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All Candidates' performance across questions

Question Title N Mean SD Max Mark FF Attempt % |

1 3978 0.8 0.4 1 78 99.3
3 3917 1.1 0.9 2 55.9 97.7
5 3890 0.9 0.8 2 47.3 97.1
7 3925 1 0.9 2 50.8 97.9
8b 3880 2.5 1.5 4 61.9 96.8
8d 3677 0.5 0.7 2 26.1 91.7
9aii 3991 2.1 1 3 71.6 99.6
9b 3966 2.3 1.1 3 76.4 99
9d 3864 0.7 0.5 1 69.4 96.4
10aii 3559 0.5 0.5 1 47.9 88.8
10aiv 3599 0.1 0.3 1 5.4 89.8
11a 3943 4.8 2.6 10 47.7 98.4
12a 3987 5.2 1.6 9 57.7 99.5
13a 3873 1.4 1 3 48 96.6

WIEC A level Chemistry Unit 2 - 2410U20-1

Question

90 100

Facility Factor %



Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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9. (a) (i) The average bond enthalpy of a C—C bond is quoted as 348kJmol~".

Explain what is meant by bond enthalpy. 2
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(i) Ethyne, C,H,, contains a C=C. It reacts with hydrogen in a similar way to ethene.

Some average bond enthalpies are given in the table.

Bond Average bond enthalpy/kJmol~"
c=C 839
c—C | 348
C—H . 413
H—H ' 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and

hydrogen. s ‘-- [3]
5 == o - H- ¢ - L ~1
na TR T8 ¥ S
H s .
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7

(i)  Use your answer to part (ii) to sketch an energy profile diagram for this reaction on
the axes below. Label AH and the activation energy, E,, on your diagram. [2]

b
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DhH

Progress of reaction

(b) Enthalpy changes of reaction are often found indirectly. The enthalpy change for the |
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using

enthalpy changes of combustion.

The table gives some enthalpy changes of combustion, A H®.

Substance Enthalpy change of combustion, A_H® / kJmol~
hydrogen, H, -286
ethyne, C,H, -1300
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of

ethyne and hydrogen.

H, o

L,‘_"{-L F(}‘L .; Lo,

AH

I kJ mol~!

[3]
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9. (a) (i) The average bond enthalpy of a C-—C bond is quoted as 348kJ mol~".
Explain what is meant by bond enthalpy. (2]

(i) Ethyne, C,H,, contains a C=C. It reacts with hydrogen in a similar way to ethene.

H—C=C—H + 2H, ———= C,H,

Some average bond enthalpies are given in the table.

: /‘C - | Bond Avereage bond enthaloyikimord . |
- C\ Y c=c 839

GG a8

C—H 413

H—H 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and
hydrogen. [3]

A= 348+ CER)-203¢) 26r) -39
AH = z_gol Srwy@'\

2R 9

AH kJ mol!
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(i)  Use your answer to part (ii) to sketch an energy profile diagram for this reaction on
the axes below. Label AH and the activation energy, E,, on your diagram. [2]

l

Energy

AR

Progress of reaction

(b) Enthalpy changes of reaction are often found indirectly. The enthalpy change for the
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using
enthalpy changes of combustion.

The table gives some enthalpy changes of combustion, A_H®. Q - ‘b
Substance Enthalpy change of combustion, ACH" / kJmol™"
hydrogen, H, —286
ethyne, C,H, -1300
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of
ethyne and hydrogen. [3]

#\RO0OLS 72 %1600
= L7

"(27 2 kJ mol~!

AH

L
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(@ (i) The average bond enthalpy of a C—C bond is quoted as 348kJ mol~'.

Explain what is meant by bond enthalpy. [2]
il {5 e Ened . b bold 2. elomc. 3o Ao oSSR
Pubting ‘R _thel e ‘2 Con.  brick pr.. I’ONJ ...................

H—CEC_H T 2H2 —. C2H6

Some average bond enthalpies are given in the table.

Bond Average bond enthalpy/kJ mol™!
c=C 839
| c—C 348
C—H 413
H—H 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and
hydrogen. 3]

39 + Weze) —> Qe 3 g(uiz) +pu
L2100 —> 181 ¢ + AU

Nl = 1721 ~ 7vec

papan N

. VG

AH= . o kI mol™
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(iii) Use your answer to part (i) to sketch an energy profile diagram for this reaction on
the axes below. Label AH and the activation energy, £, on your diagram. [2]
)
Eﬂo- ben ts
eolo /i)
\
Energy
N H

v LProducts

Progress of reaction

(b) Enthalpy changes of reaction are often found indirectly. The enthalpy change for the
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using
enthalpy changes of combustion.

The table gives some enthalpy changes of combustion, ACH".

Substance Enthalpy change of combustion, A H® / kd mol™"
hydrogen, H, —-286
ethyne, C,H, -1300
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of
ethyne and hydrogen. [3]

- - ’c
T(-z8c) ‘-[-0300)\ / oe

—\EF T2
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Question

Marking details

Marks available

AOl

AO2

AO3 Total

Maths

Prac

@ | (@)

(average) energy required to break / released by making (1)

1 mol of bonds (1)

(ii)

bonds broken
C=C + 2(H-H) =839 +2(436) = 1711 (1)

bonds formed
(C-C) + 4(C-H) = 348 + 4(413) = 2000 (1)

AH = 1711 — 2000 = -289 kJmol™ (1) ecf possible

(iil)

Energy /

L

Progress of reaction

products at lower energy than reactants (1)
ecf possible from part (ii)

AH and E, labelled (1)
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9. (a) (i) The average bond enthalpy of a C—C bond is quoted as 348kJmol~".

Explain what is meant by bond enthalpy. 2
bunl ‘o"ﬂm‘f’j ) ’fLC ......... 5 v AN (5.8 ‘A’WJVL'*'\ ...........
T i rvf\ f.':ku., i va\.) ST “\’ D A LN V""'\ 2 i

(i) Ethyne, C,H,, contains a C=C. It reacts with hydrogen in a similar way to ethene.

Some average bond enthalpies are given in the table.

Bond Average bond enthalpy/kJmol~"
c=C 839
c—C | 348
C—H . 413
H—H . 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and

hydrogen. s W [3]
o> | f‘, - - : ~14
e SC=8 g, — Sl
H s
166 S t ¢t 187"
57 L 5)7 = 1’67/5)' -‘Le'q @
1
3
AH=. o8 kol

Examine
only

IR

@ WJEC CBAC Lid. (2410020-1)

B9ai: 0
B9aii: 3



Sticky Note

No mark awarded since energy is needed to break the bond and no reference is made to 1 mol of the bonds.



Sticky Note

The numbers refer to 2 C-H bonds being broken and then 6 made.  This is clearly acceptable although the candidate does not make it clear to which bonds the numbers apply.  However a correct answer means that all 3 marks are awarded.  
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(i)  Use your answer to part (ii) to sketch an energy profile diagram for this reaction on
the axes below. Label AH and the activation energy, E,, on your diagram. [2]

b

"\
E a
EEr](;lSJ){

DhH

Progress of reaction

(b) Enthalpy changes of reaction are often found indirectly. The enthalpy change for the |
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using

enthalpy changes of combustion.

The table gives some enthalpy changes of combustion, A H®.

=l

Substance Enthalpy change of combustion, A_H® / kJmol~
hydrogen, H, -286
ethyne, C,H, -1300
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of

ethyne and hydrogen.

H, o

L,‘_"{-L F(}‘L .; Lo,

AH

I kJ mol~!

[3]
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Sticky Note

Since the enthalpy change calculated in (ii) was negative the enthalpy profile diagram should show products at a lower energy than reactants.  However the activation energy and enthalpy change of reaction, as shown, then follow the diagram as drawn.  Awarded 1 mark out of 2.










9. (a) (i) The average bond enthalpy of a C-—C bond is quoted as 348kJ mol~".

Explain what is meant by bond enthalpy. (2]

(i) Ethyne, C,H,, contains a C=C. It reacts with hydrgen in a similar way tone.
H—C=C—H + 2H, i C,Hg @

Some average bond enthalpies are given in the table.

: /‘C - | Bond Avereage bond enthaloyikimord . |
- C\ Y c=c 839

GG a8

C—H 413

H—H 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and
hydrogen. [3]

A= 348+ CER)-203¢) 26r) -39
AH = z_gol Srwy@'\

2R 9

AH kJ mol!
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Sticky Note

The correct statement that energy is required to break a bond is contradicted by the reference to energy also being required to form new bonds.  No reference is made to 1 mol of bonds.  No marks are awarded.



Sticky Note

Although the total enthalpies of bond breaking and bond formation are not calculated, the numbers are correct.  However the signs have been reversed so that 2 marks out of 3 are given.
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(b)

(i)  Use your answer to part (ii) to sketch an energy profile diagram for this reaction on
the axes below. Label AH and the activation energy, E,, on your diagram. [2]
A
2

Energy

AR

Progress of reaction

Enthalpy changes of reaction are often found indirectly. The enthalpy change for the
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using

enthalpy changes of combustion.

The table gives some enthalpy changes of combustion, A_H®.

=

o P

Substance Enthalpy change of combustion, ACH" / kJmol™"
hydrogen, H, —286
ethyne, C,H, -1300
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of

ethyne and hydrogen.

#\ROOLS 72 %1600
: #LV2

AH

"(27 2 kJ mol~!

(3

L
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Sticky Note

The error carried forward (ECF) principle is used here.  It follows from the error in part (ii) that the energy profile will be endothermic as is seen here.  ΔH and Ea are both labelled correctly so 2 marks are awarded.











Examinet
(@ (i) The average bond enthalpy of a C—C bond is quoted as 348kJ mol~'. o
Explain what is meant by bond enthalpy. [2]
il {5 e Ened . b bold 2. elomc. 3o Ao oSSR
Pobting R _thel  en ‘2 Cw'll"’tc“’ ...... B Bongd @
(i) Ethyne, C,H,, contains a C=C. It reacts with hydrogen in a similar way to ethene
H—C=C—H + 2H, — C,H,
Some average bond enthalpies are given in the table.
Bond Average bond enthalpy/kJ mol™!
c=C 839
T c—C 348
C—H 413
B9ai: 1
H—H 436 Baii: 2

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and
hydrogen. 3]

39 + Weze) —> Qe 3 g(uiz) +pu

U211 —> 181 ¢ +AuM
1
Nl = 1721 ~ 7vec
2w 1 BOE @
- 1
AH = ” '6_ i kKdmol™
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©WJIEC CBAC Ltd {2410U20-17)



Sticky Note

The need to put in energy to break the bond is stated but 1 mol of bonds is not specified. 1 mark is awarded.



Sticky Note

The value for the bonds formed is correct but that for the bonds broken is not.  However these values are then used correctly so that 2 marks are awarded.
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(iii) Use your answer to part (i) to sketch an energy profile diagram for this reaction on ugnm:'yw
the axes below. Label AH and the activation energy, £, on your diagram. [2]
)
Eﬂo- [ ts 1
eolo /i)
\ 1
Energy
N H
\.L' J p rg()vc (%3
Progress of reaction
(b) Enthalpy changes of reaction are often found indirectly. The enthalpy change for the
reaction of ethyne with hydrogen, as shown in part (a), can be determined by using
enthalpy changes of combustion.
The table gives some enthalpy changes of combustion, A.H®. =
2 BO9aiii: 2
Substance Enthalpy change of combustion, A H® / kd mol™" " Bob: 3
hydrogen, H, —-286
ethane, C,Hg -1600

Use these enthalpy changes to calculate the enthalpy change, AH, for the reaction of
ethyne and hydrogen. [3]

- - ’c
T(-z8c) ‘-[-0300)\ / oe

—\EF T2

07
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Sticky Note

This diagram is correct so that 2 marks are given.










9. (a (i) The average bond enthalpy of a C—C bond is quoted as 348 kJmol~".

Explain what is meant by bond enthalpy. [2]

(i) Ethyne, C,H,, contains a C=C. It reacts with hydrogen in a similar way to ethene.

H7CEC7H + 2H2 - > CZHG

Some average bond enthalpies are given in the table.

Bond Average bond enthalpy/kJmol~!
C=cC 839
c—C 348
C—H 413
H—H 436

Use the data to calculate the enthalpy change, AH, for the reaction of ethyne and
hydrogen. [3]
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© WJEC CBAC Ltd. (2410U20-1)

Examiner
only






Examiner
(i)  Use your answer to part (ii) to sketch an energy profile diagram for this reaction on| only

the axes below. Label AH and the activation energy, E,, on your diagram. [2]

A

Energy

\j

Progress of reaction

2410U201
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10. (a)

Halogenoalkanes can be hydrolysed using water in a similar way to using agueous sodium
hydroxide. e oA

y g0 f\;ﬁ‘;sc;mx\gbzﬂ‘cﬁcx
A student carried out an experiment to investigate the{ rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used aqueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C;H,Cl 300
1-bromopropane, C;H,Br 90

1-iodopropane, C;H;| 15

The student tried to explain these results and he looked on the internet to find the following
data.

Bond Bond enthalpy / kJ mol™~’

C—H 413

c—C 348

C—F 485

c—Cl B 328

C—Br 276 - |

c—l 240 &
Element Electronegativity
chlorine 3.16
bromine 2.96

iodine 2.66

carbon 2.55

R
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1

() Use both sets of data to explain the student's resuits. Include an equation to show
the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism. [6 QER]

Bs_uev 90 down Hre. gloup, Ahe. fime v Aacen ¢ 8 ecipdade

fwidy S0 Ale  C-C\ ond (s te most po\ and (eouwen

& ok Move eneroen 1o BR overcome, gac—os

h\%\[mi__.aﬁm_...5_25.‘.4.\(.-3mQ.ST..\...th.e-:fan’)..... e oo enthavos

(2ce
(226) 8nd 10dweY ere  \Ower Haea Ye Yalve 0o Chlchive (3:46)
B Jwme Yaken o a prfecvprade

2CanC\ +N2aCA — Cz\4 6 + C\,
(i) Write an ionic equation, including state symbols, for a reaction that produces a
silver halide precipitate. 1]

an elimminaation.

....................................... Q%g(\raq)*c\(;q)—_’g AT 3 (5

(i) Suggest a practical method by which the student could have obtained these
results. [2]

He colld veanure tbe  fwe it took cor He. precipitave 1o |

fum .bv.)_._”(.a(.!.sam.cﬁ Vi R RXPYInent o heaaker o¥e .
placed over. 2 black oSS & fiwe o (oney K tocW Eorte

CIOSS 40 A\Sapeer.
(iv) Suggest the difference that the student would have observed in his experiments if
he had not added ethanol to the water before adding the halogenoalkane. 1]

...... He oo have  eesece
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only
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IT (a) Halogenoalkanes can be hydrolysed using water in a similar way to using aqueous sodium
hydroxide.

A student carried out an experiment to investigate the rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used agueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C;H;ClI 300
1-bromopropane, C;H,Br 90

1-iodopropane, C;H;I 15

The student tried to explain these results and he looked on the internet to find the following

data.
Bond Bond enthalpy / kJmol™’
C—H 413
c—C 348
C—F | 485
c—Cl 328
C—Br 276
C—l 240
Element Electronegativity
chlorine 3.16
bromine 2.96
iodine 2.66
carbon 2.55

L
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)

Fre

(i)

0“"“/ & L‘“’,G;{_’.‘QQ?“’._’.{F‘.‘.!,...“. CaHy Cy+ NeOH —2 (. u oH +Mel)

o T asmeon  Boe il b ek

Use both sets of data to explain the student'’s results. Include an equation to show
the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism. [6 QER]

e reatbicn  beboten - 17 wvsSoo,w'“'y frokide

71 RS RS (W) ............ 3.7 () R 4

v,':go.’r.w;Jf ...... ’.Qr\.'.JSE,F.IQC.:(.S....‘CHQ ...... ba! ©Gen i o n v cheephilic

VP be oaktack and Ol"sf”"“f e telogen,

silver halide precipitate. [1]
4 5 —_— A

......... A} < (,*@)* < ’ (Aap. o S '{)C’ R i,

Suggest a practical method by which the student could have obtained these

results. [2]

(iv)

Suggest the difference that the student would have observed in his experiments if
he had not added ethanol to the water before adding the halogenoalkane. 1]

woold baivs e ki Lo PN 5 ...ﬁf.t.c/f,o.{tvaf-_.___._..___
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10

hydroxide.

10. (a) Halogenoalkanes can be hydrolysed using water in a similar way to using aqueous sodium

A student carried out an experiment to investigate the rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used aqueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C,;H,ClI 300
1-bromopropane, C;H;Br 90

1-iodopropane, C;H,l 15

The student tried to explain these results and he looked on the internet to find the following

— weaxest

data.
Bond Bond enthalpy / kJmol™'
C—H 413
c—C 348
C—F 485
C—Cl 328
C—Br 276
C—I 240
Element Electronegativity
chlorine 316
bromine 2.96
iodine 2.66
carbon 2.55

I
A
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(i) Use both sets of data to explain the student’s results. Include an equation to show
the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism.

217 Cl + NaGH —> (3704 + nad @
TS AR nLcleoPhillc . SUD.STIOUT G
loding.. .19 Ane  \0rgest . elemenc..out..of. one.
S.navvgens . S0 TS bond LS. ine
\ongest.and..as. . A .. .YeSUlt...ne.. .welke St,
AS...SNONAL... ...t O hgr\oww\\y ...... a..bend..
eNNALey..0f.... 2480 )0 .. Tae.. oond.....
S.’Sr.e,ﬂﬁm... A8 A MNOMR M POLERNT. £altor
han.....he. ... bond. prar. Y RS LR2SUIC

V. ) 0dopropance.... nas. SholeSt. . Ome. axd

VACH . O S.. 1m9crbo:\t<ubor\asﬂer\9 tn

uation, including state sym C [
silver halide precipitate. A S* @q) v C '—@‘q, ) ﬁ8(|(s) [1]

(i) Suggest a practical method by which the student could have obtained these
stard™ saop waxen wnen add  S\wver nr@ke . [

Do refor. = W, . 1 OANCKE OIS K. fOXe. .
e

NG ey areseng. . ,‘e..s_ecrrag‘rt.\...@ag._vlt\.cs ........ MoKy

QAo pC\ar. .. bonde\g i SC.. . Ohe..

Ol IS  MOore. . AIQLsesy . tocd-1b\.,t

"bﬁﬂ AAAAAAAAAA dcing.. . The expelimenc. n. & . Gass. . .
convcaa.. . flask. . ..and . plaCrn9G\o_ fask oN

Qs DIKC. ... QN 8Ce . . OF.... PAPRL..ALIh...Large.. N¢.on
bm(t wnNnen d|SOOE€OJS Adue tO Preddipicaxsa.

O (iv) Suggest the difference that the student would have observed in his experiments if

C\OCk . he had not added ethanol to the water before adding the halogenoalkane. 1]

Sliminadion . wowi d.. 0CClr NSt d.

form Ing... A0 alkene .  NOo ObsSernaxon .

made -
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AO1l

AO2

AO3

Total

Maths

Prac

10.

@ | (@)

Indicative content

RX +OH™ — ROH + X (any halogenopropane / NaOH)
mechanism is nucleophilic substitution

C—halogen bond must be broken for the reaction to take place

based on electronegativity, carbon atom in the chlorocompound is
the most &+

suggests that chlorocompound would react fastest

based on bond enthalpies, the C—I bond is the weakest
suggests that iodocompound would react fastest

iodocompound does in fact react fastest so effect of bond strength
effect is more significant than effect of polarity

© WJEC CBAC Ltd.






Marks available

Question Marking details
AOl1 | AO2 | AO3 | Total | Maths | Prac

5-6 marks
Equation and nucleophilic substitution included; both bond strength and polarity considered and effects compared
The candidate constructs a relevant, coherent and logically structured account including key elements of the indicative content. A sustained
and substantiated line of reasoning is evident and scientific conventions and vocabulary is used accurately throughout.
3-4 marks
Equation or nucleophilic substitution included; some reference to both bond strength and polarity
The candidate constructs a coherent account including many of the key elements of the indicative content. Some reasoning is evident in the
linking of key points and use of scientific conventions and vocabulary is generally sound.
1-2 marks
Reference to the reaction type or to the data given
The candidate attempts to link relevant points from the indicative content. Coherence is limited by omission and/or inclusion of irrelevant
material. There is some evidence of appropriate use of scientific conventions and vocabulary.
0 marks
The candidate does not make any attempt or give an answer worthy of credit.

(i) Ag'(ag) + X (aq) — AgX(s) accept any halide 1 1

(iii) look down through solution / put a cross on paper underneath flask (1)
record time taken for cross to be obscured (1) 2 2 2
OR
colorimeter (1)
record time taken to reach set absorbance (1)

(iv) two layers formed / they would not have mixed / precipitate only formed 1 1 1
at interface

© WJEC CBAC Ltd.
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10. (a)

Halogenoalkanes can be hydrolysed using water in a similar way to using agueous sodium
hydroxide. e oA

y g0 f\;ﬁ‘;sc;mx\gbzﬂ‘cﬁcx
A student carried out an experiment to investigate the{ rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used aqueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C;H,Cl 300
1-bromopropane, C;H,Br 90

1-iodopropane, C;H;| 15

The student tried to explain these results and he looked on the internet to find the following
data.

Bond Bond enthalpy / kJ mol™~’

C—H 413

c—C 348

C—F 485

c—Cl B 328

C—Br 276 - |

c—l 240 &
Element Electronegativity
chlorine 3.16
bromine 2.96

iodine 2.66

carbon 2.55

R
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Examiner
() Use both sets of data to explain the student's resuits. Include an equation to show b

the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism. [6 QER]

Bs oo 90 dowun Hre. glowp, Ahe. fme w Aacen ¢or 8 ecipdade

fwida So dle  C-CA\ oond (s te most po\E and (equwen

& ok Move eneroen 1o BR overcome, gac—os

h\%\[ﬁ&fk....&i.._..32.2‘3..4.\(.-6.m9.§..\...wh.e-qu.»’)..... Yo oo enthavos

(200
(226) 8nd 10dweY ere  \Ower Haea Ye Yalve 0o Chlchive (3:46)
B Jwme Yaken o a prfecvprade

24100201

1"

et Aation. | AR /ARSI AT i A NS
&V\ el 2 CargC\ + Na2ao — Cz\4 & + C\,
(i) Write an ionic equation, including state symbols, for a reaction that produces a
silver halide precipitate. 1]
Boant Clan — AaC\ )
........................................... %(aq) (mq)% e S (- W

(i) Suggest a practical method by which the student could have obtained these
results. [2]

He colld veanure tbe  fwe it took cor He. precipitave 1o |

fuan .bs/.)_._”(.]zf_.!.sj\x\,.cﬁ vt e fXP¥Inent i a heaawer o¥e )
..p.\at.cg(:.\..o.\mr.....n...\Q\am.&[q&s:.. & R NG |enoy W FCCW Eor e

CIOSS 40 A\sapecr.
(iv) Suggest the difference that the student would have observed in his experiments if
he had not added ethanol to the water before adding the halogenoalkane. 1]

...... He wouol . have  epsee
_SobSiduion acthoN. wneie  en  al\conol WU \We
fotmeny
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Sticky Note

This answer is almost exclusively merely restating the information in the question without a significant attempt at interpretation.

Although the inclusion of reference to bond polarity and bond strength are made, both the equation and the mechanism are incorrect.  Only 1 mark was awarded.



Sticky Note

The charge on the silver ion is incorrect.  Mark not given.



Sticky Note

This description clearly shows that the candidate is familiar with this method.  The description of how to carry out the experiment and how the data can be collected are acceptable so that 2 marks are given.



Sticky Note

The candidate has missed the point of this question.  No credit awarded.
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IT (a) Halogenoalkanes can be hydrolysed using water in a similar way to using aqueous sodium
hydroxide.

A student carried out an experiment to investigate the rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used agueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C;H;ClI 300
1-bromopropane, C;H,Br 90

1-iodopropane, C;H;I 15

The student tried to explain these results and he looked on the internet to find the following

data.
Bond Bond enthalpy / kJmol™’
C—H 413
c—C 348
C—F | 485
c—Cl 328
C—Br 276
C—l 240
Element Electronegativity
chlorine 3.16
bromine 2.96
iodine 2.66
carbon 2.55

L
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)

Use both sets of data to explain the student'’s results. Include an equation to show
the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism. [6 QER]

e reacticn beboten .O‘.;V Ca‘-"-“’o"‘"“'*a ""*'0/" .......

a‘”"‘"/ o L“’lﬁ;@r‘..’,‘.?‘?s.l.’i.‘."‘.'.!,..m. C3"‘7(’a)4“"o‘f‘;,—?&s"’yo/},,“%%

,.l,fao.,’klv'J.\’ ...... 1.9.w...Jefs.F.Iec.r.s.....Cfl-.s ...... ba! ©Gen i o n v eleephilic

(i)

.jf_a\,,:——l’e aktack and Jl‘sf?lat( e Lalogen
ILqma$0ﬂ e bends St ke

ot b Mo diftectng in electon el vy,

silver halide precipitate. 1 [1]

ST Aﬁ 4(,*&)* € ’-(Aq,) TP TR ) IR O, £ 2] S o @

Suggest a practical method by which the student could have obtained these
results. [2]

(iv)

Suggest the difference that the student would have observed in his experiments if
he had not added ethanol to the water before adding the halogenoalkane. 1]

woold baivs e ki Lo PN 5 ...F,C.C.C/T,Q..‘..f."‘.’,'Y,‘f:.....“.....

Examiner
only
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Sticky Note

The equation and the mechanism are correct.  Although reference is made both to bond strength and bond polarity the overall answer is very confused.  An example of the confusion is the statement that a decrease in polarity is linked to a decrease in bond strength.

This answer falls into the middle band of marks with 3 being awarded.



Sticky Note

The equation is correct and the mark is given.



Sticky Note

The candidate has not understood that two layers would form.  They have made a plausible attempt but the answer is too vague to be credited.
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Sticky Note

This suggestion would not have allowed the time to form a precipitate to be measured and therefore was not worthy of any marks.
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hydroxide.

10. (a) Halogenoalkanes can be hydrolysed using water in a similar way to using aqueous sodium

A student carried out an experiment to investigate the rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used aqueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C,;H,ClI 300
1-bromopropane, C;H;Br 90

1-iodopropane, C;H,l 15

The student tried to explain these results and he looked on the internet to find the following

— weaxest

data.
Bond Bond enthalpy / kJmol™'
C—H 413
c—C 348
C—F 485
C—Cl 328
C—Br 276
C—I 240
Element Electronegativity
chlorine 316
bromine 2.96
iodine 2.66
carbon 2.55

I
A
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Examiner
(i) Use both sets of data to explain the student’s results. Include an equation to show o

the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide

and name this type of reaction mechanism. QER
C o e~ aoH s ¢3H;0H + nadi !

TS LAB.nLcleoPhillc  SUDSTIOUT A
loding.. .19 Ane  \0rgest . elemenc..out..of. one.

S .havwvgens  So e \— C bond \S.  ine

enthaton..of ..2%0. )cimol . . Tae. vond......

Sengmn. . 1s.a . More  \mMpoitant. faltor
-

an....ne...bond. pharity. s . .o resulc

24100291

1

8 5, 1 LER affeseng. .. ecrron €ganvities.. mam
ot = Tt
QAo pC\ar. .. bonde\g i SC.. . Ohe..

- e

OFf 1S mMore. . acoarLtecs . to Co | but

f ~ - < ) — ‘;f‘!.ll‘.‘
uation. including state symbols, for a reaction that produces a

silver halide precipitate. A S* @q) v C |—Lq$ ) > F\SC |.(s) (1]

(i) Suggest a practical method by which the student could have obtained these
Sarfd™ <aop warert wnen add  Shwer nrage. [

"bﬁﬂ AAAAAAAAAA doi\ng . The e xpef\mm\s;maquSSQ

convead.. . flask. .. and . D'aCln9C1l\o_ sk oN

O...ounite. .. . PleCe Q¢ . paPe with larqge. N . on
VUM N N d'SOOGZOJpS pOLUQ O PfQ Plcase.

Y ¥
(iv) Suggest the difference that the student would have observed in his experiments if

\OCk . he had not added ethanol to the water before adding the halogenoalkane. 1]
Sliminadion . wowi d.. 0CClr NSt d.
form Ing... A0 alkene . NOo ObsSerNnaxiOy

macls - =
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Sticky Note

This is a good answer in that both bond strength and polarity are included and a comparison of their relative effects on the rate is made. Such  comparisons were rarely seen.

The equation and mechanism are correct although the answer never actually includes reference to the bond being broken.

This answer falls into the highest scoring band and 5 marks were awarded.



Sticky Note

The equation is correct and state symbols are included.  The mark is awarded.



Sticky Note

The candidate gives a good account of a suitable practical technique and what needs to be measured to produce the data used.



Sticky Note

The candidate has missed the point of this question.  No credit awarded.
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10. (a) Halogenoalkanes can be hydrolysed using water in a similar way to using aqueous sodium
hydroxide.

A student carried out an experiment to investigate the rate of reaction for the hydrolysis
of halogenoalkanes using water. The student used aqueous ethanol to dissolve the
halogenoalkane and then added a few drops of aqueous silver nitrate. He timed how long
it took to produce a precipitate. He obtained the results shown in the table.

Halogenoalkane Time /s
1-chloropropane, C;H,CI 300
1-bromopropane, C;H,Br 90

1-iodopropane, C;H/l 15

The student tried to explain these results and he looked on the internet to find the following
data.

Bond Bond enthalpy / kJ mol™’

C—H 413
c—C 348
C—F 485
Cc—Cl 328
C—Br 276
C—I 240

Element Electronegativity
chlorine 3.16
bromine 2.96
iodine 2.66
carbon 2.55

10
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(i) Use both sets of data to explain the student’s results. Include an equation to show
the hydrolysis reaction between a halogenoalkane and aqueous sodium hydroxide
and name this type of reaction mechanism. [6 QER]

(i)  Write an ionic equation, including state symbols, for a reaction that produces a
silver halide precipitate. [1]

(i) Suggest a practical method by which the student could have obtained these
results. [2]

(iv) Suggest the difference that the student would have observed in his experiments if
he had not added ethanol to the water before adding the halogenoalkane. 1]

Examiner
only

2410U201
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20
Examin
(v) For each experiment the rate was calculated using the time taken to produce excess s
iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]
....... WANAZLY,  RATE  0F LEACMN wWiLe . RE. “gH. .
________ Bust  AS. THE REACTIaN PRACEEDS 1T. Wil B
(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. [2]
e de-
OF yge F
[?ﬁﬂ—\'tc(é
Densvey
lEﬁ Leneray]
(i) Use this energy distribution curve to explain how catalysts affect the rate’%f a
reaction, [2]
i Reouces e ey (BRINGS 1t ctoses
e 5.0 D < :.ox e ALY o € A
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(v) Foreach experiment the rate was calculated using the time taken to produce excess
iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]

ONR . rbdwu:k ......................... S AT ST a1 (O ARVETA\WN

oy &,\QOY\ QAN P [OAUNS kdﬂ
O reouts,

(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. [2]

A
frecerion \
of en e(:D
i(ilw cle \

Tine (55

(i) Use this energy distribution curve to explain how catalysts affect the rate of a
reaction. 2]

wmuum wikda ol VN3
Ea. ond ~ Meath, Wnion. mowes g
Une. on e 8@Ph Ao ay\ouo
I\ Q 08\/\}
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(v) For each experiment the rate was calculated using the time taken to produce excess
iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]

R | (o @d & 1§ o ) e iR —{ @] AHOO CCLJ\CJDQSCCJQD\(\% ..............

th e Step-—Clock St aneeerent COICLr s o€ DINRS
(b) () Draw a Boltzmann energy distribution curve. Label the axes. &L [2]

= IES o
UrG]:e
U T
S\J w5 T NAS arowuex
% =)) remMmpcractoure
0 U
guo |
@ I
¢8 poees
Ea
Ereroy ey
(i) Use this energy distribution curve to explain how catalysts affect the rate of a
reaction. [2]

Qé‘n:a\gsumer NEe ACTINALLCN.ENSNOY . .
OEeQ reacolm,. . cnereecre. a . LALQEeX....

eﬁc@u cO rEeaAQCt, ImMmcoreas \ﬁg one
atce
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Marks available

Question Marking details
AO1 AO2 AO3 Total | Maths | Prac
(b) | ()
Mumber of
paricles
Energy
axes labelled (1)
curve — start at origin, hump, does not touch x-axis (1) 2 2
(i) activation energy E, is lower with a catalyst / E, with catalyst and
without catalyst marked on diagram (1)
more particles / collisions exceed E, with catalyst (1) 2 2
Question 12 total 2 7 4 13 6 6

© WJEC CBAC Ltd.
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Examin
I
(v) For each experiment the rate was calculated using the time taken to produce excess e

iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]

(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. [2]

e ae-
o o 4 ®)

[?ﬁﬂ—\'tc(.é 1
pensvey

B12av: 1
j B12bi: 1
B12bii: 1

reaction, [2] @
i Reouces e ey (BRINGS 1t ctoses
28, .x:.ox,. LY €

’Eﬁ Lemere

(i) Use this energy distribution cur\:/Le to explain how catalysts affect the rate’%f a

=<

13
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Sticky Note

The y axis is incorrectly labelled but the shape of the curve is acceptable since it is just judged to pass through the origin.

One mark awarded.



Sticky Note

The reduction of the activation energy is stated but how this enables more reactions to occur is not explained.  One mark given.
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(v) Foreach experiment the rate was calculated using the time taken to produce excess
iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]
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(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. [2]
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(i) Use this energy distribution curve to explain how catalysts affect the rate of a
reaction. [2]
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B12bi: 0
B12bii: 2
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Sticky Note

Since this is a standard diagram it was surprising how many incorrect answers were seen.  Common errors, as seen here, included wrong labels on axes and curves that did not start at the origin.

No marks given.



Sticky Note

This answer is correct so that 2 marks are awarded.
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Examine
ni
(v) For each experiment the rate was calculated using the time taken to produce excess o

iodine. Explain why this is only an approximation for the rate as the reaction
proceeds. [2]

R | (o @d & 1§ o ) e iR —{ @] AHOO CCL-)\CJD&S'CQQD\Y\% ..............

th e Step-Qlock St anecerent COICLr s o€ DR
(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. Sac e [2]
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(i) Use this energy distribution curve to explain how catalysts affect the rate of a B12bii: 2
reaction. 1 [2]
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Sticky Note

The axes are labelled correctly and, although the question only asked for one distribution curve, the inclusion of a curve at a different temperature would have been ignored.  However the curve labelled T2 does not go to the origin.  

One mark awarded.



Sticky Note

This is a good answer so that 2 marks are given.
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(b) (i) Draw a Boltzmann energy distribution curve. Label the axes. 2]

(i) Use this energy distribution curve to explain how catalysts affect the rate of a
reaction. [2]
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