a sample of the impure anhydrous sodium carbonate.
FA 2 is 2.00 moldm hydrochloric acid, HCL
FA 3 is a second sample of the impure anhydrous sodium carbonate used in FA 1.

(a) Method 1

¢ Weigh the container with FA 1. Record this mass.

mass of containerwith FA1 = ... g
e Support one of the plastic cups in the 250 cm?® beaker.
e Use the measuring cylinder to place 25cm?® of FA 2 into the cup.
e Measure the temperature of the FA 2 in the cup. Tilt the cup if necessary so that the bulb
of the thermometer is fully covered. Record this temperature at time ¢ = 0.
e Start the stopclock and leave it running for the whole experiment.
e Measure and record the temperature of FA 2 in the cup every half minute for 2 minutes.
e Att= ww minutes tip all the FA 1 into the cup. Stir the contents of the cup.
e Measure and record the temperature of the contents of the cup at { = 3 minutes and then
every half minute up to t = 9 minutes.
e Weigh the container with any residual FA 1. Record this mass.

mass of container with residual FA1= ... .. g

<|2|B|=

(b) (i) Onthe grid on page 3, plot a graph of temperature (y-axis) against time (x-axis). You should
choose a scale that allows you to plot 2°C above the maximum temperature reached.

On your graph, draw two straight lines of best fit. One line is for the temperature before
adding FA 1 and the other line for the cooling of the solution once reaction is complete.

Extrapolate these two lines to t = mml minutes. [4]

218 |=
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(e) Method 2 (g) FA 1 and FA 3 are both samples of the same impure anhydrous sodium carbonate and so the
percentage of anhydrous sodium carbonate found using Method 1 and Method 2 should be

e Weigh a clean, dry plastic cup and record the mass. the same. In practice the percentages are sometimes different from each other.
e Add between 1.70g and 1.90g of FA 3 to the plastic cup and record the mass.
“ wumwwm%m w_qmwﬂn»n“mo_-“_stWmmomNﬂﬂ%Mw__ﬂmmq In both methods, percentage errors occur due to measuring the mass of solid and the
e Measure and record the initial temperature of FA 2 in the measuring cylinder. temperature rise.
e Pour the 25 cm? of FA 2 into the plastic cup. i i i
e  Stirthe contents of the cup and record the maximum temperature. Tilt the cup if necessary Ignoring these errors, which method is more accurate?
so that the bulb of the thermometer is fully covered. Tick the correct box and explain your answer.

e Calculate and record the mass of FA 3 used and the change in temperature.
Method 1 more accurate

Method 1 and Method 2 equally accurate

Method 2 more accurate D

(11
(f) Use the temperature rise in (e), and the fact that the enthalpy ozmdom for the reaction between (h) Astudent decided to confirm by experiment the literature value for the enthalpy change of the
anhydrous sodium carbonate and hydrochloric acid is 27 .0kJmol, to calculate the percentage reaction between anhydrous sodium carbonate and hydrochloric acid. By mistake the student

afanhydeis sodum cabondic STEA S, weighed a sample of hydrated sodium carbonate, Na,C0O,.10H,0, instead of anhydrous
sodium carbonate, Na,CO,.

State what effect this would have on the calculated value of the enthalpy change for the
reaction. Explain your answer.

(i) A student used 3.00 g of anhydrous sodium carbonate that was 80.0% pure by mass.

Calculate the minimum volume of 2.00 moldm~ hydrochloric acid that would be needed to
react completely with this sample of impure anhydrous sodium carbonate.

percentage Na,CO,in FA3 =. % [2]

volume of HCI= . cm?® [3]

[Total: 25]
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Thermometric (enthalpies of solution) experiments Chem 5 Q# 63/ ALvl Chemistry/2022/w/TZ 1/Paper 3/Q# (b) Calculations

2 :0) www.SmashingScience.org

2 Hydrated copper(II) sulfate, CuS0O,+*5H,0, can lose its water of crystallisation to form anhydrous (i) Calculate the energy change during this reaction.
copper(II) sulfate.

The enthalpy change for the dehydration of hydrated copper(II) sulfate is shown in the equation.

CuS0,5H,0(s) — CuSO,(s) + 5H,0(1) energy change = .o 1]
You will carry out experiments to determine the enthalpy changes for the solution of hydrated
and anhydrous copper(Il) sulfate and then use Hess's law to determine the enthalpy change of
dehydration.

(i) Calculate the amount, in mol, of hydrated copper(II) sulfate, FA 4, used in the experiment.
Show your working.

FA 4 is hydrated copper(II) sulfate, CuSO,+5H,0.
FA 5 is anhydrous copper(II) sulfate, CuSO,.

(a) Determination of the enthalpy change of solution of hydrated copper(II) sulfate. amount of CuSO5H,0 = ... mol [1]

Method

Calculate the enthalpy change, in kJmol™', when 1.00 mol of hydrated copper(II) sulfate
dissolves in water. This is the enthalpy of solution.

e Weigh the container with FA 4. Record the mass.
e  Support the cup in the 250 cm?® beaker.
e Use the measuring cylinder to transfer 25.0 cm? of distilled water into the cup.
e Measure and record the temperature of the water.
+ Tip all the FA 4 into the water and stir until the solid dissolves.
e Measure and record the lowest temperature reached.
e Rinse and dry the cup ready for the next experiment.
e Weigh the container with any residual FA 4. Record the mass.
e Calculate and record the change in temperature. enthalpy change of solution = .. ... kidmol" [1]
e (Calculate and record the mass of FA 4 used. sign value
Results (c) Determination of the enthalpy change of solution of anhydrous copper(II) sulfate.
Method
o Weigh the container with FA 5. Record the mass.
e Support the cup in the 250 cm? beaker.
e Use the measuring cylinder to transfer 25.0 cm? of distilled water into the cup.
* Measure and record the temperature of the water.
+ Tip all the FA 5 into the water and stir until the solid dissolves.
* Measure and record the highest temperature reached.
* Weigh the container with any residual FA 5. Record the mass.
s Calculate and record the change in temperature.
e Calculate and record the mass of FA 5 used.
Results
2]
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(ii) Calculate the number of moles of Na,CO, used in Experiment 1.

moles of Na,CO, = ... mol [1]

Use your answers to (b)(i) and (b)(ii) to calculate the enthalpy change, in kJmol, for the
reaction below.
Show your working.

Na,CO,(s) + ag — Na,CO,(aq)

enthalpy change = ... ... kJ maol-!

(c) (i) Astudentsuggested that by using the same thermometer, quantities of FA 5, and water, a
more accurate value for the temperature rise could be calculated.

Suggest how the student could obtain a more accurate measurement.

(i) State the maximum error in a single thermometer reading in your experiment in (a).
Maximum emor = _.........ooees

Hence calculate the maximum percentage error in the measurement of the temperature
rise in Experiment 2.

% error = ...

[Total: 10]
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2 In this experiment you will identify a magnesium compound by thermal decomposition. When
heated this compound decomposes to give magnesium oxide.

FA 4 is the magnesium compound.
(a) Method

Weigh the empty crucible with its lid. Record the mass.

Transfer all the FA 4 from the container into the crucible.

Weigh the crucible, lid and FA 4. Record the mass.

Calculate the mass of FA 4. Record the mass.

Place the crucible and contents on a pipe-clay triangle.

Heat the crucible gently, without the lid, for approximately 2 minutes.
Heat strongly for a further 4 minutes.

Place the lid on the crucible and leave it to cool for at least 5 minutes.

During the cooling period, you may wish to begin work on Question 3.

When the crucible is cool, weigh the crucible with its lid and contents. Record the mass.
Heat strongly, without the lid, for a further 2 minutes.

Replace the lid and leave the crucible to cool for at least 5 minutes.

When the crucible has cooled, reweigh the crucible with its lid and contents. Record the
mass.

s Calculate the mass of residue obtained. Record the mass.

Results

I
I
I
v
v
[5]
(b) Calculations
(i) Calculate the amount, in mol, of magnesium oxide produced in your experiment.
amountof MgO = mol [1]
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(b) Calculations

(i) Calculate the mass of carbon dioxide produced when the sample of X,CO, was heated.

mass of CO, produced = .____..............g [1]

(ii) Calculate the number of moles of X,CO, needed to produce the mass of carbon dioxide
calculated in (b)(i).

moles of X,CO;needed = ___...................mol [1]

Use your answer to (b)(ii) and the information on page 2 to calculate the relative formula
mass, M_ of X,CO,.

M,of X,CO,= oo [1]

(iv) Use your answer to (b)(iii) to calculate the relative atomic mass, A,, of X. Hence identify X.
Explain how you reached your conclusion.

(c) In this experiment you heated the sample of X,CO, for approximately & minutes.

Explain, using evidence from your results in (a), whether your sample of X,CO;had decomposed
completely.
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2 Inthis experimentyou will determine the relative formula mass of the same metal hydrogencarbonate,
MHCO,, by thermal decomposition. Then you will compare the result obtained with your answer
from 1(c)(iv).

FA 4 is another sample of the metal hydrogencarbonate, MHCO,.
(a) Method

Weigh the empty crucible with its lid. Record the mass.

Transfer all the FA 4 from the container into the crucible.

Weigh the crucible, lid and FA 4. Record the mass.

Calculate and record the mass of FA 4 used.

Place the crucible and contents on a pipe-clay triangle.

Heat the crucible gently, with the lid on, for approximately one minute.
Heat strongly, with the lid off, for a further four minutes.

Replace the lid and leave the crucible to cool for at least five minutes.

During each cooling period, you may wish to work on Question 3.

s \When the crucible has cooled, weigh the crucible with its lid and contents. Record the
mass.

e Heat strongly, with the lid off, for a further two minutes.

¢ Replace the lid and leave the crucible to cool for at least five minutes.

e \When the crucible has cooled, reweigh the crucible with its lid and contents. Record the
mass.

# Calculate and record the mass of residue obtained.

# This residue is FA 5.

Keep FA 5 for use in 2(b)(i).

Results

I

E

[8]
(b) (i) Poura 1cm depth of dilute hydrochloric acid into a test-tube.
Add a spatula measure of residue FA § to the acid.

Record all your observations and identify any gas formed.

™
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(b) Calculations

(i) Calculate the number of moles of carbon dioxide produced during heating of FA 3.

moles CO, = .....................mol [1]

(if) Usethe mass of FA 3 in (a) and your answer to (b)(i) to calculate the relative atomic mass,
A, of Q and hence identify Q. You should assume complete decomposition of QCO,.

AofQis ...
41
(c) Explain why the lid was placed on the crucible when the residue was left to cool.
(1

(d) Inorderto decompose Group 2 carbonates, the solid must be heated strongly. In this experiment
QCO, was heated for a few minutes.

(i) Suggest an improvement to the method used that would ensure that decomposition was
complete.

[
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(ii) Suggest a chemical test to determine whether the decomposition of QCO, was complete.
State the expected observation if the decomposition was incomplete.

Do not carry out this test.

[

(e) (i) In your calculation in (b) you used the mass of QCO, and assumed that it was all
decomposed during the heating.

Explain what effect incomplete decomposition would have on the calculated value of the
A ofQ.

(1

(if) Astudent suggested that you could use the mass of the residue, QO, rather than the mass
of QCO, in a calculation to identify Q.

Explain why this method of calculating the A, of Q is valid.

[

[Total: 14]

Gravimetric (thermal decomposition) experiments Chem 10 Q# 69/ ALvl Chemistry/2019/m/TZ 3/Paper 3/Q#
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2 ltis possible that ores containing basic copper(II) carbonate also contain water of crystallisation.
The formula of these ores would be written as xCuCO,yCu(OH),zH,0.

In this experiment you will heat a sample of a different basic copper(II) carbonate which will
thermally decompose as shown.

xCuCO»yCu(OH)2H,O(s) — (x+y)CuO(s) + xCO,(g) + (y+z)H,0(g)

You will use your results to determine whether this sample of a different basic copper(II) carbonate
contains water of crystallisation.

FA 3 is a sample of a different basic copper(Il) carbonate.

A
™~
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Gravimetric (thermal decomposition) experiments Chem 10 Q# 70/ ALvl Chemistry/2017/w/TZ 1/Paper 3/Q#
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2 Zinc carbonate occurs in a basic form, which means that zinc hydroxide is also present. The
chemical formula of basic zinc carbonate can be written as ZnCO,.yZn(OH),, where y may not
be an integer. In this experiment you will heat basic zinc carbonate to decompose it and use your
results to determine the value of y.

When basic zinc carbonate is heated, it decomposes as shown.

ZnCO,yZn(OH)y(s) — (1+y)ZnO(s) + CO,g) + yH,O(g)

FA § is basic zinc carbonate, ZnCO,.yZn(OH),.

(a) Method

Read through the method before starting any practical work.
Prepare a table for all your results from Experiments 1 and 2 in the space on page 5.

Experiment 1

(i)

(ii)

Weigh a crucible with its lid and record the mass.

Add 2.1-2.5g of FA 5 to the crucible. Weigh the crucible and lid with FA 5 and record the
mass.

Place the crucible in the pipe-clay triangle on top of the tripod.

Heat the crucible and contents gently for 1 minute with the lid on.

Remove the lid. Heat the crucible and contents strongly, with the lid off, for approximately
4 minutes.

Replace the lid and leave the crucible and residue to cool for at least 5 minutes, before
re-weighing it with the lid on. Record the mass.

While the crucible is cooling, you may wish to begin work on Question 3.

Calculate, and record in your table, the mass of FA 5 used and the mass of residue
obtained.

State the observation(s) you made while you were heating FA 5.

State the observation(s) you made once the residue had cooled down.

Experiment 2

www.SmashingScience.org Patrick Brannac Page 417 of 579

Repeat the procedure used in Experiment 1, using 1.5-1.9g of FA 5 and using the other
crucible and lid.

Record the three balance readings made during the experiment.

Calculate and record the mass of FA 5 used and the mass of residue obtained.

SMASHING]

Results

<|2|H|=

(6]
(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the relative formula mass, M, of zinc hydroxide, Zn(OH),.

M, of ZN(OH), = .oooooooooooo.

(ii) Using your answer to (i), write down an expression, in terms of y, for the relative formula
mass, M, of basic zinc carbonate, ZnCO,.yZn(OH),.

M of ZNC O YZNOH )y =i invs s nminse s uyritsoasssis
(iii) Using the mass of ZnCO,.yZn(OH), from Experiment 1 and your answer to (ii), write

down an expression, in terms of y, for the number of moles of ZnCO,.yZn(OH), that you
heated in Experiment 1.

moles of ZNCO,.YZN(OH), = w.c..iinaiinssninnimsmumsniia:
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(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use your results from Experiment 1 to calculate the number of moles of copper oxide,

CuO, obtained as residue.
Use the Periodic Table on page 12 for any data you may require.

moles of CuO obtained in Experiment1 = ... ... mol

(ii) Use your answer to (i), the equation on page 4 and the mass of FA 5§ you used in
Experiment 1, to calculate the relative formula mass, M, of malachite.

M, of malachite (from Experiment 1) = ...

(iii) Use your results from Experiment 2 to calculate another value for the relative formula
mass, M, of malachite.

M, of malachite (from Experiment2)= ... ...

(iv) Use data from the Periodic Table to calculate the relative formula mass, M, of malachite
from its accepted formula, CuCO,.Cu(OH),.H,0.

M, of malachite (from formula) = ..

(v) If the relative formula mass of malachite obtained from either of your experiments

is within 2.5% of the answer in (iv), this is good evidence that the accepted formula,
CuCO0,.Cu(OH),.H,0, is correct.

Show by calculation whether either of your experiments supports the accepted formula.

Patrick Brannac Page 421 of 579
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(c) (i) State one way of improving the accuracy of the experimental method, using the same
masses of FA 5.
Explain the benefit of your improvement.

3]
[Total: 14]

Gravimetric (thermal decomposition) experiments Chem 10 Q# 72/ ALvl Chemistry/2010/w/TZ 1/ Paper
3/Q# 2/ :0) www.SmashingScience.org

2 FA 3 is powdered basic copper(Il) carbonate, a hydrated mixture of copper(II) carbonate For
and copper(II) hydroxide.
The approximate formula for the basic carbonate is CuCO,.Cu(OH),.H,0. Use

When heated, basic copper(II) carbonate decomposes.

CuCO,.Cu(OH),.H,0(s) —> 2CuO(s) + CO,(g) + 2H,0(g)
You are to determine the change in mass as the solid is heated and decomposed.
(a) Method - Read through the instructions before starting any practical work.

* Record all weighings in an appropriate form in the space below.

*  Weigh and record the mass of an empty boiling-tube.

«  Tip the contents of the tube labelled FA 3 into the weighed boiling-tube. Reweigh
and record the total mass of the boiling-tube and FA 3.

+ Heat FA 3 in the boiling-tube very gently until the vigorous decomposition of
the copper carbonate has stopped; then heat more strongly for 1 to 2 minutes.
Take care not to lose any solid from the tube during the initial heating.

+  Warm the upper parts of the boiling-tube to evaporate any water that may have
condensed while heating the carbonate.

+  Place the hot tube on a heat-proof mat and leave to cool.

*  You are advised to continue with part (d) of this question or to start another
question while the tube cools.

*  When cool, reweigh the boiling-tube and the residual copper(II) oxide.

* Reheat, cool and reweigh the tube until you are satisfied decomposition is
complete.

www.SmashingScience.org Patrick Brannac Page 422 of 579 ¥
SMASHI|

NG|

m]/

N



i 52:» VWS 1T TONIHSYWS

ﬁﬁﬂ 6LS 40 vzb 95ed Jeuue.g YdlIed §10730U3DSBUIYSEWS MMM ﬁtﬁ 6LS 40 €2 95ed JeuURIg YdlIIRd §10730Ua10SJUIYSEWS MMM
~ ~
' Y
o | o
U] e
seuonssnp i asnuoypyyddesy T
‘I1S0] Ja1em i Vlen Vet o)
10 ssew ay} pue Bugeay Jaye anpisal jo SSeW aU) 'y W4 JO SSEW ay) pIodal pue 21gnien e (081 'O°H 0%¥ 00 -l

SSEUW ) PI0d31 PUE SJUSU0D PUE PI St AIGRNI 2L UBIM @ "O%H |ow | suieuod ajeuoqied JISeq pijos 3y} Jo ajdwes Aue Jo [ow | 1By} awnssy
‘|02 0} 3|qI12NnI2 3y} o} Buniem ale noA a|iym ¢ uonsanp Hels o) ysim Aews nog
(B)O° Hiow | ¢—(s)*(HOIND jow |
“|o0D O] ) SAB2| PUB 2|qQIINID 3} Uo PI| 3 30B]d . (6)°0 Djow | «—(s)*0DND jow |,
sanuiw Jnoj Alzjewrxoidde Jo) Aifuons aiow jeay uay |
“SUOIBAISS]O INOA pPI0Jal PUB 31NUIW 3Uo

"ssew ul sso| abejuasiad |eanaioay) ay) pue (q) ul pajenajed aney noA

Azewxoldde Joy Apuab 1eay pue 3)Buew) Aeja-adid sy uo ajqonid ayl 22e(d ‘pij 3yl INoyup, e
‘sSeW sl pI0Jal pUE SIUSILOD PUE pif SY ‘S|qIanid s UBIBML e anjeA sy} Usamiaq 32UaI3YIp 3U} Joj JUNod2e 0} uonewoul Buimojio) a3yl Jo asn axep
‘moj2q aoueleadde sy piodal pue 3|gianid Ul ul ¢4 Jo B9 g pue 6oy z usamiag ade|d e
"SSELU 3L} p1o23y “PI| S Yyum 2(qionid ayy ybiap, e ‘B|nwiIo} ay) ul usnib onels |0}
ay) woy Alen ued ajeuoqied 2iseq ay) ul {(HO)ND pue fonny Jo suoniodoid sy
poyisy (e)

%G €€ SI SSeW Ul Sso [eana10ay} 3yl ()
“0%HA+ZIN ‘punodwiod pajelpAy e st 4

(BYOPHA + (S)ZW < (SIOR -z i

1abayu ue si1 A Jo anjen sy ¢ v
Ul "OPHAZIA BINWLIo) Yim ‘74 ‘punoduwiod pajelpAy Juaiagip B UO PoyIaLL SIY} N0 ALED |IM NOA

“uonesi||e1sii Jo 1s)em ay)
anoWwal 0] pajeay si pljos jo ajdwes e poyjal siy) uj poyiaw auawnaelb e asn jim nok z uonsany ‘pajeay

Ul jjes pajeipAy B Ul X jo anjeA S} SUILLISIBP O} POYISW UoKen] B pasn nok | uopsenp ul g pijos o ssew ay) jo abejusdiad e se juawuadxa ay} Buunp ssew ul ssoj ay) aenae) (q)
810°30uUB12S3UIySEWS MMM (0: 7 HD/€ 1aded/T Z1/5/T20z/Ansiway)

MY /€/ #O 7 WaYD Syuawiadxa (Uolies|[BISAID JO J91eM) D1UIBWIARID 79 suone|noje)

[01 zrer01] [o]
[zl

1eay

Al

PAA0AS -apixo 1addod [enpisal Jo ssew ay) pue ajeuoqued ()1addod Jiseq

Inoden J3jem 3y jo Aue ainseaw pue 23|j02 osje jou saop snjesedde inok jey) ainsug 10 ssew ay) ‘sbuipeas aouejeq Inok Jo |je piodal ‘Mojaq adeds ay) ui ‘wioy sjeudoidde ue uj
“JUSWILISAXS 3y} Ul PAAJOAS SPIXOIP UOGIED JO SWNJOA 3y} 3INSEall PUe 123]|02 0} NoA
ajgeua pinom ey} snjeiedde Alojeloge] pJepuels [euonippe mojaq weibeip ay) o} ppy (p) synsay




Results (e) A student suggested that the experiment would be more accurate if the crucible had been

heated with the lid on for the first minute.
appearance Of FA & e

. ) . . State and explain whether you agree with the student.
observations during heating for the first minute ...

[Total: 8]

Gravimetric (water of crystallisation) experiments Chem 2 Q# 74/ ALvl Chemistry/2013/w/TZ 1/ Paper 3/Q#
2/ :0) www.SmashingScience.org

2 In this experiment you are to determine the formula of hydrated barium chloride, FA 5, by mxmhm\aﬁw
heating to remove the water of crystallisation. You will heat two separate samples. The Use
anhydrous barium chloride does not decompose when heated.

I
- FA 5 is hydrated barium chloride, BaCl,.xH,0
m (a) Method
Yy Record all weighings, in an appropriate form, in the space below.
[4] e Record the mass of the empty crucible without its lid.
A e Add between 2.0 and 2.4 g of FA 5 into the crucible. Record the mass of the crucible
(b) Calculations and its contents.
i e Use a pipe-clay triangle to support the crucible and contents on a tripod.
(i) Calculate the number of moles of water lost when your sample of MZ+yH,0 was heated. e Heat the crucible and its contents gently for about one minute with the lid off. Then
heat strongly for a further four minutes.
e Put the lid on the crucible and leave to cool for approximately 10 minutes.
molesof water= ...l mol While you are waiting for the crucible to cool, start work on Question 3.
The relative formula mass of the anhydrous compound MZ is 120.4. e When the crucible is cool, remove the lid, and weigh the crucible with the residue.
e Record the mass of anhydrous barium chloride remaining in the crucible after heating
Calculate the number of moles of MZ present in the residue. and the mass of water lost.
e To prepare for the second experiment, use a spatula to remove the residue from the
crucible into the beaker labelled waste.
¢ Reweigh the empty crucible without its lid.
moles of MZ = mol e Carry out the experiment again. This time use between 1.5 and 1.9g of FA 5.
(1
(ii) Use your answers from (b)(i) to calculate the value of y in FA 4, MZ+yH,0.
Show your working.
I
I
I
v
Y (1
v
A% !
[6]
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(iii) Use your answers to (i) and (ii) to calculate the number of moles of XCO, that were added
to the acid.

moles of XCO, = ... mol

(iv) Use your answer to (iii) to calculate the relative atomic mass, A, of X.
Identify X.

(c) One of the sources of error in this experiment is that it is very difficult to reduce acid spraying
out of the beaker when the metal carbonate is added to the acid.

(i) Explain what effect this acid spray would have on the value you calculated for the relative
atomic mass, A, of X.

(iii) How could you minimise acid spraying out of the beaker?

[Total: 15]
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R1 Rate (thiosulfate and acid) experiments Chem 8 Q# 76/ ALvl Chemistry/2020/w/TZ 1/Paper
3/Q# 2 :0) www.SmashingScience.org
2 When a solution containing thiosulfate ions, S,0,>, is acidified the following reaction occurs.

S,05*(aq) + 2H*(aq) — S(s) + SO4(g) + HO(I)

The solid sulfur that is formed makes the mixture become cloudy. The rate of reaction can then be
measured by timing how long it takes for the mixture to become too cloudy to see through.

You will investigate how changing the concentration of the thiosulfate ions affects the rate of
reaction.

Throughout these experiments care must be taken to avoid inhaling the SO, that is produced.
It is very important that as soon as each experiment is complete the contents of the beaker
are emptied into the quenching bath.

FA 4 is 2.00moldm~ hydrochloric acid, HCL
FA 5 is a solution of sodium thiosulfate, Na,S,0,.
distilled water

(a) Method

Experiment 1

Use the 50 cm?® measuring cylinder to transfer 40.0cm? of FA 5§ into the 100 cm?® beaker.
Use the 25 cm?® measuring cylinder to measure 20.0 cm? of FA 4.

Add the 20.0cm? of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiment 2.

Experiment 2

e Use the 50 cm?® measuring cylinder to transfer 20.0 cm? of FA 5 into the 100 cm?® beaker.
e Use the 50cm® measuring cylinder to transfer 20.0cm?® of distilled water into the same
beaker.

Use the 25 cm?® measuring cylinder to measure 20.0 cm® of FA 4.

Add the 20.0cm? of FA 4 to FA 5 in the beaker and start timing immediately.

Stir the mixture once and place the beaker on the printed insert.

View the printed text on the insert from above through the mixture in the beaker.

Note the time when the print on the insert becomes obscured.

Record this reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse the beaker thoroughly.

Keep FA 5 for use in Question 3.
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Experiment 2

Measure and record the temperature of FA 2 in boiling tube 2.

Carefully transfer the hot contents of boiling tube 2 into the 100cm?® beaker.

Carefully transfer the hot contents of boiling tube 1 into the same beaker and start timing
immediately.

Swirl the beaker once to mix the solutions and place the beaker on the Insert.

Look down through the beaker and contents onto the Insert.

Stop timing as soon as the precipitate of sulfur obscures the print on the Insert.

Record the reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiment 3.

Experiment 3

Use the 25cm® measuring cylinder to transfer 10cm® of FA 1 into boiling tube 1. Place
boiling tube 1 into your hot water bath.

Use the 50cm® measuring cylinder to transfer 20cm® of FA 2 into boiling tube 2. Place
boiling tube 2 into your hot water bath.

Place the thermometer in boiling tube 2. When the temperature of FA 2 is about 8 °C lower
than that for Experiment 2 record the temperature. Remove the thermometer and transfer
the contents of boiling tube 2 into the 100 cm?® beaker.

Transfer the contents of boiling tube 1 into the same beaker and start timing immediately.
Swirl the beaker once to mix the solutions and place the beaker on the Insert.

Look down through the beaker and contents onto the Insert.

Stop timing as soon as the precipitate of sulfur obscures the print on the Insert.

Record the reaction time to the nearest second.

Empty the contents of the beaker into the quenching bath.

Rinse and dry the beaker so it is ready for use in Experiments 4 and 5.

Experiments 4 and 5

Repeat the method for Experiment 3 but at two different temperatures.
Keep the temperature of FA 2 between room temperature and 55°C. Do not exceed 55°C.

Record all your results in your table on page 4.

AE T
i~
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Results

The rate of reaction can be calculated as shown.

1000

e = reaction time

Calculate the rate of reaction for each of your five experiments. Record these rates in your
table.
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(f) (i) Calculate the maximum percentage error in measuring the reaction time you recorded for
Experiment 2. Assume that the maximum error of the timer is +0.5s.

maximum percentage error in the reactiontime = ... % [1]

(i) A student suggested that the error in measuring the reaction time in Experiment 1 was
greater than for Experiment 2.

Give one reason why the student could be comect.

(g) Suggest two ways to improve the accuracy of the results of these experiments.

[Total: 24]

Rate (thiosulfate and acid) experiments Chem 8 Q# 78/ ALvl Chemistry/2015/w/TZ 1/ Paper 3/Q# 2/ :0)
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2 In this experiment you will investigate how the rate of reaction between sodium thiosulfate and
hydrochloric acid is affected by the concentration of the acid.

When aqueous thiosulfate ions react with hydrogen ions, H*, in any acid, a pale yellow precipitate
of sulfur is formed. The ionic equation for this reaction is given below.

$,05*(aq) + 2H*(aq) — S(s) + SO,(aq) + HO())

The rate of the reaction can be determined by measuring the time taken to produce a fixed quantity
of sulfur.

FA 4 is 0.10moldm= sodium thiosulfate, Na,S,0,.
FA 5 is 0.20 mol dm=2hydrochloric acid, HCL

(a) Method
Record all your measurements, in an appropriate form, in the space below.
Experiment 1

e Use the larger measuring cylinder to transfer 40 cm?® of FA 4 into the 100 cm? beaker.
e Rinse the larger measuring cylinder thoroughly with water, then add 30 cm? of FA 5 to the
beaker and start timing immediately.

e Stir the mixture once and place the beaker on top of the printed insert page provided.
e Look down through the solution in the beaker at the print on the insert.
e Stop timing as soon as the precipitate of sulfur makes the print on the insert invisible.
e Record the reaction time to the nearest second.
e Empty and rinse the 100 cm? beaker.
e Dry the outside of the beaker ready for Experiment 2.

www.SmashingScience.org Patrick Brannac Page 437 of 579

Experiment 2

e Rinse the larger measuring cylinder, then use it to transfer 40 cm?® of FA 4 into the 100cm®
beaker.

e Use the smaller measuring cylinder to add 10 cm?® of distilled water to the beaker.

Use the same measuring cylinder to add 20 cm? of FA 5 to the mixture in the beaker and

start timing immediately.

Stir the mixture once and place the beaker on top of the printed insert page provided.

Stop timing as soon as the print on the insert becomes invisible.

Record the reaction time to the nearest second.

Empty and rinse the 100 cm?® beaker.

Dry the outside of the beaker ready for Experiment 3.

Experiment 3

e Carry out the reaction using a mixture of 40cm? of FA 4, 20cm? of distilled water and
10cm®of FA 5.
e Measure and record the reaction time to the nearest second.

I
I
I
v
[4]
(b) (i) The ‘rate of reaction’ can be represented by the formula below.
‘rate of reaction’ = F
reaction time
Use this formula to calculate the ‘rate of reaction’ for Experiments 1 and 3.
Give the unit.
‘rate of reaction’ for Experiment 1 .......................... unit ...
‘rate of reaction’ for Experiment3 ........................ (1] AR
(ii) Calculate the initial concentrations of hydrochloric acid in the reaction mixtures in
Experiments 1 and 3.
initial concentration of HCZin Experiment 1= ...
initial concentration of HCZin Experiment3 = ...
www.SmashingScience.org Patrick Brannac Page 438 of 579 ! &7@
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Record the results for all six experiments in the space below.
Your table should include columns for the following.

(b) The rate of reaction can be represented by the following formula.

On the next page plot a graph of ‘rate’ against the volume of FA 1.

experiment number
volume of FA 1
volume of distilled water
reaction time

(1000)

(reaction time)

(1000)

e:s (reaction time)

Start each of the axes at zero.

Draw the line of best fit.

www.SmashingScience.org Patrick Brannac
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(thiosulfate and acid) experiments Chem 8 Q# 80/ ALvl Chemistry/2009/s/TZ 1/ Paper 3/Q# 2/ :0)
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You are to investigate how the rate of formation of sulfur varies with the concentration of
sodium thiosulfate, Na,S,0,, in the reaction below.

Na,S,0,(aq) + 2HCl(aq) —> S(s) + 2NaCl(aq) + SO,(g) + H,O(l)
Care should be taken to avoid inhalation of SO,(g) that is given off during this reaction.
You are provided with the following.
FA 1, 0.15moldm=3 Na,S,0,

FA 4, 2. 0moldm=3 HCI
a printed insert

a measuring cylinder to measure 50 cm?
a measuring cylinder or marked tube to measure 5cm?
a stop clock or clock with seconds hand

(a) Method — Read through the instructions before starting any practical work.

+  Using the larger measuring cylinder transfer 50 cm? of FA 1 into a 250 cm? beaker.
+  Measure 5¢cm® of FA 4 in the smaller measuring cylinder (or marked tube).

+ Tipthe FA 4 into the FA 1 in the beaker and immediately start timing.

+  Swirl the beaker to mix the solution and place it on top of the printed insert.

+  View the printed insert from above so that it is seen through the solution.

+  Note the time when the printing on the insert just disappears.

+  Empty and rinse the beaker. Shake out as much of the rinse water as possible and
dry the outside of the beaker.

+  Repeat the experiment using 25cm? of FA 1 and 25cm? of distilled water. Add
5cm? of FA 4 to start the reaction.

+  Select suitable volumes of FA 1 and distilled water for one further experiment to
investigate the effect of sodium thiosulfate concentration on the rate of reaction.
Remember to use 5¢cm® of FA 4 and to keep the total volume of FA 1 and distilled
water constant.

In an appropriate form record the following below:
+  all measurements of volume and time (to the nearest second) for each experiment,
+ calculated values of /time which are a measure of the rate of reaction.

Results

0]

Patrick Brannac Page 445 of 579

(b) The total volume in each experiment is constant. Using volumes from the first two
experiments, show by simple calculation that the volume of FA 1 used is a measure of
its concentration in the reaction mixture.

1
(¢) What is the relationship between the rate of reaction and the time taken?

(d) For each experiment calculate the numerical value of (volume of FA 1 x time).

experiment (volume of FA 1 x time)/(cm?s)

Use your results in (a) and these calculated values to deduce the relationship between
the concentration of Na,S,0; and the rate of formation of sulfur.

(e) Outline briefly how you would modify the experimental method to investigate the effect
of temperature change on the reaction rate.

[Total: 14]
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(c) ltis not possible to draw a reliable conclusion about the effect of changing the concentration of

(d

-~

(e)

www.SmashingScience.org

a reagent on the ‘rate of reaction’ from only two experiments.

Suggest three experiments that could be carried out in addition to Experiments 2 and 3 to
investigate the effect of changing the concentration of FA 4, potassium iodide. In each case
give the volumes of each solution/liquid that would be used.

Do not carry out these experiments.

2]

A student was unable to complete all three experiments on the same day but had to return to
the investigation the following morning. The student noticed that the results were significantly
different.

Give two possible reasons for these differences and explain how the student could have
overcome these problems.

There are many sources of error in these experiments. In the following, assume that the only
error involves measuring the reaction time.

(i) Ifthe errorin each recorded time is £1 s, calculate the percentage error in the time recorded
in Experiment 1.

percentage error= ... %

(ii) Another student decided to repeat Experiment 1 but used 0.050moldm= sodium
thiosulfate in place of FA 5.

How would this change the percentage error in the recorded time? Explain your answer.

2]

[Total: 13]
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When iodide ions are mixed with peroxodisulfate ions, S,0,>, iodine is formed.
2I(aq) + S,04(aq) — L(aq) + 2SO0, (aq)

The rate of this reaction can be measured by adding thiosulfate ions, S,0,%, and some starch
indicator to the mixture. As the iodine is produced, it reacts immediately with the thiosulfate
ions and is reduced back to iodide ions.

L(aq) + 2S,0:*(aq) — 2I-(aq) + S.O*(aq)

When all the thiosulfate ions have reacted, the iodine which continues to be produced then
turns the starch indicator blue-black. The rate of reaction may be determined by timing how
long it takes for the reaction mixture to turn blue-black.

You are to investigate how the rate of reaction is affected by changing the concentration of
the peroxodisulfate ions.

FA 1 is 0.0200 moldm= aqueous potassium peroxodisulfate, K,S,0;.
FA 2 is 1.00 moldm= aqueous potassium iodide, KI.

FA 3 is 0.00500 moldm= aqueous sodium thiosulfate, Na,S,0,.
starch indicator

Read through the instructions carefully and prepare a table for your results on page 3
before starting any practical work.

(a) Method

Experiment 1
e Fill the burette labelled FA 1 with aqueous potassium peroxodisulfate, FA 1.
¢ Run 20.00 cm?® of FA 1 into a 100 cm? beaker.
e Using a 25cm® measuring cylinder add the following to a second 100 cm?® beaker:
5 20cm®of FA 2
> 10cmPof FA 3
Add 10 drops of starch indicator to the second beaker.
Add the contents of the first beaker to the second beaker and start timing immediately.
Stir the mixture once and place the beaker on a white tile.
Stop timing as soon as the solution turns blue-black.
Record this reaction time to the nearest second in the table that you have prepared
on page 3.
e Wash out both beakers.

Experiment 2

e Fill a second burette with distilled water.

e Run 10.00 cm? of FA 1 into the first 100 cm® beaker.

e Run 10.00 cm? of distilled water into the beaker containing FA 1.

e Using a 25cm® measuring cylinder add the following to the second 100 cm?® beaker:
o 20cm®of FA2
~ 10cm®of FA3

Add 10 drops of starch indicator to the second beaker.

Add the contents of the first beaker to the second beaker and start timing immediately.

Stir the mixture once and place the beaker on a white tile.

Stop timing as soon as the solution tumns blue-black.

Record this reaction time to the nearest second in the table that you have prepared

on page 3.

e Wash out both beakers.
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Fe (e) In your experiments, the volume of FA 1 represents the concentration of potassium

Use peroxodisulfate. From your results, what conclusion can you draw about the relationship
between the rate of reaction and the concentration of potassium peroxodisulfate?

(f) Assume that the error in the time measured for each reaction was +0.5s.

(i) Calculate the maximum percentage error in the reaction time you recorded in
Experiment 1.

maximum percentage eror = __................... %

(ii) Assuming this is the only source of error, calculate the minimum reaction rate for
Experiment 1.

minimum reactionrate = ...

) Suggest an additional source of error in these experiments and what improvement
could be made to reduce this error.
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) Calculate the concentration of sulfuric acid in FA 2.

concentration of H,S0, = ... moldm= [1]

(c) A student carrying out the same procedure used the results from their graph to determine the
enthalpy of neutralisation for the reaction.

H*(ag) + OH-(aq) — H,O(l)

(i) State how the student used their graph to determine the value of AT for use in the equation
q = mcAT.

(ii) The student correctly calculated the value of AH for the reaction as AH = —55.2 kJmol-'.

The theoretical value for AHZ, , given in the student's textbook is —57.6 kJ mol-'.

Calculate the percentage error in the student's result compared with the theoretical value.

percentage ermor = ... % [1]

Suggest why the student’s result was less negative than the theoretical value. Explain
your answer.

[Total: 12]

(ii) Use your graph to determine the volume of sulfuric acid, FA 2, required to neutralise
25.0cm?® of sodium hydroxide, FA 1.

volume of H,80,= .............cm? [1]
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(¢) (i) On the grid below, plot the values of (V; x AT) on the y-axis against the volume of

FA 2 on the x-axis.
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(ii) Draw a straight line of best fit through the points where the values of (V5 x AT)
are increasing. Draw a second straight line of best fit through the points where the
values of (V; x AT) are decreasing.

(iii) From your graph, determine the volume of FA 2 where the two lines of best fit
intersect.

volumeof FA2= ... cm?®

(5]

(d) The value you recorded in (c)(iii) is the volume of FA 2 which is needed to neutralise
25.0cm?® of FA 1. In the following calculations you will determine the concentration of

FA 2.

Show your working and appropriate significant figures in the final answer to each step of
your calculations.

(i) Calculate how many moles of sodium hydroxide are contained in 25.0cm? of FA 1.

moles of NaOH = ... mol

(ii) Calculate how many moles of sulfuric acid would react with the number of moles of
NaOH in (i).

moles of HoS0;, = . cvoesosamsansinss mol

(iii) Calculate the concentration of FA 2.
concentratonof FA2= ... moldm=
[3]

(e) Other than heat losses from the plastic cup to the surroundings, suggest an additional
source of error in this experiment and how this error could be reduced.

[Total: 15]
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(c) Reading from the intersection of the two lines on your graph, (h) Explain why the total volume of solution used was kept constant in each of the

experiments.
the volume of FA 1 is .............. cm3,

the temperature change is ........... °C. 1]

The volume of FA 1 at the intersection represents the volume of FA 1 which neutralised
25.0cmq of FA 2.

(d) The reaction between FA 1 and FA 2 is shown in the equation below. (i) Calculate the concentration, in moldm™, of the aqueous sodium hydroxide, FA 1.
NaOH(aq) + HCl(aq) —> NaCl(aq) + H,O(l)

This reaction is exothermic.

concentration of FA1 = ...................moldm™3 [2]

Use this information to explain the shape of the graph.
(i) A student thought that the experiment was not accurate because the temperature

......................................................................................................................................... changes measured were small.

Suggest a modification to the experimental method used in order to give larger changes
in temperature.

et e ettt e ettt ee et e o) 2

....... e a1

(e) Calculate the amount of heat energy produced in the reaction. Use the temperature

change from (c) in calculating your answer. (k) Experiments 1 to 7 were repeated using 1.00moldm™ sulfuric acid, H,SO,, instead of

the 2.00 moldm™ hydrochloric acid, HCL
[Assume that 4.3J are required to raise the temperature of 1cm? of any solution by
1°C] On the axes below indicate an appropriate temperature scale and sketch the graph for
the temperature changes you would expect.

heat energy produced = .................... J [2] R

(f) Calculate how many moles of hydrochloric acid are present in 25 cm?® of FA 2.

mol of hydrochloric acid = .................... Il
1
(g) Use your answers to (e) and (f) to calculate the enthalpy change of neutralisation of 0 35
hydrochloric acid by aqueous sodium hydroxide. volume FA 1/cm?
2]
Give your answer in kJmol~! and include the relevant sign.
[Total: 25]

enthalpy change of neutralisation = .......... .. kJmol™
sign value [2]
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(c) Read from the graph the volume of FA 2 that gives the maximum temperature rise.

(d) Explain why the temperature rise is plotted on the y-axis rather than on the x-axis.

...................................................................................................................................... 1

(e) Construct the balanced equation for the reaction of sulfuric acid with sodium hydroxide.

..................................................................................................................................... 1

(f) (i) Calculate how many moles of sulfuric acid, H,SO,, are contained in 10.00 cm? of
FA1.

10.00cm? of FA 1 contain ... mol of H,SO,,.

(i) Calculate how many moles of NaOH are required to neutralise the amount of H,SO,
calculated in (i) above.

The sulfuric acid in 10.00cm? of FA 1 is neutralised by ............ mol of NaOH.
(2]

(g) Use the equation below to calculate the concentration of NaOH in FA 2.

1000

concentration of NaOH (moldm=3) = answer to (f)(ii) x 3
volume of FA2 (cm~) from (c)

The concentrationof NaOHiInFA2= .. ... moldm=3_[1]

(h) Read the maximum temperature rise from the graph and use this to calculate the enthalpy
change when 1mol H,SO, is neutralised by NaOH. Give your answer in kJ mol~! and
include the correct sign for the reaction.

[4.3J are absorbed or released when the temperature of 1cm? of solution changes by
1°C. Remember that separate volumes of FA 1 and FA 2 were mixed together.]

AH= kdmol='. [2]
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(i) A student suggested that the accuracy of the experiment would be improved if the
volume of FA 2 had been measured using a burette rather than a measuring cylinder.
Suggest an advantage and a disadvantage of using a burette in the procedure.

advantage

(i) Identify two further significant sources of error, other than the measurement of volume,
in the experiments used for measuring temperature rise.

1
(k) Complete the sections below.
(i) The maximum error in taking a temperature reading on a thermometer with
graduationsat 1°Cis .................. °C.
(i) The temperature rise when 30cm? of FA 2 is added to 10.00cm? of FA 1
s C & . °C.
(iii) Calculate the maximum percentage error due to the thermometer when measuring
the temperature rise in (ii) above.
The maximum percentage error=.................. %.
2]
[Total: 26]
e
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Gas collection (carbonate reacting with acid) Chem 7 Q# 88/ ALvl Chemistry/2019/m/TZ 3/Paper 3/Q# 1 :0) (b) Calculations
www.SmashingScience.org

Quantitative Analysis (i) Give your answers to (ii), (iii), (iv) and (v) to the appropriate number of significant figures.

1

Read through the whole method before starting any practical work. Where appropriate, prepare a table

for your results in the space provided. N o . . X
(i) Calculate the number of moles of carbon dioxide collected in the measuring cylinder.

Show yourworking and appropriate significant figures in the final answer to each step of your calculations. [Assume 1 mole of gas occupies 24 .0dm?® under these conditions.]

1 Severalores of copper contain both copper(II) carbonate and copper(II) hydroxide. This combination
is called basic copper(II) carbonate. You will determine the composition of an ore of copper by

molesof CO,= ... mol
reacting it with an excess of acid and collecting the gas evolved. 2
CuCO,(s) + H,S0,(aq) — CuSO,(aq) + H,O() + CO.(g) Hence deduce the number of moles of copper(Il) carbonate in FA 1.
FA 1 is a sample of basic copper(Il) carbonate.
FA 2 is dilute sulfuric acid, H,S0,.
moles of CuCO, = ... mol
The formula of basic copper(II) carbonate, FA 1, can be written as xCuCO,yCu(OH),. 11

You will use your results to determine the ratio x -y in the formula.

(3) Method (iii) Calculate the mass of copper(Il) carbonate in FA 1.

e  Fill the tub with water to a depth of about 5cm.
e  Fill the 250 cm® measuring cylinder completely with water. Hold a piece of paper towel

firmly over the top, invert the measuring cylinder and place it in the water in the tub. mass of CuCO; = ... g [1]
o Remove the paper towel and clamp the inverted measuring cylinder so the open end is in
the water just above the base of the tub. (iv) Use your answer to (iii) and the mass of FA 1 added to the flask in (a) to calculate the

e Use the 50cm® measuring cylinder to transfer 50 cm® of FA 2 into the conical flask.

e Fitthe bung tightly in the neck of the flask, clamp the flask and place the end of the delivery
tube into the inverted 250 cm? measuring cylinder.

e Weigh the container with FA 1 and record the mass.

mass of copper(Il) hydroxide in FA 1.

¢ Remove the bung from the neck of the flask. Tip FA 1 into the flask and replace the bung
immediately. Remove the flask from the clamp and swirl it to mix the contents. Swirl the mass of Cu(OH),= ............g[1]
flask occasionally until no more gas Is produced.
* Replace the flaskin the clamp. . {v) Hence calculate the mole ratio of the two components of basic copper(Il) carbonate, FA 1.
¢ Reweigh the container with any residual solid and record the mass. This is the ratio x -y
e Calculate and record the mass of FA 1 added to the flask. e
¢ Measure and record the final volume of gas in the 250 cm? measuring cylinder.
Results
CuCO,:CulOH), =11 ...
X,y
2
[2]
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Results

GC2 Gas collection (Decomposition of H202) Chem 2 Q# 90/ ALvl Chemistry/2017/m/TZ 3/Paper

3/Q# 1 :0) www.SmashingScience.org

1

2]
(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the number of moles of carbon dioxide gas collected in the measuring cylinder.
(Assume that 1 mole of gas occupies 24.0dm?® under these conditions.)

moles of CO, = insnamns mol

(ii) Use your answer to (i) and the Periodic Table on page 12 to calculate the mass of pure
calcium carbonate in the sample of industrial grade calcium carbonate, FA 1.

mass of CaCO, = ... g

(iii) Use your answer to (ii) and the mass of marble chips used in (a) to calculate a value for
the percentage purity of the sample of industrial grade calcium carbonate, FA 1.

percentage purity of FA1 = ... ... %
[4]

[e) Not all the carbon dioxide given off in the reaction is collected in the measuring cylinder.

Suggest a change to the method which would lead to an increase in the volume of carbon
dioxide collected.

AN
A

SMASHING] )}
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The concentration of hydrogen peroxide may be given in moldm™ or as ‘volume strength’. You will
determine the concentration of hydrogen peroxide in moldm= and in ‘volume strength’ by a gas
collection method.

Hydrogen peroxide decomposes to form water and oxygen. The reaction is much faster in the
presence of a catalyst such as manganese(IV) oxide.

2H,0,(aq) - 2H,0(l) + O()

‘Volume strength’ is defined as the volume of oxygen in cm?® produced from the decomposition
of 1.0cm?® of hydrogen peroxide at room temperature and pressure. For example, 1.0cm?® of
“100 volume’ hydrogen peroxide will produce 100cm?® of oxygen.

FA 1 is a solution of hydrogen peroxide, H,0,.
FA 2 is manganese(IV) oxide, MnO,.

(a) Method
Read the whole method before starting any practical work.

The diagram below may help you in setting up your apparatus.

clamp
clamp

water

e Fill the tub with water to a depth of about 5cm.

e Fill the 250cm® measuring cylinder completely with water. Hold a piece of paper towel
firmly over the top, invert the measuring cylinder and place it in the water in the tub.

e Remove the paper towel and clamp the inverted measuring cylinder so that the open end

in the water just above the base of the tub.

e Rinse the 50 cm® measuring cylinder with a little FA 1 then use it to transfer 150 cm?® of FA 1
into the reaction flask labelled X.

e Check that the bung fits tightly in the neck of flask X, clamp flask X and place the end of
the delivery tube into the inverted 250 cm?® measuring cylinder.

e Remove the bung from the neck of the flask. Tip FA 2 into the hydrogen peroxide and
replace the bung immediately. Remove the flask from the clamp and swirl it to mix the
contents. Swirl the flask occasionally until no more gas is given off. Replace the flask in
the clamp.

e Measure and record the final volume of gas in the measuring cylinder in the space below.

Keep FA 1 for use in Question 2.

Result

A
s AN
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GC3 Gas collection (metal and acid) Chem 6 Q# 91/ ALvi Chemistry/2019/w/TZ 1/Paper 3/Q# 1 :0) (b) Calculations
www.SmashingScience.org
(i) Calculate the number of moles of hydrogen gas produced.

Quantitative Analysis (Assume 1mol of gas occupies 24 0dm? at this temperature )

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

moles of Hy(g@) = ..o mol
(1

Show your working and appropriate significant figures in the final answer to each step of your calculations.

1 Inthis experiment you will determine the concentration of a sample of hydrochloric acid. You will do (i) Calculate the concentration of hydrochloric acid in FA 2.

this by measuring the volume of hydrogen produced when an excess of magnesium reacts with the
acid.

Ma(s) + 2HCI(aq) — MgCl,(aq) + H.(g)

FA 1 is magnesium powder, Mg.
FA 2 is hydrochlonc acid, HCL

concentration of HCIinFA2= ... moldm3
(a) Method M
e Weigh the container with FA 1. Record the mass. (iii) In this experiment the magnesium powder was in excess.
. ill the tub with water to a depth of approximately 5cm. k i .
e Fill the 250cm? measuring cylinder completely with water. Hold a piece of paper towel Calculate the mass of magnesium powder needed for complete reaction with all the
firmly over the top, invert the measuring cylinder and place it in the water in the tub. hydrochloric acid in 25.0cm?® of FA 2
¢ Remove the paper towel and clamp the inverted measuring cylinder so that the open end
is just above the base of the tub.
e Use the 25cm® measuring cylinder to place 25.0cm?® of FA 2 into the reaction flask,
labelled X massofMg=_...............@0
e Check that the bung fits tightly in the neck of flask X, clamp flask X, and place the end of (1
the delivery tube into the inverted 250 cm?® measuring cylinder.
¢ Remove the bung from the neck of flask X. Tip all of FA 1 into flask X and replace the bung i . . i
immediately. Remove the flask from the clamp and swirl to mix the contents. (c) Astudent suggested two modifications to the method in (a) to give a more accurate value for
e Swirl the flask occasionally until no more gas is evolved. Replace the flask in the clamp. the concentration.
e Measure and record the final volume of gas in the measuring cylinder. 1 . i
e Weigh and record the mass of the container with any residual solid. For each suggestion, state whether you agree with the student and explain your answer.
e Calculate and record the mass of FA 1 used. / . . .
Suggestion 1: Use magnesium ribbon rather than powdered magnesium; keep the rest of the
Keep FA 2 for use in Question 2. experiment the same.
Suggestion 2: Use twice the mass of magnesium powder; keep the rest of the experiment the
same.
[2]
2
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Qualitative tests to identify unknown organic compounds Chem 16 Q# 93/ ALvl Chemistry/2020/s/TZ 1/Paper (b) FAT and FA 8 are aqueous solutions of covalently bonded compounds.
3/Q# 3 :0) www.SmashingScience.org
Qualitative Analysis Half fill the beaker with water and place it on a tripod and gauze. Heat until the water begins to
boil and then turn off the Bunsen burner. This will be used as a hot water bath.

Where reagents are selected for use in a test, the name or correct formula of the element or compound . .
must be given. (i) Complete the table by carrying out the tests described.

Use a 1cm depth of FA 7 or FA 8 in a test-tube for each test.
At each stage of any test you are to record details of the following:

observation(s)

¢ colour changes seen test
o the formation of any precipitate and its sol ty in an excess of the reagent added FA7 FA8
e the formation of any gas and its identification by a suitable test. Test1

Add an equal volume of dilute
You should indicate clearly at what stage in a test a change occurs. sulfuric acid and a few drops
of FA 3, aqueous acidified

If any solution is warmed, a boiling tube must be used. potassium manganate(VIL),

then

Rinse and reuse test-tubes and boiling tubes where possible. -
place in the hot water bath for

No additional tests for ions present should be attempted. several minutes.

Test2

Add an equal volume of
dilute sulfuric acid and an
equal volume of agueous
potassium iodide, then

add a few drops of
aqueous starch.

Test3

Add an equal volume of
aqueous iodine, then add
aqueous sodium hydroxide
until no further change occurs.
Leave the tube to stand.

Test4
Add a few drops of FA 4, then

add aqueous ammonia.
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(d) FA 6 and FA 7 are different organic liquids. Their possible identities are listed below.

e 2-methylpropan-2-ol
e propanal

e propanone

Half fill the 250 cm® beaker with water and heat to about 50°C. You will use this as a hot water
bath.

Turn off the Bunsen burner.

Carry out the following tests and record your observations.

test observations

To a 1cm depth of FA 6 in a test-tube,
add a few drops of acidified potassium
manganate(VII).

If no reaction is seen, warm the solution
in the hot water bath.

To a 1cm depth of FA 7 in a test-tube,
add a few drops of acidified potassium
manganate(VII).

If no reaction is seen, warm the solution
in the hot water bath.

Suggest the identity of FA 6 and FA 7 with an explanation.

FAG ..

Qualitative tests to identify unknown organic compounds Chem 17 Q# 96/ ALvl Chemistry/2010/s/TZ 1/ Paper
3/Q# 2/ :0) www.SmashingScience.org
Read through the remainder of question 2 before starting further practical work.

Heat a half-full 250 cm® beaker of water for use as a hot water-bath.

(g) FA7,FA 8, FA 9 and FA 10 are organic compounds. Each contains one of the following
different functional groups.

+  primary alcohol
« tertiary alcohol
+ aldehyde

+  ketone

You are to react some of these compounds with some of the following reagents.
+ acidified aqueous potassium dichromate(VI)

* 2 4-dinitrophenylhydrazine (2,4-DNPH) reagent
« ammoniacal silver nitrate (Tollens’ reagent)
Patrick Brannac
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You are provided with the first two reagents. You must prepare the last of these reagents,
Tollens’ reagent, immediately before use. Follow the instructions in the box below.

To 2cm depth of aqueous silver nitrate in a boiling-tube add %2cm depth of aqueous
sodium hydroxide. This will produce a brown precipitate of silver(I) oxide.

Add aqueous ammonia a little at a time, with continuous shaking, until the brown
precipitate just dissolves. Do not add an excess of aqueous ammonia.

In each of the following tests add a few drops of the reagent to 1cm depth of FA 7, FA 8,
FA 9 and FA 10 in separate test-tubes.

In the tests using acidified potassium dichromate(VI) and Tollens’ reagent, if no initial
reaction is seen, warm that tube and its contents in your hot water-bath. There is no
need to heat any tube to which you have added 2 4-DNPH reagent.

Do not heat any tube with a naked flame.

Record your results in the table below.

Do not carry out tests for the shaded boxes.

observations
FA7 FA 8 FA9 FA 10

reagent

acidified
potassium
dichromate(VI)

2,4-DNPH
reagent

Tollens’ reagent

13

(h) State which of the solutions contains a tertiary alcohol. Explain the observations leading
to your conclusion.

FA ccsmmnss contains the tertiary alcohol.
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b))y M1: Test 1 purple / pink to colourless / (pale) yellow / pale brown OR. KMnO; is decolourised 2 3(b)i) prepare solution of FA 4 1
M2: Test 2 effervescence [ fizzing / bubbles prepare a suitable table(s) 1
AND minimum 2 tests and columns! rows for tests and for cbservations
as/ Hz: pops with a lighted splint/ bums with a
gas/ ighted spl pop 2 asterisks = 1 mark (round down) 5
(b)) | M1:(FA 8) can be oxidised /is a reducing agent 2 +MNaQH * white ppt *
. : insoluble in excess *
M2: (FA 8) is an acid
+ MHz* white ppt*
Q# 5/ Qualitative inorganic ions tests ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org insoluble in excess *
1 1
— R o HS R . i is
FA 5is BaCk{aq); FA 6 is H:S0:(ag); FA 7 is NaOH(aqg); FA 8 is HCOOH(aq) BaCH/Ba(NOs) | white ppt*
3a)f) 5 HCI/HNO: * insoluble in excess suitable named acid *
FA S FA® FAT
OR no change / no reaction / sclution remains
H:50: | white ppt/solid * no (visible) reaction / no no (visible) reaction /no dilute acid *+ | purple =
change ! no ppt/ solution change / no ppt/ solution KMnO, *
remains colourless * remains colourless * —
Ignore additional reagents
MNa:C0s | white ppt/ solid * effervescence f fizzing/ bu | no (visible) reaction fno . . .
bhles * change / no ppt/ solufion 3(b)i) nm__naz. Mg* 1
gas/ CO: tums limewater | remains colourless * Mu_oj. S0
milky / cloudy white / forms -
white ppt * o L . . .
Q# 7/ Qualitative inorganic ions tests ALvl Chemistry/2021/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org
MgCE | no (visible) reaction/ no no (visible) reaction/ no white ppt/ sofid *
change / no ppt/ solution change ! no ppt/ solution FA 6 is NHsCL FA 7 is NH.I; FA 8 is BaCk
remains colouriess * remains colouriess *
3(a)(i) ‘1 mark for correct gas test: 2
N o {gas ! vapour / fumes) tum (moist red) litmus to blue
(@) um” mmwﬂ . ww w 5 m.mm. orCa 3 Reject if incorrect gas identified
M3: Anion in FA 7 is OH- 1 mark for any two bulleted observations comect:
3a)ii) | Test for OH- 1 = solid sublimes/ white solid forms near top of tube (owtte; allow residue for solid)
e Reject ‘solid evaporated”
Add specified (aqueous) metal compound
e oy somPo Allow white layer formed around glass tube (bod)
OR . E:_.ﬁ and smoke /vapour / fumes produced
Add a specified nitrate and Al and warm Reject eieivescecsy
Positive test for ammonia m&.wn—.. gas
OR *  noresidue (at bottom of tube)
Add a specified ammonium compound and warm Allow ‘crystals disappear completely’
Posifive test for ammonia = after heating for some time, gas tums (moist blue) litmus to red
3fa)iv) | Yes, because the test gave a named ppt of specified hydroxide which is inscluble (in water). 1 ammonium /NHs" - 1
OR Reject if more than one ion identified
Yes, because it gave ammonia gas (on warming) which is alkaline.
TR L . j . 3(b)1) | 14 observations. Two ™ = 1 mark (round down) 3
Q# 6/ Qualitative inorganic ions tests ALvl Chemistry/2021/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org Reject ‘o observation’ (for ‘no change’) the first time seen, then allow
3{a)i) Test 1 no change / (pale) orange / (pale) red / (pale) pink soluticn 1
Allow solution becomes colourfess / paler test reagent FAT FAS
Test 2 2 1 KMnOy Solution / tums and Ignore
_ yellow / red-brown / orange-brown { brown *
+NaOH m_.mﬂ_.__ﬂm_;w m_dm_":L Mm..-ﬂm%m_._ /dark green ppt * Reject any reference to purple colour at end
ppt Reject ppt
- ¥ : *
+H:5Q: | ppt dissolves or yellow / yellaw-brown / orange-brown salution formed starch black / dark blue / blue-black / black-purple * Ignore
+5CN- | (solution) tums dark(er) orange / blood-red { red / darkjer) red / deep red / red-brown * Reject purple on its own
colour must be more intense than in Test 1 2 | agno, (pale) yellow precipitate (formed) * white precipitate (formed)*
2 asterisks = 1 mark (round down) Reject creamish-yeliow Reject off-white
Ja)(ii) | Fe* is formed (in Test 2) 1 NH;: ppt does not dissolve { insoluble { no change * ppt (mostly) dissolves or partially dissolves or (slightly)
— cloudy mixture forms or some white ppt remains *
oxidation of Fe* / redox 1 Reject ‘clear solution’
NH.SCN 1 3 MNaOH (cold) no reaction /no change / no precipitate * white precipitate and inscluble in excess *
Allow ‘no visible observation’ Reject any variation on while, e.g. off-white
Fe{aq) + 20k (aq) — Fe{OH)x(s)
MaOH (hot) gas/ NH; tums (red) litmus to blue * Ignore observations when heated
(but reject litmus goes blue at any stage of this fesf)
comrect product formula 1
Al Ignore observation(s) with AT fizzing / bubbling / effervescence or gas/ H: pops with
balancing and state symbols 1 lighted spill *
4 H:S0: no change /no reaction or solution remains colourless * | white precipitate (formed) *
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Reject ‘no ppt'
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3(alii) | NHs 1 3(b)i) | (Red) litmus tums blue 1
White ppt and inscluble in excess Gas tums litmus blue is COMN
NaoH 1 3W)i) | O(s) + H:O() — Q{OH)x(s)  (aq) !
‘White ppt and sol in excess : 2
Allow 1 mark for white ppt with both NH; and MaOH 3{c)i) hydrochioric f nitric acid 1
allow sulfuric acid
hot NaOH 1 accept comect formula
Gas/ NH;: (on warming) tumns red litmus biue
3{e)(ii) Clear layout to show tests, observations and conclusions. 1
Ba™ 1
‘White ppt insoluble in acid f white ppt no reaction with acid {Chooses) NH: 4
Reject white ppt formed when acid added Ignore NaOH / named sulfate f H2S0.
Any other reagent is CON
names or correct formulae 1
FA 6: no pptf no (visible) change ! no reaction / colourless solution. 1
NHg", AP+, 50> 1 {allow no observation)
Award 1 mark for two ions, award 2 marks for three ions.
FA 7: white ppt insoluble in excess 1
3b) Any formula (involving all three ions) in which the charges on the ions cancel 1 Ignore ohservations with other reagents
(e.g. KsCr(50a)s)
M is calcium {or barium), Q is magnesium 1
KCr{S0:).12H0 1
N N 3(e)(iiiy Conclusions to follow identification of M or Q in Questions 1 and 2 and conclusions of tests in (b)(ii) 1
3{e)iy Red-brown (allow yellow / yellow-brown / orange / orange-brown / brown) (solution) 1
or KMnQ. / purple decolourises . - . . . .
and tums blus black / dark bliue / black {on adding starch) Q# 13/ Qualitative inorganic ions tests ALvl Chemistry/2019/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org
Green ppt and inscluble in excess/turns brown (on standing) 1 FA 4is Cuz0fs); FA 5 is H:504(aq); FAG1is Cu =
Reject grey-green 3iai) FA 4 + FA 5 observations may be in either order 1
.. ) - biue solution formed / colourless to biue / solution tums blue / blue filtrate
3{e)lii) Fe2 Jiron(Il) and I-/ iodide 1
This mark is free-standing pink / brown / red-brown AND residue / solid 1
3(e)iii) Uses silver nitrate and yellow ppt 1 5
ppt insoluble in HNO: or ppt insoluble in MHz 1 test observations marks
(nitric acid may be added initially)
+ NHz {{pale) blue ppt) forming deep / dark blue solution in excess 1
Jepiv) Fe*(aq) + 20H(aq) — Fe{OH)(s) 1
ecf for Cr3/ Cu /Fe** or any other transition metal ion concluded in | + KI, then tums brown / yellow-brown 1
Q# 12/ Qualitative inorganic ions tests ALvI Chemistry/2019/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org + Na;5:0, white ppt 1
- + HNQ;, then + AgNO: no {visible) reaction /no change / no ppt/remaing a blue solution 1
3(a)i) 5
FA 4 FAS
+ HCI/HNO;, then white ppt 1
HC1 Mo (visible) reaction f no change * Pale yellow / cream [ white / + BaCL/Ba(NOz)z
Allow pale yellow solution / colourless off-white ppt *(ignore excess)
solution 3Ha FA & + nitric acid: (pale) blue solution 1
Cus0: Brown (pptf colour / soln) Green soin ™ r
Do nof allow orange~brown or red-brown m__Q._._ blue-green { cyan / turquoise then + NaOH: (pale) blue ppt !
pptis CON 3b)(i) | metal ion: Cu* Jcopper(I) AND anion: SO.* f sulfate 1
AgMNOs (pale) Yellow ppt * ‘Yellow ppt / black ppt/ grey b Ba**(aq) + S0.2(aq) — BaS0a(s) 1
ppt/ (allow solid/ particles for ppt) * OR Cu*(ag) + 20H(ag) — Cu(OH):(s)
2C1A+(aq) + 41 . x
+NHs Insol in NHs * ignore NH; OR 2Cu?*(aq) + 4I-(aqg) — 2Cul(s) + I:(aq)/ (s)
Allow no change 3{b)iii) | redox (from some reaction in (a){iii)) 1
. . 'OR oxidation of metal / Cu
Ck “fellow or brown or red-brown / orange- No (visible) reaction / no change * OR reduction of nitrate
brown { yellow-brown soln * Allow colourless solution.
Do not allow orange. 3{c) | Ma:COs (or other named carbonate) / Mg 1 Al Zn | Fe  sodium thiosulfate 1
Ppt is CON
” +C0s*: effervescence / gas tums limewater milky / chalky / cloudy white / white ppt 1
+FAS Decolournsed * + appropriate metal: effervescence / gas pops with lighted splint
If CEz reaction is incomrect then allow ecf + thio: white / off-white / pale yellow ppt
e.g. colourless solution
Student is comrect/ FA 5 is an acid from comect observation 1
For every two correct observations (*) award 1 mark (round down) . . . i I N
Allow no cbservation for no (visible) change. Q# 14/ Qualitative inorganic ions tests ALvI Chemistry/2018/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
N L
3(a)iy FA 4 contains iodide / T- 1 FA 4 is sodium chloride; FA 6 is copper(Il) carbonate; FA 7 is a mixture of zinc sulfate and zinc nitrate
Or
FA 5 contains thiosulfate / 520:% 2(a)(i) Make a solution of FA 4 and add aqueous AgNO; 1
3{a)(ii) | Reagent: starch 1 white ppt shows anion is CI~ 1
Observation expected: dark blue or blue /black colour
2(a)ii) |Ag’(aq) + Ci'(aq) — AgCi(s) 1
2(b)(i) Hydrochloric acid 1
Effervescence / bubbling
and
blue / green / cyan / turquoise solution formed
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3Ae)) For FA 6 and FA 7 o FA 8 not identified in (b) as a halide P Q# 19/ D:m__:mn?m inorganic ions tests ALvl Chemistry/2017/m/TZ 3/Paper 3/Q# :0) Es\s\.mBmm:_zmmnmmsmm.oqw

uses NaOH + Aland there is evidence of heating mixture

FA 5 is CeH120s(aq): FA 6 is (NHz)2Fe(SOs)(aq). FA 7 is NaNOz(aq)

Observations for both compounds tested 1 i
gas/ammonia tuns (red) litmus blue 3(aKiy{iv) | see below 1
3(c)(ii) Uses the same unknowns as (i) and adds a named dilute acid or commect formula 1

Allow if “acid” on reagent line and comrect formula given in table, or adds (acidified) potassium manganate(VII) test FA S5 FA 6 FAT7

Observations: both must be correct for the reagent selected. 1 [0} aqueous sodium [ no reaction/no ppt. AND green ppt. AND insol in excess/ no reaction/no change/no ppt.
hydroxide, then turning brown 1 ]| AND

If HCZ or HNO3 used warm gently solution tums yellow / yellow- gas/NH; turns (damp red) litmus no reaction/ solution remains

* with FA 6, fizzing / bubbling or pale brown gas (formed) or yellow solution (formed) or goes yellow brown /brown 1] (paper) blue 1 | colourless 1

e with FA 7, no reaction

* with FA 8, no reaction aluminium foil and effervescence with FAS5or FA 7 AND gas/NH; turns (damp red) ltmus
warm (paper) blue 1

If H2S 04 used

* with FA 6, fizzing / bubbling or pale brown gas (formed) or yellow solution (formed) or goes yellow

o with FA 7, no reaction (i) acidified no reaction purple decolourises/solution turns | purple decolourises/turns

* with FA 8, white precipitate aqueous potassium J| AND yellow AND colourless 1
manganate (VII)

If acidified KMnO,4 used warm gently purple decolourises/tums

e with FA 6, decolourised / goes colourless /loses purple colour colourless 1

* with FA 7, no reaction / KMnO, not decolourised (or stays purple)
o with FA 8, white / pink (allow "pale purple”) precipitate formed

(iii) hydrogen solution tums yellow / no reaction/no change 1
3(d) Correct formulae of unknowns 2 peroxide effervescence AND
e  FABisNaNO: gas relights glowing splint 1
e FA7isNHBr
* FA8is Ba(NO3)2/Ca(NOz) (iv) hydrochloric no reaction/no change/no ppt. brown gas/colourless bubbles/gas
three formulae correct = 2 marks momw. then turning brown in air/blue solution
one formula correct = 1 mark Ba™ (aq) AND AND
white ppt. 1 | no reaction 1
Q# 18/ Qualitative inorganic ions tests ALvl Chemistry/2017/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org
L L
FA 6is Cu(NO:); FA 7 is FeCk
- S S < 3(e)() cation(s) anion(s) 3
3(a)(i) * melts or dissolves or blue liquid / solution formed 2
* condensation or steam/ vapour produced FAS5 unknown unknown
*  black residue/ solid FA 6 Fe™ Jiron(II) and NHs"/ammonium S0:7/sulfate
* brown gas/fumes Yo
« gas/oxygen relights a glowing spill FA7 unknown NO2 /nitrite
4 or 5 observations correct = 2 marks 3(b)ii) clearly shows the reagent and expected observation(s) +
2 or 3 observations correct = 1 mark
add NH: AND green ppt. AND insoluble in an excess of ammonia/turning brown (on standing) 1
3(a)(ii) FA 6is Cu(NO;), 1 Z
Fe®'(aq) + 20H (ag) — Fe(OH)(s) 1
3(b)(i) * with KI, FA 7 gives a brown / red-brown / red / orange solution 1 OR =
«  with starch, blue / blue-black / dark colour [Fe(H20)J™(aq) + 2NHi(aq) — [Fe(OH}(H:0))(s) + 2NH:(aq)
*  with FA 6, blue precipitate (formed) 1 # 20/ Qualitative inorganic ions tests ALvl Chemistry/2016/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.or
* on heating, (blue precipitate) turns black Q lm Qual | 8 ¥/2016/w/TZ 1/Paper 3/Q# :0) . m_ 1c€.0r8
With FA 7, red-brown / bi Irust ppt. (formed
= & rown/1ust pet (fonmed ) FA 5 is NaNOs(s);, FA 6is CuCOx(s); FA T is NaBr{ag)
* With FA 6, no reaction / no change / no ppt. 1 Aa)ii
*  With FA 7, white precipitate formed (a)) FAS FAG
*  With FA 6, (pale) biue precipitate, then 1 {goes to) colourless or (green) powder/ solid 141
* deep/dark biue (solution) with excess wellow liquid! solution (tums) black /black *
*  With FA 7, red-brown / brown / rust precipitate (forms) residue
Mg test 1 gas relights glowing splint | or gas tumns imewater
Both observations correct milky / cloudy 4
With FA 6, brown /black precipitate / solid formed or blue colour fades / disappears white/ chalky/forms white
With FA 7, fizzing / bubbling / effervescence ppt
Test for hydrogen: (gas) “pops” with lighted splint 1 gas (tums) brown/brown | (pale) blue solution /liquid 1+1
gas formed
= ok e . = 2 or solution tums blug
3(b)(ii) FA 7 is acidic, because it fizzes / produces hydrogen with magnesium 1
3(b, Fe*"(ag) + 30H(aq) — Fe(OH)(s) 1
3(b)iv) | Redox because iodine was produced (from iodide ions) 1
3(b)(v) You can't be certain about the colour of the precipitate (with AgNO:) due to the coloured solution / colour of FA 7. 1
or
You can't be sure whether the precipitate with AgNO; is white / AgC1or cream/ AgBr
3(b)(vi) Ammonia would react with the Fe* ions in FA 7 (masking the effect of ammonia on AgC1) 1
or
The cation in FA 7 gives a ipi with ia (so the precipil of AgCIwould not appear to dissolve).
Total: 14
\
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Q# 23/ Qualitative inorganic ions tests ALvl Chemistry/2015/s/TZ 1/ Paper 3/Q# 3/ :0)

FA 5is (NH;).Fe(SO4)(aq); FA 6is CuCO; + MgS0,.7H.0
3 (a) Fizzing 1
Acid or any named acid 1 [2]
(b)(i)—(vi) [ In (i) (solid goes from green) to black/ grey 1
In (i) condensation /water/water vapour/steam/ steamy fumes 1
In (ii) fizzing and forms a (light) blue solution . 1
Cloudy with limewater in (i) or (ii) or (a) 1
In (i) blue ppt with sodium hydroxide and insoluble in excess. 1
Any 2 from:
In (iv) white ppt insoluble in excess 1
In (v) white ppt insoluble in excess 1
In (vi) white ppt
(vii) | Cation: Cu* 1
Cation: Mg® 1
Anions: COs*~ and SO~ and SO;* 1
(viii) | Selects acid/ named acid to add to test (vi) (not H,SO,) 1
or
Selects named acid to add to FA 6 and tests with
H*/Cr,0;* or H'/MnO,4~
and
S0O,% insoluble and SO+ soluble
or
S0,% no change and SO5> (orange) turns green or (purple) turns
colourless [11]
Qn3 Total [13]

Q# 24/ Qualitative inorganic ions tests ALvl Chemistry/2014/w/TZ 1/ Paper 3/Q# 2/ :0)

www.Smashin

gScience.org
1

FA 6 is NaNOs(s); FA 7 is AgNOs(aq); FA 8 is ZnCO;(s)

2 (a ()

(ii)

(iif)

Chooses NaOH(aq) (+ heat) (to distinguish NH,;"/ammonium)

Chooses named (allow name from (ii)) dilute acid/(acidified) KMnO; (to
distinguish between NO; /nitrite and NO5 /nitrate)

2 ions chosen:

NH;* & NO;™: NaOH (and warm)

NO;™ & NO; : named (dilute) acid

NH," & NO;: either of the above

Correct obs with relevant tests

With NaOH and warming/heating: no ammonia/no change/no reaction
With acid(aq): no brown fumes/no change/no reaction

‘No observation’ is not credited anywhere in the observations.

FA 6 contains NO;™ (with sufficient obs to eliminate other ion(s) given in

(U)]

151
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(b) + HCI (aq): white ppt 1
+ KI: yellow ppt 1
+ NHs: no effect/ppt insol 1
+ glucose: silver mirror/black/(dark) grey ppt 1 [4]
(c) (i) | (Solid is) yellow when heated 1
Goes white/paler on cooling 1
(ii) | effervescence/fizzing/rapid bubbling and limewater turns milky 1
(iii) | White ppt and soluble in excess NaOH 1
(iv) | White ppt and soluble in excess NH; 1
(v) | lons present: Zn** 1
and CO;" (from fizz or limewater test correct) [6]
Qn 2 Total [15]
Q# 25/ Qualitative inorganic ions tests ALvl Chemistry/2014/s/TZ 1/ Paper 3/Q# 3/ :0)
FA 6 is ZnSO,(aq) and NaBr(aq); FA 7 is FeSO4(aq)
3 (a) (i) [MMO | Selects NaOH(aq) and NHs(aq), and uses each in excess 1
Decisions
PDO Il Unambiguous layout of all 4 observations (excess must 1
Layout be stated).
MMO Il White ppt with NaOH and soluble in excess. 1
Collection
IV White ppt with NH; soluble in excess. 1
ACE V Zn* 1
Conclusion
(ii) | MMO VI Cream ppt with AgNO; and partially sol / insol in NH; 1
Collection
VIl White ppt with BaCl./Ba(NOs); and insol in nitric acid. 1
ACE Vil Br~ 1
Conclusion
IX SO+ 1 [9]
(b) (i) | MMO I Green ppt turning brown (in contact with air) 1
Collection
(ii) Il No reaction/no change 1
or yellow or green solution
(iii) Ill Red-brown/brown/green-brown ppt 1
and effervescence
IV Gas relights a glowing splint 1
(iv) | ACE V Redox 1
Conclusion
(v) VI Decomposition of hydrogen peroxide to give oxygen 1
or
ppt is Fe(OH); / oxidation of Fe* to Fe®* [6]
Qan3 Total [15] 3
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MMO
Collection

MMO
Decisions

ACE
Conclusions

III Bubbles/effervescence in FA 4.

IV Slower effervescence in FA 3 than FA 4 or
FA 3 turns green and FA 5 stays orange if
dichromate used.

V Appropriate test with positive result used to
test for either gas.

VI All three ions correct from suitable
observations.
FA3 is a sulfite.
FAA4 is a carbonate.
FAS5 is a sulfate.
(or correct formulae)

6]

Q# 29/ Qualitative inorganic ions tests ALvl Chemistry/2011/s/TZ 1/ Paper 3/Q# 3/ :0)
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FA 7 is Zn(NO3)y(s); FA 8is CuSOq(s)

3

(a) ()

(ii)

(ii)

(iv)

]

MMO
Collection

MMO
Collection

ACE
Conclusions

MMO
Decisions

MMO
Collection

MMO
Decisions

ACE
Conclusions

No change (or no precipitate or no reaction) both
with barium chloride and silver nitrate.

Gentle heat: solid melts or dissolves or gives a
colourless liquid

Brown fumes/gas produced (allow ‘qualified’ brown
e.g. red/brown, do not allow orange).

(Gas produced) that relights a glowing splint or
yellow solid, goes white on cooling. (Allow
precipitate).

FA 7 is a nitrate/nitrite (from some evidence)

(Heat) FA 7 with Alfoil and NaOH/ecf from anion
given.

Gas/vapour/NH3 produced and it turns red litmus to
blue and confirms that FA 7 contains nitrate/nitrite
ions.

Adds ammonia. (This mark is not awarded if a
second test is also used)

Zinc ions are present. (No ecf)
(Deduction must be consistent with observations
recorded — white ppt soluble in excess).
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(b) (i) | MMO With KI, goes yellow/orange/brown and gives a blue | 1
Collection (blue-black or purple or black) colour with starch.
No reference to the state is required, just the colours.
Brown/yellow/white/off- white precipitate forms. 1
(i) | ACE Kl is the reducing agent (or it is oxidised) asiodine |1
Conclusions is formed
or 2I' -2¢” > Lor 2Cu*" + 21" > I, + 2Cu°
Ignore state symbols.
(iii) | MMO Blue (do not allow dark blue) precipitate obtained, 1
Collection which does not dissolve in excess NaOH
ACE Cu? + 20H™ > Cu(OH), 1
Conclusions [5]
[Total: 14]
Q# 30/ Qualitative inorganic ions tests ALvl Chemistry/2010/s/TZ 1/ Paper 3/Q# 2/ :0)
Question 2
Question Sections Indicative material _ Mark 7
FA 3 is BaCk(aq); FA 4 is MgBrz(aq) [MgClL + NaBr]; FA 5 is Calz(aq) [CaCl, + Nal],
FA 6 is K:CrO4(aq)
2 (a) MMO Chooses silver nitrate/Ag™(aq)/solution containing Ag” ions 1
Decisions followed by (aqueous) ammonia. [1]
(b) PDO Results for three solutions and the two reagents from (a) 1
Recording (or three reagents if (a): ‘Ag™+ NHz', Pb%) if recorded in a
single table (no repetition of solutions or reagents)
MMO Give one mark for correct observations with 1
Collection FA 3, FA4and FAS.
FA 3 —white ppt with Ag”, soluble in NH3(aq)
FA 4 — cream ppt with Ag”, partially soluble or insoluble in
NH;z(aq) (allow “creamy” not “creamy white")
FA 5 —yellow ppt with Ag”, insoluble in NHs(aq) If Ag™ and
Pb* in (a), all observations must be correct (ignore any
‘extra’ NH; if not in (a)) (Pb?": white, white, yellow ppts
respectively) [2]
(c) ACE Mark consequentially on observations in (b)
Conclusion Expected conclusion 1
Identifies FA 3 as solution containing CI~ from “white ppt
with Ag” (soluble in NHa(aq)) given as evidence.
Mark consequentially — ecf allowed here.
(No retrospective to observations) [1]
(d) |MMO Mark each of the boxes and see whether correct columns 1
Collection or rows give the better mark. Award the better mark. 1
See table below for the expected observations 1 [3]

N
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1ib)

Candidate must average two (or more) titres that are within a total spread of not more than 0.20 em®

AND

working / explanation must be shown or ticks must be put next to the two (or more) accurate fitres selected
AND

mean quoted to 2 decimal places

el

Comectly calculates
moles of NaOH used =0.110 x ™/ 1o
AND answer to 3 or 4 sig fig

ey

Comectly uses
(c)i) to calculate M = %5/ oy ~an

M1 Identity of ylic acid [must be

it with the M in {c){ii)]

M2 Skeletal formula (must correspond to candidate’s name of acid)

\/\FOI

1)

Comect equation with state symbols
NH;CH:COOH({aq) + NaOH(aq) — NH:CH:COONafaq) + Hz0(1)

(i)

Student’s titre would be larger
AND
M. of amino acid is 75/ is lower than M: of FA 1 so more moles of amino acid are present ORA

Q# 33/ ACID/BASE TITRATIONS ALvl Chemistry/2021/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

2{a)

1 The following data must be shown
»  burette readings and fitre for rough titration
s 2= 2 "hox’ showing both accurate burette readings
‘Comect’ headings and units are not required for this mark

Il Headings and units comect for accurate titration table and headings match readings.
» initial / start and (burette) reading / volume + unit
+ final/end and (burette) reading / volume + unit
» fitre or volume / FA 3 and used /added + unit
Units: (em?) or /am? or in cm® or cm? by every eniry

All accurate burette readings to 0.05 cm®

IV The final accurate titre recorded is within 0.10 cm? of any other accurate titre.

Do not award the mark if any ‘accurate’ burette readings (apart from initial 0) are given fo zero dp.

Award V if & = 0.50 cm®
Award VIIif & = 0.30em?®

Award VI & = 0.20 e

2(b)

Candidate must average two (or more) fitres that are all within 0.20 cm? and quoted to 2 dp.
‘Working must be shown or ticks must be put next to the two (or more) accurate titres selected.

2(e)i)

Answers for (c) {c)(iv) to 34 =f

2{e)ii)

Comectly calculates
n(H250s) = 0.050 = (b) / 1000

2(c)ii)

Comrectly uses
[FA 4] = (e}{ii) * 2 = 40 mol dn®

2{c)(iv)

Comrectly calculates
[FAZ]={ > 10 mol dm?

2(chv)

M2: Use of Answer — 17 and identify Z
<Liz149150=Na=31.1312 K 5623
62.3 = Rb £ 109.2 109.2 & Cs < 250

2{d)

Comectly uses
| A from {c){v) — A from periodic table | = 100/ A, from periodic table

Answer from default =18.16 or 182 or 18%

www.SmashingScience.org
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Q# 34/ ACID/BASE TITRATIONS ALvl Chemistry/2021/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org

1(a) I Headi and data are ded in the space ided
+ (mass of) container with FA 2
+ (mass of empty) container
* (mass of) FA 2 (used)
Subtraction for the mass of FA 2 used must be comect
Headings must be unambiguous and include elther ‘mass’ or g for each plece of datum. Reject ‘weight'.
Il The following data must be shown:
+  two burette readings and fitre for the rough titration
« initial and final burette readings for two (or more) accurate titrations
n values recorded for accurate titrations, and correct headings and units in the accurate titration table
+ initialstart and (burette) reading / volume
« finallend and (burette) reading / volume
« titre or volume / FA 1 and used | added
reject ‘difference’ or total’ or ‘amount’ or V" but allow ‘vol’
« unit: /em? or (em?) or in cm? for each heading or cm? unit given for each volume recorded
IV All accurate burette readings are recorded to the nearest 0.05 cm?, including 0.00.
Reject 50y.00) as an initial burette reading
Reject if more than one final burette reading is 50.(00)
Reject any burette reading is greater than 50.(00)
W: The final accurate titre recorded is within 0.10 em? of any other accurate titre:
lgnore any fitre labelled ‘rough’
Reject if any ‘accurafe’ burette reading Is recorded as an integer (apart from an initial 0 cm)
Check and correct fifre and mass sublractions where necessary.
Examiner selects the best mean fitre.
Apply hierarchy: 2 identical, fitres within 0.05 cm?, titres within 0. 10 cm?, etc. Examiner calculates supervisor's cormected
average titre / supervisor'’s mass of FA 2 fo 2 dp.
Examiner i s fed average fitre / candidate’s mass of FA 2to 2 dp.
Subtract the candidate value from that of the supervisor: &
1(a) Award VI if0.40 =58 060cm’g™’
Award VI and VII if020=58<040cm’g™’
Award VI, VIl and VIl if 5 < 0.20 cm? g~
If there is only cne accurate fitration award accuracy marks based on that titration without further penalty.
If only a rough fitration is shown award accuracy marks based on this value but cancel one accuracy mark.
Apply spread penalty as follows: if titres selected (by examiner) differ = 1.00 cm? then cancel one accuracy mark.
If Supervisor's value = 10.00 em® then halve tolerances
1) Candidate calculates the mean correctly:
+ Candidate must take the average of two {or more) accurate fitres that are within a total spread of not more than
0.20 cm?®
=  Working/explanation must e shown orticks must be put next to the two (or more) accurate readings selected
« The mean should be quoted to 2 dp, and be rounded to nearest 0.01 cm?®
e All answers given to (c)(ii) — (c){v) must be to 3 or 4 sig fig
(Minimum 3 answers required to award the mark)
1{e)(iiy Comectly calculates:
no of moles of H2S0: used = 0.0550 x ™" "5y
The candidate’s mean titre must be used.
1{c)iit) Correct equation and comectly uses (ii)
e 2MHCO;+ H:50: — M:SO,4 + 2C0, + 2H:0
Aliow multiples and ignore state symbois.
AND
« noof moles of MHCO; = 2 = answer (i)
1(e)(iv) Comecily uses
; = masm= uqu\.NrUnn.__:“ x anzwer (1}
{ehv) Correct use of Mr and appropriate identity of M
s A= answer (iv) - 61
AND
« M identified as Group 1 metal with closest A,
Li 0-14.9; Na 15.0-31.0; K 31.1-62.2; Rb 62.3-109.1; Cs 109.2-250
Reject if the A calculated is > 250 or f A- =0
1(d)i) | Comect expression
% ermor = 1%5/;c % 100 (= 0.24 %)
No answer needed but refect incorrect answer.
No mark for just 0.24 without some working.
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Q# 38/ ACID/BASE TITRATIONS ALvl Chemistry/2016/w/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

2(a)

1 Initial and final burette readings and volume added recorded for rough titre and accurate titre details
tabulated. [minimum 2 x 2 ‘boxes’ with relevant information]

1l Initial and final burette readings recorded and volume of FA 3 added recorded for each accurate titration.
Headings and units comrect for accurate titrations

Headings: initial/final (burette) reading/volume or reading/volume at start/finish

and

volume/FA 3 added/used or titre [not difference/total]

allow vol but not V

and

Units: (cm?) or/cm?or in cm? [or cm? by every entry]

Il All accurate burette readings are recorded to the nearest 0.05cm’®
Do not award this mark if:

50(.00) is used as an initial burette reading;

more than one final burette reading is 50(.00);

any burette reading is greater than 50(.0)

IV Final uncomected titre is within 0.10 cm® of any previous uncorrected accurate titre.
Do not include a reading if it is labelled rough.
Do not award the mark if any accurate burette readings (apart from the initial zero) are given as integers.

1

2(b)

Check mean titre is comrectly calculated from clearly selected values (ticks or working).
* Candidate must average two (or more) fitres where the total spread is < 0.20cm’.
*  Working must be shown or ticks must be put next to the two (or more) accurate readings selected.
*  The mean should normally be quoted to 2 dp rounded to the nearest 0.01.
[e.g. 26.667 must be rounded to 26.67]
Two special cases where the mean may not be to 2 dp:
allow mean to 3 dp only for 0.025 or 0.075, e.g. 26.325;
allow mean to 1 dp if all accurate burette readings were given to 1 dp and the mean is exactly comrect.
[e.g. 26.0 and 26.2 = 26.1 is correct
but 26.0 and 26.1 = 26.1 is incorrect]
Do not award this mark if:
* the rough titre was used to calculate the mean;
* candidate carried out only 1 accurate titration;
*  burette readings were ir tly subt d to obtain any of the accurate titre values;
*  all burette readings (resulting in titre values used in calculation of mean) are integers.
Note: the i 's mean will i be marked as correct even if it is different from the mean
d by the iner for the purpose of ing Y.

2(e)i)
and (i)

2(c)(iii) and
2(c)(iv)

2(c)v)
2(c)(vi)

0.140x(b)

Comrectly calculates 7000
and

same answer in (ii)

and

both answers to 3 or 4 sf

Comectly uses (i) x 10

and

Answer = 5.(00) x 107
Correctly calculates (iv) — (iii)

Comrectly uses [(v) x 100.1)22

2(c)(vii)

Correctly uses [(vi) x 100¥(mass in (a)] to a minimum of 2 sf

2(d)

Question 1: % purity lower
as loss of gas means fewer moles/less mass CaCO;

Question 2: no change /% same
as same amount of acid reacts/(amount) acid left is same

4 max 3

Total

www.SmashingScience.org Patrick Brannac Page 517 of 579

Q# 39/ ACID/BASE TITRATIONS ALvl Chemistry/2016/s/TZ 1/Paper 3/Q# :0) www.SmashingScience.org

2

(a)

I Initial and final readings and titre value for rough titre 1
and initial and final reading for two (or more) accurate
titrations

Il Titre values recorded for accurate titrations 1
and
Appropriate headings for the accurate titration table and cm?®
units.

« initial/start burette reading/volume / value

+ final/end burette and reading/volume / value

» titre or volume/FA4 and used/added

s unit: /em® or (cm®) or in cm® or em?® (for each heading)

Il All accurate burette readings are recorded to nearest 1
0.05 cm*
Do not award this mark if:
+ 50.(00) is used as an initial burette reading
* more than one final burette reading is 50.(00);
+ any burette reading is greater than 50.(00)
» there is only one accurate titration

IV There are two uncorrected, accurate titres within 0.10cm® 1

+ Do not award this mark if, having performed two titres
within 0.1cm?®, a further titration is performed which is
more than 0.10cm’ from the closer of the two initial
titres, unless a further titration, within 0.10cm’ of any
other, has also been carried out.

+ Do not award the mark if any “accurate” burette
readings (apart from initial 0 cm®) are given to zero dp

[4]

(b)

Candidate must take the average of two (or more) titres that 1
are within a total spread of not more than 0.20 cm®.

Working must be shown or ticks must be put next to the two
(or more) accurate readings selected.

The mean should be quoted to 2dp, rounded to the nearest
0.01.

Two special cases where the mean may not be to 2dp:

« Allow mean expressed to 3dp only for 0.025 or 0.075
(e.g. 26.325)

« Allow mean if expressed to 1dp if all accurate burette
readings were given to 1dp and the mean is exactly
correct.

(e.g. 26.0 and 26.2 = 26.1 is allowed)
(e.g. 26.0 and 26.1 = 26.1 is incorrect — should be
26.05.)

Note: the candidate’s mean will sometimes be marked as
correct even if it is different from the mean calculated by the
examiner for the purpose of assessing accuracy.

(1

(c)

(0]

| Correctly calculates n(NaOH) = 0.001 1

(ii)

250(c)(i) 1
(b)

Il Shows use of

(iii)

Il Correctly calculates 2 x 1(b)(i) 1
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(b) ACE Calculates the mean, correct to 2 decimal places from | 1 correctly uses equation and converts sm_si 1
Interpretation any accurate titres within 0.20 cm®. amount of (CO0™); that reacted = (¢){ii) = 54 (mol)
The third decimal place may be rounded to the and tration of (COO-1 in FA 1 o OO 1 L
= x -
nearest 0.05 Oaw. conees ion of (i in amount of 33 Euw\um {mol dm-3)
A mean of exactly .x25 or .x75 is allowed but the UKW | correctly uses .= mass/ 1
candidate may round up or down to the nearest 1044
0.05¢cn?. M= xuo_..nm_.ﬁmao: from (¢
If ALL burette readings are given to 1 decimal place 1jc)v) | identity of M 2
then the mean can be given to 1 decimal place if A1 A of M = e Tom (cl(v) —124
i i i 2
numerically correct <<=3Mur= rounding. M2: identifies M as being the Group 1 element with the nearest A
Mean of 24.3 and 24.4 =24.35(v) (Li= 149150 = Na = 31.0; 311 = K = 623: 623 = Rb 1114: 1114 = Cs = 250)
Mean of 24.3and 24.4=24.4 (X
2 A N (%) 1id) explanation for use of acid 1
Titres to be used in calculating the mean must be to provide H*
clearly shown - in an expression or ticked in the and ] o ] B
titration table. : u for the reaction (to proceed)/ as given in the egquation / to acidify the KMnO.
(©) ACE | Expression needed in step (i) 1 Q# 43/ _NmDOX ..:.:N>.202m WITH KMNQO4 ALvl Chemistry/2021/s/TZ 1/Paper 3/Q# :0)
Interpretation (= mean titre * ®"/; 000 mol) www.SmashingScience.org
and 1(a) |1 The following data must be shown 1
step (ii) (= answer to step (i) / 2) - wc%&waﬁmgﬂﬁm for EM.E@S .
. 3 2 . 2 "box’ showing accural e readings
20\ﬁwm\m<m3 or incorrect working should be ‘Comect: headings and units are not required for this mark
mnciu 8
Il Headings and units comect for accurate titration table and headings match readings. 1
« initial/start and (burette) reading / volume + unit
sary g - (allow vol but not V)
Il Correctly evaluates step (iii) (= answer to step (ii) |1 +  finaliend and (burette) reading / volume + unit
x 10) (aifow value for reading)
and « titre or volume/FA 2 and used/added (nof ‘diference’ or fofal’ or ‘amount’) + unit
8 Units: (emf) or/em® or in cn?® or o by every enifry
step (iv) (= answer to step (iii) x 40)
I All accurate buretts readings to 0.05 cn® 1
Do not award this mark if:
i i i ini 50(.00) is used as an initial burette reading;
PDO Display Il Some _.m_¢<w=n working msoiz in a minimum of 1 T oo Sl DS acty s L
three parts in the calculation. Any burette reading is greater than 50{.00).
In (ii) could be x 2 or + 2, in (iii) could x 10
A A ._VO . u IV The final accurate titre recorded is within 0.10 em? of any other accurate titre. 1
or+ v Do not award the mark if any ‘accurate’ burette readings (apart from initial 0) are given fo zero dp.
For assessment of accuracy (Q) marks, the Examiner should round any burette readings to the nearest 0.05 cnv’. Check 1
IV All answers given are quoted to 3 or 4 sig figs 1 and corect mmaan&oa. éM w.MMw; 3ﬂWM_ﬁnn$E=u ﬂaaﬂw:ﬂm_& ) e
s % « two (or more) accurate cal ignoring any are |al ‘rough’), then
Aacmn be a minimum of three m-muwv HA“_ +  two (or more) accurate titres within 0.05 em?, then
« two (or more) accurate fitres within 0.10 em?, efc.
H.—.Onm_“ 1 Nu These best titres should be used to the mean titre, exp to nearest 0.01 cni.
K K K Calculate the difference (8) between the candidate's titre and the supervisor's titre.
Q# 42/ Redox titrations with KMNO4 ALvl Chemistry/2022/w/TZ 1/Paper 3/Q# :0) Award the accuracy (Q) marks as shown below.
1(@) | 1allthe following data recorded 7 Award Vif § = 0.50 cm !
*  two burette readings and titre for rough titration o
* initial and final burette readings for two (or more) accurate titrations Award VI < 0.30 cm? 1
Il titre values shown for accurate titrations and appropriate headings and units in the accurate titration table Award VIl if & < 0.20 cm®
= initial / start and (burette) reading / volume
* final /fend and (burette) reading / volume 1(b) Candidate must average two (or more) fitres that are all within 0.20 cn?. 1
* fitre or volume / FA 2 and used/ added Working must be shown or ticks must be put next to the two (or more) accurate fitres selected.
*  unit /em?or (cm?) or in em? (for each heading) or em?* unit given for each volume recorded
(e} Answers for | [ . (c){iv) to 34 sf 1
Il all accurate burette readings are to nearest 0.05 cm?
Correctly calculates 1
IV the final accurate fitre recorded is within 0.10 em? of any other accurate fitre n{MnQy~) = 0.02 = (b)/ 1000
UURURY| 1{c)iii) | Comrectly uses 1
award V : 0.60 Huﬂw_ n{FeS0s) in 25 cmé = (c)(ii) = 5 = 40
award VI 0.40 (cm?)
award VIl if & = 0.20 (cm?) 1(e)iv) | Comectly uses 1
where & is the difference between the supervisor's and candidate’s mean titre mass(FeS0y) in 1dmé = (c)fiii) = 151.9
1(b) candidate calculates mean correctly to 2 decimal places (dp) 1 Tekv) Cormrectly uses 1
* candidate must take the average of two (or more) titres that are within a total spread of not more than 0.20 cm? n{H:0) = [26.52 — {c)(iv)]/ 18
= working / explanation must be shown or ticks must be put next to the two (or more) accurate readings selected -
s the mean should be quoted to 2 dp and be rounded to the nearest 0.01 cm? WH_QD_..HI.UD_._ : _._2.__“%8& 1
x given as integer
A(e)(i) significant figures (sf) 1 OR
all quoted answers in (c){ii) — (c)(iv) are expressed to 3 or 4 sf M1: M: hydrated salt = 26.52/ {c){iii)
M2: (26.521( —151.9)/ 18 and answer as integer
Ae)(ii) correctly calculates amount of MnOs™ used 1
amount of Mo~ = 2027 veln (ol ) =
1000 AN
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1l All accurate burette readings are to the nearest 0.05¢cm?®.
Do not award this mark if:

50(.00) is used as an initial burette reading

more than one final burette reading is 50.(00)

any burette reading is greater than 50.(00)

there is only one accurate titration.

IV There are two uncorrected accurate titres within 0.10 cm®

e Do not award this mark if, having performed two titres within
0.10cm?, a further titration is performed which is more than
0.10 cm® from the closer of the initial two titres, unless a further
titration, within 0.10cm’ of any other, has also been carried
out.

e Do not award the mark if any “accurate” burette readings
(apart from initial 0cn?’) are given to zero dp

Examiner rounds any burette readings to the nearest 0.05 cm®, checks
subtractions and then selects the “best” titres using the hierarchy:

e two (or more) accurate identical titres, then

e two (or more) accurate titres within 0.05 cm®, then

e two (or more) accurate titres within 0.10 cm?, etc
These best titres are used to calculate the mean titre, expressed to
nearest 0.01 cm’.

Examiner calculates the difference (8) between the mean titres
obtained by the candidate and the Supervisor.
Accuracy marks are awarded as shown.

Award V, VI and VII if & < 0.20 (cm®)
Award V and VI if 0.20 < 5 < 0.30
Award V, only, if 0.30 < & < 0.50

Spread penalty: if the two “best” (corrected) titres used by the
Examiner were = 0.50 cm® apart, cancel one accuracy mark.

71

(b)

Candidate must take the average of two (or more) titres that are within a
total spread of not more than 0.20cm?®.

Working/ explanation must be shown or ticks must be put next to the
two (or more) accurate readings selected.

The mean should be quoted to 2 dp, and be rounded to nearest
0.01cm’.

Two special cases, where the mean need not be to 2 dp:
e Allow mean expressed to 3 dp only for 0.025 or 0.075 (e.g.
26.325¢m’)
e Allow mean if expressed to 1 dp, if all accurate burette
readings were given to 1 dp and the mean is exactly correct.
(e.g. 26.0 and 26.2 = 26.1 is allowed)
(e.g. 26.0 and 26.1 = 26.1 is wrong — should be 26.05)

Note: the candidate’s mean will sometimes be marked correct even if it
was different from the mean calculated by the Examiner for the purpose
of assessing accuracy.

(1

(e)(i)(ii)

Correctly calculates
e n(thio) = 0.10 * ®/1000
e n(l;) =05 x(i)
Both answers must be given to 3 or 4 significant figures

(iii)

Correctly calculates
n(KMnO;) = 0.025 x 0.018 = 0.00045 or 0.000450 or 0.0004500

www.SmashingScience.org Patrick Brannac Page 525 of 579
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(iv) | Correct expression, with answer given to 2, 3 or 4 sig fig 1
n(I;) = :_S__.. x2
Theoretical answer = 5.0 (for 2.0 molKMnO,)
(v) | Correct equation ticked, corresponding to (iv) 1
(vi) | Allow any one of the following answers: 1

e An iodide ion loses one electron
e 2I"-2e” — I; (ionic equation must be correctly balanced)

e Oxidation number of iodine increases from —1/ 1- (in iodide
ion) to O (in iodine)

151

(d) (i)

% error = %%/, x 100 = 0.24 % 1

(ii)

The student is wrong, since KI/FA 3 is in excess. 1

[2]

Qn1

[Total: 15]

Q# 48/ REDOX TITRATIONS WITH KMNO4 ALvl Chemistry/2015/s/TZ 1/ Paper 3/Q# 1/ :0)
www.SmashingScience.org

1 (a)

| Initial and final burette readings and titre unambiguously 1
recorded in rough and accurate titrations.
Minimum of 2 x 2 boxes for accurate.

Il Headings and units correct for accurate titration and headings 1
match readings.

Headings: initiall final (burette) reading/volume or
Reading/volume/ vollvalue at start/finish and Volume/vol/ FA 1
added/used or titre [not “difference or "total’]

and Units: (em®) or /cm® orin cm® or cm® by every entry

Il All accurate burette readings (initial and final) recorded to 1
nearest 0.05cm®

Do not award this mark if:

50(.00) is used as an initial burette reading;
more than one final burette reading is 50.(00);
any burette reading is greater than 50.(00)

IV Has two uncorrected, accurate titres within 0.1cm® 1
Do not award this mark if, having performed two titres within
0.1cm’, a further titration is performed that is more than 0.1cm’
from the closer of the two initial titres unless further titrations
within 0.1 cm® of any other has also been carried out.

Do not award the mark if any ‘accurate’ burette readings (apart
from initial 0) are given to zero dp.

Examiner rounds all all burette readings to the nearest 0.05cm® and checks subtractions. Examiner
selects the ‘best’ titres using the hierarchy:
two (or more) identical,

then two (or more) within 0.05cm” ,

then two (or more) within 0.1cm?, etc.

Award V, VI and VII if § < 0.20 cm® 1
Award V and VI if 0.20 < 6 < 0.40cm® 1
Award V if 0.40 < 6 < 0.60cm® 1

Spread penalty: if the two ‘best’ titres used by the examiner are
more than 0.50cm’ apart cancel one of the Q marks.
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PDO
Recording

Appropriate headings for all data given in
weighing and accurate titration tables and g and
cm® units.

* mass/weight (of) beaker (empty)
 mass/weight (of) beaker + FA 1/solid

e initial/start (burette) reading/volume
final/lend (burette) reading/volume

titre or volume/FA 2 used/added

unit: /em® or (cm®) or in cm® or cm® for each
volume

If g and/or cm® units are not given in the
heading, every entry in the table must have the
correct unit.

(b)

PDO
Recording

All accurate burette readings (including 0.00)

are to the nearest 0.05 cm’.

The need to record to 0.05 applies only to the

burette readings and not to the recorded titres.

Do not award this mark if:

e 50(.00) is used as an initial burette reading
or

e more than one final burette reading is
50.(00) or

e any burette reading is greater than 50.(00).

MMO
Decision

There are two uncorrected accurate titres within
0.10 cm®.
Do not include a reading if it is labelled “rough”.
Do not award this mark if, having performed two
titres within 0.1 cm?’, a further titration is
performed which is more than 0.10 cm’ from the
closer of the initial two titres, unless a further
titration, within 0.1 cm® of any other, has also
been carried out.
Do not award the mark if any ‘accurate’ burette
readings (apart from initial 0) are given to zero
dp.

MMO
Decision

Check mean titre is correctly calculated from clearly 1

selected values (ticks or working).

« Candidate must average two (or more) titres
where the total spread is < 0.20 cm”.

*  Working must be shown or ticks must be put
next to the two (or more) accurate readings
selected.

e The mean should normally be quoted to 2 dp
rounded to the nearest 0.01.

[e.g. 26.667 must be rounded to 26.67]

Two special cases where the mean may not be to

2dp:

allow mean to 3 dp only for 0.025 or 0.075 e.g.

26.325;

allow mean to 1 dp if all accurate burefte readings

were given to 1 dp (ignoring initial given as 0) and

the mean is exactly correct.

[e.g. 26.0 and 26.2 = 26.1 is correct

but 26.0 and 26.1 = 26.1 is incorrect.]

Do not award this mark if:

« the rough titre was used to calculate the mean;

+ candidate carried out only 1 accurate titration;

* burette readings were incorrectly subtracted to
obtain any of the accurate titre values;

« all burette readings (resulting in titre values
used in calculation of mean) are integers.

1

(c) (i)

ACE
Interpretation

| Correctly calculates 1
No. of moles of KMnO, = 0.0200 x /450,

(ii)

ACE
Conclusion

Il Fe* > Fe™ +e / 5Fe’" > 5Fe® + 5¢~ 1

(a)
(cont)

MMO
Quality

Award V, Vland VIl if §< 0.03 (cm®g™") i.e. three Q
marks.

Award V and VIif 0.03 <5 < 0.06 ie.two Q
marks.

Award V, only, if 0.06 < § <0.10 ie.one Q
mark.

Spread penalty: if the two “best” (corrected) titres
used by the Examiner were = 0.50 cnt’ apart, cancel
one Q mark.

(7

PDO
Display

Il Correct working shown in (iii) and (iv). 1
The answer to (i) should be multiplied by 5 to
give (iii).

The answer to (iii) should be multiplied by 10 to
give (iv).

v)

ACE
Interpretation

IV Correct calculation of relative formula mass.
M. = 8:!»:53&“):5&\ 1
r answer o (iv)

(v)

(cont)

PDO
Display

V  All answers are quoted to 3 or 4 significant
figures. 1
A minimum of three answers is needed to
qualify.

[8]
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(d) (i)

ACE
Interpretation

% error for pipette = ®/,5 x 100 = 0.24% (or 1
0.240%)

(ii)

+ (i)

ACE
Interpretation

If balance displays to 1 decimal place:

error in balance reading is +0.05¢g or +0.1(0) g.
If balance displays to 2 decimal places:

error in balance reading is +0.005g or +0.01g.
If balance displays to 3 decimal places:

error in balance reading is +0.0005g or +0.001g.
% error = 2 x Pelerce emor (sbovely ek FA 1 used X 100
Correct answer is not required, but if the “x 100"
factor was omitted, a correctly calculated % error 1
answer scores the mark.

[2

2
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1d)i) | Comectly uses 1 )

(100 ()0} didate’s M;
——— |x candidate’s
100

L J

Correctly calculates answer, expressed as integer 1
No of moles - &%

1(c)iv) Correct balancing and value of x 1
OR First mark: integer in answer (iv) shown in front of I

\ and correct number of moles of I” entered in ation
(mass(a) - 23 (single) uncertainty | u in equ

Allow numerator as (mass (a) — single uncertainty) if lack of doubling already penalised in (di). Second mark: any equation fully balanced 1
105+ 517+ 6H° —» 315+ 3H.0
1(e) Titre value is less ion of thi iz greater 1
1(c)vi) Oxidation state = 2x — 1. 1
1{f The indicator colour change is easier to see blue-black to colourless. 1
OR Qi 54/ TITRATIONS WITH THIOSULFATE AND IODINE ALvl Chemistry/2017/s/TZ 1/Paper 3/Q# :0)

The dark colour of the agueous iodine makes the burette harder to read.

www.SmashingScience.org

Q# 53/ TITRATIONS WITH THIOSULFATE AND IODINE ALvl Chemistry/2017/w/TZ 1/Paper 3/Q# :0) 1(a) 1: All the following data is recorded 1
i i * rough titration: both burette readings and the titre

www.SmashingScience.org . ..:s._w_ and final burette readings Eamgo (or more) accurate titrations

1(a) 1 Allthe following data is recorded 1 Headings and units are not required for this mark

*  both burette readings and the titre for the rough titration

e initial and final burette readings for two (or more) accurate titrations

Headings and units are not required for thiz mark

1I: Titre values recorded for accurate titrations, and 1
Appropriate headings and units in the accurate titration table
* initial/start (burette) reading/ volume

Il Titre values recorded for accurate titrations, and appropriate headings and units in the accurate titration table 1 * final/end (burette) reading / <o_=_.n.m.
. al / start (burette) reading / volume / value * fitreor <m_c3m :wmn \Wnaonw (not “difference”)
« final/ end (burette) reading / volume / value . 4 :,:_n,\ cm® or (cm?) or in cm® (for each heading)
* titre or volume / FA 4 and used / added or cm” unit given for each volume recorded
P 3 3, P 3 ; 3 o
h .
* unit/cm” or (em”) or in cm” (for each heading) or cm™ unit given for each volume recorded 1il: All accurate burette readings are re ed to the nearest 0.05 . 1
Wl Al accurate burette readings are to the nearest 0.05 cm®. 1 " . o . e —— gxi: - <
The requirement fo record fo 0.05 applies to burette readings, including 0.00 cm?® (if this was the initial reading), but it The requirement to record to 0.05 applies to burette readings, including 0.00 cm’ (if this was the initial reading), but it does
does not apply fo the titre. not apply to the titre.
Do not award this mark if: Do not award this mark if:
*  50(.00) iz used as an initial burette reading *  50(.00) is used as an initial uSmRm Ro&..:o
*  more than one final burette reading is 50.(00) *  more than one ma& .otanm reading is 50.(00)
*  any buretfe reading is greater than 50.(00) *  any burette reading is greater than 50.(00)
IV The final accurate titre recorded is within 0.10 cm® of any other accurate titre. 1 IV: Final uncorrected titre is within 0.10 cm® of any previous uncorrected accurate fitre. 1
rounds any te burette dings to the nearest 0.05 cm?, checks subtractions and then selects the “best”

Examiner rounds any accurate burette readings to the nearest 0.05 cm’®, check subtractions and then select the “best” titres using the hierarchy:
) * identical titres then
¢ identical titres then
Z b 3 *  accurate titres within 0.05 cm’, then
* accurate titres within 0.05 nau. then » hilicims i in 0.10 nEw. e

® accurate titres within 0.10 cm”, efc. = " 3
These best titres should be used to calculate the mean titre, expressed to nearest 0.01 cm?®. Examiner compares These best titres should be used to calculate the mean titre, expressed to nearest 0.01 cmr™.

candidate’s mean titre value with that of the Supervisor.

titres using the hierarchy:

Examiner compares candidate’s tire value with that of the Supervisor.

Award V, Viand VIl if < 0.20 (cm?) ! Award V, VI and VIl if § < 0.30 (cn?’) 1

Award Vand VI if0.20 < 5 < 0.40 1 Award V and VI if 0.30 < 5 < 0.50 1
Award V., only, if0.40 <5< 0.680 1 Award V, only, if 0.50 < & < 0.80 1
1(b) Candidate must take the average of two (or more) titres that are within a total spread of not more than 0.20 cm”. 1 1®) Candidate calculntes: ielinean colrecly. 1
*  Working / explanation must be shown or ticks must be put next to the two (or more) accurate readings selected. «  Candidate must take the average of two (or more) titres that are within a total spread of not more than 0.20 om?®
2 5 x
e A«_.m:M .MMmMmMﬁ“wnsﬂnch_Huo nw&n“. mmmﬂuumaq_o%:nma to;nearest 0.01/am:= *  Working / explanation must be shown or ticks must be put next to the two (or more) accurate readings selected.
R > *  The mean should be quoted to 2 dp, and be rounded to nearest 0.01 cm’.
3 3
Two special cases, where the mean need not be to 2 dp: *  (e.g. 26.667 e must be rounded to 26.67 crr)
*  Allow mean expressed to 3 dp only for 0.025 or 0.075 (e.g. 26.325 om’)
o Allow mean if expressed to 1 dp, if all accurate burette readings were given to 1 dp and the mean is exactly correct. 1(0) Two special cases, where the mean need not be to 2 dp:
(eg. MM.N w:u wm.w = WM.“ is &83&&3 S *  Allow mean expressed to 3 dp only for 0.025 or 0.075 (e.g. 26.325cn7)
(e.g. 26.0 and 26.1 = 26.1 iz wrong — shou -05) *  Allow mean if to 1dp, ifall burette ings were given to 1 dp and the mean is exactly

comrect.
* (e.g. 26.0 and 26.2 = 26.1 is allowed)
* (e.g. 26.0 and 26.1 = 26.1 is wrong — shouid be 26.05)

Do not award this mark if:
*  The rough titre was used to calculate the mean.

*  The candidate did only one accurate titration.
*  Burette ings were i iy to obtain any of the accurate fitre values. - P
o All burette readings used fo calculate the mean were recorded as integers Do ok mﬂ.wma 35: Ram _ﬁu S
1e)i) Correctly calculates 1 s The candidate did only one accurate titration.
- = mesntve *  Burefte ings were il fo obtain any of the accurate titre values.
No of moles of thiosulfate used.=0.105x o 29 S 0r A st s Al burette readings used to calculate the mean were recorded as integers
Ho)E)and (i) | Comrect use eu. datain both parts 1 Note: the candidate’s mean will sometimes be marked comect even if it was different from the mean calculated by the
:..u moles I: = 0.5 x ans (i) Examiner for the purpose of assessing accuracy.
an
() moles FA1 =0.025 x 0.0197 (= 0.000483, 0.0004925) 1(e)i) No of moles of thiosulfate used = 0.110 x ™™/ o, (expressed to 3 or 4 sig fig) 1

1(c)(ii) + (iii) | Equation balanced I + 2Na;S:0: —+ Na:S:0: + 2Nal
and
no of moles of 1= 0.5 x ans. in (i)
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Q# 56/ TITRATIONS WITH THIOSULFATE AND IODINE ALvl Chemistry/2009/s/TZ 1/ Paper 3/Q# 1/ :0)

www.SmashingScience.org
Supervisor’s Report

Calculate, correct to 2 dp, the titre if the Supervisor had diluted 47.25cm” of FA 2.

47.25

This is given by the expression ———————— x Examiner selected titre

Candidate scripts

volume diluted

Calculate the scaled titre for 47.25 cm® of FA 2.
Record the value against the titration table and calculate the difference to Supervisor.

Question Sections Indicative material Mark
1 (a) PDO (i) Tabulates initial and final burette readings and 1
Layout volume added in each of the tables.
Do not award this mark if any final and initial burette
readings are inverted or 50 is used as the initial
burette reading.
PDO (ii) Both burette readings in the dilution table and final 1
Recording and initial burefte readings for all accurate titres in
the titration table recorded to the nearest 0.05cm’.
MMO (iii) Follows instructions: 1
Collection dilutes 47.00cm® to 47.50cm?
and
has any two titres within 0.20cm®
MMO (iv) Has at least two uncorrected “accurate” titres within 1
Decisions 0.1cm?
Do not include any titre labelled “rough’/trial”
unless the candidate has ticked that value or used it
in an expression when calculating the average in (b).
MMO Accuracy (v) and (vi) 2
Quality Give (v) and (vi) if difference to Supervisor is 0.3 or less
Give (vi) only for a difference of 0.3+ to 0.5
Give neither mark for a difference greater than 0.5.
[6]
(b) ACE Candidate selects/calculates appropriate “average” from 1
Interpretation | any uncorrected titre values within 0.20cm?®.
Candidate is permitted to use a titre labelled “rough” or
“trial”.
Titres to be used must be shown.
Where all titres are given to 1 decimal place the average
should be calculated correct to 1 or 2 decimal places.
Where any titre is recorded to 2 decimal places, the
average should be calculated to 2 decimal places or
rounded to the nearest 0.05 cm®.
[1]
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(c) ACE (i), (ii) and (iii)
Interpretation | Award three marks if all steps are chemically correct. 3
Withhold 1 mark for each chemical error — no negative
marks. Count non-completed steps as chemical errors.
step1 T 015
1000
1
step2 x —
v 2
step3 x 2
1000
sep % D00
25
sop5 x — 20
volume diluted
step 6 x 249.6
PDO (iv) Working shown in at least three of the 5 steps 1
Display
(v) Answers to 3 or 4 significant figures in final answer 1
to each step attempted (minimum of three steps
required)
[5]
(d) ACE Explains that the maximum error is given by + 0.05cm® 1
Interpretation | on one burette reading and —0.05cm’ on the other
burette reading,
or
Individual errors are in opposite directions.
[1]
(e) ACE 0.1
; Calculates *x 100 %
Interpretation titre e 1
Answer must be correct to 2 or 3 decimal places. i
[Total: 14]
Q# 57/ Thermometric (metal displacement) enthalpy experiments ALvl Chemistry/2015/s/TZ
1/ Paper 3/Q# 2/ :0) www.SmashingScience.org
2 (a) | Table with unambiguous headings and correct units 1
All readings must be included.
Il All temperatures recorded to .0 or .5°C. Must include at least 1
one ending in .0 and one ending in .5.
Examiner calculates candidate’s AT max from table.
Il Award if the difference between candidate and Supervisor is 1
within 4.0 °C
IV Award if the difference between candidate and Supervisor is 1
within 2.0°C [4]
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(g) (i) | Any 2 of Examiner to calculate 20% and 40% of supervisor's AT and convert to nearest 0.5°C.

Lower AH and so higher % error ) 1 (b) ACE | Both temperature measurements clearly shown. |1
No correction made for loss of heat on cooling 1 Interpretation
Some bubbles/gas/H in reaction 2 so wrong reaction taking place MMO Quality Award Il and Il if candidate’s temp rise is within | 1

Not all Mg reacts /reaction does not go to completion in 2 (so not all
energy released)
Reaction 2 slower so more heat loss

20% of Supervisor's.

-

Award Il if candidate's temp rise is within 40% of

(ii) | No, since (larger volume of solution means) smaller AT 1 Supervisor's. (3]
OR ACE IV Calculates 0.032 for moles in (ii) or 0.016 for 1
Yes, since there would be a smaller T rise so less heat would be lost. [3] Interpretation moles in (a)(ii).
Qn1 Total [25] PDO Display V Enthalpy change correctly calculated 1
= — PR 0a2).
Q# 59/ THERMOMETRIC (METAL DISPLACEMENT) ENTHALPY EXPERIMENT ALvl Answer must show negative sign (unless
Chemistry/2011/s/TZ 1/ Paper 3/Q# 2/ :0) www.SmashingScience.org already penalised) and be given to 3 sig figs.
Il I/ i 4
2 (a) MMO Collection || Two pairs of temperature values recorded as 1 (anites atmady penslisad)
instructed _:. @. with units ﬁo.ﬂ all readings in (a) ACE VI Correct calculation of enthalpy change 1
and (b) - minimum of 3 readings. . Conclusions AH; = AH> — AH; — 286 &)
Acceptable units are /°C, (°C), temperature in
degrees Celsius, temperature in °C. (c) ACE Extra/thicker lagging or use a lid or use a vacuum 1
Improvements flask [1]
PDO Recording | Il All thermometer readings recorded to 0.0 °C or 1 [Total: 14]
0.5°C.
(check readings in sections 2(a) and 2(b) — Q# 60/ THERMOMETRIC (METAL DISPLACEMENT) ENTHALPY EXPERIMENT ALvl
minimum of 4 readings). Chemistry/2009/w/TZ 1/ Paper 3/Q# 1/ :0) www.SmashingScience.org
1 (a) PDO Two balance readings and mass of FA 1 clearly recorded 1
ACE Il Correct subtractions to give temperature rises 1 layout for each experiment.
Interpretation and the correct mean value in 2(a). (Data for 2™ experiment could be on page 4)
Mean value may be rounded to 0.5°C or to one Examiner to check subtraction for each experiment — no
d.p or to 0.05°C and from 0.025 and 0.075 or penalty in this section but see section (e) 1]
these may be rounded up or down to nearest 0.1.
Supervisor script: check subtractions and calculate mean AT (b) If the om:Q..Qm».o has ..H:.S\ performed one exp o..‘ iment
Marks are awarded for comparing the “true” means: check working of candidate and the following points only can be awarded:
MQEQﬁ_\m@nvﬁ. . R-@? N__-\. ﬂ_\c. ﬂ_\_t NBQ RX\. i
Show Supervisor's mean (corrected if necessary) on the script in a ring. PDO (i) Single table recording observations for both 1
- 2 - — Recording experiments. Times at 2 minute intervals.
MMO Quality Award IV and V aom:aﬁ&md..ﬂmw: temp rise is 1 (i) Appropriate headings and units 1
within 2.0 °C of Supervisor’s (incl) Allow times in minutes (min) or seconds
. . . (iii) All temps recorded to nearest 0.5 °C 1
><<w_d 1V if the difference is between 2.0 °C and 1 (Must be more than one at .5 as well as .0)
3.0°C. 5] MMO (iv) Some temps recorded before mixing and some after 1
PDO Display Heat produced (J) = 25 x 4.3 x temp rise (method 1 Collection mixing for each expt.
mark). or
Unit is needed in the quoted answer (kJ if divided by If the candidate performs Candidate records initial temperature and at least
1000). one experiment only, the three temperatures after mixing for each experiment
following marks may not |(v) First temperature after mixing is clearly taken 1 minute |1
Correctly evaluates enthalpy change = 1 be awarded: after adding the zinc powder
Doat prodicedy,  ote (i) (Examiner judgement re temperatures recorded before
Division by 1000 is not required if candidate did this (iv) mixing / temperatures only recorded after mixing)
in the previous step. (viii) & (ix) and
Answer must be negative and to 3 sig figs. [2] (xi) cooling for at least 5 minutes after recorded maximum
_ temperature.
For Supervisor - calculate mean maximum AT to nearest 0.5 °C;
calculate mean of time taken (to nearest 2 min) to reach max
temperature after mixing.
Awmw@
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Q# 61/ Thermometric (carbonate and acid) enthalpy experiment ALvl Chemistry/2018/w/TZ Qi#t 62/ Thermometric (decomposition of H,02) enthalpy experiment ALvi

1/Paper 3/Q# :0) www.SmashingScience.org Chemistry/2020/m/TZ 3/Paper 3/Q# :0) www.SmashingScience.org
1(a) I Table drawn with suitable headings and units; 1 2(a) I Table (or two lists) showing unambiguous headings and data for both fthe space ided: 1
Temperature/ T and time / £ = two initial thermometer readings + values
/°C, (s) or / minutes or mins or min =  two final f highest thermometer readings + values
= two temperature rises ! changes + values
Il Table completed with all temperature readings from 0 to 9 minutes at half minute intervals 1
and Il Recording of data 1
2 balance readings shown to the same number of decimal places = comect units ‘covering' all thermometer readings
= all four readings recorded to .0 or 5°C
Il All recorded thermometer readings to .5 °C with at least one ending in .0 °C and at least one ending in .5°C. 1 «  both rises in tempersture corectly calculated
Calculate AT from T at 2 minutes to Ty, from table. Compare with supervisor AT. 2 M Award this mark based on the table below 1
Award IV if AT within 1 °C of supervisor. IV Award this mark based on the table below 1
Award IV and V if AT within 0.5 °C of supervisor.
1{b)(i) Axes unambiguously labelled. Scale chosen so that plotted points (and 2 °C extra on y-axis) occupy more than half the 1 ATas (°C) AT 150 15> AT >10.0 10>4T>50 AT<50
available space in both directions. ] 20 15 1.0 05
All recorded points plotted. 1
Points plotted to within half a small square. Points that should be on lines must be on the line and points that should not be V Award mark if both the candidate’s corrected temperature rises are within 1.0 *C of each other 1
on lines must not be on lines. z
Do not award if crosses / blobs are > half square thick. 2b)i) | Comectly calculates heat produced = 30 = 4.2 = temp riee for expt 1 1
AND answer given to 2—4 sf
Two straight lines of best fit drawn (with a ruler) — one up 2 minutes and the other after the maximum temperature. 1
2(b] Correctly uses number of moles HzO: = 0.03 = answer to 1(c){iv) 1
Both lines extrapolated to 2% minutes. 1 AND answer given to 24 of
Answer for default value = 0.0306/0.031 maol
1(b)(ii) Candidate AT to at least 1 decimal place is within half a small square or 1 decimal place (whichever is more appropriate) of 1 i
examiner’s calculated AT 2{b)ii) Cormect expression for enthalpy change 1
= Enthalpy change = o b4 L
1(e)i) Correctly calculates energy evolved = 25 x 4.2 x AT 1 ans 1000
AT from (b)(ii) or table and answer to 2—4 sf = MNegative sign must be shown
s Answer is shown to 2-4 =f
1(e)ii} Correct use of moles NaxCOs = (c)(i)/ 27000 1
Correct use of % mass NazCO3= moles x 106/ sum of Ar and answer to 2—4 sf 1 ey (FA 5/MnO; is a) catalyst 1
> - {Student is wrong:) 1
1(c)iii) | Correct use of % Na:CO: = (c)(ii)/ mass FA1 used and answer to 2-4 sf. 1 the mass of MnO: used does not alter the heat produced / enthalpy change / temperature change (for decomposition of H2Oz)
1(d) Assumption: the impurity does not react with hydrochloric acid or FA 2 1 2(c)ii) | Studentis comect: energy { heat released is greater because more { greater (moles / molecules of) hydrogen peroxide / FA 3 is 1
OF 2 used in Experiment 2
impurities are not alkaline AND
maore males f molecules / greater amount of water / solution / FA 3/ hydrogen peroxide heated is greater (in the same
1(e) Data with unambiguous headings (not weight). 1 proportion)
and
Correct subtraction of mass and AT. H H H B .
Q# 63/ Thermometric (enthalpies of solution) experiments Alvl Chemistry/2022/w/TZ 1/Paper
Examiner calculates expression: mass FA 1 x AT in (e)/mass FA 3 x AT in (a) to 2 decimal place. 1 w\D# ”Ov Eii.mgmmzjmmnmmjhm.o_‘m
Award mark if this value lies in range 0.80 to 1.25
2(a) M1: table of readings with ur i s and comrectly displayed units for all entries in the space for Results 2
1(f) All 4 stages in method (same as (c)(i) — (iii)) scores 2 marks 2 * (mass of) container + FA 4
2 or 3 stages shown clearly scores 1 +  (mass of) container (+ residue)
1(9) First b ticked P + first/ start{initial t=mperature / temperature of water
a irst box ticl .
(If there is a temperature fall after the max in Method 1 then this is more accurate) fowe st/ final tempersies
because ; : M2: readings in 2(a)
as heat lost is compensated for / cooling curve plotted +  both thermometer readings shown to 0.0°C or 0.5°C
OR s  balance readings shown congistently to either 2 dp or to 3 dp
* mass and p risein (a) correctly and shown in the space for results
Third box ticked (special case if no temp fall in (a))
If there is no temperature fall after the maximum in Method 2 then both seem to be equally accurate AbNi) Mo:mﬂmnhw._.-w”wwchnwwwxmhmﬂ%m Wﬂ..“__..m._” 1
because )
the temperature rise is potentially the same for both methods. w_.__.h..—.m:o 24 of
1(h) (The student used) fewer moles /less amount of carbonate 1 correctly calculates amount of FA 4 1
(The temperature increase is less and hence calculated) enthalpy change would be less exothermic / AH is less negative. 1 amount = Mass ﬂ)#w&w.m {mol)
1(i) Correctly calculates 1 and answer to 24 sf
Moles Na;CO:=(3/106) = 0.8 = 0.0226/0.02264 i il
3= ( ) 2(b)(ii) correctly uses (b) \\ ) 1
Ratio 1: 2 moles HC7=0.0452/0.0453 1 b
enthalpy cha = ————— (kJmol-!
" ; PY ENSNGE = 15} <1000 { )
_ _ Vol HCI = 0.0452/0.002 = 22.6(0)/22.7(0) cm" and answer to 3 or 4 significant figures (or nearest 0.05 cm) _ 1 _ and + sign
and answer to 24 sf
2ic) readings 1
mass of FA 5 and temperature rise are correctly calculated
two thermometer readings are both above 10°C
temperature rise is greater than T fall in (a)
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Q# 67/ GRAVIMETRIC (THERMAL DECOMPOSITION) EXPERIMENT ALvl Chemistry/2021/m/TZ

2(d)i) Heat to constant mass. 1
W\vm_um_‘ 3/q# “Ov www.SmashingScience.org 2(d)ii) | Addan acid and it will fizz / bubble / effervesce 1
2(a) Award IV only if0.05 <5< 0.10 1 Mm_n_ named acid and pass gas through limewater which tuns milky / cloudy white / chalky / forms white ppt
Award IV and Vif & < 0.05 1 2(e)i) {Mass lost too low —) moles CO; too low {— moles QCO; (or residue) too low — M, too high —) A, too high 1
20 2 or 3 bullets = 1 mark 3 2(e)ii) MME& is valid since 1 mol QCO; gives 1 mol QO. 1
‘ bc__-__mmww_uﬁwmﬁunm__ﬂmg__:n_‘m#ﬂﬁmnn:nm moles 80 - C0: =1 -1

=  gas tums lime water milky / white ppt/ cloudy white
Refect ‘cloudy’ alone
= gasis identified as carbon dioxide

Baject if an incomect positive gas fest s observed Q# 69/ GRAVIMETRIC A._._._.mmz>r DECOMPOSITION) EXPERIMENT ALvl Chemistry/2019/m/TZ
» reaction is rapid/ vigorous or colourless solution forms / {all) solid dissolves 3/Paper 3/Q# :0) www.SmashingScience.org
2(b)(in) CO5*/ carbonate 1 2(a) | Tabulates ! clearly lays out all data 1
2(B)(iil) [ 2MHCOs(s) — CO=(g) + H0{g or I} + MzCO4fs) 1 Il Appropriate headings and units for all items listed in the table 1
= mass (empty) crucible (+ lid)
Allow use of the symbol of Group 1 metal identified in question 1 *  mass crucible (+ lid) + FA 3/ contents before heating
= mass crucible { ) + contents after heating / residue
2{b)iv) | Correctly calculates no of moles of COs 1 + massFA3
N{COz) = ™=t oxs g resting . mass ofesides

Answer must be given comect to 2-4 sig figs

. N . . * mass loss
Allow ecf from (incorrect) subtraction mass shown in list (FA 4 — residue /FA 5)

Units: /g, (g), in grams. _
2(b)iv) Correct use of (iv) to calculate M 1 Use gl mcesd b et
M, = mass of FA 4 used!
Answer to 2 — 4 57 but do not penalise sfmore than once in Q2.
Ecf on incorrect mole ratio in equation

1l All recorded weighings to the same number of dp and all subtractions listed are commect (minimum 1) 1

Examiner checks subtractions then calculates and records the difference between the supervisor's and candidate’s mass
ratic: mass FA 3 = mass loss (all to 2 dp)

2(b)ivi) |Any one answer from the following: 1 IV Award IV if & < 3080 1
= 2 is more accurate since fewer readings required.
» 2 is more accurate since there is less cumulative ermor / fewer processes involved V Award V if & < 20.60 1
Reject less fofal emmor
* 1is more accurate because 2 was not heated to constant mass. VI Award VIif & < £0.40 1

Candidate must refer to their resuifs
Reject if mass readings after heating are within 0.02 of each other

{Supervisor > 10.00, tolerances are 1.20, 0.90, 0.60; Supervisor > 20.00, tolerances are 2.00, 1.50, 1.00)
» 1 is more accurate since titres were consistent / concordant.

(b)) Correctly calculates: mass CuCO; from mass of FA 3 in (a) 1
Ignore about fpip being more accurate _ 60.0x massFA3
100
Qit 68/ GRAVIMETRIC (THERMAL DECOMPOSITION) EXPERIMENT ALvl Chemistry/2019/s/TZ AND
i . 5 -1 = 23.
1/Paper 3/Q# :0) www.SmashingScience.org e s Gl arwer1 23,5
. - s resi 1
2{a) |1 Comect headings and units shown. 1 )| Correctly calulates: 2SS TESIAUE £ ass of residue in (a)
Mass of crucible (+ (Use of lid must be consistent) 95
Mass of crucible (+ lid) + FA 3 r _
Mass of crucible (+ lid) + residue / contents after heating 2(b) Corectly uses = (i) -t !
Mass of FA 3 (used)
Mass of residus 2(b)iv) | Cormrectly uses: mass COz = n{CuCO,) = 44 1
Il All balance readings to same dp 1 2(b){v) | Correctly uses: mass H:O = (jii) » 18 1
and
recorded mass QCO: between 1.30g and 1.50g 2b)vi) | mass loss in (a) — [{iv) + (v)]/ comparison of values 1
AND

AND

Mass QCO; and residue comectly calculated appropriate comment on presence / absence of water

Award llland IV if & < 0.10 1

prevents absorption of water (vapour) from atmosphere 1
Award IV if 3« 0.20 1 heat to constant mass / heat for longer to ensure all COz and HzO driven off 1
Do not allow any Q marks if mass of residue = mass of FA 3. OR
increase the mass (of FA 3) (to reduce % error)
2(b)in) Correctly calculates moles = candidate’s mass lost /44 1
and answerto 2 — 4 sf add (named) acid AND fizz / effervescence /bubbling / gas gives white ppt with limewater (means student comect) OR no fizz 1
indicates all CuCO; decomposed
OR
2(b)ii) candidate's mass of QCO, 1 reheat residue AND pass any gas through limewater which tums milky (means student comrect) OR limewater doss not tum
Comectuse of My= ——————— — —— 3 milky indi all CuCO; d d
{bHi) Y 3 P
Use of 60 1 Q# 70/ GRAVIMETRIC (THERMAL DECOMPOSITION) EXPERIMENT ALvl Chemistry/2017/w/TZ
1/Paper 3/Q# :0) www.SmashingScience.or|
Use of 3 — 4 sf for Mr and cormect 4 1 \ p \D v g g

If no subtraction at step 2 then step 3 cannot be awarded. 2(a) 1

(Goes) yellow

Identification of @ as Group 2 metal with nearest A, ) (On cooling, becomes) white solid / residue / powder

Do not allow e<f if no evidence to support conclusion.

Be < 16.65; 16.65 < Mg < 32.10; 32.10 ¢ Ca < 63.85; 1
63.85 < S5rg 11245, 11245 < Ba

2{c) So that water vapour / carbon dioxide (from air) not absorbed.
www.SmashingScience.org Patrick Brannac Page 549 of 579 www.SmashingScience.org Patrick Brannac Page 550 of 579 e % ANz
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(b)

ACE
Interpretation

Evaluates 1

cand mass loss from E\nmi_ ass i B

correct to 2-4 significant figures.

Where mass loss or mass of FA 3 is not given in (a),
check, from balance readings, the values.

A candidate who incorrectly describes the mass of
the residue as the mass loss in tabulated results in
(a) may “correct” the error and use the correct mass
loss here.

(1

(c)

ACE
Conclusions

Uses M, (values) of CO; or H,O to justify how the 1
ratio of CuCO; to Cu(OH), affects the mass loss.
If % loss is too high — more CuCO;
If % loss is too low — more Cu(OH),

[1

(d)

ACE
Improvements

Draws apparatus showing the collection of carbon 1
dioxide in a syringe or in a burette or measuring
cylinder inverted over water.

Allow use of an inverted tube if graduations are
shown or it is suitably labelled.

All apparatus should be recognisable from the
drawing or appropriately labelled.

Shows, in the diagram, an effective method of 1
removing water vapour.

Named reagent; e.g. (concentrated H,SO,, CaCl,,
silica gel, (Ca0), anhydrous CuSO,.

or

stated purpose of an un-named reagent given.

Allow also a suitable reflux arrangement, returning
water to the heated tube.

or

a statement that water vapour condenses in a water
bath. Do not accept a diagram showing the gas
bubbling through water without some written
indication that the water is a condenser.

[2]

[Total: 10]

Q# 73/ Gravimetric (water of crystallisation) experiment ALvl Chemistry/2021/s/TZ 1/Paper 3/Q
:0) www.SmashingScience.org

2(a)

Appearance

FA 4: white ! colouriess and crystals /solid

AND

obs during heating: swelling/ steam / (some) solid melts ! dissolves | white powder forms around the edges
Allow evaporation of water

Allow bubbling / bubbles of wafer

ignore fizzing / effervescence

Unambiguous headings and units in list/ table of data:

»  (Mass of) crucible and lid {not ‘weight in any reading)

+  (Mass of) crucible, lid and FA 4 {or “‘contents before heating')
»  (Mass of) crucible, lid and residue / contents after heating
+  (Mass of) FA 4 (used)

»  (Mass of) residue

»  (Mass of) water (lost)

Ignare menfion of 1st heating if reheated

Do not allow ‘mass of FA 4 after heating’ in third weighing.
Use of lid must be consisfent.

Unnit must be given correctly in each case.

Three weighings recorded and all listed subtractions (minimum one) correct
» All weighings to the same number of dp

+ Mass of FA 4 used between 240 and 2.60 g

If 4 weighings shown then all must be fo the same number of dp

Accuracy mark
Award if ratio between 1.80-2.10

www.SmashingScience.org
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2(b)(i)

Correctly calculates

n{H:0) = mass loss in (a)/ 18 and answer to 2 or more sf

AND

n{MZ) = mass of residue in (a) / 120.4 and answer to 2 or more =f
If masses are not shown in (a) then values used must be cormect

b)) | Shows use of 1
ratio n{MZ) : n{H:0)
AND
yis an integer
Ciher correct methods are available.
2(b)ii) | One of the following 1

«  All water (of crystallisation) was lost/ dehydration was complete

+  NoMZ decomposed on heating

2(c)

One of the following
« student incomect and because there was no spitting (and thersfors lid not required)

« student comect and to catch any spitting (check observations for spitting or swelling)

«  student incomect and because putting the lid on makes no difference to water (vapour) escaping

Q# 74/ GRAVIMETRIC (WATER OF CRYSTALISATION) EXPERIMENT ALvl Chemistry/2013/w/TZ 1/

Paper 3/Q# 2/ :0) www.SmashingScience.org

2

(a)

MMO |
Collection

The masses of FA 5 used by the candidate were
between 2.0-2.4g (expt 1) and 1.5-1.9g 1
(expt 2).

PDO ]
Display

Suitable headings for a table or list, shown

completely for at least one experiment carried

out. If 2 experiments, all headings must be

correct.

* (mass of) empty crucible

e (mass of) crucible + FA 5 1

e (mass of) crucible + residue / FA 5 after
heating

* (mass of) residue (owtte)

e« mass lost or (mass of) water lost.

and unit was given “covering” every weighing;

Unit: /g or (g) or in grams or g following each

weighing

PDO 1]
Recording

Records all weighings consistently to at least 1
1dp.
A minimum of three weighings are needed.

Accuracy (Q) marks for gravimetric experiment — 3 marks available

Examiner checks working for mass of residue and mass of water and expresses the
ratip mass ofhydated soldy  f water t0 2 dp for each experiment.

The expected ratio = /5, = 6.78.

(a) MMO Award IV if the ratio in expt 1 is between 6.30 and 1

(cont) | Quality 7.25. 1
Award V If the ratio in expt 2 is between 6.30 and 1 [6]
7.25.
Award VI If the ratio in both of experiments 1 and 2
is between 5.90 and 7.65, inclusive.

(b) (i) | MMO Correct expression for the number of moles of water 1

Display lost (from mass as recorded) or correct answer.
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Q# 77/ RATE (THIOSULFATE AND ACID) EXPERIMENT ALvl Chemistry/2018/m/TZ 3/Paper 3/Q# :0)

www.SmashingScience.org

@)

1 Single table to show temperature of FA 2/reactant(s), time and rate for 5 experiments. (not all experiments need have been
done — minimum 2)

Il Headings unambiguous and units comrect — displays: (°C), /s, in a5 (ignore factor of 1000 in rate unif)

1Il All temperatures recorded to .0 or .5, all times as integers.
(minimum 4 expeniments carried out)

IV Selects temperatures in experiments 4 and 5 that are 3 4 °C apart from all others and none above 80 °C.
(Paper states 55 °C but T for Expt 2 may be slightly higher.)

V Rates y It to 24 sf

3 results)

Award VI if candidate for expt 1 is within 10% of supervisor
(If expts have been by it then p:

time for the expt camied out at the lowest temperature.)

Award VIl if all times ds with i

Award VIl f all results give an increasing gradient graph
(Allow if 4 out of the 5 points show an increasing gradient line.)
(Do not award if no graph drawn or fewer than 5 points plotted.)

1(b)

1 Axes labelled (name or unit) and linear scales chosen so graph occupies more than half the available length for both axes
including 15°C on x-axis and 0 on y-axis.

1t All points. (mini 4 plotted

Any point which should be on a line must be on that line.

Any point not on a line must be in the correct part of the small square.

If biobs shown then they must be correctly centred and be less than % a small square across.

1l Line of best fit drawn (emooth curve expected but allow cuitable straight line)
Ignore any obviously anomalous points.

VA i points i and line P to 15°C
If no points anomalous then smooth line very close to all points

1(c)

Both construction lines at 17.5 °C shown
Allow other clear indication linking 17.5 °C with rate

Correctly calculates time from rate reading (ignore sf)

Rate must be correctly read from the graph (to within 0.5 s~ of examiner value)

If no construction lines are drawn examiner infers rate and checks rate and time given by candidate.
If construction lines / point’ drawn in wrong place then allow as ecf (i.e. wrong temp selected)

1(d)

Rate of reaction increases with / is proportional to increase in temperature because it/ graph line curves upwards / has a
positive gradient or figures from table.

Directly proportional is CON

Rate of rate of reaction increases because gradient increases with temperature / rate of reaction increases more / at a greater
rate than increase in temperature as gradient increases (or from relevant figures from graph or results table)

1(eXi)

Correctly calculates initial concentration of thio to 2-4 sf.
(Penalise incorrect =f only once in this section.)
"*'12492= 0.073/0.0720/0.07283 mol dm >

1(e)(i)

Correctly calculates concentration of acid in the mixture to 2-4 sf
0.05 0¥z = 0.023(3) mol dm™>

1(e)iii)

Shows working to compare concentration of thio in mixture with (ii)
or

moles of thio and of acid in mixture

[conc of thio in mixture = 0.073 T /3 = 0.024(31) mol dm™]

or

[moles of thio (in 10 em?) = (7.3 /7.20 / 7.283) T 10~ mol

and moles of acid (in 20 em?) = 1(.000) T 107> mof]

Comparison :m,:@..mn:m._o: moles thio : acid = 1: 2 (™/s4=0.5) and thio/ FA 1 in excess
[concentration of ™ /scain mixture = S0 > 0.5

This may be shown as thio : acid = 0.0243 > 0.0167 or 0.0486 > 0.033]

or

[moles of ™/aagin mixture = *®y o0, > 0.5

This may be shown as thio : acid = 0.00146 > 0.001]

Allow ecf from (i)

(7.2 210 0%; > 3.33 0102 and FA 1/thio in excess gains both marks)

1HH

Correct working shown or correct answer to minimum 2 sf

(% me trext2) 0 100

If "2 100" not in working allow if answer shows its use.

(t, must match the time recorded for the expt Iabelled 2 in the results table)

1(F)(ii)

It is more difficult to distinguish exactly when the printing disappears at the lower temperature (in expt 1) ora
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One of

Take the temperature on initial mixing and the temperature as soon as the printed sheet is obscured (and calculate a mean
T).

Take the temperature of FA 1/both i (and ig ) mean)

Use a thermostatically controlled water bath (to prevent temperature fluctuations)

One of

Use (graduated) pipette / burette / measuring
volumes.

Use (graduated) pipette / burette to measure FA 1/thio and FA 2/ acid / (volumes of) solutions / reactants (instead of the
measuring cylinders)

Use light i (to avoid

(Do not allow use a more accurate thermometer)

to greater p I smaller p error to

of turbidity)

Q# 78/ RATE (THIOSULFATE AND ACID) EXPERIMENT ALvl Chemistry/2015/w/TZ 1/ Paper 3/Q# 2/
:0) www.SmashingScience.org

2

(a)

| Table for readings, headings and correct units: 1
Headings:
e volume of FA 5/acid
e (volume of water — if included must be correct)
e Time
Units allow Vol or/cm® etc.

Il Three reaction times all recorded to nearest second 1

Il and IV 2
Examiner to calculate the time differences between Expt 1 and
Expt 2 (t; - t;).

Then calculate 10% of the time for Expt 1 to 1dp (x).

If (t2 —t;).> x award Ill.

Examiner to calculate the time differences between Expt 2 and
Expt 3 (t; — t2).

Then calculate 20% of the time for Expt 2 to 1dp (y).

If (t; —t2).> y award IV.

41

(b) (i) .

Rates correctly calculated 1
e All answers expressed to same sig fig (but not 1 sf)
e Unitgiven..../s™ or (s™)

(ii) | Correctly calculates 1
*  Expt 1, conc = 0.08571 (or 0.0857 or 0.086) moldm™
and

*  Expt 3, conc = 0.02857 (or 0.0286 or 0.029) moldm™

Both answers must be given to 2, 3 or 4 sig figs

(iii) | Rate increases with (increase of) concentration 1

(iv) e Time is shorter for sulfuric acid
e Sulfuric acid has a greater / doubled concentration of H ions. 1

(v) o time (for reaction) will be greater
e less depth (of solution) in the 250 cm® 1

151

Qn 2

[Total: 9]
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(f) ACE Candidate correctly evaluates each % uncertainty. 1 [1]
Interpretation
(g) |ACE Constant volume of FA 1. 1
Improvement/
s Varies volume of FA 2 and water correspondingly 1 [2]
(Volume FA 2 + H;0 same).

Total 25

Q# 80/ RATE (THIOSULFATE AND ACID) EXPERIMENT ALvl Chemistry/2009/s/TZ 1/ Paper 3/Q# 2/ :0)
Supervisor’s Report
From the Supervisor's experimental results round times to the nearest second and calculate the
average of (volume of sodium thiosulfate x time) for 50cm® and for 25 cm® of sodium thiosulfate.

Candidate’s scripts

From the candidate’s experimental results round times to the nearest second and calculate (volume
of sodium thiosulfate x time) as above.

Record values of (V x t) on script and use in assessing accuracy marks.

Question Sections Indicative material Mark
2 (a) PDO (i)  Tabulates all experimental readings: 1
Layout volumes of sodium thiosulfate and water, time and
rate ('/;)
PDO (ii)  Single table covering all three experiments 1
Recording A single table has no repetition of column headings.
(iii) Table has correct labels and units: 1

e.g. /cm®, /cubic centimetres, or

(cm®), (cubic centimetres) or

volume in cubic centimetres;

Similarly for time (s or seconds but not sec)

and rate (s™', rate (in) per second; '/ etc.)

At least two different units are required.

Where units have not been included in the column
or row header there should be the appropriate unit
for each entry in the table.

MMO (iv) All times of reaction are recorded to the nearest 1
Collection second (no decimal places).

MMO (v) and (vi) 2
Quality Give (v) and (vi) if difference between candidate’s

(V x t) values (50 & 25 cm® FA 1), is within 5% of
the larger value.

Give (vi) only if the difference is > 5% but <10% of
the larger value.

(vii) and (viii) 2
Compare the closer of the candidate's
(V x t) values with the Supervisor's average Vt.
Give (vii) and (viii) if difference is within 10% of the
Supervisor's value.
Give (viii) only if the difference is > 10% but <20%
of the Supervisor’s value.

MMO (ix) Selects (10-15) or (35-40) cm® sodium thiosulfate 1
Decisions and an appropriate volume of water to give a total
volume of 50 cm® (or 55 cm? if the volume of acid is
tabulated).
[9]
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(b) ACE Candidate shows by calculation or by mathematical 1
Interpretation | expression that [Na>S;0;] = volume of Na,S;05(aq) in
50/55 cm® of solution.
Reference to (*%so or */ss) and (*/s0 or */ss)
[1]
(©) ACE Explains that rate is given by the inverse of time or is 1
Conclusions | inversely proportional to time; or
Rate o« Vime
Allow Rate = "/jme
1]
(d) ACE (i)  Correctly evaluates all Vt values (using times given 1
Interpretation by candidate, including decimal places where
appropriate —
or
(i)  gives an appropriate qualitative statement relating
(rate or time) and concentration.
Award this mark if either is correct.
ACE Gives a quantitative description of relationship. 1
Conclusions | Vit values are required but do not have to be correctly
evaluated.
Where no pattern is obvious accept an appropriate
statement to that effect.
[2]
(e) ACE Explains that volumes of reactants or concentration (of 1
Improvements | thiosulfate and acid) must be kept constant
and
describes how the temperature will be varied.
[1]
[Total: 14]
Q# 81/ Rate (thiosulfate and iodine) experiment ALvl Chemistry/2014/s/TZ 1/ Paper 3/Q# 2/ :0)
2 (a) PDO | Table to include 1
Recording * volume of hydrogen peroxide/FA 2,
e volume of potassium iodide/FA 4,
* volume of distilled water,
e reaction time.
volume/V in cm%/cm? (cm?), time/t in seconds//s/(s).
(Minimum 2 expts recorded)
1l All times recorded to the nearest second. 1
(Minimum 2 expts)
ACE Il Correctly calculates all three rates (allow to 2 or 3 sf) 1
Interpretation
Compare times for Expts 1 and 3 with those of the
Supervisor.
MMO Award IV, V and VI for both times within 3 s 3
Quality Award IV and V for one within 3 s and one within6 s
Award IV only for either within 6 s
(If only 2 expts carried out IV is available — from either expt
performed) [6]
(b) ACE Rate increases with increasing concentration of hydrogen 1
Conclusion peroxide and potassium iodide (ora). Allow ecf from
candidate’s results. 1
(c) MMO Selects different volumes of FA 4 1
Decisions (less than 20cm®, not 10cm® and not closer than 2cm® to
suggested volumes or to 20cm’or to 10cm®)
Volumes of distilled water selected so that 1
vol of water + vol of FA 4 = 20cm® and FA 2 = 20cm®
If FA 3 and FA 5 are shown then the volumes must be
constant. [2]
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(e) ACE conclusion Rate is proportional to peroxodisulfate concentration
Rate increases as concentration (volume) increases
would score one [2]
(f) ACE interpretation | (i) correctly calculates (0.5 / time from Expt 1) x 100.
Minimum of 2 s.f.
(i) —20SON) 405 moj gm? 5~
Expt 1 time + 0.5
or
Rate—- (% from (i) x rate)
(iii) Any reasonable suggestion e.g. difficult to judge
colour change / measurement of volumes /
variation in T
ACE improvement | use of colorimeter / burettes for all volumes /
(thermostatic) waterbath.
Not air conditioning. [4]
(g) ACE conclusion (ii) Thiosulfate concentration / number moles / volume
is doubled (1)
Time is longer/ reaction is slower with more
thiosulfate (1) [2]
[Total: 26]

Q# 83/ Thermometric titration experiments ALvl Chemistry/2022/m/TZ 3/Paper 3/Q# :0)
www.SmashingScience.org

1(a)

10 themometer readings recorded, all to .0 or 5°C
AND
at least one reading at .0 and one at .5

Examiner calculates supervisor's greatest AT (= Tma — Tiwss) @nd writes it ringed on each candidate script.
Examiner calculates candidate's AT at the same volume then calculates the difference, &, from the supenisor value.

Award 2 marks if § < 1.5°C for AT 10.5-15.0
Award 1 mark if 1.5°C = & 2.0°C AT 10.5-15.0

RG]

Temperature on y-axis and volume of FA 2 on the x-axis
AND

some numbers for scales

AND

with unambiguous names or units

Linear scales chosen so that the graph occupies more than half the available length for both axes

All points recorded accurately plotted

Two lines of best fit drawn and extrapolated
AND
Lines must give a sharp intersection at a temperature equal to or higher than the highest recorded temperature

Correct volume from intersection to 1.or 2 dp

Correct expression with answer to 2 — 4 sf

Concentration =

= temperature started dropping between additions (of acid)/ heat loss so AT low{er) (than it should be)
. d p ure at ion is lower (than it should be) as insufficient readings near end point
» alkali volume less than 25 em® as measuring cylinder used

ey AT =T at intercept — initial T from table 1
OR
AT =T at intercept — T at intersect on y-axis

A(c)ii) | Comectly calculates 1
% ermor = 4.167, 4.17 or4.2%

e One of: 1

www.SmashingScience.org
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2(a)

1 The following data must be shown:

«  burette readings and titre for rough titration
«  2x2 'box’ showing both accurate burette readings.

Il Headings and units comect for accurate titration table and headings match readings.
« initial/ start AND (burette) reading / volume + unit
+ final/end AND (burette) reading / volume + unit
» fitre OR volume /FA 4 AND used/added + unit

I All accurate burette readings given to the nearest 0.05

IV The final accurate titre recorded is within 0.10 cm? of any other accurate titre.

Accuracy marks

Check and correct fitre subtractions where necessary. Exclude any titre from the calculation for the mean where final bureffe
reading is greater than 50{.00). Examiner selects the best fifres for calculating the mean, using the hisrarchy:

2 identical titres, tifres within 0.05 cm?é, fitres within 0.10 cn?® efc.

Examiner subfracts ) s fitre from Supervisor's fitre.

Write and ring Supervisor's value next to the accurate fitration fable of each candidate, also candidate mean value
(calcuiated by examiner) and &

Award Vif § < 0.50cm?®
Award VIif & < 0.30 cm?®
Award VIIIf & < 0.20 cm?

2(b)

Candidate must average two (or more) fitres that are all within 0.20 cm?

AND

give the answer to 2 dp.

AND

working must be shown or ticks must be put next to the two (or more) accurate titres selected.

2(c)(i)

All final answers for (c)i {c)iv) are to 3—4 sf

Q# 84/ Thermometric titration experiments ALvl Chemistry/2013/s/TZ 1/ Paper 3/Q# 1/ :0)
www.SmashingScience.org

1 (a) PDO layout I Constructs a table for results with space for 10 1
volumes.
PDO recording | Il Appropriate headings and units for data given. 1
Volumes in cm® or/cm® or (cm®), temperature in °C
or /°C or (°C) in table. All volumes to same dp.
PDO recording | Il All temperatures recorded to the nearest 0.5 °C 1
both in the table and for T;_ At least one ending in
.0 and one in .5.
MMO quality IV +V Compare temp rise for addition of 25 cm® of 2 [5]
FA 2 with the Supervisor value.
Award 2 marks for AT within + 1°C. Award 1
mark for AT within + 2 °C.
(b) ACE Correctly calculates AT, Vr and 1 ]
interpretation AT x V; (assume correct data from (a)) (min 8 results)

(c) (i) | PDO layout

AT x Vz on y-axis and volume of FA 2 on x-axis. 1
Axes clearly labelled (ignore units).

Il Uniform scales chosen to use more than half of 1
each axis. Only include O if point plofted. Points
plotted use 5 large squares vertically and 4
horizontally.

Il All points plotted. Examiner to check points at 1

V=5,10, 15, 20 and 25. The points should be
within %2 small square and in correct small square.
Min 8
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Q# 86/ Thermometric titration experiments ALvl Chemistry/2010/s/TZ 1/ Paper 3/Q# 1/ :0)

www.SmashingScience.org

Question 1 Round all thermometer readings to the nearest 0.5°C.

Question

Sections

Indicative material

Mark

1 (a)

PDO
Recording

MMO
Collection

MMO
Decisions

MMO
Quality

MMO
Quality

(i) Presents data in single table of results - to include
volume of FA 2, initial and final temperatures and
temperature change.

(ii) All columns correctly labelled with appropriate unit
shown.
Must use solidus, brackets or describe unit fully in
words. If units not included in column headings every
entry must have the correct unit shown.

(iii) All thermometer readings recorded to 0.5°C

(iv) Follows instructions — uses 10, 20, 30, 40, 50 cm® of
FA 2 + two additional volumes

(v) One extra volume of FA 2 on either side of the
maximum for the first five expts.
or Two extra volumes between identical values for the
first five expts.
or Two extra volumes the same side as the next
highest reading.

(vi) and (vii) Check and correct AT where necessary. (If
multiple readings for max. T then apply hierarchy: take
value of consistent readings; take average and correct
to nearest 0.5°C) Compare temp rise with that
obtained by the Supervisor (Expected value is 14.0°C)
For 30 cm® FA 2: Award (vi) and (vii) for a temp rise of
0.0°,0.5°, 1.0°C
Award (vi) only for a difference of 1.5°C

(viii) and (ix) Check and correct AT where necessary.
Compare temp rise with that obtained by the
Supervisor (Expected value is 13.5°C)

For 40 cm® FA 2: Award (viii) and (ix) for a temp rise
of 0.0°, 0.5°, 1.0°C

Award (viii) only for a difference of 1.5°C

[9]

Question

Sections

Indicative material

Mark

(b)

PDO
Layout

www.SmashingScience.org

(i) Temperature (rise) plotted on y-axis against volume (of
FA 2) or FA 2 added /cm® on x-axis. Clearly labelled
axes (ignore units unless T, AT or V used as labels)

(ii) Uniform and sensible scales that allow points to be
plotted in at least half of the squares on each axis.
(6 x 4 big squares). (0,0) may be considered — as an
additional point or with a line going through it

Patrick Brannac
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(iii) Visual check the “sweep” of all points, for all
experiments recorded. Check the plotting of points for
10, 30 and 50 cm® of FA 2 (and any other “suspect”
point) If any point is missing and that experiment was
not carried out, check adjacent point
Points should be within % of a small square, in the
correct square
Do not award if T plotted instead of AT

(iv) Appropriate lines drawn through the ascending and
descending points. (Ignore any deviation through
rounding at the maximum temperature rise)

Do not award if both straight lines and curves drawn
or there is any forced change in gradient.

4]

(c) ACE Reads from the graph (to within »2 small square) the
Interpretation | volume of FA 2 at the intersection of two lines. Allow
rounding to the closest cm®
Do not award this mark if the lines/curves have been
rounded at the maximum AT. [1
(d) PDO Explains that the temperature rise is the dependent
Layout variable or
Volume of FA 2 is the independent variable/one that is
controlled/one that you vary (or words to that effect) [11
(e) |ACE Gives correct equation for the reaction (ignore state
Conclusion symbols)
2NaOH + H,S0O4 — Na;SO, + 2H,0
or NaOH + H,SO4 — NaHSO, + H,0 [1]
(f) PDO Working is shown in (f)(i) (involves volumes and
Display concentration, 2.0 moldm™) and (f)(ii) (any clear mole
ratio)
ACE Has correct expression for “nw%% x2.0
Interpretation | or an answer of 0.02(00) in (f)(i) and 0.04(00) in (f)(ii)
There is no ecf within (f) [2]
(9) PDO Expression given in the question paper is comrectly
Display evaluated to 2 or 3 significant figures. Allow a volume, read
from rounded curves to be used in this expression. Normal
rounding rules apply to the sig fig. [1]
(h) |ACE Uses the expression:
Interpretation | (answer from (c) + 10) x 4.3 x AT read from graph
Divides the answer above by answer to (f)(i) and
gives answer in kJ mol™" with —ve sign
Do not award this second mark unless candidate has
calculated (a volume of soln x 4.3 x AT) [2]
(i) ACE Advantage of burette:
Improvements | Lower % error or
more accurately calibrated (must refer to or infer
scale/graduations/markings/divisions)
Disadvantage of burette:
Takes longer to add the FA 2 [2]
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Q# 90/ Gas collection (Decomposition of H203) ALvl Chemistry/2017/m/TZ 3/Paper 3/Q# :0)

www.SmashingScience.org

1(a) M1 unambiguous recording of volume of oxygen gas with unit

M2 volume of gas within 10% of the supervisor's value

1(b)(i) correctly calculates V(a) = 150 to 2-4 sig. fig.

1(b)ii) Via)
correctly calculates ——————— to 24 sig. fig.
24.0x 1000
1(b)(ii) correctly uses (ii) x 2 AND answer to 2-4 sig. fig.
1(b)(iv)

}x 1000

shows working 50

AND answer to 24 sig. fig.

1(e)i) MnOz in (ignition) tube / floating in weighing boat
OR
use a dropping funnel/ syringe for H202 AND subtract the liquid volume

e)i) mq 05x100
50

=1.0%

M2 x3=30%
(3.0 with no working shown scores [2].)

volume reading

(agree as) two readings to find volume of gas evolved are needed so there is twice the percentage error in the gas

1(d) no change because MnO,/FA 2/solid is a catalyst

Q# 91/ Gas collection (metal and acid) ALvl Chemistry/2019/w/TZ 1/Paper 3/Q# :0)
www.SmashingScience.org

1(a) 3 masses recorded with unambiguous headings in the space provided, with comect units
mass used comectly calculated
volume of gas collected or final volume recorded with comect units

Award this mark if volume recorded by candidate lies within £ 10% of supervisor value.

(b)) Correctly calculates volume of gas in cm*/ 24 000
answer to 24 sf

Ty Correct use of:

2x

AND

ans (b){i) / 0.025 (answer to 2-4 sf)

Correctly uses ans (b)(i) = 24.3 and answer to 2—4 sf

Student commect as reaction now slower so less gas lost (while bung is being fitted).

Student incormrect as Mg is in excess
or
Student incorrect as reaction is faster so more gas lost

1(d) gas volume | amount / moles lower so concentration is lower
www.SmashingScience.org Patrick Brannac Page 573 of 579

2(a) I Uses avolume between 40.00 and 45.00 cm? and answer to at least 1 dp

Il The following data must be shown
#  burette readings and fitre for rough titration
*  2x2box both burette

Il Headings and units correct for accurate titration table and headings match readings.
# |nitial / start (burette) and reading / volume + unit

*  Final/end (burette) and reading / volume + unit

= ftitre or volume / FA 4 and used/ added (nof ‘difference’ amount or total’} + unit

IV All accurate burette readings to 0.05 cm®

V  The final accurate titre recorded is within 0.10 cm? of any other accurate fitre.

Award VI if 20 <& < 30 cm?®

Award VILIF 10 < & < 20 cm?

Award VIl if & < 10 cm?

2(b) Candidate must average two {or more) titres that are all within 0.20 cm?.
Woeorking must be shown or ticks must be put next to the twe (or more) accurate titres selected.

2{c)(i) Answers for ) and (iv) given to 3—4 sf.
Minimum three answers displayed.

2{c)(ii) Comectly calculates 2.50 = 1072

2(c Correct use of ans (c)(ii) x 1000/ ans (b)

2(c)iv) | Correct expression: ans (c)

= 250 { vol used from (a)

2(d) Correctly calculates 0.10 /vol used in (a) = 100.

Q# 92/ Qualitative tests to identify unknown organic compounds ALvl Chemistry/2022/w/TZ

1/Paper 3/Q# :0) www.SmashingScience.org

_ FA 6 is agueous Zn{N0:}: and KI; FA 7 gives results for ethanal but is actually butan-2-ol

(b)) M1: Test 2 (friicdomethane test)

(Pale) yellow ppt

M2: Test 3 add (acidified agueous) potassium manganate(VII)
purple / KMnC.; decolourised

any 2 of the following tests comect

Test 1: does not contain —OH fnot an alcohol f not a carboxylic acid / not hydroxyl group
Test 2: contains —CH:C=0 (or —CH{OH)CHa) group

Test 3: is an aldehyde (or a 1% or 2° alcohol)

FA T is ethanal / CH:.CHO

www.SmashingScience.org
1

Q# 93/ Qualitative tests to identify unknown organic compounds ALvl Chemistry/2020/s/TZ 1/Paper 3/Q# :0)

FA 1FA 6is (NH:eFe{S0:)26H:0;  FAT is HaOx FA 8 is ethanol

3{a)i) |Reagents used are NaOH and NH:

FA 6 dissolved in (distilled) water (before carrying out tests)

Observations with both cold alkalis

= With NaOH: green ppt, inscluble in excess
+ With NH:: green ppt, insoluble in excess
OR

brown

= [f only one of MaOH or NH: was selected, award this mark if the observation is comect, but it must include “ppt tums

Observation when heated with NaOH
Fizzing/bubbling and gasiH; tums (moist red) litmus to blue

Both ions comectly identified
Iron{IT) and ammonium (Fe2* and NH:")

www.SmashingScience.org Patrick Brannac Page 574 of 579
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Qualitative Analysis Notes, Constants and Periodic Table

9701/31/0/IN/23

Qualitative analysis notes

1 Reactions of cations

cation

reaction with

NaOH(aq)

NH,(aq)

aluminium, Al*(aq)

white ppt. soluble in excess

white ppt. insoluble in excess

ammonium, NH *(aq)

no ppt.
ammonia produced on warming

low

barium, Ba*(aq) faint white ppt. is observed unless | no ppt.
[Ba**{aq)] is very low
calcium, Ca*(aq) white ppt. unless [Ca®(aq)] is very |no ppt.

chromium(III), Cr*(aq)

grey-green ppt. soluble in excess
giving dark green solution

grey-green ppt. insoluble in excess

copper(IL), Cu*(aq)

pale blue ppt. insoluble in excess

pale blue ppt. soluble in excess
giving dark blue solution

iron(II), Fe**(aq)

green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe*(aq)

red-brown ppt. insoluble in excess

red-brown ppt. insoluble in excess

magnesium, Mg*(aq)

white ppt. insoluble in excess

white ppt. insoluble in excess

manganese(II), Mn¥(aq)

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn*(aq)

white ppt. soluble in excess

white ppt. soluble in excess

2 Reactions of anions

reaction

carbonate, CO,*

CO, liberated by dilute acids

chloride, Cl-(aq)

gives white ppt. with Ag*(aq) (soluble in NH,(aq))

bromide, Br-(aq)

gives cream/off-white ppt. with Ag*(aq) (partially soluble in NH;(aq))

iodide, I(aq)

gives pale yellow ppt. with Ag*(aq) (insoluble in NH;(aq))

nitrate, NO;~(aq)

NH, liberated on heating with OH-~(aq) and Al foil

nitrite, NO,~(aq)

NH, liberated on heating with OH-(aq) and Al foil;
decolourises acidified agueous KMnO,

sulfate, SO,*(aq)

gives white ppt. with Ba*(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca**(aq)]

sulfite, SO.2-(aq)

gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);
decolourises acidified aqueous KMnO,

thiosulfate, $,0,%(aq)

gives off-white /pale yellow ppt. slowly with H*

www.SmashingScience.org
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3 Tests for gases

gas

test and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

4 Tests for elements

element

test and test result

iodine, I,

gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant

R =8.31JK 'mol"

Faraday constant

F=9.65x10*Cmol™

Avogadro constant

L =6.022 = 10¥mol™"

electronic charge

=—1.60 = 107'°C

molar volume of gas

Vi, =22 4dm*mol~ at s.tp. (101kPa and 273K)
V., = 24.0dm*mol~' at room conditions

ionic product of water

K, = 1.00 x 10"“moP dm™ (at 298K (25°C))

specific heat capacity of water

£ =4.18KJkg K- (4.18Jg-1K-")

www.SmashingScience.org
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