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Organised by Topic Number

Summer 2009 to Winter 2022 (35 Papers)
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compared tosame period PAPER 1 in the red diamonds (70 exams). Purple line shows most important recent 7 year
14.0 ]
12.0

% of Marks awarded for each topic

Topic Number

0.0 1 2 3 4 5 6 7 8 9 10 11 12 13

= 0Ow-15w P1+2 | 4.1 4.1 4.6 2.3 6.2 21 81 2.2 7.1 4.8 3.9 5.7 3.5 82 3.1 3.5 2.7 4.1 0.1 0.5 13.9 0.0 4.4
==¢==P1l16m22w 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 4.8 3.6 6.0 6.8 10 2.4 2.9 25 2.0
56 6.5 3.5 46

—— P2 16m-22w

www.SmashingScience.org Patrick Brannac



http://www.smashingscience.org/

For and electronic version of this Work Book
Scan this code:

Contents
For and electronic version of this WOk BOOK.........cc.eiiiiiiiiiieceeeee e s sreenreens 2
Calendars and TiME MANAEEIMENT......ccuviiiiiieee ettt ecree e e etee e e eette e e e setteeeesbaeeeesaraeeeaasraeesaasseeeeassaseeeastaseessseeesantaeseeastaeeesnsraeens 4
T ol a1 o =Y T e - 1YL PP 8
Y oI g A= o I A Y g AV £ T a T G =Y o] o 13RS 12
Paper 2: NOtes and POINTS OF INTEIEST.....cc.vviiiiciee ettt e e erree e e eetbe e e e streeeesbaeeeesabaeeeesseeeeeasbeeesastaeeesasraeeesnsreeens 15
[N o oL A e T ¢ T O LU= o o] 3 K- 19
TOPIC CREM L QL ..ooeiiiiieiee ettt ettt e e et e e e e st ae e e e tbeeeestbe e e e staeeeeastaeeeanssaeeeastaseeeassaeeeansbeseeansaeseaassaeeeansbaeesssseeessntaneennns 19
B eT o1 (o @ o T=T a0 I O 2 S 36
B oY o1 (o @ o T=T o oS T O 25 AU S 52
B o] o1 Tol @ o T=Ta T 0 21V PP UR 77
TOPIC ChEM 5 Qff 104 ...ttt ettt ettt ettt et e e e bt e e bt e e bee e aabeesabe e et e e aabae e aeeeambeeeateeeabeeenaeesabeesabeesnbaeeseeeanneas 87
[ o] ool @ o T=T 0 oI SR O 20 7 USRI 112
L] o 1Tl @ o 1=T0 A O O PO TP PO PPN 117
TOPIC CREM 8 QHf 169 ... .eeiieeiiieeeeitee ettt et e e e ste e e st e e s sateeeesateeeestaeeessstaeeenseeeeasssaeeeanesaeeeansteesensseeesenasaeesanssenesnnsees 140
Lo o L{ol O =T e I I O 3P EURR r‘i‘i“

www.SmashingScience.org Patrick Brannac Page 2 of 498



http://www.smashingscience.org/

L] o 1Tl @ o T=T0 T (O O 20 {0 S PO PP TS UOT PPN 169

JLeT ool @ o T=T0 o I B R O 000 L PSPPI 183
TOPIC CREM 12 QH 250 ... utieieiiieeeeiiteeeectte e e srite e e st te e e e s teeeessataeeesateeeesaseeeesssaeeessssaeeesnsseeeasseeeessseeeesseeeeassseeesnssenessnssenes 199
L] o 1Tl @ o 1=Ta T I T O 20 Ay 1 T OO PP UPTUPPPPPRTON 213
JLeT ool @ o T=T 0 0 I 2 N 0 T 0 USSR 228
L] o T Tl @ o T=Ta T BT O 2 ¥ OO ST PPN 260
JLeT ool @ o T=T 0 0 I A SN O 1Y USRS 268
L] o 1Tl @ o 1=Ta T A O 2 7 1 TP S T PPN 281
L] o T Tl @ o T=Ta T < A O 1 i OO P SO 293
TOPIC ChEM 1O QH 408 ......eeeeeeieeeeetee ettt e e sttt e e st e e e s tte e e s sateeeeaateeeesataeeeaasaeeesnssaeeesnseeeeassaeesasseeeesnseeeeasnsseeesnssenessnssenes 304
L] o 1Tl @ o T=Ta W2 O @ 2 I OO P USUSUPTTPPPRPRTON 306
TOPIC CREM 21 Qff 417 ..ottt ettt ettt e e bt e at e e s bt e et e e et et e bee e nbeeaateeeabeeeaseeeaneeeameeeeateeeabeeeanbeesabeesnbeesabeeeanes 310
L] o 1Tl @ o T=Ta I O 2 iy PSP 345
Lo Yo =T A Y T [T o 4 YT 4 TSR 363
(0 0 1A 1 =T o I PP 363
(08 Y A ol YT s TSP 368
(O Y A o T=Y o 1= TR 374
(0L ol 1T T TP 385
(O3 (0T A 0 o T=T 1 s T TR 388
(0L e A o 1= o 1 YU PRPR 396
0L 20 7 ] o =T o o RS 398
082 e ] o =T o o T RS 406
QH 182/ ChEM 9 ..ttt ettt b e s et et h e bt e e et h e s h e b et st e bt e R et et e bt e b e R et ene e bt e bt e b e e e st erenr e renene 409
Q# 210/ Chem 10.......cccevee o D TN, 2 B B ettt aes 415
QH 2297 ChEM L1 ..ttt h e et et s e bt e et b e ekt e et e st e bR et et bt e b e R et e s e e bt e bt s b e e st bt r e re e 420
(082020 ] o =T o o 1 2SO 424
Q# 273/ Chem 13 ..o g B o oo ot R B e eee e e seesae e s aesennn s 430
Q#300/Chem 14 ... B B T 0 8 Wa BB BB e 434
(08 e ¥y o o T=T o o 1 RO 446
QH 356/ CHEM 16 ...ttt ettt ettt b ettt s e bt e e et e bt b e e et e st e bt e b et ene e bt e b e b et eneebeeb e s b e e st ebenr e b eneene 448
(08 e o 1=T o o Iy 451
QH 391/ ChEM 18 ...ttt ettt b ettt b e bt et s e bt e et e st e bt e b e e et e st e bt e b e e et e bt eb e b et eneebeebenb e e st ebenr e reneene 456
O80T 0o T=T o o O 460
L0827 1 o T=T o o 0 ST 460
QH A17/ ChEM 21 .ttt ettt h e bt et s e bt e e et h e e b e et e st e bt e R et et e bt e b e b et en e eb e e b e s b e e neebenre e e e ene 462
08y o 1=T o o 0 2SO 480
2016 Data Booklet and PeriodiC Table........coouiiiiiiiieiieee e s 484
Important values, constants and standards (2022 and After) .....cuiccieeiiie et et ebe e ere e 497
PeriOdiC RABIE. ..o s s sane e

www.SmashingScience.org Patrick Brannac Page 3 of 498



http://www.smashingscience.org/

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
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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
IG | Combined Science (Core) 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) 9702/12 | 1h15m Thursday 06 June 2024 PM
Physics 9702/22 | 1h15m 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 PM 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 | Th30m 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 | 1h30m | 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) 969612 | 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-Apr 168 Thur 2" PM Paper 33 (TZ2)

6'May 17 Wed

ISSVIAVREREEN \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 —
14.0 ||
12.0

10.0

% of Marks awarded for each topic

0.0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Chem X
= P209s-15w 3.7 5.1 4.5 1.6 6.8 1.7 9.3 13 7.4 4.9 23 6.7 2.1 10.9 2.3 2.3 24 2.5 0.0 0.0 18.7 0.0 3.6
==¢=-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 10.1 2.1 3.2 3.6 2.8 0.2 0.8 10.6 2.5 2.2
—#— 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 13
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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 21.2 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 seﬁé‘é’ﬁﬁ%}%
answers from various parts to solve an unknown compound tended to be broken down into smaller steps i.h-,Z %

www.SmashingScience.org

and afterwards and the marks were therefore easier to assign to individual organic topics instead. This is linl
s
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a decades long trend away from thrilling subject-specific esoteric riddles towards an increasingly prosaic,
guantised 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 N3 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 5.2 139 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 3.4
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

www.SmashingScience.org Patrick Brannac Page 16 of 498
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Paper 1 and 2 By Chemistry Branch | p116m-22w P2 16m-22w  09w-15w P1+2 | 16m-22w P1+2

Physical Chemistry

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 1.4 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

www.SmashingScience.org Patrick Brannac Page 17 of 498
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Exam Papers, their marks and their weighting towards the AS and A2 years and the A Level qualification:

Exam

% of AS % of ALVl Total Time Time(s)/ mark as % mark as % ALL

Paper or A2 (marks) (min) marks AS or A2 A-Level/ mark
1 31 15.5 40 75 112.5 0.78 0.39

46 23 60 75 75 0.77 0.38

3 23 11.5 30 120 240 0.77 0.38

4 77 38.5 100 120 72 0.77 0.39

5 23 11.5 30 75 150 0.77 0.38

www.SmashingScience.org
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PAPER 2 Exam O,Cmmﬂosm (iii) State one similarity and one difference in the properties of these isotopes of magnesium.
Explain your answer.

Topic Chem 1 Q# 1/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Atoms with nuclei containing an odd number of protons tend to have fewer isotopes than those with
an even number of protons.

(b) Potassium also has two stable isotopes. Both isotopes have the same chemical properties.

(i) Explain why both isotopes of potassium have the same chemical properties. L [2]
Topic Chem 1 Q# 3/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

Fig. 1.1 shows how first ionisation energies vary across Period 2.

(ii) State the full electronic configuration of an atom of potassium.

ionisation
energy L

(iii) The first, second and third ionisation energies of potassium are 418, 3070 and
4600kJmol™, respectively.

Use this information to explain why potassium is in Group 1.

Li Be B Cc N 0 F  Ne

(a) Construct an equation to represent the first ionisation energy of oxygen.

Include state symboaols.

Topic Chem 1 Q# 2/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Calcium, magnesium and radium are Group 2 elements. Radium follows the same trends as the
other members of Group 2.
(b) (i) State and explain the general trend in first ionisation energies across Period 2.
(a) Identify the highest energy orbital which contains electrons in a calcium atom. Sketch the
shape of this orbital.

identity of highest energy orbitalin Ca ...

shape

o pEaa . .
(d) (i) Mg is an isotope of magnesium. (ii) Explain why ionisation energy A in Fig. 1.1 does not follow the general trend in first

. . ionisation energies across Period 2.
Determine the number of protons and neutrons in an atom of 25Mg. g

number of ProtonS ... T
number of NEUTONS ... B e R
(1

(i) State the full electronic configuration of an atom of 2Mg.

mz‘pm:_mmzqw www.SmashingScience.org Patrick Brannac Page 20 of 498 m!bm:_zﬁwx_qw

www.SmashingScience.org Patrick Brannac Page 19 of 498 1




Mn/mz_:m(zm 86 10 7z 99ed Jeuuelg ydLIEd
~

B10790U3DSUIYSEWS MMM

a9 Jo AB1aua uonesiuol 151y ayl ueyl Jaybiy si ag Jo ABiaua uonesiuol puodas ayl Aym uie|dxg

Howry G/ | st g Jo Afleus uonesiuol puodas ay| (2)

-z dnoig umop saiblaua uonesiuol 1siy Ul pual] pastasqo a1 uieidxg (q)

[
‘S|oquIAS 21B1S 2pN|ou|

By Jo ABiaua uonesiuol 1s1y 2] 10} uonenba ue apy (e)

waweale z dnoig

eq 18 0] By ed

oov
L H Y Hos

- H-o009
—  H-00L
008
006
0001

Jow ry fABiaus
uonesiuol jsiy

'z dnoigy ul sjuawaf2 2y} Jo awos jo saiblaus uonesiuol jsay 2yl smoys ydeibay) )

810°30uB1253UIYSRWS MMM /T #D/¥ 419ded/T 71/M/0Z0z/A3siwayd ATV /9 #D T way) dido]

510°30U30SSUIYSEWS MMM

[ @z_ SV 86 10 TZ 99ed Jeuuelg yduied
Ay »

[1]

‘Suol oM} asau Jo uoneinByuod JlonIsjE ay) 31ElS

"_H PUE ,I7 SUOI 3y} Suleluod apupAy wniyy ()
810°92U31058uIyseWS MMM/€ #D /1 Jaded/T Z1/M/0z0z/Ansiway) |ATY /S #O T way) d1do)

[e]

“sjuawWsja g pouad ay} jo saibiaua uonesiuol }s1y 3y} ul asealnun [e1auab ayy wieidxg (i)
‘sjoquAs ajels apn|au|
“aulo|yo jo ABlaua uonesiuol 1s1y ayl 1o} uonenba ue ypnasuo (1)

70 0] BN SlUaW2|2 ¢ poldad 2y} Jo ABiaua uonesiuol 1sny) 1saybiy ay; sey auuoyd (q)
810°92UB1ISBUIYSBWS MMM/Z #O/¥ Jaded/z 71 /w/Tzoz/Asiway) [TV /v #0 T wayd d1do|

[6 :je101]

[e]

T e = 1 10 _.._O:m._jmﬁcou Jluonda|= ||ng

“1amsue Inok uie|dx3
'3 Jo uonesnBiyuod Jluoda|a ([N} Ayl adnpag

00S.¢ | oO¥eC | 00¥8L | 008¥L | 009LL | OF.LE 0esl 115G | Jowry/ABisus uonesiuol

we hyl hts) WS U pig puz 15) uonesiuol

L'} @lqeL

‘L1 3|gel ul umoys ale 3 Jo sanjea ABiaua uonesiuol Y62 151y 3y |
"3|qeL JIpoliad 3y} JO € pouad Ul sl 3 Wwswal3 (9)



Topic Chem 1 Q# 7/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Gallium is a metal in Group 13 of the Periodic Table.

(a) There are two stable isotopes of gallium, ¥Ga and "Ga.

(i) State, with reference to subatomic particles, how the isotopes ®#Ga and "'Ga differ from
each other.

Topic Chem 1 Q# 8/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 (a) Construct an equation for the second ionisation energy of argon.

{(b) The graph shows successive ionisation energies for the element argon.

Complete the graph with predictions for the eighth and ninth ionisation energies of argon.
Use a cross (x) for each data point. [2]

50000

45000

40000

35000

30000

ionisation

energy 25000
/kJ mol-!

20000

15000

10000

5000

1 2 3 4 5 6 7 8 9 10

number of electrons removed

www.SmashingScience.org Patrick Brannac Page 23 of 498

(¢) The energy value required to remove the first electron from an atom of argon is circled on the
graph.

Sketch the shape of the orbital that contains this electron.

4l
Topic Chem 1 Q# 9/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
(b) (i) Complete the electronic configuration of a chloride ion.

Topic Chem 1 Q# 10/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Theelements in Group 17 of the Periodic Table are called the halogens. They form stable compounds
with both metals and non-metals.

The table gives some data about F,, HCland CaF,.

F, HCI CaF,
boiling point/K 85 188 2773
relative formula mass 380 365 78.1

{a) (i) State what is meant by the term relative formula mass.

(iv) CaF,(aq)can be made by the reaction of calcium carbonate with hydrofluoric acid, HF(aq).

Write an equation for this reaction. Include state symbols.

Topic Chem 1 Q# 11/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 lIron pyrite, Fe§,, has a yellow colour that makes it look like gold metal. The compound contains the
ions Fe* and S,*.

{a) (i) Give the full electronic configuration of Fe®.

. ALs

<
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(b) P-T are successive elements in Period 3 of the Periodic Table.
The letters are not the symbols of the elements.
On the axes, sketch a graph to show the trend in the atomic radius of the elements P-T.

Explain your answer.

atomic radius
of the element

o
o
o
(7
-

element

P AN A O

[Total: 9]

Li7
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Topic Chem 1 Q# 15/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
The elements in the third period, and their compounds, show trends in their physical and chemical
properties.

(a) A sketch graph of the first ionisation energies of five successive elements in the third period is

shown.

ionisation P S

energy
/2

atomic number

(i) Explain why there is a general increase in the first ionisation energy across the third period.

(ii) Sketch, on the graph, the position of the ionisation energies of the two elements that come
before Mg in this sequence. [2]

Explain, with reference to electron arrangements, the decreases in first ionisation energy
between Mg and Al and between P and S.

Mg and A . e e il

B AN S e

Y]
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(¢) The fifth to eighth ionisation energies of three elements in the third period of the Periodic Table Topic Chem 1 Q# 19/ ALvI Chemistry/2016/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

are given. The symbuols used for reference are not the actual symbaols of the elements. 1 This question is about Period 3 elements and their compounds.

ionisation energies, kJmol™ (a) Give an explanation for each of the following statements.
fifth sixth seventh eighth
X 6274 21269 25398 29855
Y 7012 8496 27107 31671

(i) The atomic radius decreases across Period 3 (Na to Ar).

group number ... e [2]

B e L S (ii) The first ionisation energy of sulfur is lower than that of phosphorus.

(ii) State and explain the general trend in first ionisation energies across the third period.

Topic Chem 1 Q# 20/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 (a) Chemists recognise that atoms are made of three types of particle.

(iii) Explain why the first ionisation energy of element Y is less than that of element X. el Vi< e I g st M-S IR O oTAcs.

name of particle relative mass relative charge

0

1/18386

Topic Chem 1 Q# 21/ ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(iv) Complete the electronic configuration of element Z. ST ) ] ) ) .
1 (a) Successive ionisation energies for the elements magnesium to barium are given in the table.

1st ionisation 2nd ionisation 3rd ionisation

s energy/kJmol™ | energy/kJmol™ | energy/kJmol™

Mg 736 1450 7740
Ca 590 1150 4940
Sr 548 1060 4120
Ba 502 966 3390

www.SmashingScience.org Patrick Brannac Page 32 of 498 m!bm_.__zmx_qm
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Topic Chem 1 Q# 24/ ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Magnesium, Mg, and radium, Ra, are elements in Group Il of the Periodic Table.

Magnesium has three isotopes.

(a) Explain the meaning of the term isotope.

Radium, proton number 88, and uranium, proton number 92, are radioactive elements.
The isotope 22°Ra is produced by the radioactive decay of the uranium isotope 232U

(e) Wm:_n._mﬁm the table below to show the atomic structures of the isotopes 226Ra and
u.

number of

isotopes | protons | neutrons | electrons

226R 4

238

3]

Topic Chem 1 Q# 25/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Copper and titanium are each used with aluminium to make alloys which are light, strong
and resistant to corrosion.

Aluminium, Al is in the third period of the Periodic Table; copper and titanium are both
transition elements.

(a) Complete the electronic configuration of aluminium and of titanium, proton number 22.

Al |1s2

Ti | 1s2

[2]
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Topic Chem 2 Q# 26/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Atoms with nuclei containing an odd number of protons tend to have fewer isotopes than those with
an even number of protons.

(a) Gallium has two stable isotopes, #Ga and "'Ga.

(i) Complete Table 1.1 to show the numbers of protons, neutrons and electrons in the two
stable isotopes of gallium.

Table 1.1
isotope number of protons number of neutrons | number of electrons
mmﬁwm
w_mm

[2]

(ii) Define relative atomic mass.

(iiiy The relative atomic mass of gallium, A_ is 69.723.
The relative isotopic masses of ®Ga and "'Ga are:

®Ga, 68.926; "'Ga, 70.925.

Use this information to calculate the percentage abundance of ¥Ga in elemental gallium.

Show your working.
Assume that the element contains only the ¥Ga and "'Ga isotopes.

Give your answer to four significant figures.

percentage abundance of ®Ga=_ ... %
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Topic Chem 2 Q# 31/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org Topic Chem 2 Q# 32/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(d) The compound As,S, is a common mineral. 1 Ethanedioic acid, HO,CCO,H, has a relative molecular mass of 90.0.

When As,S, is heated strongly in air, it forms a mixture of products, as shown. (a) (i) Explain whatis meant by the term relative molecular mass.

2As5,5,(s) + 904(g) — As,O4(s) + BS04(g)

(i) Asample containing 0.198g As,S, is placed in 0.100dm? of pure oxygen, an excess, in a
reaction chamber connected to a gas syringe at room temperature.

The reactants are heated until no further change is observed. The products are then
allowed to cool to room temperature. (ii) State the empincal formula of ethanedioic acid.
Calculate the volume, in dm?, of gas present at the end of the experiment. e ]

The molar volume of gas is 24.0dm*mol™ under these conditions. Assume that the
pressure is constant throughout the experiment.

) Calculate how many atoms of carbon are presentin 0.18 g of ethanedioic acid, HO,CCO,H.

Show your working.
Show your working.

atoms of carbonpresent= ... [3]

Topic Chem 2 Q# 33/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(b) In the reaction described in (a)(i), a student uses 17.43g of CuSO,+yH,0. By further titration
of the reaction products the student concludes that the total amount of CuSO, in the sample is
0.0982 mol.

Use the Data Booklet to complete the table to calculate the value of y, where y is an integer.
Show your working.

mass of
0.0982mol CuSO,
volume of gas remaining = ... dm?
[4] amount of H,O in
17.43g of CuSO,yH,0
oo seeeeeeeeee. MO HO
value of y
Y S e
[4]
[Total: 9]
H\ \J.\W .,,. ﬁ\ \Jiw,._
)Y ™
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Topic Chem 2 Q# 41/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

(iii) A naturally occurring sample of cerium contains only four isotopes. Data for three of the
isotopes are shown in the table.

isotope ¥Ce BECe HCe “Ce

| Aelae 135907 | 137.906 | 139.905 i
isotopic mass calculated

peEntage 0.185 0.251 88.450 fohe
abundance calculated

The A, of the sample is 140.116.

Use these data to calculate the relative isotopic mass of the fourth isotope in this sample
o-nmz::,_.

Give your answer to three decimal places.

relative isotopic mass =

e [3]

[Total: 17]
Topic Chem 2 Q# 42/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(d) A sample of strontium exists as a mixture of four isotopes. Information about three of these
isotopes is given in the table.

mass number a6 a7 88

abundance 9.86% 7.00% 82 58%

(i) Calculate the abundance of the fourth isotope.

abundance = ... % [1]

www.SmashingScience.org Patrick Brannac
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(ii) The relative atomic mass of this sample of strontium is 87.71.

Calculate the mass number of the fourth isotope.

massnumber= ... [2]

[Total: 16]
Topic Chem 2 Q# 43/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(e) Aluminium reacts with chlorine to form a white, solid chlonde that contains 79.7% chlorine and
sublimes (changes straight from a solid to a gas) at 180°C.

(ii) Calculate the empirical formula of the chloride. You must show your working.

empirical formula= ... [2]

At 200°C and 100kPa, a 1.36 g sample of this chloride occupied a volume of 200 cm?.

) Calculate the relative molecular mass, A, of the chloride. Give your answer to three
significant figures.

M= e 2]
(iv) Deduce the molecular formula of this chloride at 200°C.
T
www.SmashingScience.org Patrick Brannac Page 44 of 498 L7
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Topic Chem 2 Q# 45/ ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(b) A sample of strontium, atomic number 38, gave the mass spectrum shown. The percentage
abundances are given above each peak.

100

82.58

percentage
abundance

0.56
0 T T T T T __ _ T 1

80 81 82 83 84 85 86 87 88 89 90

atomic mass units

) Explain why there are four different peaks in the mass spectrum of strontium.

i) Calculate the atomic mass, A, of this sample of strontium.
Give your answer to three significant figures.
A= e = |7
(e) A compound of barium, A, is used in fireworks as an oxidising agent and to produce a green

colour.

Patrick Brannac Page 47 of 498 mZ)m:_zm/hﬂ

www.SmashingScience.org

(ii) A has the following percentage composition by mass: Ba, 45.1; CI, 23.4; O, 31.5.

Calculate the empirical formula of A.

empirical formulaof A ... [3]

Topic Chem 2 Q# 46/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(b} The first seven ionisation energies of an element, A in kJ mol~, are

1012 1903 2912 4957 6274 21269 25398.

(e) Anocther element, Z, in the same period of the Periodic Table as A, reacts with chlorine to
form a compound with empincal formula ZC1,. The percentage composition by mass of ZCl,
isZ, 31.13; Cl, 68.87.

(i) Define the term refative atomic mass.

e SR S R AP N NN AU TGN -

(ii) Calculate the relative atomic mass, A, of Z.
Give your answer to three significant figures.

AOTZ= o [2]

Topic Chem 2 Q# 47/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1

www.SmashingScience.org

Zinc is an essential trace element which is necessary for the healthy growth of animals
and plants. Zinc deficiency in humans can be easily treated by using zinc salts as dietary
supplements.

(a) One salt which is used as a dietary supplement is a hydrated zinc sulfate, ZnS0O,.xH,0,
which is a colourless crystalline solid.

Patrick Brannac Page 48 of 498
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Topic Chem 2 Q# 49/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 In 1814, Sir Humphrey Davy and Michael Faraday collected samples of a flammable gas, A,
from the ground near Florence in ltaly.
They analysed A which they found to be a hydrocarbon. Further experiments were then
carried out to determine the maolecular formula of A.

(a) What is meant by the term molecular formufa?

Topic Chem 2 Q# 50/ ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Magnesium, Mg, and radium, Ra, are elements in Group Il of the Periodic Table.

Magnesium has three isotopes.
A sample of magnesium has the following isotopic composition by mass.

isotope mass 24 25 26

% by mass | 78.60 [ 10.11 | 11.29

(b) Calculate the relative atomic mass, 4, of magnesium to four significant figures.

[21
Topic Chem 2 Q# 51/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Copper and titanium are each used with aluminium to make alloys which are light, strong
and resistant to corrosion.

Aluminium, Al is in the third period of the Periodic Table; copper and titanium are both
transition elements.

Aluminium reacts with chlorine.
Copper forms two chlorides, CuCland CuCl,.

Li7

www.SmashingScience.org Patrick Brannac Page 51 of 498 SMASHING] )|

Titanium also reacts with chlorine.

(d) When an excess of chlorine was reacted with 0.72 g of titanium, 2.85 g of a chloride A
was formed.

(i) Calculate the amount, in moles, of titanium used.

(ii) Calculate the amount, in moles, of chlorine atoms that reacted.

(iii) Hence, determine the empirical formula of A.

(iv) Construct a balanced equation for the reaction between titanium and chlorine.

Topic Chem 3 Q# 52/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Some of the common chlorides of Period 3 elements are shown in the list.

NaGl MgCl, AICI, SiCGi, PCI,

(i) all the chlarides that have giant ionic structures in the solid state
Topic Chem 3 Q# 53/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(d) Sulfur, S, reacts with chlorine to form several different chlorides. The most common are S,Cl,
and SCI,. SCI, forms when sulfur reacts with an excess of chlorine.

—58.2kJmol™

reaction 1 Sg(s) + 4CL(g) — 4S,CL(l) AH,

r

reaction 2 S,Cly(l) + Cl(g) = 2SCl,(l) AH, = —40.6kJmol-'

T

Fig. 3.1 shows the two structural isomers of S,C1,.

isomer | isomer Il

_S._ A~ I

Cl ) S

Fig. 3.1

www.SmashingScience.org Patrick Brannac Page 52 of 498 SMASHING ] V)
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Topic Chem 3 Q# 58/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org (ii) Draw a ‘dot-and-cross’ diagram of the CS, molecule.

2  The reaction scheme shows some reactions of calcium.

Ca(s) 22t T, caNO,)(aq) ————» Ca(OH),(aq)

HNO, NaOH(aq)
heat reaction 2 | CO,(g)
J
Ca0(s) CaCO,(s) + HO(l)
reaction 4 | C(s) reaction 3 | excess CO,(g)
' [2
CaC,(s) Ca(HCO,),(aq)

{c) Inreaction 4, calcium carbide, CaC,, is formed from CaO. (iii) Suggest the bond angle in a molecule of CS,.

CaC, contains the C,%" anion. Each carbon in C,> is sp hybridised. g
{i) Describe how sp hybridised orbitals are formed. (iv) CS,is aliquid under room conditions, while CO, is a gas.
Explain what causes the difference in the physical properties between CS; and CO,.
Y]
(ii) Sketch a diagram to show how two sp hybrid orbitals can form a sigma (o) bond.
2

Topic Chem 3 Q# 60/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 Aqueous bromine reacts with methanoic acid to form hydrogen bromide and carbon dioxide gas.
Br.(ag) + HCO,H(aq) — 2HBr{ag) + CO.(g)

(d) Complete the ‘dot-and-cross’ diagram, showing outer electrons only, to show the bonding in
methanoic acid, HCO,H.

SN cYao

Topic Chem 3 Q# 59/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Sulfides are compounds that contain sulfur but not oxygen. [2]

(a) Carbon disulfide, CS,, is a volatile liquid at room temperature and pressure. [Total: 9]

Y7
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(ii) Ethyne, HCN and @ all contain triple bonds between two atoms.
A triple bond consists of one sigma (o) and two pi (n) bonds.

Draw a labelled diagram to show the formation of one pi (n) bond.

2
Topic Chem 3 Q# 64/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
(e} Aluminium reacts with chlorine to form aluminium chloride.

Aluminium chloride can exist as the gaseous molecule Al,Cls(g). This molecule contains
coordinate bonds.

(i) Draw a diagram that clearly shows all the types of bond present in AL,Cl,(g).

2]

www.SmashingScience.org Patrick Brannac Page 59 of 498 m!)m:_@qm

Topic Chem 3 Q# 65/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 The reducing agent LIAIH, can be synthesised by reacting aluminium chloride with lithium hydride,

LiH.

(a) (i) At200°C, aluminium chloride exists as Al,Cl;(g).

(i)

(iv)

Draw the structure of AL,Cly(g), showing fully any coordinate (dative covalent) bonds in

the molecule.

At 1000°C, aluminium chloride exists as AICI5(g).

State the bond angle in AICI,(g).

LiAIH. decomposes slowly to form LiAI(s) and Ha(g).
LIAIH,(s) — LiAL(s) + 2H,(g)
LiAl(s) shows metallic bonding.

Describe metallic bonding.

Topic Chem 3 Q# 66/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Phosphorus, sulfur and chlorine can all react with oxygen to form oxides.

(iii) State the structure and bonding of solid phosphorus(V) oxide.

www.SmashingScience.org
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{e) Selenium is a Group 16 element which shows similar chemical reactions to sulfur.
(i) Selenium reacts with fluorine to form SeF; molecules.

Predict the shape of a molecule of SeF,.

Topic Chem 3 Q# 71/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Magnesium silicide, Mg,Si, is a compound made by heating magnesium with sand.

(a) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer electrons present in a formula
unit of Mg,Si. Assume magnesium silicide is an ionic compound.

2
(e) Suggest, with reference to structure and bonding, why SiH, is a gas at room temperature.

(d) The table shows the electronegativity values of carbon, hydrogen and silicon.

element carbon hydrogen silicon

electronegativity 25 21 1.8

(i) C-H and Si-H bonds have weak dipoles.

Use the electronegativity values in the table to show the polarity of the C-H and Si-H

bonds.
2]
YR
www.SmashingScience.org Patrick Brannac Page 63 of 498 mZ)m:_zmﬂN

www.SmashingScience.org Patrick Brannac Page 64 of 498

(ii) Explain why methane, CH,, has no overall dipole moment.

[2

Topic Chem 3 Q# 72/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Theelements in Group 17 of the Periodic Table are called the halogens. They form stable compounds

with both metals and non-metals.

The table gives some data about F,, HCland CaF,.

F, HCI CaF,
boiling point/K 85 188 2773
relative formula mass 380 365 78.1

(ii) F, and HClare both covalent molecules.

Suggest why the boiling point of HCIis higher than that of F,.

(iii) Explain why CaF, has a very high bailing point.

(e) HOF is the only known molecule that contains only the elements hydrogen, oxygen and fluorine.

(i) Draw a ‘dot-and-cross’ diagram to represent the bonding in a molecule of HOF.

Show the outer shell electrons only.

SMASHING] 1)



Mn/mz_:m(zm 861 J0 99 93ed Jeuuesg ydlled B10790U3DSUIYSEWS MMM
~

“a|naajow *HIS au1 Jo adeys ayy 1oipald (M)
840°32Ua1DS3UIYSBWS MMM /Z #D /1 Jaded/z Z1/w/8T0z/AMsiway) ATV /£L #0 € way) dido|

“aleolpaueyla wniojed ul uasald uolue ayl jo ejnuuo) pafedsip ay meig  (n)

[1]

‘suonIIR
IIe Moyg "3leolpaueyla Wnd[es ul jJuasald uoned ay) jo welbeip ssoid-pue-lop, ayl meiq (1)

"UCIUE 3UO pUE UCIED 3U0 sulejuod punodwod
ayl HH*0D) ‘pioe JloIpaUBYIR UM S]OBAJ WNID[ED USYM PaWLIo) s1 2jeocipaueyla wnized (q)
‘suoijedldde jo Ayauen abie| e aney spunodwod s) pue WNRED) ¢
810°92UB1ISBUIYSBWS MMM /E #D/t Jaded/z 71 /w/8T0Z/AIsIWaYD [ATY /9Z #D € way) dido]

[1]

“Ajuo suo1P3|2 121N0
Moys “0s o andajow e ul Bulpuoq ay) moys o} weibelp ssoid-pue-jop, syl aedwon (1)

‘poe
fumo-paisuelg Buons e si pioe aunyns aym ‘pioe AIMOT-palsuelg yeam B sl pIDe snolnyng
“pIoE SNOJINYNS WO} 0} 131EM UM 10831 505 (1)

810°30U31dS3UIYSRWS MMM/T #0 /v 1aded/T 71/s/810z/A3siwayd MY /SL #D € way) dido]

Ui 1ONIHSVKS
4%

861 J0 G9 95ed Jeuuesg ydliled 510°30U30SSUIYSEWS MMM

"p1o6 ur Buipuoq dnelsw auy aquasaq (q)
810°20U31253UIYSBWS MMM /T #D/¥ 19ded/T Z1/M/8T0Z/Aasiway) |ANTY /¥ #D € way) d1do)
(1]
‘Aluo suon232 J21N0 Moys “2|naajow uabosu e Jjo weibeip ssoid-pue-lop, e meig (i)
840°32UB10S3UIYSBWS MMM/Z #D /1 Jaded/T Z1/M/8T0Z/Asiway) ATV /€L #D € way) oido|
[el

‘s3|nJajoLw
4H om] uaamiaq wuoy ued puoqg uabolpAy e moy 1s266ns o) welbeip pajage| Ainj e meiq

‘way) usamiaq spuoq uaboipAy
Buons aney Jey} sajnaajow 4H suieyuod pinbi ayl "y €/ 1e pinbi| ssapnojod e sl 4H aind (A1)



Topic Chem 3 Q# 78/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Ammenia, NH;, is manufactured from nitrogen and hydrogen by the Haber process.

Ny(g) + 3H,(g) = 2NH;(g)
(a) Some bond energies are given.

N=N = 944 kJmol™
H-H = 436 kJ mol

(i) Explain the meaning of the term bond energy.

AH = -92kJ mol

Topic Chem 3 Q# 79/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

(b) (i) Name the strongest type of intermolecular force in ice.

(1

(ii) Draw a fully labelled diagram of two water molecules in ice, showing the force in (i) and

how it forms.

www.SmashingScience.org Patrick Brannac

[
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Topic Chem 3 Q# 80/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org

2  Hydrogen halides are compounds formed when halogens (Group 17 elements) react with hydrogen.
The bond polarity of the hydrogen halides decreases from HF to HI.

Some relevant data are shown in the table.

hydrogen halide HF HC1 HBr HI
boiling point/°C 19 -85 —67 -35
H-X bond energy /kJmol 562 431 366 299

(a) (i) Explain the meaning of the term bond polanty.

(ii) Suggest why the boiling point of HF is much higher than the boiling points of the other
hydrogen halides.

Topic Chem 3 Q# 81/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
(e) Cerium is a lanthanoid metal that shows similar chemical reactions to some elements in the
third period. Most of cerium’s compounds contain Ce* or Ce* ions.

(i) Cerium shows the same structure and bonding as a typical metal.

Draw a labelled diagram to show the structure and bonding in cerium.

www.SmashingScience.org Patrick Brannac Page 68 of 498 m!bm:_zﬁwx_qw
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Topic Chem 3 Q# 84/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Aluminium is a metal in Period 3 and Group Il of the Periodic Table.

(a) Describe the structure of solid aluminium.

(b) A common use of aluminium is o make the conducting cables in long distance overhead power
lines.

(i) Suggest two properties of aluminium that make it suitable for this use.

() Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and
sublimes (changes straight from a solid to a gas) at 180°C.

(i) Describe the structure and bonding in this compound. Suggest how it explains the low
sublimation temperature.

A

www.SmashingScience.org SMASHING] V)
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Topic Chem 3 Q# 85/ ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(e) (i) Sulfur dioxide and sulfur trioxide both contain only S=0 double bonds.

Draw labelled diagrams to show the shapes of these two molecules.

S0, S0,

(2

(ii) For your diagrams in (i), name the shapes and suggest the bond angles.

50, shape .. 50, shape ..
SO, bondangle ... SOy bond angle L
(2
Topic Chem 3 Q# 86/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(e) Sulfur reacts with fluorine to form SF;. State the shape and bond angle of SF,.
ShaPE OF S g e
bBond SRRl S, i e e e
[2]
[Total: 18]

www.SmashingScience.org
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Topic Chem 3 Q# 90/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Crude oil contains a mixture of hydrocarbons together with other organic compounds which
may contain nitrogen, oxygen or sulfur in their molecules.

At an oil refinery, after the fractional distillation of crude oil, a number of other processes may
be used including ‘cracking’, ‘isomerisation’, and ‘reforming’.

One of the sulfur-containing compounds present in crude oil is ethanethiol, C_H_SH, the
sulfur-containing equivalent of ethanaol. Ethanethiol is toxic and is regarded as one of the
smelliest compounds in existence.

(b) The boiling point of ethanol, C,H.OH, is higher than that of C,H_SH.
Suggest a reason for this difference.

Topic Chem 3 Q# 91/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

The formulae and melting points of the fluorides of the elements in Period 3, Na to CI, are
given in the table.

formula of fluoride NaF | MgF, | AlF, SiF, PF; Sk CiFg

m.p./K 1268 990 1017 183 189 223 170

(¢} (i) Suggestthe formulae of twe fluorides that could possibly be ionic.

(i) What is the shape of the SF; molecule?

(iif) In the sequence of fluorides above, the oxidation number of the elements increases
from NaF to SF; and then falls at CIF,.
Attempts to make CIF; have failed but IF; has been prepared.
Suggest an explanation for the existence of IF; and for the non-existence of CIF,.

[Total: 12]
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Topic Chem 3 Q# 92/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1  Elements and compounds which have small molecules usually exist as gases or liquids.

(a) Chlorine, Cl,, is a gas at room temperature whereas bromine, Br,, is a liquid under the
same conditions.

Explain these observations.

(b) The gases nitrogen, N,, and carbon monoxide, CO, are isoelectronic, that is they have
the same number of electrons in their molecules.

Suggest why N, has a lower boiling point than CO.

(e¢) A ‘dot-and-cross’ diagram of a CO molecule is shown below. Only electrons from outer
shells are represented.

$ C o X

KX WK

In the table below, there are three copies of this structure.
On the structures, draw a circle round a pair of electrons that is associated with each of

the following.
(i) a co-ordinate bond (ii) a covalent bond (iii) a lone pair
X X X
X X X
@ =] X @ ] X L 4 [ ] X
L C XK O X o C X O X L] C X O *
] [ ] ]
b E X

[21
Topic Chem 3 Q# 93/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Copper and titanium are each used with aluminium to make alloys which are light, strong
and resistant to corrosion.

o 4

Aluminium, Al is in the third period of the Periodic Table; copper and titanium are both 7%
transition elements. km
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Topic Chem 4 Q# 96/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org Topic Chem 4 Q# 97/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Glycerol, CH,(OH)CH(OH)CH,OH, is widely used in the food industry and in pharmaceuticals. (iii) Cl,(g) does not behave as an ideal gas under these conditions.

(a) A series of reactions starting from glycerol is shown. Explain why Cl,(g) behaves even less ideally at:

P Q ¢ very high pressures
CH,OH HOOC COOQH
| \ NaCN and HCN _
H—C—OH ——» c=0 —————» NC—C—OH
_ reaction 1 \ reaction 2 _
CH,OH HOOC COOH

{b) Glycerol can be used as a starting material in the manufacture of nitroglycerine, C;H;N,0O,.
Nitroglycerine decomposes rapidly on heating to form a mixture of gases. * very low temperatures.
4C,H N,O4(l) = 12C0,(g) + 10H,0(g) + BN,(g) + O,(g)
A sample of nitroglycerine decomposes, releasing 1.06 dm? of O,(g) at 850K and 1.00 x 10°Pa.
(i) Calculate the mass of nitroglycerine that decomposes. E
[Total: 11]

Topic Chem 4 Q# 98/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
(e) HOF is the only known maolecule that contains only the elements hydrogen, oxygen and fluorine.

(d) Interhalogen compounds, such as BrCl or IF,, contain two or more different halogen atoms
that are covalently bonded.

D is an interhalogen compound that contains only chlorine and fluorine.
At 0°C and 101 325Pa, 1dm® of D has a mass of 4.13q.

(i) Use the general gas equation to calculate the relative molecular mass, M, of D.

mass of nitroglycerine= ___.______._____..___...g [3]
(i) Calculate the total volume of gas released by this decomposition at 850 K and 1.00 x 10°Pa.

total volume of gas = ........cccoooovveveeeeee.dm® [1]
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(iv) Use your answers from (ii) and (iii) to deduce the molecular formula of the hydrocarbon,

Ooa_n_ 2x

If you were unable to calculate the amount of hydrogen gas, assume that 0.00240 mol of
hydrogen gas reacted. This is not the correct value for the amount of hydrogen gas that

reacted.

molecular formula= ...
{d) Silicon shows the same kind of bonding and structure as diamond.

(i) State the type of bonding and structure shown by sili

Topic Chem 4 Q# 100/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Structure and bonding can be used to explain many of the properties of substances.

(a) Copper, ice, silicon(IV) oxide, iodine and sodium chloride are all crystalline solids.

Complete the table with:
¢ the name of a type of bonding found in each crystalline solid,
e the type of lattice structure for each crystalline solid.

crystalline solid type of bonding type of lattice structure

copper

ice

silicon(IV) oxide

iodine

sodium chloride
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(e) The graph represents how the temperature of a sample of copper (melting point 1085°C)
changes as it is gradually cooled from 1200 °C.

(i

(ii

)

)

)

1200

temperature, T
/°C

Tl

time/t

Identify the state(s) of matter present during each stage of the process shown in the
graph.

2]

State what is happening to the energy and movement of the particles in the copper during
stage X.

e 2]

Explain why the temperature stays constant at T, during stage Y.

e 21

[Total: 15]

Topic Chem 4 Q# 101/ ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

1 This question is about Period 3 elements and their compounds.

(a) Give an explanation for each of the following statements.

www.SmashingScience.org
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Bicycles may be carried on commercial airliners. When carried on airliners, bicycles are
placed in the luggage hold. This is a part of the aircraft which, in flight, will have different
temperatures and air pressures from those at sea level.

This question concerns the change in pressure in an inflated bicycle tyre from when it is at
sea level to when it is in the hold of an airliner in flight.

(d) Atsealevel and a temperature of 20°C an inflated bicycle tyre contains 710cm? of air at
an internal pressure of 6 x 10°Pa.

Use the general gas equation PV = nRAT to calculate the amount, in moles, of air in the
tyre at sea level.

2]

The same bicycle, with its tyres inflated at sea level as described in (d) above, is placed in
the luggage hold of an airliner. At a height of 10 000m, the temperature in the luggage hold
is 5°C and the air pressure is 2.8 x 10*Pa.

(e) Assuming the volume of the tyre does not change, use your answer 1o (d) to calculate
the pressure inside the tyre at a height of 10000 m.

2]

[Total: 10]

Topic Chem 5 Q# 104/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Some of the common chlorides of Period 2 elements are shown in the list.

NaGl MgCi, AICl, SiCl, PCls

{d) Sulfur, S;, reacts with chlorine to form several different chlorides. The most commeon are S,CI,
and SCI,. SCI, forms when sulfur reacts with an excess of chlorine.

AH_ = 58 2kJmol™

reaction 1 Sg(s) + 4C1L(g) — 45,C1,(1)

reaction 2 S,CL(l) + Cl,(g) = 2SClL) AH, = —40.6kJmol~'

www.SmashingScience.org Patrick Brannac Page 87 of 498 mZ)m_,.__zm/_JN

(i) Calculate the enthalpy change of formation, AH;, of SCI,(I). You may find it useful to use
Hess's Law to construct an energy cycle.

. K MO

2

enthalpy change of formation of SCI,(l), AH; =

Topic Chem 5 Q# 105/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Calcium, magnesium and radium are Group 2 elements. Radium follows the same trends as the
other members of Group 2.

(f) Magnesium, Mg, burns in oxygen, O,.
The activation energy, E,, for this reaction is +148kJmol™.

(ii) OnFig. 1.1:
e skeich a reaction pathway diagram for the reaction that occurs when Mg burns in O,

e l|abel the diagram to show the enthalpy change, AH, and the activation energy, E_, for
the reaction.

enthalpy

progress of reaction

Fig. 1.1

3]

Topic Chem 5 Q# 106/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Some oxides of elements in Period 3 are shown.

Na,0 ALO, PO, PO, SO, SO,

(a) Na reacts with O, to form Na,O. Na is the reducing agent in this reaction.
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(i) The enthalpy change of formation, AH;, of CO,(g) is —384 kJmol™.

Calculate the enthalpy change of formation, AH,, of P, in kJmol™.

AH,of P= . kJmol" [2]

Topic Chem 5 Q# 110/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
(e) Krypton reacts with fluorine in the presence of ultraviolet light to make krypton difluoride,
KrF4(g).

Kr(g) + Fy(g) — KrFy(g)
activation energy for the reaction, E, = +385kJmol™
enthalpy change of formation of KrF,, AH, = +60.2 kJmol™

(i) Use this information to complete the reaction profile diagram for the formation of KrF,.
Label E, and AH; on the diagram.

Assume the reaction proceeds in one step.

[

energy reactants
/kJ mol!

progress of reaction

Patrick Brannac Page 91 of 498 mz‘pm:_z@ﬁ
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Topic Chem 5 Q# 111/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(¢) Emissions of 50, from coal-fired power stations can be reduced by mixing the coal with
powdered limestone.

Limestone is heated to form CaO in reaction 1. This then reacts with SO, and O, to form CaS0O,
in reaction 2.

reaction 1: CaCO,(s) — Cal(s) + COy(s)
reaction 2: CaO(s) + S0,(g) + WOMEW — CaS0y(s)

(i) State the type of reaction occurring in reaction 1.

(11
(ii) Use the data to calculate the enthalpy change of reaction 2.
compound AH[kJ mol!
CaO(s) -635
S0,(0) -297
CaS0,(s) -1434
enthalpy change of reaction 2= ._........................... kJmal™ [2]
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(iv) Magnesium peroxide decomposes slowly to form magnesium oxide and oxygen.

MgO,(s) — MgO(s) + 20,(g)

Use your answer to (g)

) and the data in the table to calculate the enthalpy change of
this reaction.

If you were unable to obtain an answer to (g)(iii), use the value AH, = -550kJmol-'. This
is not the correct answer.

enthalpy change of reaction= ... klmol" [1]

[Total: 19]
Topic Chem 5 Q# 114/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Crude oil is a natural source of hydrocarbons that are used as fuels.
(b) Thiophene, C,H,S(l), is an organic compound that is found as a contaminant in crude oil.

(ii) A student carries out an experiment to determine the enthalpy change of combustion of
C4HS().

Explain the meaning of the term enthalpy change of combustion.

12
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(iii) The student uses the following apparatus in the experiment.

thermometer

copper container

water

fuel burner
containing C,H,S(l)

mass of water in copper container/g 200

initial temperature of water/°C 18.5

highest temperature of water/°C 375

Calculate the heat energy released, in J, by the reaction.
Assume that 418 J of heat energy changes the temperature of 1.0 cm?® of water by 1.0°C.

Assume no heat is lost to the surroundings.

heat energy released = ............................. )

2
(iv) The student used 0.63 g of C,H,S(l) in the experiment.

Calculate the enthalpy change of combustion of thiophene, AH{C,H,S(1}). Include a sign
In your answer.

AH(CH,S() = ...
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(ii) An important reaction of CHCI;(g) is the manufacture of CHCIF.(g), using the following
reversible reaction.

CHClI,(g) + 2HF(g) = CHCIF,(g) + 2HCI(g)

Use the data to calculate the enthalpy change of reaction, AH,, for the formation of
CHCIF,(g) as shown in the equation.

compauns | 0 o
CHCl4(g) -103.2
CHCIF,(g) —482.2
HF(a) 2733
HCI(g) 023

enthalpy change of reaction, AH,= .. kJmol" [3]

Topic Chem 5 Q# 120/ ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1  Sulfuric acid is manufactured by the Contact process.

One stage in this process is the conversion of sulfur dioxide into sulfur trioxide in the presence of a
heterogeneous catalyst of vanadium(V) oxide, V,0;.

0
Il
20=8=0(g) + 0=0(g) = 20=S=0(g) AH=-196kJmol"'

(b) Some bond energies are given.

bond bond energy/kJmol-*
5=0 (in SO,) 534
0=0 496
www.SmashingScience.org Patrick Brannac Page 99 of 498

SMASHING] )

Use the data, and the enthalpy change for the conversion of sulfur dioxide into sulfur trioxide,
to calculate a value for the S=0 bond energy in SO,.

S=0 bond energy in SO, = ..o KMo [2]

The Contact process is usually carried out at a temperature of about 400°C and a pressure just
above atmospheric pressure. Using a higher or lower temperature and pressure would affect both
the rate of production of sulfur trioxide and the yield of sulfur trioxide.

{c) A reaction pathway diagram for both the catalysed and uncatalysed reactions between SO,
and O, is shown.

energy

280,

Y

progress of reaction

The letters A—E represent energy changes.

Complete the table by stating which letter, A—E, represents the energy change described.

energy change letter

the energy change for the production of SO,

the activation energy for the production of SO, in the absence
of a catalyst

the activation energy for the first step in the decomposition of
S0, in the presence of a catalyst
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{e¢) The table gives some enthalpy change of combustion values.

substance nﬂﬂ:vm._h_mmcﬂ: ,ﬂ_,d_o:mom_ﬁ
Cs) _3935
H;(9) 2858
C3H,0H(1) 2021.0

(i) Construct a labelled energy cycle to show how these values could be used to calculate the
enthalpy change of formation of C;H;OH(l), AH..

1 .PI.
3C(s) + 4Hy(g) + 30,(@) —— C,H;OH()

2]

(ii) Calculate the enthalpy change of formation, AH,, of C,H;OH(I).
AHi= e KImal [2]
[Total: 13]
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Topic Chem 5 Q# 124/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 (a) (i) Explain the meaning of the term enthalpy change of formation.

(ii) Give the equation for the reaction for which the enthalpy change corresponds to the
standard enthalpy change of formation of liquid sulfur trioxide, SO, Include state symbols.

(k) Ammonia is manufactured by the Haber process.

Ny(g) + 3H,(g) == 2NH,(g)

(i) Use bond energies from the Data Booklet to calculate the enthalpy change of reaction for
the Haber process. Include a sign in your answer.

enthalpy change ... kdmol" [3]
Topic Chem 5 Q# 125/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Ethanal reacts with hydrogen cyanide, in the presence of a small amount of NaCN, as shown.

CH,CHO + HCN — CH,CH(OH)CN

(a) Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction.
Include a sign with your answer.

enthalpy change = ... kimol" [3]
Topic Chem 5 Q# 126/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Propane, C,Hg, and butane, C,H,;, are components of Liquefied Petroleum Gas (LPG) which ﬁw

is widely used as a fuel for n_o:,_mm.:.n cooking and heating.
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(b) Relevant AH? values for the reaction that synthesises methanol are given in the table.

compound AH%/kJmol™
CO,(g) -394

CH,OH(g) —201
H,O(g) —242

(i) Use these values to calculate AHY,_ ., for this synthesis of methanol.
Include a sign in your answer.

CO,(g) + 3H,(g) = CH,0H(g) + H,0(g)

I— A
(3]

AHT,

meaction — -

Topic Chem 5 Q# 129/ ALvl Chemistry/2011/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

3

www.SmashingScience.org

For some chemical reactions, such as the thermal decomposition of potassium
hydrogencarbonate, KHCO,, the enthalpy change of reaction cannot be measured directly.

In such cases, the use of Hess’ Law enables the enthalpy change of reaction to be calculated
from the enthalpy changes of other reactions.

(a) State Hess'Law.

In order to determine the enthalpy change for the thermal decomposition of potassium
hydrogencarbonate, two separate experiments were carried out.

experiment 1

30.0cm? of 2.00moldm—2 hydrochloric acid (an excess) was placed in a conical flask and the
temperature recorded as 21.0°C.

When 0.0200mol of potassium carbonate, K,CO,, was added to the acid and the mixture
stirred with a thermometer, the maximum temperature recorded was 26.2°C.

(b) (i) Construct a balanced equation for this reaction. d,

) T~
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SMASHING] 1)

Calculate the quantity of heat produced in experiment 1, stating your units.
Use relevant data from the Data Booklet and assume that all solutions have the
same specific heat capacity as water.

(iii) Use your answer to (ii) to calculate the enthalpy change per mole of K,CO,.
Give your answer in kJ mol~' and include a sign in your answer.

(iv) Explain why the hydrochloric acid must be in an excess.

.. [4]
experiment 2
The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, KHCO,,.
All other conditions were the same.

In the second experiment, the temperature fell from 21.0°C to 17.3°C.

(c) (i) Construct a balanced equation for this reaction.

(ii) Calculate the quantity of heat absorbed in experiment 2.

(iif) Use your answer fo (ii) to calculate the enthalpy change per mole of KHCO,,
Give your answer in kJ mol~" and include a sign in your answer.
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(iii) Suggest why this reaction does not in fact occur. Topic Chem 6 Q# 134/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(b) Some reactions of P,(s) are shown in the reaction scheme.

excess Cl
pys) —2 O by )

(e} The energy of activation for the formation of CH,CI is 16kJ mol™".
Use this figure and your answer to (a)(i) to complete the reaction pathway diagram excess 0,(g) H,O(l) | reaction 1
below showing the formation of CH,C1 from CH, and Cl,.
Show clearly the intermediate organic species and the final products.

Indicate on your sketch the relevant enthalpy changes and their values. reaction 2
POwpls) — —— = @
A H,Ofl)

(i) State the oxidation number of phosphorus in P,O,,.

enthalpy
- . -1

Topic Chem 6 Q# 135/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
ii) H,S(aq) reacts slowly with oxygen dissolved in water. The reaction is represented by the
following equation.

CH, + Cl,

H.S(ag) + 30.(aq) — H,O() + S(s)
Explain, with reference to oxidation numbers, why this reaction is a redox reaction.

Y

progress of reaction
[4]

[Total: 16] @

Topic Chem 5 Q# 133/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org Tovidthem 6 Q'436/ Al Cheni 2020/s/T2 1/P 4/0H 2 SmashineSci
2 Magnesium will react on heating with chlorine, or oxygen, or nitrogen to give the chloride, or nou_n 03.;0 A v h mB_m.:,\\ . %\ w\v muﬂm_” /Q n_\.sssr.aﬂm g n_m:ﬂ.oqm tassium iodid
oxide, or nitride respectively. Each of these compounds is ionic and in them magnesium has (@) e equation s ownin (a)(i)describes EFEALTION WINCH OCCUIS VINEN SqUEOLS POIasSSIMLIGAKIC
ik is added to aqueous copper(Il) sulfate. A white precipitate of copper(I) iodide forms in a brown
the same +2 oxidation state. ; _ i :
solution of iodine and potassium sulfate.

(a) (i) Write an equation, with state symbols, for the second ionisation energy of (i) Balance the equation and include state symbols.
magnesium.
...... CuSO,(....) + L KI(....) » Cul(...) + L) + _KSO0,..)
JR—— ST —— — RN —— - —M”—
(ii) Use the Data Booklet to calculate the enthalpy change that accurs when one mole The table gives the oxidation numbers of iodine in the different species in the equation.
of gaseous magnesium ions, Mg?*, is formed from one mole of gaseous magnesium
atoms.
iodine-containing species | oxidation number of iodine

Include a sign in your answer. KI )

Cul -1

I, 0

enthalpy change = ..............
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(b) Iron ores containing iron(III) compounds can be analysed using a similar method.

A standard solution of an aqueous iron(Ill) compound is reacted with agueous tin(II) chloride.
Aqueous tin(IV) chloride and aqueous iron(II) chloride are the products of this reaction.

(i) Write an ionic equation for this reaction. Do not include state symbols.
e 2]

(ii) Any excess tin(II) chloride can be removed by reaction with HgC1,(aq). A white precipitate
of Hg,Cl, is produced.

Complete the equation for this reaction.

e )+ HQCI(aq) — SnCI(....) + Hg,Cly(.....)
121

[Total: 10]

Topic Chem 6 Q# 141/ ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(e} A compound of barium, A, is used in fireworks as an oxidising agent and to produce a green

colour.

(i) Explain, in terms of electron transfer, what is meant by the term oxidising agent.

Topic Chem 6 Q# 142/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

2

The commonest form of iron(II) sulfate is the heptahydrate, FeSO,.7H,O. On heating at 90°C
this loses some of its water of crystallisation to form a different hydrated form of iron(II) sulfate,
FeS0,.xH,0.

3.40g of FeS0O,.xH,0 was dissolved in water to form 250 cm?® of solution.

A 25.0cm?® sample of this solution was acidified and titrated with 0.0200moldm= potassium
manganate(VII).

In this titration 20.0 cm?® of this potassium manganate(VII) solution was required to react fully with
the Fe* ions present in the sample.

(a) The MnO, ions in the potassium manganate(VII) oxidise the Fe? ions in the acidified solution.

(i) Explain, in terms of electron transfer, the meaning of the term oxidise in the sentence
above.

(ii) Complete and balance the ionic equation for the reaction between the manganate(VII)
ions and the iron(II) ions.

MnO,(aq) + 5Fe*(aq) + ......H*(aq) — .......(aq) + 5Fe*(aq) + ........H,O(l)
2]
‘F?
www.SmashingScience.org Patrick Brannac Page 115 of 498 m!)m:_@ﬁ

(b) (i) Calculate the number of moles of manganate(VII) used in the titration.

M

Use the equation in (a)(ii) and your answer to (b)(i) to calculate the number of moles of
Fe?t present in the 25.0 cm® sample of solution used.

[
Calculate the number of moles of FeS0O,.xH,0 in 3.40g of the compound.
[
(iv) Calculate the relative formula mass of FeS0O,.xH,0.
[
(v} The relative formula mass of anhydrous iron(Il) sulfate, FeSQ,, is 151.8.
Calculate the value of x in FeSO,.xH,0.
(1
[Total: 9]

Topic Chem 6 Q# 143/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

Z

()

www.SmashingScience.org

Magnesium will react on heating with chlorine, or oxygen, or nitrogen to give the chloride, or
oxide, or nitride respectively. Each of these compounds is ionic and in them magnesium has
the same +2 oxidation state.

Magnesium burns in nitrogen to give magnesium nitride, a yellow solid which has the
formula Mg;N,.

Magnesium nitride reacts with water to give ammonia and magnesium hydroxide.

() Construct an equation for the reaction of magnesium nitride with water.

(ii) Does a redox reaction occur when magnesium nitride reacts with water?

Use the oxidation numbers of nitrogen to explain your answer.

Patrick Brannac Page 116 of 498
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Topic Chem 7 Q# 147/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Some oxides of elements in Period 3 are shown.

Na,0 ALO, PO, PO, SO, SO,

(a) Na reacts with O, to form Na,O. Na is the reducing agent in this reaction.

(iii) Fig. 2.2 shows how the temperature of the atmosphere varies with height from the ground.

110
100
90
80—
70—
height/km 0]
50
40
304
204
10—
Or——7 7 71 71 1 1 "7
-120-100 -80 60 40 -20 0 20
temperature/°C
Fig. 2.2

The equilibrium reaction in equation 1 has AH, = —168 kJmol™".
Suggest how the position of this equilibrium differs at a height of 20 km compared with a

height of 50km from the ground.
Explain your answer.

[2]

[Total: 16]

Y7
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Topic Chem 7 Q# 148/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(c) Hydrogen sulfide gas, H,S(g), is slightly soluble in water. It acts as a weak acid in aqueous
solution.

(i) State the meaning of weak acid.

(1

(ii) Give the formula of the conjugate base of H,S.

Topic Chem 7 Q# 149/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Compounds P, Q and R have all been found in the atmosphere of one of Saturn’s moons.

P Q R

H
N
N=C—C=C—C=N H—C=C—C=N \o|o
H

H
/
,,_U&

N
(b) Q forms when HCN reacts with ethyne, H—C=C—H.
(i) Ethyne, HCN and Q are all weak Brensted—Lowry acids.

Explain what is meant by the term weak Brensted—Lowry acid.

Topic Chem 7 Q# 150/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(b) The two most common oxides of sulfur are SO, and SO,.

When SO, dissolves in water, a small proportion of it reacts with water to form a weak
Brensted-Lowry acid.

{i) Explain the meaning of the term weak Brensted-Lowry acid.

Topic Chem 7 Q# 151/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(d) Chlorine forms several oxides, including C1,0, C10, and C1,0,.

www.SmashingScience.org Patrick Brannac Page 120 of 498
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The equation for this stage of the Contact Process is shown. Topic Chem 7 Q# 155/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Ammonia, NH,, is manufactured from nitrogen and hydrogen by the Haber process.
250,(g) + O,(g) = 250,(g) AH = —196 kJ mol-!
Ny(g) + 3H)(g) = 2NH,(g)  AH=-92kJmol”
(d) (i) State and explain the effect of increasing temperature on the rate of production of SO,
(a) Some bond energies are given.

N=N = 944 kJmol™
H-H = 436 kJmol

(b) The Haber process is usually carried out at a temperature of approximately 400°C in the
presence of a catalyst. Changing the temperature affects both the rate of production of
ammonia and the yield of ammonia.

[2]
The Boltzmann distribution for a mixture of nitrogen and hydrogen at 400 °C is shown.
(ii) State and explain the effect of increasing temperature on the yield of SO,. Ea represents the activation energy for the reaction.
[
proportion
2] of molecules
with a given
energy
(e} The SO, produced is converted to sulfuric acid in two stages. In the first stage the SO, is
reacted with concentrated sulfuric acid to produce oleum, H,S,0;. i
The oleum is then reacted with water to form sulfuric acid. :
I
|
Suggest an equation for the reaction of oleum, H,S5,0;, with water to form sulfuric acid. Ea
molecular energy
(1] (iii) State and explain the effect of increasing temperature on the yield of ammonia.

Use Le Chatelier's principle to explain your answer.

(f) SO, reacts with water to form sulfurous acid.
Sulfurous acid is a weak Bransted-Lowry acid, while sulfuric acid is a strong Bransted-Lowry
acid.
(ii) State the meaning of the term strong Brensted-Lowry acid.

[3]

[2]

Write an equation to show the acid-base behaviour of sulfuric acid with water. Include
state symbols.

[2]
[Total: 20]
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(b) The equation for the preparation of hydrogen chloride using concentrated sulfuric acid is
shown.

H,S0, + NaCl - NaHSO, + HCI

(i) Use the Brensted-Lowry theory of acids and bases to identify the base and its conjugate
acid in this reaction. Explain your answer.

Bransted-Lowry base (base-l) = ...

conjugate acid (acid-1l) = .

(e¢) Hydrogen chloride undergoes a reversible reaction with oxygen.
4HCI(g) + O4(g) = 2CLy(g) + 2H,0(g)

The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

(iii) The reaction exists in dynamic equilibrium.
The reaction was repeated at 1000 °C and the same pressure.

State and explain the effect on the composition of the equilibrium mixture of the change in
temperature.

2]
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(iv) When 1.60mol of HCI are mixed in a sealed container with 0.500 mol of O, at 400°C,
0.600mol of Ci, and 0.600 mol of H,O are formed.

The total pressure inside the container is 1.50 x 105Pa.

¢ Calculate the amounts, in mol, of HCIand O, in the equilibrium mixture.

HCI= ... mol
O,= . mol

e Calculate the mole fraction of Cl, and hence the partial pressure of Cl, in the
equilibrium mixture.

mole fraction of Cl, = ...

S o |
31

Pe,
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(e) One of the major uses of ammonia is in the manufacture of fertilisers such as diammaonium (b) Three possible structures for R are shown below.
hydrogen phosphate, (NH,),HPO..

S T u
(i) Write an equation for the formation of diammonium hydrogen phosphate by the reaction
between ammonia and phosphoric acid, H,PO,. HO,CCH=CHCO,H HO,CCH(OH)CH,CO,H | HO,CCH(OH)CH(OH)CO,H
[ (i) Calculate the N, of each of these acids.
(ii) Explain this reaction in terms of the Brensted-Lowry theory.

s (ii) Deduce which of the structures, S, T or U, correctly represents the structure of the
Topic Chem 7 Q# 159/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org acid R
4 Compound R is a weak diprotic (dibasic) acid which is very soluble in water.
R is represented by ...........
(a) A solution of R was prepared which contained 1.25g of R in 250 cm?® of solution. 2]
When 25.0cm® of this solution was titrated with 0.100 moldm= NaOH, 21.6cm? of the

: . Topic Chem 7 Q# 160/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
alkali were needed for complete reaction.

2  Ammonium nitrate fertiliser is manufactured from ammonia. The first reaction in the

(i) Using the formula H,X to represent R, construct a balanced equation for the reaction manufacture of the fertiliser is the catalytic oxidation of ammaonia to form nitrogen monoxide,

between H,X and NaOH NO. This is carried out at about 1 x 10*°kPa (10 atmospheres) pressure and a temperature of
) 700 to B850°C.
B D RS i 4NH4(g) + 50,(g) = 4NO(g) + 6H,0(qg) AH® = —906kJmol™
Use the data above to calculate the amount, in moles, of OH- ions used in the ) ) S i )
titration. (a) Write the expression for the equilibrium constant, K, stating the units.
K =

p

(iii) Use your answers to (i) and (ii) to calculate the amount, in moles, of R present in

25.0 cm? of solution. ]
UNIS oo [2]

(b) What will be the effect on the yield of NO of each of the following?

(iv) Calculate the amount, in moles, of R present in 250 cm? of solution. -
In each case, explain your answer.

(i) increasing the temperature
(v) Calculate M, of R.

(5]

o ! PR I ) |
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(b) Ammonia may be prepared in a school or college laboratory by using the apparatus

below.
ammonia

ammaonium chloride
and calcium hydroxide

m/ //. Vol

||

heat
e — drying tower

The reaction involves the displacement of ammonia from one of its compounds.
(i) Give the formulae of the two reactants that are heated together to produce ammonia.

_..and .

(ii) Construct a balanced equation for the reaction between your two reagents.

(iii) Common drying agents include calcium oxide, concentrated sulfuric acid and
phosphorus(V) oxide.
Which one of these would be used in the drying tower in this experiment? Explain
your answer.

Topic Chem 7 Q# 163/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Each of the Group VIl elements chlorine, bromine and iodine forms a hydride.

Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The
reaction is incomplete.

Hi(g) + I,(g) = 2HI(g)

(b) Write an expression for K_ and state the units.

Cogf ) T
www.SmashingScience.org Patrick Brannac Page 135 of 498 mz‘pmm_-ﬂwﬂ

(c) Forthis equilibrium, the numerical value of the equilibrium constant K is 140 at 500K and
59 at 650K.

Use this information to state and explain the effect of the following changes on the
equilibrium position.

(i) increasing the pressure applied to the equilibrium

(ii) decreasing the temperature of the equilibrium

(d) A mixture of 0.02 mol of hydrogen and 0.02 mol of iodine was placed in a 1dm? flask and
allowed to come to equilibrium at 650 K.

Calculate the amount, in moles, of each substance present in the equilibrium mixture at
650 K.

Hy(g) & Lig) = 2HI(g)
initial moles  0.02 0.02 0
[4]
[Total: 13]
www.SmashingScience.org Patrick Brannac Page 136 of 498
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Topic Chem 7 Q# 167/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org (d)
The reaction between nitrogen and hydrogen to produce ammonia in the Haber process is

A mixture containing 0.50 mol of CO,, 0.50 mol of H,, 0.20 mol of CO and 0.20 mol

an example of a large-scale gaseous reaction that is catalysed. of H,O was placed in a 1.0dm3 flask and allowed to come to equilibrium
at 1200 K.
(e) (i) State the catalyst used and give the operating temperature and pressure of the Calculate the amount, in moles, of each substance present in the equilibrium
Haber process. mixture at 1200 K.
catalyst . co, + Hy = co + H,0
moles
pressure ... it Dol 2

Topic Chem 7 Q# 168/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

3 Concern over the ever-increasing use of fossil fuels has led to many suggestions for
alternative sources of energy. One of these, suggested by Professor George Qlah, winner of
a Nobel Prize in chemistry, is to use methanol, CH;0H, which can be obtained in a number
of different ways.

Methanol could be used instead of petrol in a conventional internal combustion engine or
used to produce electricity in a fuel cell.

Methanol may be manufactured catalytically from synthesis gas, a mixture of CO, CO,
and H,. The CO is reacted with H, to form methanol, CH;OH.

CO(g) + 2H,(g) = CH,0H(g) AH = —91 kJ mol
(e} From your understanding of Le Chatelier's principle, state two conditions that could be
used in order to produce a high yield of methanol. (3]
[Total: 13]
In each case, explain why the yield would increase. Topic Chem 8 Q# 169/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Calcium, magnesium and radium are Group 2 elements. Radium follows the same trends as the
other members of Group 2.

(g) Cold water reacts slowly with a piece of Mg to produce bubbles of Hy(g).
Cold water reacts rapidly with burning Mg to produce H,(g) in an explosive mixture.

condiion 1 e e i B

explanation ...

COMON 2 e Explain why the rate of reaction of cold water with burning magnesium is greater.

explanation e

S R SO O S R, X . o & &4 I B

Carbon monoxide, which can be used to make methanol, may be formed by reacting carbon
dioxide with hydrogen. [Total: 17]
Topic Chem 8 Q# 170/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
CO4(g) + Hy(g) == CO(g) + H,0(g) K = 144 at1200K 2 Some oxides of elements in Period 3 are shown.

Na,0 ALO, PO, PO, SO, SO,

)} T~ ,
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i 1DNIHS VWS

24 86% J0 ZHT 93ed Jeuuelg ydued

123la siy) seonpoud aineladwal ul aseasaul ue Aym uledxg

‘sasealoul sa|diped juepeal
usamlag sUOISIoD [NYsSa2Ins jo Aduanbal ay} usym SISES3IDUI UONDES] JOo 3l 2]

[1] "o 0F 1B JUaWLadxa
ayy Buneadas uaym synsal pajoadxa ayl moys 0} ‘saxe awes auy uo ‘ydeib e yoiays (n)

"9]el uoipIeal ul asealnul abie| e saonpoid ainjeladwsa)
ul aseanul |ews ARANERI SIY]l "D.0F Jo aineladwal e e pajeadal si juswuadxa ayl

[z]

T guIn e Uoidesd o alel abelane

"UOI2EBA JO 21BJ SIY} JO SPUn 2y}
a1e1s "sppg 1sau 2yl Buunp 0, 07 1e uonoeal o el abelane ay] ayenoed opydesb ayrasn (1)

s/aLuny
009 00S 00F OOE 00Z OOL O
0
EEEun=Sum 0z
[
- Ob s-wipiou/
i 01 x [1g]
09 ¢
N
08
00L

"0-0Z 1e
1N0 pallUed uondeal B ul awin jsuiebe auiwolq jo uoienuaauod ul abueyd ay smoys ydeib ay |

“seasajul awy Jenbal je
2UNIXIW 24} Ul Juasald aulwolq Jo UoHENUaIUOD 2 Buunseaw Aq pamo||o) 29 ued uoaeal siyl  (2)

B10790U3DSUIYSEWS MMM

Ui TDNIHS YW
7

861 JO THT 98ed Jeuuesg ydliled 510°30U30SSUIYSEWS MMM

(600 + (beugHg < (be)y*ooH + (be)ug

‘sef apixolp uogies pue apiwolq usBoipAy Wio) 0] PIJE JIOUBYISW Y)im S10B3) SulWolq snoanby ¢
810"20uB105BUIYSRWS MMM /Y #D /¥ Jaded/T 71/s/T20g/AMIsIway) INTY [ZLT #0 8 wayd dido)

‘snoauabowoy se paquasap s FogtH Aum uiejdxg

¢ uonoeal ulskieies snoauabowoy e se spe fogty ()
SeWS' MMM/ #O/ Jaded/T Z1/M/Tz0z/AsIWaYD ATV /TLT #0 8 way) didoy

1z By

ABisua

sa|nosjow
10 Jaquinu

Jamsue Inof uiejdxa djay o1 |°z “B14 ul uonNgUISIp uuewzyog
ayl as ‘sjoyosle jo uoneipAyap syl ul 1sAelea e se fofpy Buisn jo 1oape syl SIS

‘sjoyod|e Jo uonelpAyap ayj ul 1sAEIED B SB pasn st tQf1y




Topic Chem 8 Q# 173/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
1 The rate of chemical reactions is affected by changes in temperature and pressure.

(a) (i) Draw a curve on the axes to show the Boltzmann distribution of energy of particles in a
sample of gaseous krypton atoms at a given temperature.

Label the curve T1 and label the axes.

[2

(ii) On the diagram in (a)(i), draw a second curve to show the distribution of energies of the
krypton atoms at a higher temperature.

Label the second curve T2. [1]

(b) The Boltzmann distribution assumes that the particles behave as an ideal gas.

(i) State two assumptions of the kinetic theory as applied to an ideal gas.

[2]
(ii) Explain, in terms of activation energy, E,, and the collision of particles, how an increase in
temperature affects the rate of a chemical reaction.

[Total: 14]

www.SmashingScience.org Patrick Brannac Page 143 of 498 mZ)m:_@JN

Topic Chem 8 Q# 174/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
(e) Lucas’s reagent is a mixture of HCI and ZnCl,. Primary, secondary and tertiary alcohols can
be distinguished by their reaction with Lucas’s reagent.

Alcohals react with the HC1in Lucas’s reagent to form halogenoalkanes.
ZnCl, acts as a homogeneous catalyst for these reactions.

(i) Explain the meaning of the term homogeneous.

Topic Chem 8 Q# 175/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Tnhalomethanes are organic molecules in which three of the hydrogen atoms of methane are
replaced by halogen atoms, for example CHCI,.

(ii) An important reaction of CHCI(g) is the manufacture of CHCIF.(g), using the following
reversible reaction.

CHCl4(g) + 2HF(g) = CHCIF,(g) + 2HCI(g)

The reaction in (ii) is carried out using a heterogeneous catalyst.

Explain fully the meaning of the terms heterogeneous and catalyst.

heterogeneOUS e

Cataly St e

www.SmashingScience.org Patrick Brannac Page 144 of 498 SMASHING] V)
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Topic Chem 8 Q# 179/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(b) Magnesium oxide can be formed by the reaction of magnesium and oxygen in the air.

(i) Draw a fully labelled reaction pathway diagram for the reaction between magnesium and
oxygen.

energy

reaction pathway
[2]

(ii) Explain why there is no visible reaction when a piece of magnesium ribbon is exposed to
the air.

2]
Topic Chem 8 Q# 180/ ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Over one milion tonnes of hydrogen cyanide, HCN, are produced each year using the
Andrussow process. The overall eguation for the reaction is shown.

CH,(g) + NHy(g) + 13-0,(g) = HCN(g) + 3H,0(g)

www.SmashingScience.org Patrick Brannac Page 147 of 498 mZ)m:_zm/hﬁ

(¢) The process uses a platinum catalyst, which increases the rate of reaction.

Sketch a Boltzmann distribution on the axes given below and use your diagram to explain how
the platinum catalyst increases the rate of the reaction.

number of
molecules

molecular energy

Topic Chem 8 Q# 181/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

2  The diagram below shows, for a given temperature T, a Boltzmann distribution of the kinetic
energy of the molecules of a mixture of two gases that will react together, such as nitrogen
and hydrogen.
The activation energy for the reaction, E_, is marked.

number of |
molecules
Ea energy
ﬁ\ \Jiw,._
T
www.SmashingScience.org Patrick Brannac Page 148 of 498 m!bm:_zﬁwx_qw
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(i) When PCl,(s) is added to separate samples of Q and R at room temperature, both react

vigorously.

(iii) Suggest why samples of Q and R must be dried before PCI; is added. Include a relevant

equation to support your answer.

Topic Chem 9 Q# 184/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

e 21

[Total: 17]

1 Calcium, magnesium and radium are Group 2 elements. Radium follows the same trends as the

other members of Group 2.

(f) Magnesium, Mg, burns in oxygen, O,.
The activation energy, E,, for this reaction is +148kJmol™.

(i) State one observation when magnesium burns in oxygen.
Do not refer to temperature changes in your answer.

Topic Chem 9 Q# 185/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org

3 The hydrogen halides HCI, HBr and HI are all colourless gases at room temperature.

(b) HClis a product of several different reactions. Some of these are shown in Fig. 3.1.

SiCl, NaCI
reaction 1 reaction 2
H,0 concentrated H,SO,
HCI
Fig. 3.1

(i) Wnte an equation for reaction 1.

Topic Chem 9 Q# 186/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Some oxides of elements in Period 3 are shown.

Na,0 ALO, PO, P,0, SO, SO,

(a) Na reacts with O, to form Na,O. Na is the reducing agent in this reaction.

www.SmashingScience.org Patrick Brannac Page 151 of 498
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(ii) Write an equation for the reaction of Na,O with water.

(b) AIL,0,is an amphoteric oxide found in bauxite.

(i) State what is meant by amphoteric.

(ii) AIl,O4 is purified from bauxite in several steps. The first step involves heating Al,O, with
an excess of NaOH(aq). A colourless solution forms.

Write an equation for this reaction.

M

(c) P.,Ogis a white solid that has a melting peint of 24°C. Solid P,0; reacts with water to form
H,PO,.

(i) Deduce the type of structure and bonding shown by P,0;. Explain your answer.

(iv) Write an equation for the reaction of P,O,, with water.

- - M
Topic Chem 9 Q# 187/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(b) Some reactions of P,(s) are shown in the reaction scheme.

excess CL,(g)
Pys) —————— PCl(s)

excess 0,(g) H,O(l) | reaction 1

reaction 2

P40y(s) H,O()
2

Q

(ii) Deduce the identity of @ and hence construct chemical equations for reactions 1 and 2.

reaction1 PCI; + ... H,0 —»

reaction2 PO, + ... H,O —

Y]
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(e¢) Gallium metal reacts rapidly when exposed to air. A white solid layer is formed on its surface.

(i) Suggest an equation to describe the reaction occurring when gallium metal is exposed to
air.

(ii) The table gives the formula of each gallium-containing product formed when gallium oxide
reacts separately with hot aqueous hydrochloric acid and hot agueous sodium hydroxide.

formula of
gallium-containing product

hot aqueous hydrochloric acid GaCl,
NaGa(OH),

hot agueous sodium hydroxide

Give the name of the type of behaviour shown by gallium oxide in these reactions.

[Total: 8]
Topic Chem 9 Q# 192/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
(e) Unlike the other oxides of Group 2 metals, beryllium oxide is amphoteric.
(i) Give the meaning of the term amphoteric.

(ii) Beryllium oxide and aluminium oxide have similar chemical properties.

The Be(OH),* anion is a product of the reaction between beryllium oxide and excess
concentrated OH~(aqg).

Construct an eguation for this reaction.

Topic Chem 9 Q# 193/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
Na,O MgO ALQO, Si0, S0,
boiling point/*C 1275 3670 2977 2950 45
nature of oxide basic basic amphoteric acidic acidic

www.SmashingScience.org Patrick Brannac Page 155 of 498 mZ)m:_zm/hﬁ

(b)
(ii) AL, is an amphoteric oxide.

Explain what is meant by the term amphoteric. Use chemical equations to

answer.

) State what you would observe when a small sample of Na,0 is placed in water.

(c)

(iii)y SeO, shows similar chemical reactions to SO,.

Suggest an equation to show the reaction of SeO, with aqueous sodium hydroxide, NaOH.

Topic Chem 9 Q# 194/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(f) Silicon dioxide reacts with hot, concentrated sodium hydroxide.

(i) Identify the two products formed during this reaction.

(ii) Describe the behaviour of the silicon dioxide during this reaction.

www.SmashingScience.org Patrick Brannac

Page 156 of 498

[Total: 13]

[Total: 15]

illustrate your
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Topic Chem 9 Q# 197/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

3 The properties of elements and their compounds show similarities, differences and trends depending
on the positions of the elements in the Periodic Table.

(a) The positions of some elements are indicated. The letters used are not the symbols of the

elements.
E B|H
D
A
F |G c
From the elements labelled, give the letter for;
(i) the element that forms an amphoteric oxide, U i |} |
(ii) the element with the highest first ionisation energy, L IT— |
(iif) the element that forms a soluble hydroxide and an insoluble sulfate, e RN 1]

(iv) the most volatile element in a group that contains elements in all three states of matter at
room temperature and pressure,

(v) the element that forms the largest cation. i 8 3R]

Topic Chem 9 Q# 198/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
1 (a) The table shows information about some of the elements in the third period.

element Na Mg Al P S Cl
atomic radius/nm 0.186 0.160 0.143 0.110 0.104 0.099
radius of most common ion/nm | 0.095 0.065 0.050 0212 0.184 0.181

maximum oxidation number of

the element in its compounds 1 b

www.SmashingScience.org Patrick Brannac Page 159 of 498 SMASHING] )|

(b) Phosphorus is a non-metal in the third period. It reacts vigorously with excess oxygen but
slowly with chlorine.

Some reactions of phosphorus are shown.

excess O,(g)
phosphorus ——— | A(s)
reaction 1

Clyg)
reaction 2

water
PClg(s) — = |B(ag)| + HCl(aq)

(i) Write an equation to represent reaction 1, the formation of compound A.

Give two observations you could make in reaction 2.
121
(iii) Name compound B.

Topic Chem 9 Q# 199/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 D, E, F, and G are four consecutive elements in the fourth period of the Periodic Table. (The letters
are not the actual symbols of the elements.)

D is a soft, silvery metal with a melting point just above room temperature. lts amphoteric oxide,
D,0O,, has a melting point of 1900°C and can be formed by heating D in oxygen.

G is a solid that can exist as several different allotropes, most of which contain G, molecules.
G burns in air to form GO, which dissolves in water to form an acidic solution. This solution reacts
with sodium hydroxide to form the salt Na,GO,.

(a) Suggest the identities of D and G.

D.

[1]
(b) Write equations for the reactions of D,0O, with

(i) hydrochloric acid,

www.SmashingScience.org Patrick Brannac Page 160 of 498 m!bm:_zmx_qm
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Topic Chem 9 Q# 202/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org Topic Chem 9 Q# 203/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

(b) Chlorine is very reactive and will form compounds by direct combination with many 3  This question refers to the elements in the section of the Periodic Table shown below.
elements.
H He
Describe what you would see when chlorine is passed over separate heated samples of .
sodium and phosphorus. Li Be B C N o F Ne
In each case write an equation for the reaction. Na Mg Al Si P S ClI Ar
K Ca ..........fransitionelements......... Ga Ge As Se Br Kr

sodium

(a) From this list of elements, identify in each case one element that has the property
described. Give the symbol of the element.

(i) An element that floats on cold water and reacts readily with it.

(ii) An element that forms an oxide that is a reducing agent.

(iif) The element that has the smallest first ionisation energy.

(d} Magnesium chloride, MgCli,, and silicon tetrachloride, SiCl,, each dissolve in or react -
RN aCr: (iv) The element which has a giant molecular structure and forms an oxide which has a
Suggest the approximate pH of the solution formed in each case. ST Rl s
MgCi, . SiCl, -
Explain, with the aid of an equation, the difference between the two values. B e e i
(vi) The element in Period 3 (Na to Ar) which forms a chloride with a low melting point
e T B T R and an oxide with a very high melting point.
[Total: 16]

o ) A7 o )
www.SmashingScience.org Patrick Brannac Page 163 of 498 mz‘pm:_zmm N www.SmashingScience.org Patrick Brannac Page 164 of 498 SMASHING]Y)




i 1DNIHS VWS

47

~{

861 40 99T a8ed JeuueIg YIlIRd 510°90USI0SSUIYSEWS MMM

“191BM UM
pajoeal sl Wnpos Jo adald e uaym 23s pjnom noA jJeym “ued noA se Ajny se ‘aquasaqg (1)

I3]EMm UM sloeal wnipos (2)

“3pIo
U0 UBL} 2J0W WO} UdIYM 2ULOJYD 0} WNIPOS WO SJUSWIl2 oM} 10 SaWeu ay] aag (q)

[¥]

J1pe

‘0% ‘oS Bofd foi1s tof1v 0B o'eN

INyNs 0] WNIpos ajqe] J1pouad ayl Jo pouad payy ayy
10 SJUaLL3J2 2U] 10 SapIX0 3] agudsap 0] ajgel 2yl a1a|dwod ‘Ajue swuay asay Buisn (e)

J15Bq suzjoyduwe auleye J1pioe
"SMOJ|0} SE PAUISSE]D BB S3PIX()

“JUSLWIDJS J3YI0 3UO YUm pauiquod uabAxo uieuod Ajjensn yoiym spunodwod ale sapixQ |

810°30u31d53UIYSRWS MMM /T #D/v 19ded/T 71/5/TT0z/AsIway)d ATV /S0T #D 6 way) dido]

861 JO G9T d8ed Jeuue.g YdlIed

Ui TDNIHSVKWS 510°95U310GBUIYSEWS MMM

"a1ey|ns ouiz aanpoid o} pIOE JUNYNs
3INJIp YuMm 19B31 Yyaea pnod jeyy Juiz Jo spunoduwiod 3|dwis om) Jo SBJNULIO S} SAI)

“3UIZ Jo punodwod 3|gelUNS B YIM PIde JUnyns ainjp
Bunoeas Aq Auojeioge| 26202 1o jooyds e ul pasedald aq Aew a1B)NS JUIZ Jo S|EISAID

‘PIIOS 2ul|eISAI2 SSIUN0I0D B SI Y2Iym
‘OfHxTosguZ ‘a1eyns ouiz pajelpAy e si juawsalddns AejRip B se pasn si yaiym jes auQ (e)

‘sjuawa|ddns

Aejaip se syes auiz Buisn Ag pajean Ajsea 2q ued suewny ul Aouainyap Ju7 sue|d pue
sjewiue jo ymolb Ayyeay ayl Joj AIBSSa22U SI UYJIYm JUSWD2 20B1) [BRUISSD UB SI U7 |
810°20Ua1ISBUIYSEWIS MMM/T #D/v Jaded/T ZL/M/ZTOZ/AMisiway) [NV /H0T #O 6 wayd dido |

[g]

‘1 yym uonoeal ou sey awrn Buol e sop 1ayem ul paseld uaym yaiym apixo uy (1)

“(s)apixo au jo ejnwaoy syl anb ‘ased yasea u|
"MOjaq 0] paualal (s)apixo ayl Qiuapl
0] ayusoddo 2)ge| Jipoluad 2y 1o uonaas aul ul (I 01 BN) £ pouad ul sjuawaf@ a2yl asn (q)



Topic Chem 9 Q# 206/ ALvl Chemistry/2011/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

The table below refers to the elements of the third Period sodium to sulfur and is
incomplete.

element Na Mg Al Si P S
conductivity high
melting point high

(d) (i) Complete the ‘conductivity’ row by using only the words ‘high’, ‘moderate’ or ‘low’.

(ii) Complete the ‘melting point” row by using only the words ‘high’ or ‘low’. [5]
When Mendeleev published his first Periodic Table, he left gaps for elements that had yet
to be discovered. He also predicted some of the physical and chemical properties of these
undiscovered elements.
For one element, E, he correctly predicted the following properties.

melting peoint of the element high

melting point of the oxide high

boiling point of the chloride low

The element E was in the fourth Period and was one of the elements from gallium, proton
number 31, to bromine, proton number 35.

(e) By considering the properties of the third Period elements aluminium to chlorine, suggest
the identity of the fourth Period element E.

[1]

[Total: 15]

Topic Chem 9 Q# 207/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3  This question refers to the elements shown in the portion of the Periodic Table given below.

H He
Li Be B C N O F Ne
Na Mg Al Si 'BRFS U@ Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

(a) From this table, identify in each case one element that has the property described. Give
the symbol of the element in each case.

(i) The element that has a molecule which contains exactly eight atoms.

i) The element that forms the largest cation.

www.SmashingScience.org Patrick Brannac Page 167 of 498

(iii) An element that floats on water and reacts with it.

(iv) An element that reacts with water to give a solution that can behave as an oxidising
agent.

(v) An element whose nitrate gives a brown gas on thermal decompaosition.

(5]

(b) (i) Give the formula of the oxide of the most electronegative element.

(ii) Several of these elements form more than one acidic oxide.
Give the formulae of two such oxides formed by the same element.

[31
Topic Chem 9 Q# 208/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1  Copper and fitanium are each used with aluminium to make alloys which are light, strong
and resistant to corrosion.

Aluminium, Al is in the third period of the Periodic Table; copper and titanium are both
transition elements.
Aluminium reacts with chlorine.

Copper forms two chlorides, CuCland CuCl,.

(e} At room temperature, the chloride of titanium, A, is a liquid which does not conduct
electricity.

What does this information suggest about the bonding and structure in A?

[Total: 14]
Topic Chem 9 Q# 209/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1  Copper and fitanium are each used with aluminium to make alloys which are light, strong
and resistant to corrosion.

Aluminium, Al is in the third period of the Periodic Table; copper and titanium are both
transition elements.

www.SmashingScience.org Patrick Brannac Page 168 of 498 SMASHING] )
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Topic Chem 10 Q# 213/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Ethanedioic acid, HO,CCO,H, has a relative molecular mass of 90.0.
(b) Solid ethanedioic acid reacts with aqueous calcium ions to make a precipitate of
calcium ethanedioate, CaC,0,.

CaC,0, breaks down when heated to form calcium exide, carbon dioxide and carbon monoxide.

(i) Construct an equation to represent the reaction of CaC,0, when heated. Include state
symbols.

e [21

(ii) Identify the type of reaction which occurs when CaC,0, is heated.

. [

ill also produce carbon dioxide

(iii) Identify another compound containing calcium ions which
and calcium oxide when it is heated.

[Total: 10]
Topic Chem 10 Q# 214/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Compounds P, Q and R have all been found in the atmosphere of one of Satum’s moons.
P Q R
H H
N/
N=C—C=C—C=N H—C=C—C=N \n|o/
H f
N
) One of the products of the complete combustion of P is nitrogen gas, N,(g).
Explain the lack of reactivity of nitrogen.

Page 171 of 498 SMASHING

www.SmashingScience.org Patrick Brannac

4]

Li7

!

Topic Chem 10 Q# 215/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

1 Group 2 metals form alkaline solutions in water.
Write the equation for the reaction of calcium oxide with water.

(a) (i)

(ii) Identify the ion that causes an aqueous solution to be alkaline.

1

{(b) The table shows the melting points of some Group 2 metal oxides.

compound melting point/*C
MgQ 2825
CaO 2613
SrO 2531
BaC 1923

Explain the trend in the melting points of the oxides down Group 2.

{e) Oxygen reacts readily with some metals, but each Group 2 metal requires strong heating to
start the reaction with oxygen.

Suggest why strong heating is required to start these reactions.

Topic Chem 10 Q# 216/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 (a) Group 2 elements share common chemical properties.
(i) Calcium reacts in cold water more quickly than magnesium because more energy is

required to remove the outer electrons in magnesium. This occurs even though calcium
atoms have a greater nuclear charge.

Explain why more energy is required to remove the outer electrons in magnesium than in
calcium.

L . N¥ ANy
www.SmashingScience.org Patrick Brannac Page 172 of 498 m!bwy_..__mmz_ y
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Topic Chem 10 Q# 220/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org Topic Chem 10 Q# 221/ ALvl Chemistry/2016/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(b) The elements in Group 2 all react with oxygen and with water. 3 The elements in Group 2 and their compounds show various trends in their physical and chemical
properties.

(i) State and explain the conditions needed for magnesium to react with oxygen. (b} Lis a salt of a Group 2 element M.

When L is heated strongly a brown gas is observed and a white solid remains.

2] The white solid dissolves in water to form a colourless solution of the metal hydroxide M{OH),.

(i) State what would be seen during the reaction in (b)(i). Addition of dilute sulfuric acid to this colourless solution produces a dense white precipitate.

(i) Identify the anion in salt L.

(i) Write an equation for the reaction of magnesium with cold water (ii) Identify the element M and write an ionic equation for the formation of the white precipitate
: with sulfuric acid.
Include state symbols.

(¢) The carbonates and nitrates of the elements in Group 2 can all be decomposed by heating. equation ...

T

(i) Write an equation for the thermal decomposition of magnesium nitrate.

(] (iif) Give the formula of salt L and use it to write an eguation for the thermal decomposition of
salt L.

(ii) The thermal decomposition of calcium carbonate forms a solid product that is industrially formula of salt L ...
important. This solid product reacts with water to form a compound commonly known as
slaked lime. equation ...

[2]

Write equations for the thermal decomposition of calcium carbonate and the reaction of
the solid product to form slaked lime.

N (e¢) Calcium carbonate and calcium hydroxide can both be used in agriculture to neutralise acidic
thermal decomposition .. soils.

formation of slaked lime ... (i) Write ionic equations for the neufralisation of acid by each of calcium hydroxide and
[2 calcium carbonate.

(d) Calcium carbonate and calcium hydroxide both have an important use in agriculture. calcium hydroxide ...

(i) Describe this use and explain what makes these two compounds suitable for it. calcium carbonate

[2]

(ii) Suggest and explain why calcium carbonate is a better choice than calcium hydroxide for
this purpose in areas of high rainfall.

(ii) Wnte an ionic equation to illustrate this use of calcium carbonate.

www.SmashingScience.org Patrick Brannac Page 175 of 498 SMASHING 1) www.SmashingScience.org Patrick Brannac Page 176 of 498 SMASHING]Y)
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(ii) Name the reagent needed to convert Y(s) into Z(aq) in reaction 1 and write an equation for (a) State the formula of each of the calcium compounds Uto Y.
the reaction.

u
reagent ..........
v
EQUAIMONE: =5 bt rion e NI, i R T el D s S T e R
[2] w
(iii) How would you convert a sample of Z(s) into Y(s) in reaction 27 X
(iv) Give equations for the conversions of Mg into X, and Z(s) into Y. (b) Compound Y may be converted into compound V.
Qutline how this reaction would be carried out in a school or college laboratory using a
MOt X 8 small sample of Y.
B . el e R T LR et e N b L
[2]
1]
[Total: 21]
Topic Chem 10 Q# 225/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org (c) (i) Construct balanced equations for the following reactions.
3 Calcium is the fifth most common element in the Earth's crust. .
Calcium compounds occur in bones and teeth and also in many minerals. calcium to compound U
Some reactions of calcium and its compounds are shown in the reaction scheme below.
compound V to compound W
dilute HC! roast in air
Ulaq) |- Cafs) = V(s)
compound U to compound Y
dilute
H,O(l H,O(l
L0(1) ,0(1) HNO,
Y Y
(ii) Construct a balanced equation for the effect of heat on solid compound W.
Na,CO;(aq) X(s) W(aq)
(4]
dilute i (d) Suggest the formula of an aqueous reagent, other than an acid, for reaction 1.
reaction 1
H.S0,
(e) What would be observed when each of the following reactions is carried out in a test-
Y(s) Z(s) tube?
the formation of X from Ca(s)
the formation of X from V
www.SmashingScience.org Patrick Brannac Page 179 of 498 www.SmashingScience.org Patrick Brannac Page 180 of 498 m!hmy:_m\mwxuw
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(b) Separate samples of magnesium chloride and magnesium oxide are shaken with water.
In each case, describe what you would see when this is done, and state the approximate
pH of the water after the solid has been shaken with it.

(i) magnesium chloride
ObSerVation e
approximate pH of the water ...

(ii) magnesium oxide
ODEBVAIOM e e e e e e e e

approximate pH of the water ...

4
Topic Chem 11 Q# 229/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Some of the common chlorides of Period 3 elements are shown in the list.

NaCl MgCi, AICI, SiCl, PCls
(b) NaClis one product of the reaction of chlorine gas and cold aqueous sodium hydroxide.
|dentify the other products.
Topic Chem 11 Q# 230/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Magnesium shows reactions typical of a Group 2 metal.

(e) 1cm?® of MgCl,(aq) is placed in a test-tube. A few drops of AgNO,(aq) are added, followed by
1cm? of dilute NH,(aq).

State in full what is observed in this experiment.

(d) When 1cm?® of MgCl,{aq) is added to 1cm? of Br,(aq) in a test-tube, the solution remains
orange.

Explain this observation.

[Total: 9]

www.SmashingScience.org Patrick Brannac Page 183 of 498 mZ)m:_zm/hﬁ

Topic Chem 11 Q# 231/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 The hydrogen halides HCI, HBr and HI are all colourless gases at room temperature.

(a) The hydrogen halides can be formed by reacting the halogens with hydrogen.

Describe and explain the relative reactivity of the halogens down the group when they react
with hydrogen to form HCI HBr and HL.

(ii) Inreaction 2, NaCl reacts with concentrated H,SO, to form HCIand NaHSO,.
When NaBr reacts with concentrated H,S0O,, the products include Br, and SO,

Identify the type(s) of reaction that occur in each case by completing Table 3.1.
Explain the difference in these reactions.

Table 3.1

reactants type(s) of reaction

NaCland concentrated H,SO,

NaBr and concentrated H,50,

L3 q o] =g =10 o

3

(¢} When heated with a Bunsen burner, HCIdoes not decompose, whereas HI forms H, and I,.

Explain the difference in the effect of heating on HCland HI.

Topic Chem 11 Q# 232/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 Sulfides are compounds that contain sulfur but not oxygen.

(a) Carbon disulfide, CS,, is a volatile liquid at room temperature and pressure.

(i) State the meaning of volatile.
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Explain why different sulfur-containing products are produced when each of these halide
ions reacts with concentrated H,S0,.

)} The table shows the electronegativity values for hydrogen, fluorine and iodine.

element | electronegativity value
H 21
F 4.0
I 25

(d) CI, reacts with aqueous sodium hydroxide in a disproportionation reaction.

() State whati t by di rionafi Explain, in terms of intermolecular forces, why HI has a lower boiling point than HF.
i e what is meant by disproportionation.

(ii) Write an equation for the reaction of CI, with cold aqueous sodium hydroxide.

2

Topic Chem 11 Q# 236/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org (iv) lodine reacts with hot concentrated aqueous sodium hydroxide in the same way as
4 lodine is used in many inorganic and organic reactions. chlorine.

(a) (i) State and explain the trend in volatility of the halogens, from chlorine to iodine. Write an equation for the reaction of iodine and hot aqueous sodium hydroxide.

Topic Chem 11 Q# 237/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(d) Chlorine forms several oxides, including C1,0, C10, and C1,0,.

(i) CIO, can be prepared by reacting NaC10, with CL,.
-

Write the oxidation state of chlorine in each species in the boxes provided.
(ii) Explain why HI is the least thermally stable of HCI, HBr and HI.
2NaCl10, + CI, — 2CIO, + 2NaCl

N

Topic Chem 11 Q# 238/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org

2 The Group 17 elements, chlorine, bromine and iodine, are non-metals that show trends in their
physical and chemical properties.

oxidation state of chlorine:

(a) Describe the trend in the colour of the Group 17 elements down the group.

SR |

) T~
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{e¢) Chlorine undergoes disproportionation during many chemical reactions.
(i) Write an equation for the reaction of chlorine with cold aqueous sodium hydroxide, NaOH.
Explain why it is a disproportionation reaction.

eqUATION

explanation

[2]

(ii) One of the products of the reaction of chlorine with hot aqueous sodium hydroxide differs
from those in (e)(i).

Identify the compound that is formed in this reaction that is different from that formed in the
reaction in {e)(i).

......... R N SR AR TR ST RN SNNTS. _ SESRERECI | | |
(d) State and explain the use of chlorine in water purification.

(&) Under certain conditions, chlorine undergoes a free-radical substitution reaction with ethane.
(i) State the conditions required to initiate this reaction.
(ii) Write the overall equation for this free-radical substitution reaction.

[Total: 12]

Topic Chem 11 Q# 240/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
(e} HOF is the only known molecule that contains only the elements hydrogen, oxygen and fluorine.

lar to the

(iijy HOF can be made by the reaction of F, with ice at —40°C. The reaction is si
reaction of Cl, with cold water.

Suggest an equation for the reaction of F, with ice.

A

www.SmashingScience.org Patrick Brannac Page 191 of 498 SMASHING] )|

Topic Chem 11 Q# 241/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org

2 Theelements in Group 17 of the Periodic Table are called the halogens. They form stable compounds

with both metals and non-metals.

The table gives some data about F,, HCland CaF,.

F, HCI CaF,
boiling point/K 85 188 2773

relative formula mass 380 365 78.1

(ii) When Cl, is passed over hot iron, FeCl, is formed.
However, when I,(g) is passed over hot iron, the following reaction occurs.
Fe(s) + Lig) — Fely(s)

State what you would observe during the reaction between Fe and I,. Explain why Fel,(s)
is formed rather than Fely(s).

observation ...

L= (0] =g = T o USRI

2]

Fel, is soluble in water.

A student carries out a chemical test to confirm that a solution of Fel, contains aqueous
iodide ions, I-(aqg). The student adds a single reagent and a precipitate forms.

Identify the reagent the student uses. State the colour of the precipitate that forms.

reagent L

colour of precipitate ...

[2]

(iv) Compounds containing [ are often contaminated by bromide ions, Br~.

Identify a further reagent that the student could use to show that the precipitate formed in

(iii) contained iodide ions.

www.SmashingScience.org Patrick Brannac Page 192 of 498
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(d) Calculate the amount, in moles, of sodium hydroxide that reacted with the HCI produced by the
reaction in equation 1.

amount= ... mol [1]

(e) Calculate the amount, in moles, of HCI produced by the reaction in equation 1.

amount= ... mol [1]

(f) Calculate the amount, in moles, of XCL, in the original 0.17 g sample.

amount= ... mol[1]

(g) Calculate the molecular mass, M, of XCl,.

M= A ]

(h) Calculate the relative atomic mass, A, of X and suggest its identity.

AOFX=

identity of X ...
121

[Total: 9]
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3 (a) Inthis question, K, L and M refer to a halogen atom or halide ion.
For each part question, read the information and complete the answer lines below.
(i) When concentrated sulfuric acid is added to solid NaK, white fumes are produced that turn
damp blue litmus paper red. No other colour changes are observed.
identity of K= ...
[=To[UE=T Lol T o] g == Tod (Lo o USSR
explanation of observation e
(ii) When silver nitrate solution is added to an aqueous solution of NaL, a precipitate forms
that remains after the addition of concentrated ammonia solution.
identity of L = __
colour of precipiltate .
equation forreaction ... [3]
(iii) M, is a liquid at room temperature with a beiling point higher than that of chlorine but lower
than that of iodine.
identityof M= ..
explanation .
www.SmashingScience.org Patrick Brannac Page 196 of 498 SMASHING] V)
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Topic Chem 12 Q# 250/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Nitrogen molecules, N,(g), contain two atoms attracted to each other by a triple covalent bond.

(b) Nitrogen oxides, NO, and NO, are produced in internal combustion engines. Release of these
gases into the atmosphere leads to the formation of photochemical smog.

(i) Outline how nitrogen oxides are involved in the formation of photochemical smog.

)|

(ii) Construct an equation to demonstrate how a catalytic converter reduces the amount of
nitrogen oxide gases released into the atmosphere.

{c) Ny(g) is very unreactive. It is difficult to make ammonia, NH,(g), directly from its elements but
it can be made from NH,CI(s).

Identify a reagent and the conditions required to make NH,(g) from NH,CI(s).

Topic Chem 12 Q# 251/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2 Some oxides of elements in Period 3 are shown.

Na,0 ALO, PO, PO, SO, SO,

(a) Na reacts with O, to form Na,O. Na is the reducing agent in this reaction.

(d) SO, and SO, are found in the atmosphere.
The oxidation of SO, to SO, in the atmosphere is catalysed by NO,.
The first step of the catalytic oxidation is shown in equation 1.

equation 1 SO,(g) + NOy(g) == SO,(g) + NO(g)
(i) Construct an equation to show how NO, is regenerated in the catalytic oxidation of SO,.

(ii) NO, can also react with unburned hydrocarbons to form photochemical smog.

State the product of this reaction that contributes to photochemical smog.

Patrick Brannac Page 199 of 498 mz‘pm:_zm/hﬁ

www.SmashingScience.org

Topic Chem 12 Q# 252/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(ii) State the environmental consequences of releasing SO4(g) into the atmosphere.

)} S0O.(g) can be removed from the air by reacting it with NaOH(aq).
Construct an equation for the reaction of SO,(g) with NaOH(aq). Include state symbols.
e [2]

[Total: 21]

Topic Chem 12 Q# 253/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Carbon monoxide gas, CO(g), and nitrogen gas, N,(g), are both diatomic molecules.

(b) Ny(g)is less reactive than CO(g) even though N,(g) has a lower bond energy than CO(g).

Suggest why CO(g) is more reactive than N,(g).

Topic Chem 12 Q# 254/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(iii) SO, reacts with NO, in the atmosphere to form SO, and NO.

NO is then oxidised in air to form NO,.
50, + NO, - S0, + NO
ZNO + O, — 2NO,
State the role of NO, in this two-stage process.

Topic Chem 12 Q# 255/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Nitric acid, HNO,, can be made by reacting nitrogen dioxide with water.

The enthalpy change for the reaction can be measured indirectly using a Hess’ cycle.

H,
3NOy(g) + H,0() kv 2HNO,(l) + NO(g)

Patrick Brannac Page 200 of 498 SMASHING] 1)
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(b) Nitrogen, N,, and oxygen, O,, react together in the air during lightning strikes to form nitrogen (ii) Complete the equation to show the roasting of iron pyrite in oxygen.
monoxide, NO.
4FeS, + . —» 2F, 04+
(i) Explain why the reaction of N, and O, occurs during lightning strikes. 21

(iif) A sample of impure iron pyrite was roasted in oxygen. The composition of the mixture of
solid products is shown.

[

solid product mass/g

(ii) Write two equations to suggest how the NO formed reacts further to create nitric acid,

HNO,. Fe,0, 33.18
1. Au 0.37
o R — Calculate the mass of FeS, present in the sample of impure iron pyrite.
[2] Assume that all the FeS, was converted to Fe,O, duning the roasting process.
(d) Some soils have compounds such as ammonium nitrate, calcium carbonate and calcium (M: FeS,, 120.0; Fe,0,, 159.6)

hydroxide added to them.

(ii) When calcium hydroxide reacts with compounds containing the ammonium ion, NH,*, a
gas is produced.

State the identity of this gas and explain why the reaction occurs.
gas .

explanation ..

massof FeS,= .._.........g[?]

(iv) Use your answer to (iii) to calculate the percentage by mass of gold in this sample of
impure iron pyrite. Assume that gold is the only impurity in this sample of impure iron pyrite.

P
2] Give your answer to two significant figures.
Topic Chem 12 Q# 259/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 ._3: Uv.ﬂ.ﬁm_ _ummu.uujmm a yellow colour that makes it look like gold metal. The compound contains the (If you were unable to calculate an answer to (iii), use 55.00g as the mass of FeS, in this
ions Fe* and S;* calculation. This is not the correct answer.)

(e) Iron pyrite is often called fool’s gold because of its appearance. Impure samples of iron pyrite
often contain a small amount of gold.

The gold can be obtained from impure iron pyrite. The impure iron pyrite is roasted in oxygen,
to produce iron(IIl) oxide and sulfur dioxide. Gold does not react with oxygen.

(i) The sulfur dioxide produced during roasting would cause environmental consequences if
released into the atmosphere.

State and explain one of these environmental consequences.
percentage by massofgold= ... % [1]

[Total: 11]
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(b) The sulfur trioxide produced in the Contact process is reacted with 98% sulfuric acid. The (iii) 2.00 moles of sulfur dioxide and 2.00 moles of oxygen were put in a flask and left to reach

resulting compound is then reacted with water to produce sulfuric acid. equilibrium.
At equilibrium, the pressure in the flask was 2.00 x 10°Pa and the mixture contained
(i) Explain why the sulfur trioxide is not first mixed directly with water. 1.80 moles of sulfur trioxide.

Calculate Xv. Include the units.

i) Write equations for the two steps involved in the conversion of sulfur trioxide into sulfuric
acid.

(d) The conversion of sulfur dioxide into sulfur trioxide is carried out at a temperature of 400°C.
(i) With reference to Le Chatelier's Principle and reaction kinetics, state and explain one P T reeeesemneneen e
advantage and one disadvantage of using a higher temperature. units =
. T [Total: 19]
Topic Chem 12 Q# 265/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Propane, C,H,, and butane, C,H,,, are components of Liquefied Petroleum Gas (LPG) which
is widely used as a fuel for domestic cooking and heating.
e T (b) When propane or butane is used in cooking, the saucepan may become covered by a
solid black deposit.
4] (i) What is the chemical name for this black solid?
(ii) State the expression for the equilibrium constant, K, for the formation of sulfur trioxide L T
e e (ii) Write a balanced equation for its formation from butane.
K, = [2]

Topic Chem 12 Q# 266/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(c) Ammonia is a weak base which forms salts containing the ammonium ion.

(1

Describe, with the aid of an equation, the formation and structure of the ammonium ion.
You should use displayed formulae in your answer.

(3]

[Total: 13]
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Topic Chem 12 Q# 269/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 Crude oil contains a mixture of hydrocarbons together with other organic compounds which
may contain nitrogen, oxygen or sulfur in their molecules.

At an oil refinery, after the fractional distillation of crude oil, a number of other processes may
be used including ‘cracking’, ‘isomerisation’, and ‘reforming’.

One of the sulfur-containing compounds present in crude oil is ethanethiol, C_H_SH, the
sulfur-containing equivalent of ethanol. Ethanethiol is toxic and is regarded as one of the
smelliest compounds in existence.

When ethanethiol is burned in an excess of air, three oxides of different elements are
formed.

(c)

When ethanethiocl is burned in an excess of air, three oxides of different elements are
formed.

(c) (i) Construct a balanced equation for this reaction.

(ii) Two of the oxides formed cause serious environmental damage.

One oxide is CO2 which leads to enhanced greenhouse effect causing global warming.
For the other oxide, identify the type of pollution caused and describe one consequence of this pollution.

(4]
(d) A small amount of ethanethiol is added to liquefied gases such as butane that are widely
used in portable cooking stoves.

Suggest a reason for this.

Topic Chem 12 Q# 270/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
In many countries, new cars have to comply with regulations which are intended to reduce
the pollutants coming from their internal combustion engines.

Two pollutants that may be formed in an internal combustion engine are carbon monoxide,
CO, and nitrogen monoxide, NO.

(e) (i) Outline how each of these pollutants may be formed in an internal combustion
engine.

NO .

www.SmashingScience.org Patrick Brannac Page 211 of 498

(ii) State the main hazard associated with each of these pollutants.

Pollutants such as CO and NO are removed from the exhaust gases of internal combustion
engines by catalytic converters which are placed in the exhaust system of a car.

(f) (i) What metal is most commonly used as the catalyst in a catalytic converter?

(ii) Construct one balanced equation for the reaction in which both CO and NO are
remaved from the exhaust gases by a catalytic converter.

[Total: 14]
Topic Chem 12 Q# 271/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(d) Hydrogen cyanide, HCN, is a gas which is also isoelectronic with N, and with CO.
Each molecule contains a strong triple bond with the following bond energies.

bond bond energy/kJ mol™!
—C=Nin HCN 890

N=N 994

C=0 1078

Although each compound contains the same number of electrons and a strong triple
bond in its molecule, CO and HCN are both very reactive whereas N, is not.

Suggest a reason for this.

(]
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(ii) J has two optical isomers.

Draw the three-dimensional structures of the two optical isomers of J.

[2]
Topic Chem 13 Q# 277/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(e¢) Triphenylphosphine is used in a type of reaction known as a Wittig reaction.
triphenylphosphine
where ==C.H
_U 6 "5
(i) Give the empirical formula of triphenylphosphine.
Topic Chem 13 Q# 278/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(iii) J reacts with NaOH dissolved in ethanol to form a mixture of two alkenes, L and M.
Alkene L is shown.
J L "
I NaOH
in ethanol
—_—= X and
(iv) Explain why L does not show geometrical (cis-trans) isomerism.

www.SmashingScience.org Patrick Brannac
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Topic Chem 13 Q# 279/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 6/www.SmashingScience.org
(@) Draw the skeletal formula of 2-methylbut-1-ene.

11
Topic Chem 13 Q# 280/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Glycerol, CH,(OH)CH(OH)CH,OH, is widely used in the food industry and in pharmaceuticals.

(a) A series of reactions starting from glycerol is shown.

P Q
CH,OH HOOGC COOH
| \ NaCN and HCN _
H—C—C0OH ——» C=0 —— = NC—C—OH
_ reaction 1 \ reaction 2 _
CH,OH HOOC COOH

(iv) Q does not show optical isomerism.

Explain why.

1

Topic Chem 13 Q# 281/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
(e) Fats are compounds made from glycerol and unsaturated carboxylic acids.

4-pentenoic acid is an example of an unsaturated carboxylic acid.

4-pentenoic acid
(CH,),COCH

H T

H

(i) Give the maolecular formula of 4-pentenoic acid.

1
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(e) When Y reacts with cold, dilute, acidified manganate(VII) ions, compound Z is produced.

Z
OH

Q/\_/\o_._

(i) State the molecular formula of Z.

Topic Chem 13 Q# 285/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4  Allyl chloride is an important chemical used in the manufacture of plastics, pharmaceuticals and
pesticides.

allyl chloride
\\>\\ .

(a) Give the systematic name of allyl chloride.

1

Topic Chem 13 Q# 286/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 P, QandR all contain five carbon atoms.

P Q R
OH 0 OHC H
H n|m_“|n”z ﬁ__“ /n|n\
o H,c”~~ “CH,CH,CH, /N
CH,CH, H CH,CH;,

(¢) R exists as a pair of sterecisomers.
Identify the type of stereoisomerism shown by R and draw the structure of the other sterecisomer.

type of sterecisomerism ...

sterenisomer of R

Topic Chem 13 Q# 287/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Calcium and its compounds have a large variety of applications.

Y7

www.SmashingScience.org Patrick Brannac Page 219 of 498 mv_)m_,.__zn_ V)

(d) Calcium lactate is used in some medicines. It forms when lactic acid (2-hydroxypropanoic acid)
reacts with calcium carbonate.

OH

H,C—C—H

COH
lactic acid
(v) Lactic acid has a chiral centre.

State what is meant by the term chiral centre.

1

[Total: 18]
Topic Chem 13 Q# 288/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(e¢) 2-bromo-2-methylpropane is a tertiary halogenoalkane that is a structural isomer of
1-bromobutane.

(i) Define the term structural isomerand name the three different types of structural isomerism.

definition .

types of structural isomerism
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Topic Chem 13 Q# 292/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

If you were unable to calculate values for x and y then use x = 4 and y = 10 for the remaining 4 This question is about molecules with molecular formula C,H,.

parts of this question. These are not the correct values.

(a) Give the structures of a pair of positional isomers with the formula C,H;.
(iii) Complete the equation for the complete combustion of the alcohol, T.

(]
(iv) Give the skeletal formulae for two possible structures of T.
Name each alcohol.
(1
(b) Give the structures of a pair of chain isomers with the formula C,H,, that do not exhibit
sterecisomerism.
2]
(v) Use the general gas equation to calculate the mass of T present in the original 20 cm? (1
geses sdmple, Wikchiwac measired-al 120°C-and A00KE 4. (e¢) Give the structures and full names of a pair of stereoisomers with the formula C,H;.
Give your answer to three significant figures. Show your working.
[2
mass= _...........................3[3]
[Total: 10]
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Topic Chem 13 Q# 298/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Crotonaldehyde, CH;CH=CHCHO, occurs in soybean oils.
(b) Crotonaldehyde exists in more than one stereaisomeric form.
Draw the displayed formulae of the sterecisomers of crotonaldehyde.
Label each isomer.

(3]

(¢) Draw the skeletal formula of crotonaldehyde.

(1]

Topic Chem 13 Q# 299/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org

5 Isomerism occurs in many organic compounds. The two main forms of isomerism are
structural isomerism and sterecisomerism. Many organic compounds that occur naturally
have molecules that can show sterecisomerism, that is cis-trans or optical isomerism.

(a) (i) Explain whatis meant by sfructural isomerism.

(ii) State two different features of molecules that can give rise to sterecisomerism.

Unripe fruit often contains polycarboxylic acids, that is acids with more than one carboxylic
acid group in their molecule.

One of these acids is commonly known as tartaric acid, HO,CCH(OH)CH(OH)CO,H.

www.SmashingScience.org Patrick Brannac Page 227 of 498 SMASHING] )|

Another acid present in unripe fruit is citric acid,

OH

HO2CCH2CCH2C0H

COH

(e) Does citric acid show optical isomerism? Explain your answer.

Topic Chem 14 Q# 300/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Liquids that contain molecules of T smell like lemons.

T

Fig. 3.1

(b) Two organic products are produced when a sample of T is heated under reflux with excess
acidified concentrated KMnO,.

Draw the structure of the two organic products, from this reaction, in the boxes.

organic product 1 organic product 2
[2
T
www.SmashingScience.org Patrick Brannac Page 228 of 498 m!bm_.__zmx_qm
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(ii)) Name the major organic product formed from the reaction of propene, C,H;, with H,O.

Topic Chem 14 Q# 304/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
(e) Polymer Z is useful because it absorbs large amounts of water. However, there are problems
associated with the disposal of products containing polymer Z.

Combustion is not an appropriate method to dispose of pure Z because the process releases
harmful gases. Some of these gases contribute to the enhanced greenhouse effect.

(ii) Identify another gas which could be produced during the combustion of pure Z. Describe
a consequence, other than the enhanced greenhouse effect, of its release into the

atmosphere.
O e e e e e e e e e e et e o s e i D e e 2
COMSOQUEIICE oot e e ee e e
11
[Total: 10]

Topic Chem 14 Q# 305/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 (a) Naphtha is a mixture which contains only hydrocarbon molecules.

(i) What is meant by the term hydrocarbon?

(ii) Name the raw material that is used to produce a sample of naphtha.

(b) Compound V is found in naphtha. It has a molecular formula C;H,.

When V is heated at high pressure in the absence of air, an equal number of moles of ethene,
propene and W are made. W is a compound made of straight chain, saturated molecules.

(i) Name the process that describes this reaction.

(ii) Deduce the structure of W. Draw its structure below.

www.SmashingScience.org Patrick Brannac Page 231 of 498 mZ)m:_zm/hﬁ

Topic Chem 14 Q# 306/ ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
{c¢) Propene is separated from the mixture and heated in air in the presence of a catalyst. Propene
is oxidised to X, which contains two functional groups.

(i) Effervescence is seen when Na,CO,(aq) is added to X.

Identify the functional group present in X which is responsible for this cbservation.

(ii) Identify a reagent which could be used to show that X contains a C=C. Include relevant
observations.

(d) X reacts with another reagent to form Y.

Molecules of Y react together to form addition polymer Z. The diagram shows the repeat unit
of polymer Z.

repeat unit of polymer Z

O O~Na’

Draw the structural formula of monomer Y.

[
Topic Chem 14 Q# 307/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
(d) Hydroxyethanal can be reduced to ethane-1 2-diol, (CH,OH),, as shown.
hydroxyethanal ethane-1,2-diol
H 0 H H
ARG L]
Ioln_uln/ —_— _._Oln_uln_“ —OH
H H H H
(iii) (CH,OH), also forms when an alkene A reacts with cold, dilute, acidified manganate(VII)
ions.
Name A.
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(b) (i) State the specific conditions required for the acidified manganate(V1I) ions to react with
2-methylbut-1-ene in this way.

(ii) Name the type of reaction occurring to the functional group in 2-methylbut-1-ene in the
reaction in (b)(i).

(c¢) Draw the structural formula of X.

(d) Describe a chemical test and the expected observation(s) to confirm the presence of the
carbonyl functional group in Y.

Topic Chem 14 Q# 311/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 (a) Below is a list of species which can react with organic compounds.

CN-  HCI (o]} H,0 CO.>

(i) From the list, identify a species which can react with ethane.

{b) Cli(g) can be made from Cl,(g).

(i) Describe the conditions required for this process.

(ii) Name this process.
Topic Chem 14 Q# 312/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
§ (a) Below is a list of species which can react with organic compounds.

CN-  HCI (o]} H,0 CO*

www.SmashingScience.org Patrick Brannac Page 235 of 498 mZ)m:_zm/hﬁ

{d) But-1-ene reacts with steam in the presence of concentrated phosphoric acid to form two
isomers of molecular formula C,H,,0.

Each reaction occurs via a different intermediate ion.

(i) Draw the structure of both intermediate ions.

[2

(ii) Circle the more stable intermediate ion drawn in (d)(i). Explain your answer.

[Total: 12]

Topic Chem 14 Q# 313/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
(d) A reaction of another unsaturated carboxylic acid, T, is shown.

T u
CeHya CeHia

Ioon/\r - :oon/\ﬁ
Z “Br B

(ii) Identify the reagent used to convert T to U.

Topic Chem 14 Q# 314/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
() Fats are compounds made from glycerol and unsaturated carboxylic acids.

4-pentenoic acid is an example of an unsaturated carboxylic acid.

4-pentenoic acid
(CH,),CO0H

Ha 7 y

H
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Topic Chem 14 Q# 317/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  The structure of compound Y is shown.

(e) When Y reacts with cold, dilute, acidified manganate(VII) ions, compound Z is produced.

Z
OH

Q/\_/\o_._

(ii) MName the type of reaction occurring when Y is converted into Z.
Topic Chem 14 Q# 318/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4  Allyl chloride is an important chemical used in the manufacture of plastics, pharmaceuticals and

pesticides.

allyl chloride

(b) Allyl chloride can be produced by many different methods. The most common method is
chlorination of propene which proceeds via a free-radical substitution mechanism.

\\\///F\\‘“u//\\nm

(i) The initiation step in this reaction is the formation of chlorine radicals (CI*) from CI,
molecules.

State the conditions required fo initiate this reaction.
[1]
(ii) The propenyl radical, CH,=CHCH,*, is formed in the first propagation step of the reaction.

Wnte an equation to show the formation of CH,=CHCH,* in this propagation step.

(1

(iii) Explain why the free-radical substitution reaction gives a low yield of allyl chlonde.
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Topic Chem 14 Q# 319/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
(e¢) A series of reactions starting from allyl chloride is shown.

OH

x\\\}//\\om reaction 1 HO Cl

reaction 2
Y

CH,COO0 X CH,COO0
/\_/\ reaction 3
—_——
CH,CO0 Cl HCN and NaCN n_._unoo/\_/\nz

(i) Suggest a reagent that can be used in reaction 1.

{d) 2-bromo-1-chlorepropane, CH,CHBrCH,C1, is the major product of the reaction of allyl chloride
with HBr.
major product minor product
Br
HB
\.\\\//\\Q L ¥/\Q and wq//\\\/,..\.ﬁH

Explain why 2-bromo-1-chloropropane is the major preduct of this reaction.
21
[Total: 13]

Topic Chem 14 Q# 320/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
1 Nitrogen, N,, is the most abundant gas in the Earth’s atmosphere and is very unreactive.
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Topic Chem 14 Q# 323/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4 Cyclohexane is a colourless liquid used in industry to produce synthetic fibres.

A reaction scheme involving cyclohexane is shown.

Cl
reaction 1 Q reaction 2
—_— —_—

() The product of reaction 2 is cyclohexene.
Cyclohexene can be converted into adipic acid (hexanedioic acid), HO,C(CH,),CO,H.

(i) Identify the reagents and conditions for the conversion of cyclohexene into adipic acid.

Topic Chem 14 Q# 324/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(d) The product of reaction 2, but-1-ene, does not show stereoisomerism. However, but-1-ene
reacts with HC[ to form a mixture of structural isomers X and Y.

X (exists as a pair of stereoisomers and
\ is produced in higher yield than Y)

(ii) Give two reasons why but-1-ene does net show stereoisomerism.

but-1-ene + HCI

Y (does not show stereocisomerism)

[2]

(iv) Name the type of sterecisomerism shown by X.

(1

www.SmashingScience.org Patrick Brannac Page 243 of 498 mZ)m_,.__zm/uN

(v) Use the conventional representation to draw the two stereocisomers of X.

2]

[Total: 24]

Topic Chem 14 Q# 325/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 P, Q and R all have the molecular formula C,H,O. They are all structural isomers of each other.

(b) R contains two different functional groups, one of which is an alkene group.
R reacts with cold, dilute, acidified manganate(VIIL) ions to form propane-1,2, 3-triol.

H H H

HO—C—C—C—0OH

H OH H

propane-1,2,3-triol

(i) Give the displayed formula of R.

[

(ii) State the type of reaction and what you would observe when R reacts with bromine water.

[2

(iii) Draw the structure of the product formed when R reacts with bromine water.
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(¢) (CH,),C=CH,
i} mame e [ ]

(ii) Complete the mechanism for the reaction of this compound with hydrogen bromide.
Include all necessary curly arrows, lone pairs, charges and partial charges.

CH, CH,

—— H,C—C—CH,

Br

_ Br- 2-bromomethylpropane

[4]

(iii) Explain fully why 2-bromomethylpropane is the major product of this reaction while only
relatively small amounts of 1-bromomethylpropane are produced.

[3]

[Total: 18]
Topic Chem 14 Q# 328/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
(e) V reacts with acidified manganate(VII) ions in two different ways depending on the conditions,
as shown in the reaction sequence below.

0
/ hot, concentrated cold, dilute
H,C—CH,—C = = v - T
: G MnO,~/H* MnO,~/H*
OH

propanoic acid

V decolourises bromine water.

When the acidified manganate(VII) is hot and concentrated, propanoic acid is the only organic
product.

www.SmashingScience.org Patrick Brannac Page 247 of 498 mZ)m_,.__zm/_JN

When the acidified manganate(VTI) is cold and dilute, the organic product is T which has two
chiral centres.

(i) Give the structural formulae of Vand T.

[2

(ii) Identify the types of sterecisomerism shown by V and T.
[2]
[Total: 15]

Topic Chem 14 Q# 329/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(d) The structure of a molecule, A, of formula C,H, is shown.

Draw a functional group isomer of molecule A in box B. Explain how molecules A and B could
be distinguished by a chemical test.

_._Mn_ulﬂ_u_._m

H,C—CH,

A B

3]
[Total: 7]
Topic Chem 14 Q# 330/ ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4  The following compounds were all found to be components of a sample of petrol.
|7
CH,(CH,),CH, (CH,);CCH,CH(CH,), Imn|n_u |m_“ —OH
HL H
G H J
(b) Write an equation to represent the complete combustion of compound H.
11

Topic Chem 14 Q# 331/ ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Heptane, C;H,, is an undesirable component of petrol as it bumns explosively causing ‘knocking’ in
an engine.
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(iii) Draw displayed formulae to show the two sterecisomers.

stereocisomer 1 stereoisomer 2

[2]

[Total: 13]
Topic Chem 14 Q# 333/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  Alkanes and alkenes both react with bromine.

(a) Explain how and why bromine can be used to distinguish between an alkene and an alkane.

(e) The reaction of ethene with bromine forms a single product.
(i) Give the full name of the mechanism of this reaction.
Complete the diagram below to illustrate this mechanism.

Include all relevant charges, partial charges, curly arrows and lone pairs.
[ [
H—C—C—H H—C—C—H

- - |
Br Br
Br
Br
141

Patrick Brannac Page 251 of 498 mz‘pm:_zm/hﬁ

www.SmashingScience.org

(d) Chloroethene can be polymerised to form a polymer commonly known as PVC.
Draw a diagram of the structure of PVC including three repeat units.

2]

Topic Chem 14 Q# 334/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  Alkanes and alkenes both react with bromine.

(b) The reaction of ethane with bromine forms a mixture of products.

(i) State the essential conditions for this reaction to occur.

(ii) Give the full name of the mechanism of this reaction.

Give the equation for a termination step that could occur, producing a hydrocarbon.

(iv) Give the equation for one propagation step involved in the formation of dibromoethane
from bromoethane during this reaction.

Topic Chem 14 Q# 335/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 5/www.SmashingScience.org

5 Propane, C;H,, and butane, C H,,, are components of Liquefied Petroleum Gas (LPG) which
Is widely used as a fuel for domestic cooking and heating.

(a) (i) To which class of compounds do these two hydrocarbons belong?

(ii) Write a balanced equation for the complete combustion of butane.
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(iv) Draw the structural formula of the compound formed when cyclohexene is reacted

with hot concentrated acidified potassium manganate(VII).

(5]

[Total: 12]

Topic Chem 14 Q# 338/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

2

www.SmashingScience.org

Crude oil contains a mixture of hydrocarbons together with other organic compounds which
may contain nitrogen, oxygen or sulfur in their molecules.

At an oil refinery, after the fractional distillation of crude oil, a number of other processes may
be used including ‘cracking’, ‘isomerisation’, and ‘reforming’.

(a) (i) Whatis meant by the term ‘cracking’ and why is it carried out?

(ii) Outline briefly how the cracking of hydrocarbons would be carried out.

(iif) Construct a balanced equation for the formation of heptane, C_H,;, by cracking

tetradecane, P tw_._mc.

S s | Y § T

Patrick Brannac Page 255 of 498 Lw
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Topic Chem 14 Q# 339/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 Some intercontinental jet airliners use kerosene as fuel. The formula of kerosene may be

taken as C, ,H,,.

(a) To which homologous series of compounds does kerosene belong?

(b) When kerosene burns in an excess of air, carbon dioxide and water form.
Balance the following equation for the complete combustion of kerosene.

...... CiHyp) + .....05(@) — .....COL(g) + .....H,O(g) 1]
(c) In this section, give your answers to one decimal place.
The flight path from Beijing to Paris is approximately 8195km.
A typical intercontinental jet airliner burns 10.8kg of kerosene for each kilometre

covered.

(i) Calculate the mass, in tonnes, of G, ,H,, burnt on a flight from Beijing to Paris.
[1tonne = 1 000kg]

(i) Use your equation in (b) to calculate the mass, in tonnes, of CO, produced during
this flight.

(4]
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Davy and Faraday deduced the formula of A by exploding it with an excess of oxygen and
analysing the products of combustion.

(b) Complete and balance the following equation for the complete combustion of a
hydrocarbon with the formula OHIw.

w
CH,+ T + Mu_o_u|v e R e

[
(e) When 10em? of A was mixed at room temperature with 50 em? of oxygen (an excess)
and exploded, 40 cm? of gas remained after cooling the apparatus to room temperature
and pressure.
When this 40cm?3 of gas was shaken with an excess of aqueous potassium hydroxide,
KOH, 30 cm? of gas still remained.

(i) What is the identity of the 30cm3 of gas that remained at the end of the
experiment?

The combustion of A produced a gas that reacted with the KOH(aq).

What is the identity of this gas?

What volume of the gas you have identified in (ii) was produced by the combustion
of A?

(iv) What volume of oxygen was used up in the combustion of A?

ISSOTUOTOUUORUOOON o 1 1 [4]
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(d) Use your equation in {b) and your results from (e)(iii) and (c)(iv) to calculate the
molecular formula of A.
Show all of your working.

(3]

[Total: 11]
Topic Chem 14 Q# 343/ ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Alkanes such as methane, CH,, undergo few chemical reactions. Methane will, however,
react with chlorine but not with iodine.
(i) Answer
(b) (i) By using equations, describe the mechanism of the reaction between chlorine and
methane to form chloromethane, CHLCL

|dentify, by name, the separate steps of the overall reaction.

(ii) What is the intermediate organic species in this reaction?

Topic Chem 15 Q# 344/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 The hydrogen halides HCI, HBr and HI are all colourless gases at room temperature.

(e) HBrreacts with propene to form two bromoalkanes, CH,CH,CH,Br and (CH,),CHBr.
LY
\
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Topic Chem 15 Q# 348/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org (c)

Br, (ii) 2-bromo-2-methylpropane is treated with the same reagents as in reaction 1.
sequence B CH,cO,H ———— CH,BrCO,H ——  CH,(OH)CO,H Methylpropan-2-ol is formed.
reaction 3 reaction 4

(v) Reaction 4 occurs via an S,2 mechanism. Identify the mechanism for this reaction.

Explain why this reaction proceeds via a different mechanism from that of reaction 1.
Complete the diagram for the mechanism for reaction 4.
mechanism .
Include all relevant charges, partial charges, curly arrows and lone pairs.
explanation .
1 1
I|ﬁ_“|D|OI —_— I|ﬁ_“|n|0_._
Br OH
~OH

Topic Chem 15 Q# 349/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org [31
3 Some reactions based on 1-bromobutane, OIwﬁOIurmq_ are shown. Topic Chem 15 Q# 350/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
. . 3 (a) A series of reactions starting from 1-bromobutane is shown.
ction 1 tion 2
CHy(CH,),0H =227 6 (CH,).Br —2PN2 o CH,CH,CH=CH,
HCN and KCN reaction 1
reaction 5 reaction 3 1-bromobutang —— = | P | ———» CH,(CH,),CO.H
|
CH,(CH,),CHO CH,(CH,),C=N OH-(aq) reaction 2
reaction 6 reaction 4
' but-1-ene ——— = uo_w.u-:mq
CH,(CH,),CO0H CH4(CH,),COOH R

_EODSU_m.ﬁmSm&moﬁmEﬁom:oi.ﬁ:mmzmEmn:m:mmao:mmn:o:A.xqmvamm:_mﬁ:mnzmno_._mr
group.

Include all necessary charges, dipoles, lone pairs and curly arrows.

12

www.SmashingScience.org Patrick Brannac
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) Write an ionic equation, including state symbaols, for the reaction responsible for the Topic Chem 15 Q# 355/ ALvl Chemistry/2010/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org | ) .
observation in (ii). 4  Halogenoalkanes have many chemical uses, particularly as intermediates in organic

reactions.

Topic Chem 15 Q# 354/ ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 Alkanes and alkenes both react with bromine. CH,CH,CH,CH,OH CH3CH,CH,CH,NH,
(e) Chloroethane undergoes a series of reactions as shown in the diagram below.

Three reactions of 1-bromobutane, CH,CH,CH,CH,Br, are shown below.

H H H H reaction 1 reaction 2
_ _ reaction 1 \ /
roductQ <=——— H—C—C—H —— C=—
4 NaCN _ _ / \ CH,CH,CH,CH,Br
Cl H H H
reaction 3
OH(aq)
product P CH;CH,CH=CH,
(i) Give the reagent and conditions necessary for reaction 1. (a) For each reaction, state the reagent and solvent used.
reaction 1 reagent ..
- et e e n e . e na e e e e e enn . W | SO oo oo e et i e
(i) Give the skeletal formula of product P. reaction 2 == o= | S
SOENE s
[1] reaction 3 reagent
(iii) Give the displayed formula and the name of product Q. solvent . e [6]

(b) When 1-iodobutane, CH,CH,CH,CH,L, is reacted under the same conditions as those
used in reaction 1, butan-1-ol is formed.

What difference, if any, would there be in the rate of this reaction compared to the
— [2 reaction of 1-bromobutane?

[Total: 20] Use appropriate data from the Data Bookfef to explain your answer.

Topic Chem 16 Q# 356/ ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Some of the common chlorides of Period 3 elements are shown in the list.

NaCl MgCl, AICI, SiCl, PCI;

www.SmashingScience.org Patrick Brannac Page 268 of 498 m!bm:_zmx_qm
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Topic Chem 16 Q# 358/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 Compound B is a liquid with a fruity smell.

B
0

\/zOL_/\wq

The reaction scheme shows how B can be made from ethanol, C,H,OH.

0] 0]
C,H.OH reaction 1 reaction 2 Br
Q] HO HO
C,HsOH reaction 3
and H,S0O,
B
(@]

(a) (i) Reaction 1is an oxidation reaction.
Give the reagent(s) and conditions required for reaction 1.

reageni(s) ...

conditions __

(ii) Construct an equation to represent reaction 1.

Use [O] to represent an oxygen atom from the oxidising agent in this reaction.

1

Topic Chem 16 Q# 359/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(c) Some other reactions of C are shown.

Cc
O

\__/\o_._
HO

Na,CO,

E F soct, G
(CHOH), — = (CHLCI),

www.SmashingScience.org Patrick Brannac Page 271 of 498

(iii) Construct an equation for the reaction of (CH,OH), with SOCI, to form G, (CH,CI),.

[

{d) Explain why C is very soluble in water.

[

[Total: 12]

Topic Chem 16 Q# 360/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4  Hydroxyethanal, HOCH,CHO, has been observed in dust clouds near the centre of our galaxy.

hydroxyethanal
_ﬂ 0

H O|n|n\
|\
H H

{c) Hydroxyethanal is converted to ethanedioic acid, (CO,H),, when it reacts with excess acidified
dichromate(VI) ions, Cr,O;.

(i) State the role of acidified Cr,0,* in this reaction.
(1

(ii) State and explain any other necessary conditions for this reaction to be successful.

[2]

Topic Chem 16 Q# 361/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 The reducing agent LIAIH, can be synthesised by reacting aluminium chloride with lithium hydride,
LiH.

(a) (i) At200°C, aluminium chloride exists as Al,Cl(g).

www.SmashingScience.org Patrick Brannac Page 272 of 498
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(

) Alcohols can be classified as primary, secondary or tertiary.

Identify with a tick (+ ) the alcohol group(s) present in Z.

alcohol group

presentin Z
primary
secondary
tertiary
1]
Topic Chem 16 Q# 365/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
(iv) Allyl chloride can also be formed by the following substitution reaction.
reagent X
\\““\\/J/\\OI E— \\“\\/\\Om
Suggest the identity of reagent X.
Topic Chem 16 Q# 366/ ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 Xis CH,CH(OH)CH,CH,.
(@) The reaction between X and alkaline aqueous iodine produces a yellow precipitate.
(i) Give the name of the compound formed as a yellow precipitate in this reaction.
(ii) Give the name of X.
(b) There are three structural isomers of X that are alcohols.
Draw the structures of these three isomers of X.
2]
i
www.SmashingScience.org Patrick Brannac Page 275 of 498 mZ)m:_z\M/_JN

(e) Two reactions of X are shown.

tion 1
CH,CH(OH)CH,CH, ——=~N T _  CH,COCH,CH,
X
reaction 2
CaHs

(i) Identify the type of reaction involved in reaction 1.
(ii) Identify the reagents for reaction 1.

(iii) Reaction 2 can be carried out by passing the vapour of X over hot aluminium oxide.
The product of reaction 2, C,H,, is actually a mixture of three isomers.

Give the full names of the three isomers formed by reaction 2.

2
Topic Chem 16 Q# 367/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
(¢) But-1-ene reacts with steam as shown to form a mixture of two structural isomers, $ and T.

reflux
S —= | U

Cr, 0,2 /H*

major product
but-1-ene + steam

T

minor product

S can be oxidised with acidified potassium dichromate(VI) to form compound U.
S and U both react with alkaline aqueous iodine.

(ii) State what can be deduced about the structure of § from its reaction with alkaline aqueous
iodine.
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Topic Chem 16 Q# 370/ ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

4  There are four alcohols, A, B, C and D, which are structural isomers with the molecular formula
C4H, 0.
Alcohol A does not react with acidified potassium dichromate(VI) solution but B, C and D do.

All four alcohols react with hot, concentrated sulfuric acid to form products with the molecular
formula C,H,;. A, C and D each give a single product in this reaction. B gives a mixture of two
structural isomers, one of which shows sterecisomerism.

(a) Give the skeletal formula for each of the four alcohols and complete the diagram with the
names of the types of structural isomerism shown by each linked pair of compounds.

-

isomerism

isomerism

e —

isomerism

Topic Chem 16 Q# 371/ ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 A series of reactions based on propanoic acid is shown.

CaCoO,
CH,CH,CO,H >~ three products
A
reaction 1 reaction 2
4
reaction 3
CH,CH,CH,0OH »| CH,CO,CH,CH,CH,

)} T~

www.SmashingScience.org Patrick Brannac Page 279 of 498 mZ)m:_z\m/_JN

(b) (i) What type of reaction is reaction 27

(ii) Suggest a suitable reagent and conditions for reaction 2.

Topic Chem 16 Q# 372/ ALvl Chemistry/2012/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  One method of preparing ethene in a school or college laboratory is from ethanol by using the
apparatus shown below.

mineral wool
and ethanol pumice

ethene

\\

| __—water

(a) (i)

(ii) What type of reaction is this?

(iii) Give the chemical name of a reagent other than pumice that could be used to carry
out this reaction. It is not necessary to use the same apparatus.

(3]
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(d) Hydroxyethanal can be reduced to ethane-1,2-diol, (CH,OH),, as shown. A third student prepares 2-hydroxybutanoic acid using propanal as the starting material. In
step 1 the student reacts propanal with a mixture of NaCN and HCN.

hydroxyethanal ethane-1,2-diol
H 0 H H m
|/ || o - OH OH
HO—C—C —— HO—C—C—=O0H //ﬁd.\ 215 step 1 _ step 2 _
|\ | —  » H—C—CH, ——————» H—C—C,H,
H H H H _ NaCN/HCN _ HCI(aq)/ reflux _
H CN COOH

(i) Write an equation for the reduction of hydroxyethanal to (CH,OH),.
(iii) Draw the mechanism for the reaction of propanal with the mixture of NaCN and HCN to

Use [H] to represent an atom of hydrogen from the reducing agent. form S.
[1] e |dentify the ion that reacts with propanal.
o Draw the structure of the intermediate of the reaction.
(ii) Identify a reagent for this reduction reaction. #» Include all charges, partial charges, lone pairs and curly arrows.
[ S
Topic Chem 17 Q# 376/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org OH
4 lodine is used in many inorganic and organic reactions. Oﬂ,rn \\hmIm _
e — > H—C—CH
lodoalkanes contain carbon-iodine bonds. _ L
H CN
The simplest iodoalkane is CH,lL. 4]

Topic Chem 17 Q# 378/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org

(i) CH,I can be made from methanol, CH,OH.
5 (a) Below is a list of species which can react with organic compounds.

(vi) Propanone reacts with excess alkaline aqueous iodine.

Complete and balance the equation for this reaction. CN™ HCI Gt H,0O CO&

CH.COCH. + I + _ OH- CH.COO- + HO + I + (e) (i) Name an organic functional group which reacts with a nucleophile in an addition reaction.
3 = I R e 3 seossolighas B Lt 7

b} Stale one observaliontiiat Gan; be, made:in Inereachon i [e)vi). (ii) Name an organic functional group which tends to react with a nucleophile in an 5,1
M substitution mechanism.
[Total: 16] (1

Topic Chem 17 Q# 379/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org

Topic Chem 17 Q# 377/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org iy i : € .
3 Glycerol, CH,(OH)CH(OH)CH,OH, is widely used in the food industry and in pharmaceuticals.

3 The reducing agent LIAIH, can be synthesised by reacting aluminium chloride with lithium hydrde,

LiH.
_ (a) A sernes of reactions starting from glycerol is shown.

(a) (i) At200¢°C, aluminium chloride exists as Al,Cl.(g). P a
(e) Two students try to prepare 2-hydroxybutanocic acid in the laboratory. CH,OH HOOC COOH

o | \ NaCN and HCN _

2-hydroxybutanoic acid H—C—OH —_— C=0 —— X XX X X > NC—C—OH

o _ reaction 1 \ reaction 2 _

CH,OH HOOC COOH
OH
OH
www.SmashingScience.org Patrick Brannac Page 283 of 498 www.SmashingScience.org Patrick Brannac Page 284 of 498
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(vii) X contains a carbonyl group. X reacts with HCN, in the presence of a small amount of
NaCN, to form (C,Hz),C(OH)CN as shown.

X + HCN — (C,H,),C(OH)CN
Draw the mechanism of the reaction of X with HCN.

¢ Draw the structure of X and the intermediate.
o Include all charges, partial charges, lone pairs and curly arrows.

25
HO._ /
— ¢
NeT N\

OMIm

3]

(viii) State the role of NaCN in the reaction in (e){vii).
1
[Total: 22]

Topic Chem 17 Q# 381/ ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
§ Ethanal reacts with a mixture of HCN and NaCN to make 2-hydroxypropanenitrile, CH,CH(OH)CN.

The reaction mechanism is nucleophilic addition.

(a) Explain the meaning of the term nucleophile and identify the species which acts as the
nucleophile during this reaction.

species acting as nucleophile ...

Topic Chem 17 Q# 382/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 P, Qand R all contain five carbon atoms.

P Q R
OH 0 OHC H
H,C ﬁ_“ C=N n__“ /O O\
= =
_ H,c~~ CH,CH,CH, AR Y
CH,CH, H CH,CH,4
www.SmashingScience.org Patrick Brannac Page 287 of 498 mZ)m:_szJN

{(b) Qs reduced by NaBH,.
Write an equation for the reaction of @ with NaBH,.

In your answer, use [H] to represent NaBH,.

Topic Chem 17 Q# 383/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(e) Glycolic acid can also be made by reacting glyoxylic acid with NaBH,.
H 0 H O
N\ y NaBH, |
c—<C —_— H—C—C—0H
7\ _
0 OH OH
glyoxylic acid glycolic acid
(i) State the role of NaBH, in this reaction.
[1]
(ii) Write an equation for this reaction using molecular formulae.
Use [H] to represent NaBH,-
121

Topic Chem 17 Q# 384/ ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 P, Q and R all have the molecular formula C,H,O. They are all structural isomers of each other.

c) P and Q (C,H,O) both form an orange precipitate when reacted with 2 4-DNPH. Only @
28
produces a yellow precipitate when reacted with alkaline agueous iodine.

(i) Name P and Q.
p

2

(ii) Identify the yellow precipitate formed by the reaction of @ with alkaline aqueous iodine.

1
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Topic Chem 17 Q# 388/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

4  Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and
esters, contain oxygen.

(b) Some oxygen-containing compounds react with 2 4-dinitrophenylhydrazine.

O,N
HNNH NO,

2 4-dinitrophenylhydrazine

(i) Draw the structural formula of the organic compound formed when HOCH,CH,CHO
reacts with 2 4-dinitrophenylhydrazine reagent.

(ii) Suggest the colour of the organic product.

(2]

[Total: 12]
Topic Chem 17 Q# 389/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

4 Ketones are widely used as solvents and as intermediates in the chemical industry.

AN

Ketones contain the reactive keto group, \OHO.

(a) Propanone, CH;COCH;, undergoes a reaction with hydrogen cyanide, HCN.

(i) What type of reaction is this?

(ii) What reagents are used?

(iii) Draw a diagram to show the dipole present in the propanone molecule.

) T~

17

www.SmashingScience.org Patrick Brannac Page 291 of 498 mv_)m_,.__zs V)

(b) Propanone reacts with 2,4-dinitrophenylhydrazine reagent.

NO,
HN—N NO

H
2,4-dinitrophenylhydrazine

(i) Construct a balanced equation for the reaction between propanone and
2. 4-dinitrophenylhydrazine.

(i) A similar type of reaction occurs between propanone and hydroxylamine, NH,OH.

Draw the displayed formula of the organic product of this reaction.

H,C H

/O”D + /Z|D_._|I..

Iwo\ W

(3]

Topic Chem 17 Q# 390/ ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(e) HCN reacts with ethanal, CH;CHO.

(i) Give the displayed formula of the organic product formed.

(ii) What type of reaction is this?

www.SmashingScience.org Patrick Brannac Page 292 of 498
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(e) Two students try to prepare 2-hydroxybutanocic acid in the laboratory.
2-hydroxybutanoic acid
0]

OH
OH

Both students oxidise butane-1,2-diol to form P in reaction 1.
One student then reduces P using LIAIH,. Q is formed.

The other student reduces P using NaBH,. R is formed.

reaction 2
butane-1,2-diol P LiAIH, Q
0] 9] \
%DI
reaction 1 H
o reaction 3 R

NaBH,

(ii) Only one of the students successfully prepares 2-hydroxybutanoic acid.

Identify which of Q or R is 2-hydroxybutanocic acid and explain the difference between
reactions 2 and 3.

21
Topic Chem 18 Q# 395/ ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 6/www.SmashingScience.org
(f) Propanoic acid, CH;CH,CO,H, is reduced by LiAIH,.

(i) Write an equation to show this reaction. Use [H] to represent an atom of hydrogen from the
reducing agent.

[1

(ii) MName the organic product formed in this reaction.

1

www.SmashingScience.org Patrick Brannac Page 295 of 498

(g) Organic compound W is an ester which is a structural isomer of propanoic acid.
(i) State the molecular formula of W.

(1

(ii) Draw a possible structure of W.

1

[Total: 12]

Topic Chem 18 Q# 396/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Glycerol, CH,(OH)CH(OH)CH,OH, is widely used in the food industry and in pharmaceuticals.

(a) A series of reactions starting from glycerol is shown.

P Q
CH,OH HOOC COOH
| \ NaCN and HCN _
H—C—0OH —» C=0 ——————» NC—C—OH
_ reaction 1 \ reaction 2 _
CH,OH HOOC COOH

(v) When Q is heated with excess aqueous ethanoic acid in the presence of a catalytic amount
of sulfuric acid, two reactions take place to form compound R.

R
COOH

HOOC —C—0COCH,

COOH

Identify the two types of reaction that occur.

www.SmashingScience.org Patrick Brannac Page 296 of 498
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(ii) In reaction 2, the organic product of reaction 1 is mixed with concentrated H,S0, and an Topic Chem 18 Q# 401/ ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
organic acid, and then heated under reflux. {d) CH,(CH,),CO.H is a colourless liquid with an unpleasant odour.

State the role of the concentrated H,SO,. Identify the organic acid used. It reacts with methanol in the presence of an acid catalyst to produce an organic product V,
which has a pleasant fruity smell.
role of the concentrated H,S0, ....._...
(i) Name V.
identity of the organic acid ...
(iv) The organic product of reaction 3is Y. Topic Chem 18 Q# 402/ ALvl Chemistry/2016/w/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Asequence of reactions is shown starting with an alcohol, C,H,0H.

Y can be hydrolysed using excess aqueous H,S0, to form Z.
reaction 1 reaction 2

- - =

The molecular formula of Z is C,H O, CH;CH,COH C4H,0H CH;CH,CHO

Draw the structure of Z.

reaction 3
P
{(d) Name P, the organic product of reaction 3.
[
[Total: 6]
Topic Chem 18 Q# 403/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Areaction sequence is shown.
0
2
(2] reaction 1 reaction 2 \
Topic Chem 18 Q# 400/ ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org H,C—CH,—Br = H,;C—CH,—CN = H,C—CH,—C
3 Calcium and its compounds have a large variety of applications. bromoethane propanenitrile /OI
{d) Calcium lactate is used in some medicines. It forms when lactic acid (2-hydroxypropanoic acid) qmm_ozoi /Emozos propanoic acid
reacts with calcium carbonate. 4 5
LiAIH, | reaction 3
OH H,C—CH,—OH H,C=—CH, 4
_ ethanol ethene w
H,C |ﬁ_“ —H
CO.H
lactic acid
(i) Identify the two other products of the reaction of lactic acid with calcium carbonate.
11
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Unripe fruit often contains polycarboxylic acids, that is acids with more than one carboxylic
acid group in their molecule.

One of these acids is commonly known as tartaric acid, HO,CCH(OH)CH(OH)CO,H.

(b) Give the structural formula of the organic compound produced when tartaric acid is
reacted with an excess of NaHCO,,.

(1

A third polycarboxylic acid present in unripe fruit is a colourless crystalline solid, W, which
has the following composition by mass: C, 35.8%; H, 4 5%; O, 59.7%.

(d) (i) Show by calculation that the empirical formula of W is C,H;Ox.

(ii) The A, of Wis 134 Use this value to determine the molecular formula of W.

(3]

bwma_u_moﬁi_o::mmmA .mum Emma_mwo_qma_sémﬁmqm:nﬁzmﬁmm:_zsamo_E_o:EBﬁmaS_ﬁ:
1.00moldm™>NaOH. 29.4 cm> were required for complete neutralisation.

(e) (i) Use these data to deduce the number of carboxylic acid groups present in one
molecule of W.

www.SmashingScience.org Patrick Brannac Page 303 of 498 mZ)m_,.__zm/_JN

(ii) Suggest the displayed formula of W.

(5]

[Total: 13]

Topic Chem 19 Q# 408/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org

(d) The flow chart shows some reactions of R.

R
H H
VU|OA\
H ﬁﬁ,
N
reaction 3 | H,(g)
T
CH,CH,CH,NH,

www.SmashingScience.org

reaction 1

T
I
H C

=z

Patrick Brannac

dilute H,S0O,(aq)
heat under reflux

reaction 2
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(i) Name the type of reaction shown in reaction 1.

Topic Chem 20 Q# 413/ ALvl Chemistry/2020/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
() Fats are compounds made from glycerol and unsaturated carboxylic acids.

4-pentenoic acid is an example of an unsaturated carboxylic acid.

4-pentenocic acid
(CH,),COOH

H T

H

(ii) Draw the repeat unit of the addition polymer that can be formed from 4-pentenoic acid.

(11
Topic Chem 20 Q# 414/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

3 Trhalomethanes are organic molecules in which three of the hydrogen atoms of methane are
replaced by halogen atoms, for example CHCI,.

(c) CHCIF,is also used to produce the monomer tetrafluoroethene, C,F,.
This monomer can be used to produce poly(tetrafluoroethene), PTFE.
(i) State the type of polymerisation that occurs during the production of PTFE.

(ii) Draw the repeat unit of PTFE.

(1

www.SmashingScience.org Patrick Brannac Page 307 of 498 mZ)m:_zm/hﬁ

Suggest why PTFE is used as a coating for cooking pans.

1

(iv) Waste disposal can cause litter problems.

State two other difficulties associated with the disposal of PTFE.

2

[Total: 17]

Topic Chem 20 Q# 415/ ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(c) Cracking one mole of dodecane, C,,H,,, produces two moles of ethene and one mole of another
hydrocarbon molecule.

The ethene can be used in the production of poly(ethene).
(ii) Give the full name of the process used to produce poly(ethene) from ethene.

Give two reasons why poly(ethene) should be reused or recycled rather than just thrown
away.

) T~

www.SmashingScience.org
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Topic Chem 21 Q# 418/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
4 Compounds J and K are found in plant oils.

J K
o) OH H COOH
\ \ /
C—C—-CHO C=C
/] /N
H.C CH, H CH,
Fig. 4.1
(b) Kis used to make the addition polymer Perspex®. A synthesis of Perspex® is shown in Fig. 4.2.
K M
H COOH H COOCH,
\ \ reactant L / /
C=C —_— Cc=— —— = Perspex®
/ \ reaction 1 / \ reaction 2
H CH, H CH,
Fig. 4.2

(i) Identify L. State the conditions required for reaction 1.

L=
Conditiens = e e e AL
2]
Topic Chem 21 Q# 419/ ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org
(b)
(iv) K can be made from propanone in the three-step synthesis shown in Fig. 4.3.
propanone K
0 OH OH H COOH
__ step 1 _ step 2 _ step 3 \ /
—_— R —_— —_— =
Ny H,C—C—C=N H,C—C—COOH \n n/
H,C CH, _ _ Y -
CH, CH, N

Fig. 4.3

Complete Table 4.3 to identify the reagent(s) used and the type of reaction in each step.

AN

www.SmashingScience.org Patrick Brannac Page 311 of 498 -
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1

Complete Table 4.3 to identify the reagent(s) used and the type of reaction in each step.

Table 4.3

step reagent(s) type of reaction

3 ALD,

5]

[Total: 15]
Topic Chem 21 Q# 420/ ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
() Triphenylphosphine is used in a type of reaction known as a Wittig reaction.

triphenylphosphine

where _ =-CH
Ina Wittig reaction, an aldehyde reacts with a halogenoalkane to form an alkene. The conversion
is shown in the following unbalanced equation.

0 R?

triphenylphosphi
\—F . mm.\)/H rip w:fu _M_mﬂ ine
R H strong base

R’ H

Compound H can be made from propanal, C,H;CHO. Stage 3 in the reaction scheme is a

Wittig reaction.
NaBH,
stage 1 C,H;CHO -G
red phosphorus and I,
Biage.< G > C,HCH,I
triphenylphosphine
stage 3 C,H:CH,I + C,H,CHO - H
(Wittig reaction) strong base
www.SmashingScience.org Patrick Brannac Page 312 of 498
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Topic Chem 21 Q# 423/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 P, QandR all contain five carbon atoms.

P Q R
OH 0 OHC H
H n|ﬁ_u|n”z h /n|o\
o H,C~~ “CH,CH,CH, / N\
CH,CH, H CH,CH,

A student carries out several tests to distinguish between P, Q and R.

(a) Complete the table, identifying any observations for the reaction of each reagent with

P,QandR.

If no reaction occurs, write ‘no reaction’.

observations with
reagent
P Q R
MNa(s)
2 4-DNPH no reaction
acidified K;Cr,0,(aq) no reaction

www.SmashingScience.org Patrick Brannac Page 315 of 498

[3]

Topic Chem 21 Q# 424/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  The structure of glycolic acid is shown.

OH

glycolic acid

{a) Complete the table to show what you would observe when an aqueous solution of glycalic acid
Is added separately to each of the reagents. If a reaction occurs, state the functional group of

glycolic acid that is responsible for the reaction.

does a
reagent observation with glycolic acid reaction
occur? v /X

functional group

Na,CO(aq)

2,4-DNPH

acidified Cr,0;*

Topic Chem 21 Q# 425/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  The structure of glycolic acid is shown.

OH

glycolic acid

www.SmashingScience.org Patrick Brannac Page 316 of 498
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{d) Calcium lactate is used in some medicines. It forms when lactic acid (2-hydroxypropanoic acid)

reacts with calcium carbonate.

OH

H,C—C—H

COH
lactic acid

Two possible methods of making lactic acid are shown.

| I
reaction 1
C ——— H,C—C—H
HC™ H ] reaction 2
CN
i ]
H,C—C—H reaction 3 .\O;f reaction 4
_ H,C COH

CH,OH

(ii) State suitable reagents and conditions for reactions 1 and 3.

OH

H,C—C—H

CO,H
lactic acid

reaction

reagents and conditions

(iii) Name the type of reaction that occurs in reaction 2.

(iv) Reaction 4 uses NaBH,.

Identify the role of NaBH, in this reaction.

www.SmashingScience.org
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Topic Chem 21 Q# 428/ ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3 Some reactions based on 1-bromobutane, CH,(CH,),Br, are shown.

ction 1 fion 2
CHy(CH,),OH <207 CH,(CH,)Br — 2 N% o CH,CH,CH=CH,

reaction 5 reaction 3

'
CH,(CH,),CHO CH,(CH,),C=N

reaction 6 reaction 4

'
CH,(CH,),COOH CH,(CH,),COOH

(a) Foreach of the reactions state the reagent(s), the particular conditions required, if any, and the
type of reaction.

For the type of reaction choose from the list.
Each type may be used once, more than once or not at all.
Each reaction may be described by more than one type.

elimination hydrolysis substitution
oxidation addition condensation
reaction reagent(s) and conditions type(s) of reaction
1
2
3
4
5
6
61
. TA
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S reacts with 2,4-dinitrophenylhydrazine reagent, 2, 4-DNPH, to form an orange crystalline product
but does not react with Fehling's reagent.

(a) Give the structural formulae of P, Q, R and §.

P Q.
[4]
(ii) Draw the displayed formulae of the geometrical isomers of R and name them both.
name .. MAME o [2

(¢) State a reagent that could be used for the reduction of $ and name the organic product of this

reduction.
reagent ... o product . [2]
[Total: 10]

Topic Chem 21 Q# 432/ ALvl Chemistry/2013/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4 Compound R is a weak diprotic (dibasic) acid which is very soluble in water.

(b) Three possible structures for R are shown below.

S T u
HO,CCH=CHCO,H HO,CCH(OH)CH,CO,H | HO,CCH{OH)CH(OH)CO,H

It is possible to convert 8, T, or U into one another.

(c) State the reagent(s) and essential conditions that would be used for the following
conversions.

SintoT

Sinto U

Tinto §

www.SmashingScience.org Patrick Brannac Page 323 of 498

(d) Give the structural formula of the organic product formed in each of the following

reactions.

T reacting with an excess of Na

U reacting with an excess of Na,CO,

(2]

Topic Chem 21 Q# 433/ ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org

5 Crotonaldehyde, CH,CH=CHCHO, occurs in soybean oils.
(a) Inthe boxes below, write the structural formula of the organic compound formed when
crotonaldehyde is reacted separately with each reagent under suitable conditions.
If you think no reaction occurs, write 'NO REACTION' in the box.
reaction reagent product
# Br, in an inert organic
solvent
B PCI1,
C H, and Ni catalyst
D NaBH,
E K,Cr,0,/H*
(2]
www.SmashingScience.org Patrick Brannac Page 324 of 498
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(b) The molecule of X has the following features. Topic Chem 21 Q# 436/ ALvl Chemistry/2012/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
4  Many organic compounds, including alcohols, carbonyl compounds, carboxylic acids and

® The carbon chain is unbranched and the molecule is not cyclic. esters, contain oxygen.
» No oxygen atom is attached to any carbon atom which is involved in = bonding.
» No carbon atom has more than one oxygen atom joined to it. (a) The table below lists some oxygen-containing organic compounds and some commaon

laboratory reagents.
There are five possible isomers of X which fit these data. Four of these isomers exist as

two pairs of sterecisomers. (i) Complete the table as fully as you can.
If you think no reaction occurs, write ‘no reaction’ in the box for the structural
(i) Draw displayed formulae of each of these two pairs. formula(e).
s organic SR structural formula(e) of
compound g organic product(s)
Cr,0; % /H*
) = (CH,);,COH heat m:mmq reflux
pair 1
B CH,CH,CHO Fehling's reagent
warm
NaQH(aq)
Cc HCO,CH(CH,), Higiesin
) D CH,=CHCHO NaBH,
pair 2
E (CH,),COH NaBH,
MnO,~/H*
d it heat under reflux
(ii) These four isomers of X show two types of sterecisomerism.

State which type of isomerism each pair shows.
pair 1 .

pair2 ...
(6]

[Total: 9]
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(i) Give the structural formula of the compound formed when X is heated under reflux
with acidified K,Cr,0,.

(2]

[Total: 10]

Topic Chem 21 Q# 438/ ALvl Chemistry/2011/w/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
5 Astronomers using modern telescopes of various types have found many molecules in

the dust clouds in space. Many of these molecules are those of organic compounds and
astronomers constantly look for evidence that amino acids such as aminoethanoic acid,
H_NCH,CO_H, are present.

One molecule that has been found in the dust clouds is hydroxyethanal, HOCH,CHO.

(a) Hydroxyethanal contains two functional groups.

(i) Name, as fully as you can, each of the functional groups present in
hydroxyethanal.

2.

For each functional group, identify a reagent that will react with this group and not
react with the other functional group present.

In each case, describe what would be observed when this reaction is carried out.
functional group 1 reagent .............

observation..

functional group 2 reagent ...........
ObSEMVALION. ...ceeeeeeeece e [7]

(b) Give the skeletal formulae of the organic compounds formed when hydroxyethanal is
reacted separately with the following.

(i) NaBH,

www.SmashingScience.org Patrick Brannac Page 331 of 498 SMAS _zm/_ﬁ

(ii) quoumuf,r under reflux conditions

In a school or college laboratory, it is possible to convert a sample of hydroxyethanal
into aminoethanoic acid in a three-step process.

HOCH,CHO _ stp1 _ X _ step2

Lt -

$8p3 . H,NCH,COH

By considering the possible reactions of the functional groups present in hydroxyethanal,
you are to deduce a possible route for this conversion.

(c) (i) Inthe boxes below, draw the structural formulae of your suggested intermediates X
and Y.

(ii) State the reagents for each of the three steps you have chosen.
step 1..
step 2..
(= a s, e (5]

[Total: 14]
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(iiiy Use your answers to calculate the mass of oxygen present in 0.240g of A.

Use this value to calculate the amount, in moles, of oxygen atoms presentin 0.240g
of A.

(6]

(b) Use your answers to (a) to calculate the empirical formula of A.

(1]

(c) When a 0.148 g sample of A was vapourised at 60°C, the vapour occupied a volume of
67.7cm? at a pressure of 101 kPa.

(i) Use the general gas equation pV = nRT to calculate M, of A.

(ii) Hence calculate the molecular formula of A.

(3]

(d) Compound A is a liquid which does not react with 2,4-dinitrophenylhydrazine reagent or
with agueous bromine.

Suggest two structural formulae for A.

www.SmashingScience.org Patrick Brannac Page 335 of 498 SMAS _sz_aw

(e) Compound A contains only carbon, hydrogen and oxygen.

Explain how the information on the opposite page about the reaction of A with CuO
confirms this statement.

(1]

[Total: 13]

Topic Chem 21 Q# 441/ ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org

5 The gas ethyne, C,H,, more commonly known as acetylene, is manufactured for use
in the synthesis of organic compounds. It is also used, in combination with oxygen, in
‘oxy-acetylene’ torches for the cutting and welding of metals.

Industrially, ethyne is made from calcium carbide, CaC,, or by cracking liquid hydrocarbons.
Ethyne can also be obtained from ethene by using the following sequence of reactions.

step 1 step 2
CH,CH,————# CICH,CH,Cl ——— = HC=CH

(b) (i) What types of reaction are step 1 and step 27
step 1
step2 .o
(ii) Suggest what reagent and conditions would be used in a laboratory in step 2.
reagent ...........
CONAIONS ..o [5]

When ethyne is passed into water at 60°C, in the presence of a little H,SO, and Hg?* ions, a
pungent, colourless organic liquid, Q, with M, of 44 is obtained. This is step 3.

When Q is warmed with Tollens’ reagent in a test-tube, a silver mirror is formed.
On acidification, the solution remaining in the test-tube is found to contain the organic
compound R which has M, of 60. This is step 4.

(e¢) (i) Give the structural formulae of Q and R.

step 3 step 4
HC=CH——» -

Q R

(ii) What type of reaction is step 3 and step 47
step3 ...

step 4 ...
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(c) When Jis heated under reflux with acidified K,Cr,05, the product, K, gives a red-orange Topic Chem 21 Q# 444/ ALvI Chemistry/2009/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
precipitate with 2 4-dinitrophenylhydrazine reagent. 4 The structural formulae of six different compounds, A = F, are given below.
Each compound contains four carbon atoms in its molecule.
Draw the structural formula of K, the compound formed from J.

CH,CH=CHCH, CH,CH,COCH, CH,=CHCH,CH,
A B c
GH,CH,CH(OH)CH, HOGH,GH,CH,CH,OH CH4CH,OCH,CH,
D E F

(a) (i) Whatis the empirical formula of compound E? ... ...
[1] (ii) Draw the skeletal formula of compound D.

(d) When J is warmed with concentrated sulfuric acid, a cyclic compound, L, is formed.
L has the molecular formula CgHgO,.

(i) Suggest a displayed formula for L.

(iii) Structural formulae do not show all of the isomers that may exist for a given
molecular formula. Which two compounds each show different types of isomerism
and what type of isomerism does each compound show? Identify each compound
by its letter.

compound type of isomerism

(ii) What type of reaction occurs when L is formed from J?

............................................. 21

[Total: 7] [4]
Compound D may be converted into compound C.
(b) (i) What type of reaction is this?
(ii) What reagent would you use for this reaction?

(iii) What is formed when compound E undergoes the same reaction using an excess
of the same reagent?

............................................. 3]

T
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(d) The production of MIBK from G in step Ill involves the hydrogenation of the >C=C< Topic Chem 21 Q# 446/ ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

group and is carried out catalytically. A mixture of compounds is formed because the 4 (a) Complete the following reaction scheme which starts with ethanal.

>C=0 group is also reduced.
SRR In each empty box, write the structural formula of the organic compound that would

What reagent(s) and solvent are normally used in a laboratory to reduce a >C=0 group be formed.
without reducing a >C=C< group present in the same molecule?
rEageni(s) - oo ne oo e s cmemnwn e S mndl s e i sl Tollens’
HCN reagent
solenbtes to oot Lo 8L el e he e e b o LD - CHsCHO -
G has a number of structural isomers.
B E
(e) Draw the displayed formulae of a pair of structural isomers of G which contain the
CH,CO- group and which exhibit cis-trans isomerism. i
. dilute H,SO,4 reduction
Label each structure cis or frans and give your reasoning. v heat Y
D
conc. H,SO,
heat
Y
CH,=CHCO.H
cold dilute
MnOZH*
31
Y
[Total: 11]
Cr,.05 M’
heat under reflux -
c
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M reacts with hot concentrated acidified KMnO,(aq) to form N, C;H,,0,, in reaction 1.

(a) (i)

Draw the structure of N.

(11
(ii) N is reduced by NaBH, to form 5-hydroxyhexanoic acid in reaction 2.
Construct an equation for reaction 2 using molecular formulae.
In the equation, use [H] to represent one atom of hydrogen from the reducing agent.
(iii) Reaction 2 is a nucleophilic addition.
Suggest why reaction 2 creates a mixture of two organic compounds.

(iv) Draw lactone P, the product of reaction 3.

[

{(b) A student monitors the progress of reaction 2 using infrared spectroscopy.

Use Table 5.1 to suggest why it is difficult to distinguish between N and 5-hydroxyhexanoic
acid using infrared spectroscopy.

www.SmashingScience.org Patrick Brannac Page 347 of 498
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Table 5.1

bond functional group containing the bond | characternistic infrared absorption range
(in wavenumbers)/cm™

C-0O | hydroxy, ester 1040-1300

C=C |aromatic compound, alkene 1500-1680

C=0 |amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 17101750

C=N | nitrile 2200-2250

C-H |alkane 2850-3100

N-H |amine, amide 3300-3500

O-H | carboxyl 2500-3000
hydroxy 3200-3650

Topic Chem 22 Q# 449/ ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(d) Fig. 5.1 shows the mass spectrum of ketone Z, C;H 0.

% abundance

www.SmashingScience.org

100
80—
60
40—
20+
L R A L L R L R L A LA S AR RARAR AR
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
mie value
Fig. 5.1

mie =29 .
mie =87 e
identityof Z ..

Patrick Brannac

Page 348 of 498

Use the information in Fig. 5.1 to suggest the formulae of the fragments with m/e peaks at 29
and 57. Deduce the identity of Z.

[3]
[Total: 14]
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Topic Chem 22 Q# 452/ ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org
3 Compounds P, Q and R have all been found in the atmosphere of one of Satum’s moons.

P Q R

H
/ —
N=C—C=C—C=N H—C=C—C=N \n|n
H

H
/
/_U&

N
(e) P and Q can be detected in the atmosphere by infrared spectroscopy.

Identify two absorptions, and the bonds that correspond to these absorptions, that will appear
in the infrared spectra of both P and Q.

Topic Chem 22 Q# 453/ ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
(e} Two students try to prepare 2-hydroxybutanocic acid in the laboratory.
2-hydroxybutanoic acid
O

OH
OH

A third student prepares 2-hydroxybutanoic acid using propanal as the starting material. In
step 1 the student reacts propanal with a mixture of NaCN and HCM.

S
o C.H OH OH
XNe " step 1 | step 2 |
—  _ _+ H—C—CH, ——— "> H—C—C,H,
NaCN/HCN _ HCI(aq)/ reflux _
H CN COOH
www.SmashingScience.org Patrick Brannac Page 351 of 498 17
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(v) The infrared spectrum of an organic compound is shown. The organic compound is either
S or 2-hydroxybutanoic acid.

100

transmittance
% 50

0 LI N L L L L L L I B S B B
4000 3000 2000 1500

wavenumber/cm!

Deduce the identity of the compound. Give two reasons for your answer.

In your answer, identify any relevant absorptions above 1500 em~ in the spectrum and the
bonds that correspond to these absorptions.

[2
[Total: 17]
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Topic Chem 22 Q# 456/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
Z, C;H,,0, has a branched carbon chain. It shows geometrical isomerism.

(v) Complete the table with the bond responsible for each of the principal absorptions seen in

the infra-red spectrum of Z.

principal absorptions

in infra-red spectrum bond responsible

3200-3600cm™

1630cm™

1050 cm™?

(vi) Draw the skeletal formula of Z.

[1

[3]

Topic Chem 22 Q# 457/ ALvl Chemistry/2019/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3  Crude oil is a natural source of hydrocarbons that are used as fuels.

(iv) Identify an analytical technique that can be used to
atmosphere.

monitor the levels of CO in the

Outline how this analytical technique may be used to monitor the levels of CO.

Topic Chem 22 Q# 458/ ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org

3 P, QandR all contain five carbon atoms.

P Q
OH 0

| [
H,C—C—C=N C
o H,C”~ CH,CH,CH,
CH,CH,

www.SmashingScience.org Patrick Brannac

[2]

OHC

H CH,CH,

Y7

Page 355 of 498 SMASHING] ) |

(d) The infra-red spectrum shown corresponds to one of P, Q or R.

100

transmittance
50+

D+
4000 3000 2000 1500

wavenumber/cm™

Deduce which of the compounds, P, Q or R, produces this spectrum. Explain your reasoning.

In your answer, identify any relevant absorptions in the infra-red spectrum and the bonds that
correspond to these absorptions in the region above 1500cm™.

compound ...

explanation _.

3]

[Total: 9]

Topic Chem 22 Q# 459/ ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 4/www.SmashingScience.org
(c) Glycolic acid can also be made by reacting glyoxylic acid with NaBH,.

H 0 H O
N\ ya NaBH, |
C—C E— H—C—C—0H
/N _
0 OH OH
glyoxylic acid glycolic acid
www.SmashingScience.org Patrick Brannac Page 356 of 498
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(ii) A student analysed CH,(CH,),CO,H, methanol and V using infra-red spectroscopy. The infra-red spectrum Y
spectra were returned to the student without labels. 100

Identify which of the infra-red spectra, X, ¥ or Z, corresponds to V. |

compound | CH,(CH,),CO,H methanol v transmittance -

spectrum 50

Explain your answer with reference to relevant features of the three spectra in the region 1
above 1500 cm™. j

0+ L L
4000 3000 mccc 1500 1000 500
wavenumber/cm™
infra-red spectrum Z
100
[4] ]
infra-red spectrum X transmitiance
100 50
transmittance 4 1
50 0+ —r 1 T T T 1
| 4000 3000 moco 1500 1000 500
J wavenumber/cm™
| [Total: 21]
b Topic Chem 22 Q# 462/ ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 5/www.SmashingScience.org
o7 7 5 Areaction sequence is shown.
4000 3000 2000 1500 1000 500
wavenumber/cm™ O
reaction 1 reaction 2 .%.
H,C—CH,—Br ——— = H,C—CH,—CN ——— IuO|OIM|n/
bromoethane propanenitrile OH
qmmozoi /”m_mo__os propanoic acid
4
H,C—CH,—OH H,C—CH, LiAIH, | reaction 3
ethanol ethene w
www.SmashingScience.org Patrick Brannac Page 359 of 498 mv_)m:_mm/q_w www.SmashingScience.org Patrick Brannac Page 360 of 498 m!bm:_za_ N
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Paper 2 Mark Scheme

Q# 1/ Chem 1 ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(b)) they have the same electron arrangement / electronic configuration 1
(b)) | 1s% 257 2p® 32 3pF 4s' 1
(b M1 big increase in |E between first and second 2
M2 second (and third) electron(s) is removed from inner shell
OR
second (and third) electron(s) is removed from a shell closer o the nucleus
OR
second (and third) electron(s) has a stronger nuclear atiraction
ora
Q# 2/ Chem 1 ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1{a) Identify and draw the shape of highesf energy orbital of Ca 1
4s AND O
1(dhiiy number of protons: 12 1
number of neutrons: 13
1(e M1 (magnesium isotopes have) identical chemi 2
AND same electron(ic) arrangement / configuration
M2 different physical properties AND different number of neutrons
Q# 3/ Chem 1 ALvl Chemistry/2022/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org
1(a) g) — O{gy+ e 1
(b)) increase across peniod AND increased nuclear attraction for (valence / outer) electrons [1] 3
increase in (positive) nuclear charge / number of protons {in the nucleus) [1]
similar shielding (of cuter electrons) [1]
1{b)(ii) | spin-pair repulsion {of electrons) in {2)p orbital [1 2
outweighs increased nuclear charge [1]
1(c) 18 352 2pF 382 3p1 [1] 3
greatest jump between 3rd and 4th ionisations [1]
indicates three electrons in outer shell [1]
2(a)(i} species that donates electrons 1
2(a)ii) | Na:0+Hz0 — 2NaCH 1
2(b)(i) reacis with both acids and bases / shows both acidic and basic behaviour 1
2(b)ii) | AROs:+ 2NaOH + 3H:0 — 2NaA OH) 1
2(bM two lines shown on diagram, e.g. Ex and Eacx [1] 3
greater proportion of molecules with £ = E, [1]
frequency of effective collisions increases [1]
Q# 4/ Chem 1 ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
_ 2{b)i) _ Cl(g)— e~ — CI'(g) 1 _
2(b){ii) M1: increasing proton number but similar shiclding 2
M2: greater attraction of nucleus (for outer/ valence electrons)
2ie)) M1: (thermal stability) decreases (down group) 2
M2: (H—X) bond energy / strength decreases

Q# 5/ Chem 1 ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

_ 3(a)(ii) is 18? H-is 182
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Q# 6/ Chem 1 ALvl Chemistry/2020/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1ia) Mg(g) — Mg-(g) + e 1
1ik) M1: distance between nucleus and outer e increases OR outer electron removed from higher energy shell 3
M2: increaszed shielding
M3: decreased nuclear attraction
1e) M1: greater nuclear attraction 2
M2: (2nd/ 2s) electron being removed from smaller (lon)
Qi 7/ Chem 1 ALvl Chemistry/2020/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
_ 1{a)i) _ {different) number of neutrons. _ 1 _
Qit 8/ Chem 1 ALvl Chemistry/2019/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3{a) Ar{ag) — Ar+(g) + ™ OR Ar{g) — e~ — Ar>(ag) 1
3(b) at x = 8, within range 1300020000 1
at x = 9, within range 3500045000 1
3(c) Ia) 1
oR
J
Haym) Method 1 Method 2 i
M1 =3.263 x 102 x 2 M= mww x2 OR6.53 107
M2 =6.02 = 107 x M1 M2 =602 107 = M1 1
=3.93 x 10°" atoms of C1 = 3.90 = 10*" atoms of C1
M1 size/ volume of molecule | particle becomes significant / non-negligible OR IMFs become significant/ non-negligible 1
M2 IMFs becomes significant/ non-negligible [ collisions are not elastic 1
Question Answer Marks
4(a) 3-chloroprop-1-ene 1
4(b) a=109(.5)° 1
b=120" 1
CaH-CI0: 1
oxidation 1
ﬁu 9/ Q_mi 1 ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org _ _
2{b)i) 182 282 2pb 382 3pf _ 1 _
Qi 10/ Chem 1 ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
2(@)i) | M1 2
@ mass of a molecule
OR @ (weighted) average / mean mass of the molecules
OR @ mass of one mole of molecules
M2
@ [ @ compared fo W (the mass) of an atom of carbon-12
OR on a scale in which a carbon-12 atom /isotope has a mass of (exactly) 12 (units)
@ relative f compared to W (the mass) of 1 mole of carbon-12
OR on a scale in which 1 mole of carbon-12 (atoms / isotope) has a mass of (exactly) 12 g
= w_/_
" A
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Q# 20/ Chem 1 ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 (a)

sub-atomic particle relative mass relative charge

neutron 1 0
electron 1/1836 =1
proton 1 +1

Q# 21/ Chem 1 ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 (a) (i) |increasing distance of (outer) electronis) from nucleus
OR increasing distance of outer/valence shel from nucleus

increased shielding/ screening (from inner shells)

reduces attraction 1 [3]
(ii) | (3™ electron for each in) inner /lower energy levell shelll doser to nucleus
(than first two)/ less shielding 1
(lange) increase in nudear attraction 1 [2]
(b) (i) |{1s®2s" 2p°) 3% 3p° 3d" 457 4p° Bs* 1 [1]
Q# 22/ Chem 1 ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 (a) The amount of energy required /energy change /enthalpy change when one ele ctron is 1
removed
from each atom /(cat)ion in one mol 1
of gasesus atoms/ (catlions 1
OR energy change when 1 meole of electrons is removed from one mole of gaseous
atoms/ions
Xig) — X'(g) + & gains 2 marks
(b) (i) Group VI5/15 1
Big difference between fifth and sixth ionisation energies 1
(i) |1s® 25" 2p° 1
ecf from (B){I) f peried 2
Qi 23/ Chem 1 ALvl Chemistry/2011/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
2 (a) S(g)—>S(g)+e
correct equation (1)
correct state symbols (1) [2]
(b) from Na to Ar,
electrons are added to the same shell/have same shielding (1)
electrons are subject to increasing nuclear charge/proton number (1)
electrons are closer to the nucleus or atom gets smaller (1) [3]
(c) (i) Mgand Al
in Mg outermost electron is in 3s and
in Al outermost electron is in 3p (1)
3p electron is at higher energy or
is further away from the nucleus or
is more shielded from the nucleus (1)
17

www.SmashingScience.org Patrick Brannac Page 367 of 498

SMASHING] 1 |

(ii) Sand P
for S one 3p orbital has paired electrons and
for P 3p sub-shell is singly filled
paired electrons repel
Qit 24/ Chem 1 ALvl Chemistry/2009/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 (a) same proton number/atomic number
different mass number/nucleon number

(c)

isotopes number of

protons | neutrons | electrons

Z%Ra 88 138 88

=y 92 146 92

allow one mark for each correct column
if there are no comrect columns,
allow maximum one mark for a correct row

Q# 25/ Chem 1 ALvl Chemistry/2009/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
1 (a) Al 1s®2s%2p® 3s%3p’

Ti 1s® 2s72p° 35 3p° 3d* 4s? or
1s? 25%2p°® 3s” 3p° 4s?3d” penalise any error

Q# 26/ Chem 2 ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(1)
(1) [4]

(1)
(1 2

(3x1)

(3]

(1)

(1) [2

1(a)(iy columns 1 & 3 identical

isofope | Noofp’s | Noofn’s | Noofe's

“Ga 31 a8 31

Ga 31 40 3

M1 (weighted) average / mean mass of the isotopes / average mass of the atom(s) (of an element)

M2 compared to (the mass of) the unified atomic mass unit

69.723 = 65.926x + 70.925(1—- x) ~ x=06013
169723 = 66.926x + HDD.MMQSD —-x)

60.13%

Q# 27/ Chem 2 ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

4(a) M1 %iAforCHO

M3 compare M from M2 ratio with 250 to deduce the actual molecular formula

C H
772712=6.433 114/1=114

o
11.4/16 =07125
9(.03) 16 1

MH{C=H4sQ) = 140 20 molecular formula of V = CisHz02

M2 each %/ A for C H O divided by the smallest value for %/ Ar to give simplest whole number ratic / empirical formula
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Q# 40/ Chem 2 ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1(a) The mass of a molecule
OR the (weighted) average / (weighted) mean mass of the molecules

Relative f compared to W (the mass) of an atom of carbon-12

OR on a scale in which a carbon—12 atom / isotope has a mass of (exactly) 12 {units)

Q# 41/ Chem 2 ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

T(c)(ii) M1 1
% abundance of fourth isotope
=100 —(0.185+ 0.251 +88.450) =11.114
M2 1
(0.185x135.907)+(0.251=137.906) + (88.450 % 139.905) + (11.114 < RIM)
100
=140.116
= (140.116 = 100) — 12434.35 = 1577 246 = 11.114 x RIM
M3 1
IM = Ll 141.915
11.114

Q# 42/ Chem 2 ALvl Chemistry/2016/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(d) (i) | 0.56(%)

_ [ _ [ _
(i)
(A=0.56) +(B6 = 9.86) + (BT «7.00) + (B8 82.58) _ 87T ]
100 S [2]
A=84 il
[16]
Qi 43/ Chem 2 ALvl Chemistry/2015/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(i) Al CI
203 197 -
27 355
0752 225 [
0.752 0.752
1 3 AICL [
v . - MRT ___1:36x8.31x473 4
Y=, oV 100107 < 200<10° 5
=267 [
BV _ 100 % 10° * 200 x 10°° o
OR pV=nRT n=g L 121
=5.00=107 1]
1.36
M=5oa.10° 2% {1
(W) | ALCE [ []
[13]
www.SmashingScience.org Patrick Brannac Page 371 of 498 m!%wm“mm/_ﬂ

Q# 44/ Chem 2 ALvl Chemistry/2015/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(b) (i) RAM = mean /average mass of the isotopes/an atom(s)

atom of °C is (exactly) 12 (units)

number with different mass numbers/numbers of

relative to 1/12 the mass of an atom of “C/on a scale where an

isotope = atoms with the same number of protons/atomic number/ proton

[1]

neutrons/ nucleon number [1] [3]
(i (0.89 % 74)+(9.37=76)+(7.63 = 77)+ (23.77 x 78) +(49.61x80) + (8.73 x 82) 1
100
=79.04 (2d.p.) AND Se [1] [2]
(c) (i) Te Ci1
47.4 52.6 (]
128 35.5
0.370 1.48
0.370 0.370
1 4 so EF = TeCl, [1]
Empirical Formula Mass =270 so MF = TeCl [1] [3]
Qi 45/ Chem 2 ALvl Chemistry/2014/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
(if) |fourisctopes owtte 1 [11
) (84 % 0.56) + (6% 9. E__ r._z....ﬂ_ +(B8x §2.58) ;
= B7.7 (must be 3 sig figs) 1 [2]

Ba ct o

451 234 315
137 355 16

0329 0659 1.969
0329 0329 0329

100 200 598/6

emp form = BaCLOg

3]

Qi 46/ Chem 2 ALvl Chemistry/2014/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(&) (i) (Weighted) mean /average mass of an atom(s) (of an element)

Relative to 1/12% of (the mass of an atom of) carbon-12 OR
relative to carbon-12 which is (exactly) 12 (units)
allow as an expression

m | z o
13 6887 .,
A 355
6887/355
bBBIEES _,
S0 31 13ia,
a, - 231133355 45 pe23-32 1t03s 1.
8887

Allow alternative correct methods

www.SmashingScience.org Patrick Brannac
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Q# 53/ Chem 3 ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

Q# 58/ Chem 3 ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

Mixing / overdap / combination of one/an s and one/ a p orbital

bonding electrons

3d)v) |M190° < CI—5—5 < 108° 1 I
M2 sulfur has twe lone pairs (of &) (and two bonding pairs) 1 2(epi)
AND repulsion from lone pairs (greater)

3(d){vi) 1

Sketch a diagram to show HOW two sp hybrid orbitals can form a SIGMA bond

M oD+

M2

Qi 59/ Chem 3 ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

(i)

all other electrons comect

Q# 54/ Chem 3 ALvl Chemistry/2022/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

2(a "'
@ 1 OOOOE—m
AT AT AT
A\ 2) . ——  delocalised electrons
oy o= P A%
010 _mr " .fr\‘_-mu..u

M1 diagram showing minimum of 4 particles (in total in two rows) (circles)
= circles containing Mg™ do not hawve to be labelled

O
AND

= circles summounded by electrons shown as e /-

OR

in an area around the circles labelled as ‘electrons’ OR fitle circles
labelled electrons

OR

electrons drawn only on perimeter of structure

/ must be labelled as ‘ion' OR empty circles f circles with Mg must be labelled + ion / positive ion / cation / Mg™

\y\/.
e

M1 bonding pairs

__

M2 Correct number of remaining outer electrons

1 1(a)

180°

1{a)(iv)

M1 CS: has more electrons

M2 So stronger induced dipole (forces) (between molecules)

Q# 60/ Chem 3 ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# 4/www.SmashingScience.org

4(d)

M2 label / legend showing delocalised electrons

Q# 55/ Chem 3 ALvl Chemistry/2022/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

M1 correct bonding electrons:

M2 correct number of non-bonding electrons around each oxygen

Qi 61/ Chem 3 ALvl Chemistry/2021/s/TZ 1/Paper 4/Q# N\Eéé.memZ3mmamsnm.o_‘m

M1 both make triple (covalent) kond /'3 shared pairs of electrons

M2 one bond in CO is coordinate / dative covalent / formed by donating a pair of electrons from O {to C)

M2 giant molecular

M3 weak IMFs (overcome) in Ps AND strong {covalent) bonds (broken) in P

www.SmashingScience.org Patrick Brannac

2(a) M1 one sigma/ ¢ bond and two pi / T bonds 3 _ /A
M2 sp hybridisation (in each N atom) 2fa)i)
M3 sigma/ o forms from direct / head-on / end-on overlap of orbitals
AMD pi f = forms sideways ! lateral overlap of (p) orbitals Hall
Q# 56/ Chem 3 ALv! nroB.mﬁQ\NONN\B\._.N 2/Paper 4/Q# 2/www.SmashingScience.org
2(epiy (structure =) simple/molecular, because it has a low melting/boiling point [1] 2
(bonding v covalent, because it is hydrolysed [1]
Qi 57/ Chem 3 ALvl Chemistry/2021/w/TZ 1/Paper 4/Q# 3/www.SmashingScience.org
3a)i) M1 simple molecular 3

Q# 62/ Che

14

temiporary { instantaneous
dipole—induced dipole

permanent dipoles—
(permanent) dipoles

(and
temporary { induced /
instantaneous dipoles)

m 3 ALvl Chemistry/2021/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org

4(a)

M1: x = 108-110°
MzZ: y = 118-1227

Page 375 of 498
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2(ch M1 simple (covalent) { molecular ! molecules

M2 weak IMF / {temporary) induced dipole (forces)

2{d(i) Co—He~

Sit—H*

M1 tetrahedral (molecule)

M2 {so individual bond) dipoles ! partial charges cancel

2ie) M1 Si—H bond is (much) weaker than C—H bond

M2 low activation energy ORA

M1 sodium silicate / Na2Si0:

M2 water  H2O

2(f)ii) acid(ic)

Qi# 72/ Chem 3 ALvl Chemistry/2019/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org

2a)

) M1 identification of the IMF between F: molecules and between HC1 molecules
HC1 has {permanent) dipoles and / or induced dipoles
F: has induced dipoles

M2 comparison of strength of IMF's in Fzand HCI
Intermalecular forces in HCI are stronger than Fz

strong (electrestatic) forces of attraction between (oppoesitely charged) ions

2{e)i)

M1 bonding pairs comect
M2 rest of molecule, incl. lone pairs.

2Ac)iv)

BB
H—Fan
M1 H-bond labelled/ shown as distinct from H—F bond
M2 comect sequence of three comect dipoles

M3 lone pair on F in line with H-bond

Q# 73/ Chem 3 ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

2{a)

6 e~ between atoms AND two electrons on each N atom

Q# 74/ Chem 3 ALvl Chemistry/2018/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1(b) M1 attraction/hold

M2 positive ions / cations AND delocalizsed electrons (may be seen in a labelled diagram)

Q# 75/ Chem 3 ALvl Chemistry/2018/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1

www.SmashingScience.org Patrick Brannac Page 379 of 498
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Q# 76/ Chem 3 ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 3/www.SmashingScience.org

3(B)) 24

dot-and-cross diagram AND 2+

3(b)(ii) B¢

displayed structure of ethanedicate
two — charges on carboxylates OR 2- charge overall

Qi 77/ Chem 3 ALvl Chemistry/2018/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org
_ 2(d _ tetrahedral

Qit 78/ Chem 3 ALvl Chemistry/2017/w/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

energy needed / required to break a mole of (covalent) bonds

(Ally in the gaseous state

Qi 79/ Chem 3 ALvl Chemistry/2017/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org

hydrogen bonding

H-bond between O and H of different molecules

imimum three partial charges (in a row) over tao HzO molecules,
ie:

either “O—H"----%0
o H - TO—H"

lone pair of electrons on O of H-bond, in line with H-bond

Qit 80/ Chem 3 ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 2/www.SmashingScience.org

2(a)() bond in which the centres of positive and negative charges do not coincide
OR electron distribution is asymmetric/unequal

OR two (bonded) atoms are partially charged

2(a)(m) HF has the strongest (permanent) dipole—dipole/van der Waals’

(forces)/HF has hydrogen bonding

requires more energy to overcome (than weaker (permanent) dipole—dipole/
van der Waals’ forces between other hydrogen halides)

Qi 81/ Chem 3 ALvl Chemistry/2017/m/TZ 2/Paper 4/Q# 1/www.SmashingScience.org

e

diagram showing regular arrangement of (positive) ions 1
surrounded by /sea of (delocalised) electrons 1

Qi 82/ Chem 3 ALvl Chemistry/2016/m/TZ 2/Paper 4/Q# 4/www.SmashingScience.org

id) M1 = H has mone/ greater / stronger van der Waals™/intermolecular forces than G/ ora
M2 = (because) H has more electrons (than G)

M3 = J has hydrogen bonding (between molecules)

M4 = strong(er)/ great(er) forces require AND high!/ more enengy 1o Ovencome

www.SmashingScience.org Patrick Brannac Page 380 of 498
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Qi 88/ Chem 3 ALvl Chemistry/2013/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

(c) ()
(o] e} XXKwAOO

O FOCIXF O
0 o

X

o

o0 OX 0O
F O
(o]
00

oo

3 bonding pairs and

Q# 91/ Chem 3 ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 3/www.SmashingScience.org

() (i)
(ii)
(iii)
(iv)

NaF, MgFz, AlF;— any two (1)
octahedral (1)
I atom is larger than CI atom (1)

cannot pack 7 F atoms around Clatom

2 lone pairs around Cl atom (1)
3 lone pairs on each of the F atoms (1)
(ii) either
referring to van der Waals' forces in BrF;
van der Waals' or
intermolecular forces are greater/stronger (1)
because there are more electrons in BrF; than in CIF; (1)
OR referring to permanent dipoles
permanent dipole or intermolecular forces are stronger/greater in BrF; (1)
because BrF; has a larger permanent dipole than CIF;
OR because difference in electronegativity is larger between Br and F than
between Cland F (1)
part (ii) has a maximum of 2 marks (max 2) [4]
[Total: 15]
Q# 89/ Chem 3 ALvl Chemistry/2012/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org
M
S
EX
0 C S
O L ] £ %
o O e = (1)
(i) 180° (1) [
[Total: 15]
Q# 90/ Chem 3 ALvl Chemistry/2011/s/TZ 1/Paper 4/Q# 2/www.SmashingScience.org
(b) ethanol has hydrogen bonding, ethanethiol does not (1) M

www.SmashingScience.org Patrick Brannac

Page 383 of 498

or can pack 7 F atoms around | atom (1)

Q# 92/ Chem 3 ALvl Chemistry/2010/s/TZ 1/Paper 4/Q# 1/www.SmashingScience.org

1 (a) fewer electrons in Cl;than in Brz (1)
smaller van der Waals' forces in Cl, or stronger van der Waals' forces in Brz (1)

(b) CO has a permanent dipole or N; does not (1)

[4
[Total: 12]

[2]

permanent dipole-permanent dipole interactions are stronger than those from induced

dipoles (1)

(e¢) (i) a co-ordinate bond (1)

e ¥, »
® m X

(ii) a covalentbond (1)

X
° X
oo@ox
X

ar

(=]

Xp<oxx
o
XX

(iii) a lone pair (1)
X

®
e C

° §

XOX®X

or
&

penalise any groups of 3 or 4 electrons that are circled

XOXOX K

www.SmashingScience.org Patrick Brannac Page 384 of 498
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