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Y Examiner marks and comments
1 ({(a) Complete the table to show the compesition and identity of some atoms and lons. our

. _— Mark Mark Comment
name idao i b be bar of 1l . . . .
elema:: ':wmm': :ul:;gr i n:rzt:r::f mr:e‘:u-u;:a‘ I:afl::.tm:'ls m! 1(a) 4/4 The flr_st mark was awarded to all candidates here, irrespective
B : — A of their answer - because of the typo error in the atomic number
baron 0 4 !‘f - A 0 of boron.
ogen | Jg | 7. | 7. | & | 0 | -3,
/ 208 82 B2 12€ 80 +2 .
¢4-G{ . e syttt 1(b)(i) 1/1  This is correct.
Lithom | 6. | 3. 3 L g "
4
{b) The fifth to eighth ionisation energies of three elamants in the third peried of the Periodic Table 1(b)(ii) 2/2  Both parts of this answer are clearly and correctly explained.
are given. The symbols used for reference are not the actual symbals of the elements,

“ ionisation energies, kJ mol
i i sixth seventh | eighth
X o1z 84 zrier e 0/1 It that th didate h babl tly identified X
appears that the candidate has probably correctly identifie
Yo, e 8362 11018 32808 i as gging in Group 6 and has there?ore dezided tha}[/it will have
) z 7238 &781 11986 | 13842 6 electrons in the outer shell but has then mistakenly shown 6
; ! electrons in the outer sub-shell instead of showing a total of 6 in

(I} State and explain the group number of elemant Y.
shell three as 3s? 3p*.

group number ... 7‘ s
gxpﬂmahnn Jhb'lﬂa !,.5 ﬁ.r.i fﬁfqa c:ﬂtlf}@y nes 1(e)ii) 1/1  This is correct.
Lieer The Sevemlh &.rnd-f. evahth reyw nﬁ«m
erengy aa HW}‘;M o Othias 3' & [
(i) State and explain the general trend in first jonisation energies across the third period.

Jemization. energy. imcreases..a, lomg TAe /)e;m;ﬁ

- 2/2  This clear indication of the first stage in the calculation means
1
AL L AT S ﬂ'l.!.e ﬂuﬁlfﬂ}’ C)!;v.ﬁl g 1 NeIeady () i) that one mark would have been awarded even if there had been
ﬂgg Q F Ef.ﬁ‘f{ W Yﬁﬂm{ﬂﬁ Aam ng a calculator error later, leading to an incorrect answer.
‘B4 noeleus arnd eulin 2lghong
(i} Completas the alactronic m'lﬁgumllon of element X. T T
Wb 182 Q-SE,ZPg.&&,EP [
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(e) A sampli of oxygen exists as a midura of three isotopes. Information about two of these
Eolapeas is given in the table.

MEsS numbar 16 17
abundance £0.76% | 0.04% s 2.

(i) Calculate the abundance of the third isotope.

leo - (99.34+ ::-D'-D

- 02
abundance = .02 % [1]
{ii} The relalive atofmic mass of this sample of oxygen is. 160044,
b Calculate the mass number‘oftha third isotope. You must show your working.
L!év: qq‘?'s)_f.'ﬁ,'w‘o‘ﬁq) t (;n-:ﬁ._g - 1% "y '
| &0
1£9 & YU+ 0 20z 16004y ‘
o 20t Bl massnumber= ... L Q... 2]
*®z 3 6 - 18 [Total: 11]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(c)(i)

1(c)(ii)
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Your
Mark Mark Comment
4/4 The first mark was awarded to all candidates here, irrespective
of their answer - because of the typo error in the atomic number
of boron.
1/1  This is correct.
2/2  Both parts of this answer are clearly and correctly explained.
0/1 It appears that the candidate has probably correctly identified X
as being in Group 6 and has therefore decided that it will have
6 electrons in the outer shell but has then mistakenly shown 6
electrons in the outer sub-shell instead of showing a total of 6 in
shell three as 3s? 3p*.
1/1  This is correct.
2/2  This clear indication of the first stage in the calculation means
that one mark would have been awarded even if there had been
a calculator error later, leading to an incorrect answer.
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Y Examiner marks and comments
1 (&) Complete the table to show the composition and identity of some atoms and lons. our

_ Mark Mark Comment
f clao tarni mber of miber.of bar of ovarall . . . .
:fm :ﬂmbﬁ: :umrtn):r ":,N;: n:em:rn: :L:amumns charge 1(a) 3/4 This can_d|date ha_s p055|b|y got confused _be*gween the idea of
- the relative atomic mass given on the Periodic Table and the
.| boron 10 4 | &y | 86 | 4. | 90 Nucleon Number, which is simply the total number of protons
and neutrons - so 15 here
mtrogen | 1S | L | LT 9 10 e I
1(b)(i) 1/1  This is correct.
fead, | 08 8z 82 126 80 22
Whie | & . 3 3 i * 1(b)(ii) 1/2  As well as stating that the nuclear charge increases, the
candidate also needs to state that the shielding remains
4 approximately the same (across the period) or that the electrons
are being added to the same shell.
{b) The fifth to eighth ionisation energies of three elements in the third pericd of the Periodic Table Although not explicitly stated, it is clear from the general context

e ghven. The symbols usad for reforence are not the aciual symbcis of fhe sismernts. that the candidate is referring to the attraction between the

P - . nucleus and the outer electron so this mark is awarded.
ionisation enargies, kJmaol™*
ifh sixth sevénth | eighth 1(b)(iii) 0/1 The candidate has the correct number of outer shell eleoj[rqns
X 2012 8496 27107 3671 @ bu_t has c_)verlooked the statement in the qu_es’uon that X is in the
third period - so the outer electrons will be in shell three.
_ ¥ 6542 9362 11018 33608
z 7238 8781 11896 13842 1(e)(i) 0/1 Although the working has been shown correctly no credit is
possible as it is only a one mark question and the candidate
(i) State and explain the group number of elemant Y, has made a calculator error. It appears as though the sum has

been entered into the calculator as '100-99.76+0.04" without the

ber ... 2. . MIL..
group number brackets that are shown in the working, and this has changed

explanation T Fifth | sih  seventin ionigabion  enedie the outcome. A careful check of the sense of a calculation
‘. kb . should allow this sort of error to be spotted, as 99.76+0.04 is
m;m&%b#ﬁggkhmbg%gﬂplm clearly 99.8.
] i 1(c)(ii) 1/2  The inclusion of 0.28 in this calculation is clearly incorrect but is
(i) State and expiain the general rend In first jonisation energles across the third period. allowed as ecf (error carried forward) from the previous answer
Teene. 5. A.genenal, inGresse in. Jenisahion Snengien . This s as the information has been used correctly in this stage of the
o ) calculation. Both marks for this calculation could potentially have
bectane., ouelean Ceange ntoeeses. 21 oF prkuay, ocecene been awarded.

2. foree oF attmchby increares making it hand fo mmradve elecka 2] As the question asks for a mass number the answer must be an
. integer so although the first mark has been awarded (which was

possible as the working is clearly shown) the second mark would

13:_“';,5“_'_,,Lgf'_ __________________________________________________________________________________________________________ 1] have only been awarded if the answer had been rounded to 13.

{iii} Complete the electronic configuration of elament X.
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{éli_s_ﬂ;ljlphci_F_u_xm;h:msts as a mixture of three isctopes. Information about two of these
sotopes is given inthe table.

Mass nurnber 16 17
99.76% | 004%

| _abun_d‘a_noe

(i} Calculate the abundance of the third isctope.

00 - (99.96 + 6.09)

abundance= .. 0.5 % % [1]
(ii} The reldtive atomic mass of this sample of cxygen is 16.0044,

Calculate the mass number of the third isotope. You must show your working.

& ~90ne), 0 x00u) . (olin) {5,000
e
(165 99.78)1 (1920.00) +(928%) _ 1 ook Y
1o

1294 .99 +0. 2% = 16004

. L8 = 3.6

¢ mmnum‘bara..’.?:.',gﬁ'. ...... 3. [2]
nez 2. %

[Totat: 11]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(e)(i)

1(c)(ii)
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3/4 This candidate has possibly got confused between the idea of
the relative atomic mass given on the Periodic Table and the
Nucleon Number, which is simply the total number of protons
and neutrons - so 15 here

1/1  This is correct.

1/2  As well as stating that the nuclear charge increases, the
candidate also needs to state that the shielding remains
approximately the same (across the period) or that the electrons
are being added to the same shell.

Although not explicitly stated, it is clear from the general context
that the candidate is referring to the attraction between the
nucleus and the outer electron so this mark is awarded.

0/1 The candidate has the correct number of outer shell electrons
but has overlooked the statement in the question that X is in the
third period - so the outer electrons will be in shell three.

0/1  Although the working has been shown correctly no credit is
possible as it is only a one mark question and the candidate
has made a calculator error. It appears as though the sum has
been entered into the calculator as ‘100-99.76+0.04" without the
brackets that are shown in the working, and this has changed
the outcome. A careful check of the sense of a calculation
should allow this sort of error to be spotted, as 99.76+0.04 is
clearly 99.8.

1/2 The inclusion of 0.28 in this calculation is clearly incorrect but is
allowed as ecf (error carried forward) from the previous answer
as the information has been used correctly in this stage of the
calculation. Both marks for this calculation could potentially have
been awarded.

As the question asks for a mass number the answer must be an

integer so although the first mark has been awarded (which was

possible as the working is clearly shown) the second mark would
have only been awarded if the answer had been rounded to 13.
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Anzwer all the questions in the spaces provided,

. ) Y Examiner marks and comments
1 (a) Complste the table fo show the composition and identity of some atoms and lons. our

o Mark Mark Comment
i miber of ber of ber of ral . L . .
:mﬁz ',‘,,'jfn’“b‘;ﬂ :::::,. n:,ﬂ,:: n.-,L:“._m:.,s 'Lms :;:rge : 1(a) 2/4 For both nitrogen and Ilthlum it appears that the cgndldate has_
I T — i been confused about the difference between the idea of relative
boron 10 4 Ja | b | b @ atomic mass (as quoted on the Periodic Table) and nucleon
B . number (which is specific to a particular isotope of an element
it B 10 - _
__n_mgen Ao mhe o . 3_ and equals the total number of protons and neutrons in the
j.&ﬂfl 208 82 g2 14 20 + 2 nucleus). These totals should therefore be 15 for this isotope of
— - — N and 6 for thr isotope of Li but the candidate seems to have
-J.llllli’l'l‘shr . . 3 A 2 * used rounded off values from the Periodic Table instead.
4] 1(b)(i) 0/1  The most likely explanation for this error is that the candidate

has misread the question and/or the table of data and is giving
the group number and explanation for X instead of for Y.

(b} The fifth to eighth ionisation energies of three elements in the thind period of the Periodic Table
are given. The symbols used for reference are not the actual symbols of the elements.

1(b)(ii) 0/2 Although not needed to answer this question this reference to
ionisation energies, kJ mel- atomic radius is incorrect as cgandidates shoulql kpow that atomic
fifth sieth saventh elghth radius decreases across a period. However, this is a separate
- S ] property and need not be mentioned in answering this question.
* 7o 848 erier s1ert lonisation energy is a measure of the strength of attraction
M ss42 9osz neis 33608 between the nucleus and the outer electron so this must be
z L ildcdl 11996 13842 mentioned and then the explanation must mention both the

increasing nuclear charge and the fact that the electrons are

i) State and iy the ber of &l LY. . .
@ and expiain the group number of elemen being added to the same shell across the period.

group number ... '[1’ " 51‘“”

0/1 The reasoning behind this incorrect answer is not clear and
1(b)(iii
explanation .. Hl'\E'E. d5. ‘m,a ... d"ﬂ. 0. Jonisefon... () iii) suggests a lack of familiarity with the rules for the sequence in
@.-!"e:"FS‘j xﬂw} \!‘3&5 %M B.-'QVE, e S, MD!GN'E. Ql,q‘-:;}-:nm which shells and sub-shells are filled.
o 1(e)(i) 1/1  This is correct.
(i) State and explain the genaral trend in first ionisation energles across the third period.
Acpee. Lﬂ.{,ﬁ Jhied fesiod. Mhe. iomeakon en ergy. ncreaes. 1(c)(ii) 1/2  Everything is correct here except for ther fact that the final
ﬂtﬂﬂ answer includes a decimal point, which means the candidate
bﬁfﬂ.ﬂﬂ« ..... E0ME...... wdic...xadiws...and.Joe. ... has not shown their appreciation that a mass number must
ﬂ&l_iifﬂf QXL lﬂ{.‘fﬂﬁﬂ_ due. ko Mae. ramber % mhnm be an integer, as it refers to the total number of protons and
neutrons in the nucleus. However, because the working has
{lif) Complete the electronic configuration of element X. been shown clearly one mark can be awarded.

1252 206 Bt 206 UdS M [
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li:} H:wﬁﬁiﬁ'bﬁﬁhh. érists_} as a mixture of three isofopes. Information about twa of these
isofopes is given in the table. : -

mass number 16 17

sbundance 99.76% | 0.04%

{i} Caleulate the abundance of the third isotope.

Yol = ool
So, <300 - 29-16 —0-0Y
= 02D abundance = .0 20 % [1]

{ii} The relative atomic mass of this sample of oxygen is 16.0044.

Calculate the mass ndmber of the third isolope. You must show your w.c:uking.
16X 9916 +0-0ux1? * 0 2K

100Uy - 3596-84 +0-2M
3.6 = 0-2M

3.6 =M
oL

16-00uy

mass number = Jg' D [2]

[Total: 11]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(c)(i)

1(c)(ii)
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2/4 For both nitrogen and lithium it appears that the candidate has
been confused about the difference between the idea of relative
atomic mass (as quoted on the Periodic Table) and nucleon
number (which is specific to a particular isotope of an element
and equals the total number of protons and neutrons in the
nucleus). These totals should therefore be 15 for this isotope of
N and 6 for thr isotope of Li but the candidate seems to have
used rounded off values from the Periodic Table instead.

0/1 The most likely explanation for this error is that the candidate
has misread the question and/or the table of data and is giving
the group number and explanation for X instead of for Y.

0/2  Although not needed to answer this question this reference to
atomic radius is incorrect as candidates should know that atomic
radius decreases across a period. However, this is a separate
property and need not be mentioned in answering this question.

lonisation energy is a measure of the strength of attraction
between the nucleus and the outer electron so this must be
mentioned and then the explanation must mention both the
increasing nuclear charge and the fact that the electrons are
being added to the same shell across the period.

0/1 The reasoning behind this incorrect answer is not clear and
suggests a lack of familiarity with the rules for the sequence in
which shells and sub-shells are filled.

1/1  This is correct.

1/2  Everything is correct here except for ther fact that the final
answer includes a decimal point, which means the candidate
has not shown their appreciation that a mass number must
be an integer, as it refers to the total number of protons and
neutrons in the nucleus. However, because the working has
been shown clearly one mark can be awarded.
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2 Theelements in Group 17, the halogens, and their compounds, show many similarities and trends

in their properties. Some data are given for the elements fluorine fo iodine.

standard. . . )
element bc:rnkj s}r;rlm' G;H:Lprﬁl.g: :EIB - t;‘ I%;ml I's:.jr;'lllrll:sl-g'!ir aEicllin;;::a
_ AME [k mat* .
fluorine, F-F 158 79 85 203
chiorine,CI-C! | 242 | 121 238 188 |
bromine, Br-Br 193 112 332 206
iodine, -1 151 107 457 238

{a) (i} Explain the meaning of the term slandard enthaloy change of atomisation,
The enihalpy Change when one mole of dascous ..
otomns (5 Formed From its elements under Stondard

conditions. The glement Sheuld be n i Standard sm;it.m

(i) For fluorine and chiorine, the enthalpy changes of atomisation are half the value of the
bond ensrgiés.

For bromine and iodine, the enthalpy changes of atomisation are much maore than half the
value of the bond energies.

Suggest a reason for this difference.

_.E'u!-.lp?r_'!!ﬂ.s“;__'..p_n.nﬂ._j;h.!ﬂri.n.az_...!.I'.Lr_a...in...ﬂm.mm.i_...fm.x.m._..gt...mn.r.-:\.......,.

ternp erobure . Bromine Ond iodine 5 o liguid _and o

B

Ges. Jespectively, Energy & needed 10 thange. daeir........ 11
Stodes.

(iify The standard enthalpy of formation of loding monochloride, IC1 is =24.0 kJmed.

Use this information and the bond energies of iedine and chlorine to calculate the I-CT
bond energy. Bonds formed

712 t30, = 1l EEa)=x
] \ - S9, 7185 HlR =% = -24
~I-I + xd- 1-C !
2 2 “ = v 196.5 =% = -34

Hoz k.54 2y

B Bowiels blrn'k_,z-"\ A :R%0.5 &,

E(13-1) = _usiu -15.5

1-GIbend =..220:5  limor
E(0-0)= 241 213 sest “
2

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)
2(c)(ii)
2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)

4

Your
Mark

page
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Mark Comment

3/3

The reference to the element being in its standard state seems to
be a bit of an afterthought, but all three marking points are correctly
stated

1/1

This is correct.

2/2

Although the candidate has not fully drawn out the cycle or an
equation their working clearly follows the pattern that would be
derived from a cycle or equation. They have also remembered that
the definition of bond energy is per mole of bonds broken and not
per mole of atoms formed, so have remembered to divide the bond
energy values by 2.

2/2

This is correct and, in particular, avoids the common mistake of
confusing intermolecular forces with bonds

2/2

This is correct.

1/1

Both halogens have been correctly identified.

2/2

The relative magnitudes of the bond energies have been correctly
identified and explained with correct reference to their relative
lengths.

1/1

This is the correct equation

2/2

This equation is correct and includes state symbols as requested in
the question.

Strictly speaking, this equation does not actually show the dissolving
of the ppt as, to do so, it should start with AgC/(s). However this
alternative answer was accepted as the solid will actually be in
equilibrium with a low concentration of Ag+(aq) ions and, when these
ions complex with ammonia, more solid will dissolve in accordance
with Le Chatelier’s Principle.

1/2

This answer is very close to 2/2 but it just needs a specific reference
to the fact that the number of chlorines increases by one each time.

2/3

The first and third equations are correct but the second equation does
not show the reaction of AICI3 with water but instead shows the
hydrolysis of the hexaaquaaluminium ion that would be produced by
this reaction.

EXAMINER MARK
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(b} (1) . Explain the trend in the boalling points.of the hydrogen halides, HCI, HEr and HIL
Mumber of elelhons Wncreases from MU &HBr 4HI,
o Strength o Yon der waals Ioreases fom

Bey 4o HI. Greoter En”ﬂ"i 16 weeded o Gvercome
. Foe ovces .

(i) Suggest why tha hydrogen halide HF does not follow the trend in boiling points shown by
HCE, HEr and HI.

LHuenne . is. more  elethrome, s}ﬁx@...,jh.__mﬂ..__hgdrg&e.ﬁ._-_..%b.__..
HE has hydvogen bonds between the molecules » Hydroge,

Donds ave Stovaer than van der wools and greater p

' “E','ir"-'"e":-rﬁ-j is netded . 4o
Ow Ry Leanl .

() Inanexperiment, two.of the h'a[ogflms are represented as P, and'Q@,.

Py combines with hydrogen on heating to form HP, which can be easlly broken down into its
elameants. A solution of HP in water reacts with aqueous silver ions to form a yallow pracipitate
that is inscluble in dilute agueous ammonia. e —

Q.. combings. explosively with hydregen in_sunlight to form HQ, which is stable to heat. A
solution of HQ in water reacts with aqueous sliver lons to form a white precipitate that Is saluble
in dilute aguecus ammonia.

(i) Menfify the halogens P, and Q,.

b= Jodine fTq

) q- .........ﬂ.hkp.zi..n.e._.[..9.!.%.............[.1..]

{ii) HP readily decomposes inlo its elements when heated but HQ is stable to hesat,
Explain this with reference to bond energies.

HF bond lengtn is Qeects groafer dnan bond.length...

O R0 30, Haf hos boed energy o3 299 kmel .
which 15 less Wan bond energy of H-@ (43) kmop

2]
(i) Write an equation for the thermal decompasition of HP.

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)
2(c)(ii)
2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)

Select }

4 page

Your
Mark

MIDDLE Low

Examiner marks and comments

3/3

Mark Comment

The reference to the element being in its standard state seems to
be a bit of an afterthought, but all three marking points are correctly
stated

1/1

This is correct.

2/2

Although the candidate has not fully drawn out the cycle or an
equation their working clearly follows the pattern that would be
derived from a cycle or equation. They have also remembered that
the definition of bond energy is per mole of bonds broken and not
per mole of atoms formed, so have remembered to divide the bond
energy values by 2.

2/2

This is correct and, in particular, avoids the common mistake of
confusing intermolecular forces with bonds

2/2

This is correct.

1/1

Both halogens have been correctly identified.

2/2

The relative magnitudes of the bond energies have been correctly
identified and explained with correct reference to their relative
lengths.

1/1

This is the correct equation

2/2

This equation is correct and includes state symbols as requested in
the question.

Strictly speaking, this equation does not actually show the dissolving
of the ppt as, to do so, it should start with AgC/(s). However this
alternative answer was accepted as the solid will actually be in
equilibrium with a low concentration of Ag+(aq) ions and, when these
ions complex with ammonia, more solid will dissolve in accordance
with Le Chatelier’s Principle.

1/2

This answer is very close to 2/2 but it just needs a specific reference
to the fact that the number of chlorines increases by one each time.

2/3

The first and third equations are correct but the second equation does
not show the reaction of AICI3 with water but instead shows the
hydrolysis of the hexaaquaaluminium ion that would be produced by
this reaction.
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{iv) Write icnig equations, Including state symbols, for
1. the formation of the while precipilale on asudition ol agueows silver oS L ayueous
HQ,

Hﬂ{ﬁ;ﬁ U‘ COa)....

2. the subsequent dissolving of this precipitate in dilute aqueous ammania.
Rgteay) ¥ AMH; 60 =6t —> (a5 ?j.;z}zf}.}w...,.[éj

'J.J ﬁ%[.'l ﬁﬁ‘}

{d} Chlorine rescle directly with many slemants to form chlorides. Theee such compounds are
MgGL,, AlCT; and SiCIL,.

(i} Siste 'smd explain the pattern shown by the formulae of these three chlondes.
Number of Chloving Qloms in_gn o jonic Jcompevnd.
increases  from Macly dv SiCly . Toe oxidefion Sake

xmmu ﬁt:'m Mi_il ‘\'0 8. %, more chloving Btowms

arg heeded © ﬁnm' Fiag Elechons .
(i} Wila u-quallw to ghow the behaviour of each of these chlorides when added to water.

71

wgct, HTE_ > Mallz v 09,7 M.}ﬁ s
AlGE, Lmt\-l.qo}a} = -:» [m[ﬁ;o;}c-n]”__ v
_ ~ f3] »
[Tokal: 21]

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)
2(c](ii)
2(c)(iii)

2(c)(iv)

2(d)(i)

2(d|(ii)
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Examiner marks and comments
Mark Comment

3/3 The reference to the element being in its standard state seems to
be a bit of an afterthought, but all three marking points are correctly

stated

1/1  This is correct.

2/2 Although the candidate has not fully drawn out the cycle or an
equation their working clearly follows the pattern that would be
derived from a cycle or equation. They have also remembered that
the definition of bond energy is per mole of bonds broken and not
per mole of atoms formed, so have remembered to divide the bond

energy values by 2.

2/2 This is correct and, in particular, avoids the common mistake of

confusing intermolecular forces with bonds

2/2 This is correct.

1/1  Both halogens have been correctly identified.

2/2 The relative magnitudes of the bond energies have been correctly
identified and explained with correct reference to their relative

lengths.

1/1  This is the correct equation

2/2 This equation is correct and includes state symbols as requested in

the question.

Strictly speaking, this equation does not actually show the dissolving
of the ppt as, to do so, it should start with AgC/(s). However this
alternative answer was accepted as the solid will actually be in
equilibrium with a low concentration of Ag+(aq) ions and, when these
ions complex with ammonia, more solid will dissolve in accordance
with Le Chatelier’s Principle.

1/2 This answer is very close to 2/2 but it just needs a specific reference

to the fact that the number of chlorines increases by one each time.

2/3 The first and third equations are correct but the second equation does
not show the reaction of AICI3 with water but instead shows the
hydrolysis of the hexaaquaaluminium ion that would be produced by

this reaction.
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2 The elements in Group 17, the halogens, and thalr compounds, show many similarities and trends
in their properties. Some data are given for the elements fluorine to iodine.

standard ) . )
element ﬂm_ﬂiﬂf a:;':;?“z:gg& b:[ﬂér;%ar;t t;:ir:gg;Eﬂ Illn:h?;a
AH3/kJmol- .
flucrine, F—F 158 78 : 85 208
chlorine, GI=Gi 242 121 238 . 188
bromine, Br-Br 193 i 112 ) 332 206
lodine, 1-1 151 107 457 238

(a} (i) Explain the meaning of the term standard enthalpy change of atomization.

(i} For fluorine and chioring, the enthalgy d'langas of alomisation are half the ualua of the
bond energias.

For bromipe and igdine, the enthalpy changes of atomisation are much more than half the
value.of the bond energies.

Suggest a reascn for this differencea.

{iii} The standard enthalpy of formation of lodine monochloride, ICL is —24.0kdmal-*,

Use this information and the bond energies of jodine and chlonne to calculate the -Cl

bond neray.” Iaﬂr '-'it']...‘*ﬂ QICF

L2+ Cly -—‘?a?_LCL
15+ b d —> I- .:Hggu) €14 242 — I—Q;(&q)

39%+A — I-f 1-A = y)7
T-C — 419

1-Cibond energy = .. Al T kImol® (2]

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c(ii)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d|(ii)
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(a)(i)

MIDDLE Low

Mark scheme

enthalpy / energy / heat change when one mole of

gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)(iii) 1/201z + %I > ICD
= (KE (7312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
AICL + 6H,0 » AlH,0) >+ + 3CL~/ AlIH,0) (OH)** + H* + 3C1~ [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- []
[3]
[Total:21]
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< Sp‘;';‘e’t } MIDDLE Low

thj {iy Eﬁplain the trend in the boiling points of the hydrogen halides, HCI, HBr-and HL

Pﬁm&;mmﬁ‘ﬂm Hek o HI., an.

Your
membmv% 2ol 1) Mark Q2 Mark scheme
{ (a)(i) enthalpy / energy / heat change when one mole of
ag,’t!.dﬂ-ﬂ- pulﬂ-ﬂ' S gﬂ?’M«ﬁ- fﬂ%ﬁ% Qﬂa‘.‘! mare Cﬂk‘?}'[z] 2(a)(i) gaseous atoms is produced [1]
VR fernd TALAL ﬁv’ from the element in its standard state [11
] S-.rggastwm: the hydrogen halide HF does not follow the trend infboiling polnts shown by under standard conditions [11
HCI, HBr and HL. . 2( )() [3]
. a)(ii
H-—F..qﬂa.m N ?’r@@v &a‘:ttehph e,j ,aul;v-@( oﬁgffm (a)(ii) fquRorine and chlorine are gases / bromine liquid and iodine solid
m ,L{ FJ_ an, mﬁ& 2(a)(iii) as AHat for bromine / iodine also includes changes of state [1]
M (a)(iii) 1/zClz + %I, - IC)
- 2] = (KE (312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
" 2
{¢) In an experiment. two of the halogens are represented as P, and- Q, 21
(b)(i) stronger / more / greater id-id / London / dispersion forces [1]
"R, combines with hidrogen-ch heating to form HP, which can ba'sasily bmkﬂﬂ dewn Into its due to increasing numbers of electrons [1]
alame:nla..ﬂ-.mmhnnof HP in water reacts with aquenus mhlar ians o fom a yellow precipitate 2(b)(i) [2]
that is insoluble in dilute a uecUs ammonia. = - .
I I ; ' R (b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
Q, combines explasively with hydrogen in aunllght to form HQ, which is stable to heat. A 2(b)(ii) (Svgh;crgtaer% stronger (than vdW) / more energy needed to .
solution of HQ in water reacts with agueous silver lans to form a white precipitate that is soluble P
. in dilute dqoesis ammaornis. OR
. HF much more polar / F much more electronegative [1]
(i} tdertify the halagens P, and Q.. m)ermolecular forces in HF stronger (than in HCI, HBr, B}
. n_-. L ‘ . |y ; ) N ¥ _- hl . .
P, = elﬂftlﬂﬂ ORI « TS C DY e, 2(c)(i) ) P iodine /L, /L; Q = chlorine / CL / C1 1]

[1

{ily HP readily decomposes into its elements when heated but HQ is stable to heat. ()i} | weaker H-P than H-Q bond ORA / easier /less energy to break

acly des i 2(c)(ii) H-P than H-Q ORA [1]
Explain this with reference to bond energies. due to greater distance / shielding of nucleus from bond pair ORA [1]

HP s H-T.. crhued Aos The bond. enAgy. qu [2]

2(c)(iii)

KT el whieh (a Lowsen, Thous. Bomel omengy of (c)ii) | 2HP (or 2HD > for ) H, + P, (or L) g
=1 (c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]

hktﬂ.,(i.H('«'—JM 18, 431 leTmsl: .. R0, HP e [2) 2(c)(iv) AgQ(s) / AgCIs) + NH(aq) - AgiNH.),“(aq) + Q-(ag) / Cl-ag) ~ [1]
hn_.._t' H-T hews lendes bond [2]

md—ﬁ-& s less
(i) Write an &quation for the thermal decomposition of HP. Leng M “thasan © H=CL.

2(d)(i) (d)(i) no of Clincreases by one each time / matches group number [1]
I 1 ! due to increasing number of valence/outer(most/shell)

tQI HI HR * ---- [ ] electrons / oxidation number/valency (of Mg' Al, Si) [11

[2]

i (d)(i) | MgCL (+aq) > Mg?* + 2CL- (]

2(d)(ii) AICL + 6H,0 - AlIH,0), > + 3CI-/ AIH,0)(OHj* + H* + 3C1~  [1]

SICL + 2H,0 - SO, + 4H+ + 4CL- H

3

[Total:21]
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4 Spﬂg‘e’t } MIDDLE Low

Wl:i}rﬁrlié iﬁhﬁﬁiﬁﬁﬁns. including state symibals, for

. 1. the formation of the white prwpehﬂia on addition of aquecus ﬂlvar lum: to aguecus Your
Hq Mark Q2 Mark scheme
__________ ﬁ,l'.. A ﬁd L Aﬂlc (a)i) enthalpy / energy / heat change when one mole of
f_ﬂ, . 2(a)(i) gaseous atoms is produced [1]
L2 the suhsaquent digsolving of this pfec:pllate in dilute-aguesus ammania, from the element in its standard state {1}
\ : C s o under standard conditions 1
tAact. o Aag?
‘ Aff(ib__g,ﬁ»‘ia.a ,,,,,, CA 1[2] 2(a)ii) 3]
L3y .Caf:J oy v . (a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
(d) Chlorine reacts di with many elsnfents do form chicrides. 'I'hre:e such compounde an 2(a)(iii) as AHat for bromine / iodine also includes changes of state [1]
HgC!z. h_!EE and SICI,, (a)(iii) 1/zClz + %I - ICl)
E— = (E 612 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
{i) State and &xplain the pattern shown byrheiormuiaa afﬂleseﬂ'u'eachlnrideg (ICl) (+) 220.5 /221 [1]
[2]
The. . mwomber..of...chloxing. . alems. .attashed : — ——
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
'fb ﬁi‘-‘ MEW@ InlheadeaYvomn. Mﬁ' ‘ﬁ:‘-‘ Sf due to increasing numbers of electrons [1]
The .,g‘_-,g 2(b)(i) 2]
h' 4 f:a gf"?{r dm’%ﬂdf;‘*nm ‘chm 12 (b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
() Wite q.la'l%i}n show the behmrlour of each of these ch 5 when added to water. 2(b)(ii) (svevggcrgtaeri)ﬁfégﬂ%ir (thn ve\W) /more energy needed to [11
woer, ... (N9 #2430 —s  Mgloda pRHCL oR
d ) ST . HF much more polar / F much more electronegative [1]
AlCl, ‘2 Afi ":-‘.!-!u ¥ B-Hzﬂ? _'ﬂ ; 'L-‘if..ghaa *. &HG&". X Intermolecular forces in HF stronger (than in HCZ, HBr, [1]
" HI) [2]
, B ",
SICH, ohot Sicly + 2H0 = . S :O;_-ri_fHCL[a] 2(c)(i) (c)(i) | P=iodine/1,/I; Q= chlorine / CL / Cl (1
[Total: 21] 2(c)(ii) (c)(ii) wfgliﬁgrﬁl’_gngHA—Q bond ORA / easier /less energy to break .
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
2(e)tiii) (c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
§ (c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
c)(iv AgQ(s) / AgCl(s) + NH_(aq) - Ag(NH,),*(aq) + Q-(aq) / Ci(aq)
2(c)(iv) , ), E_H
i (d)(i) no of Clincreases by one each time / matches group number [1]
2(d)(i) due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
i (d)(i) | MgCL (+aq) > Mg?* + 2CL- ]
2(d)(ii) AICL + 6H,0 - AIIH,0) > + 3CI-/ AlH,0),(OH)* + H* + 3C1-  [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- H
3
[Total:21]
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2  The elements in Group 17, the halogens, and theircompounds, show many similarities and trends
in their properies. Some data are given for the elements fluorine to iodine.

standard - . .
comers | Sopsney | eobapschrge | Giclnert | yarogen nade
AHg kJ mott .
fluoring, F-F 158 78 85 293
chlorine, Cl=Cl ) 242 121 238 188
broming, Br=Br 183 112 332 208
Iadin&, I-I 151 107 457 238

{a) (i} Explainthe m-ua_rling of the term standard enthalpy change of atomisation,
The  gnloal ;ﬁﬁﬂ"’w“gs,naﬁd-dmw ..... 1. meole. o€ an
Lakoon is...convenked ko .iks..a@ecws.shabe. ...
anden doaglonel comdivioms 3]

(ii} For flucrine and chioring, the enthalpy changes of atomisation are half the value of the
bond onergles.

Fer bromine and iodine, the enthalpy changes ufa_tumis&tiun are much more than half the
value of the bond energies.

Suggest a reason for this difference.
Fluering and Chloring bawe fow boiling. eeinks. 52...

(iiiy The standard enthalpy of formation of iodine monechloride, ICL is —24.0kJmol.

- M

Use this information and tha bond energies of iodinge and chloring to caloulate the I-CI

P TIN I, — LICL
{22 + i51)
a4, — &HL = -9
247 +1h = L
w2975 I-Clbond energy = .. 0% 2. kimot (2]

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)
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MIDDLE Low

Examiner marks and comments

1/3

Mark Comment

The only mark gained here is the easy mark for a statement about ‘standard conditions”.
The rest of the definition has not be learned properly. Candidates should avoid referring
to energy ‘needed’ in any enthalpy definition as it implies that the change is always
endothermic (not a problem in this specific case as atomisation is always endothermic,
but it is not, in general, good practice). The safe phrase to use for all such definitions is
‘The enthalpy change when.....)

0/1

This is close to earning the mark but the reference to fluorine and chlorine being
more reactive suggests that the candidate does not actually know what they need
to be talking about as it is irrelevant. There is also a lack of comparative phrasing -
the candidate should have referred to the VAW forces being weaker to indicate a
comparison with bromine and iodine.

1/2

The candidate has shown working that is correct in style, although it would be better if
they identified what AH, and AH, referred to. The mistake here is the failure to double
the value of enthalpy of formation in line with the formation of 2IC/in the equation.

0/2

Technique and content errors here mean no credit can be awarded. The candidate

has only made a single statement for a 2 mark question so a maximum of 1 mark

is available. However, an unqualified reference to ‘bonds’ is always interpreted as
meaning covalent (or ionic or metallic) bonds. This is a very common source of
confusion in discussions of melting and boiling point trends. For molecular substances
such as these the discussion should always clearly be about the relative strengths of
intermolecular forces.

0/2

The initial statement about HF being polar is on the right track but the candidate

them mistakenly refers to HF having ‘strong electronegativity’, which is incorrect as
electronegativity is a feature of an atom not of a whole compound. There is then again a
reference to breaking a ‘bond" when intermolecular forces need to be discussed.

11

This is correct.

1/2

This is a correct statement, but the fact that there are 2 marks available should have
served as a clue that more was needed - i.e. an explanation of why this is the case.

1/1

This is correct.

1/2

The first equation is correct and includes state symbols but the second equation does
not correspond to the question asked.

0/2

The candidate seems to have muddled up the idea of ‘formulae’ with ‘structure’ as they
have discussed the structure and bonding rather than the formulae.

1/3

The candidate correctly realises that a carrier protein is involved, so is credited for
this. Although ‘down the concentration gradient’ is given here, there is no mention
of glucose moving down this gradient from the cell to the outside. The final sentence
states that glucose cannot cross the membrane so appears to be a contradiction. As
this is not qualified further, no more marks are given.
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(b} (i) Explain the trend in the boiling points of the hydrogen halides, HCI, HBrand HL
Beiling...peinks.. decngdat.. . G E. D BB, 2 WL TR f.dhee

{ii}] Suggest why the hydrogen halide HF ddes not follow the trend in boiing points shown by
HGI, HBr and HI. ’ *

HE 2 13 polan Gedl \noa shomg elechonegitivivy 5o mor
enemn. sneeded, ta. boeak te boadl .

(e} Inan exparimant, two of tha halegens are representad as. P, and @,

P, combines with hydrogen on heating to form HP, which can be easily broken cown into its
elements. A solution of HP In water reacts with aqueous silver ions to form a yellow precipitate
that is inscluble in dilwte agqueous ammonia.

@, combines. explosively with hydregen in sunlight fo form HQ, which is stable to heat. A
soiufion of HG in water reacts with agueous silver ions to form a white precipitate that is scluble
in dilute agueous ammaonia.

(i} Idantify the halogens P, and Q,.

peTodine (L) . a=.Ck Chlecize (Cl2)

(1]

(i} HP readily decompogas into its elements when heated buf HQ is siable to heat.
Explain this with referance to bond anergies.

M@%LAHM@#@M%H‘QIJQ&

(i) WWrite an equation for the thermal decomposition of HP.

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)
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Examiner marks and comments

1/3

Mark Comment

The only mark gained here is the easy mark for a statement about ‘standard conditions”.
The rest of the definition has not be learned properly. Candidates should avoid referring
to energy ‘needed’ in any enthalpy definition as it implies that the change is always
endothermic (not a problem in this specific case as atomisation is always endothermic,
but it is not, in general, good practice). The safe phrase to use for all such definitions is
‘The enthalpy change when.....)

0/1

This is close to earning the mark but the reference to fluorine and chlorine being
more reactive suggests that the candidate does not actually know what they need
to be talking about as it is irrelevant. There is also a lack of comparative phrasing -
the candidate should have referred to the VAW forces being weaker to indicate a
comparison with bromine and iodine.

1/2

The candidate has shown working that is correct in style, although it would be better if
they identified what AH, and AH, referred to. The mistake here is the failure to double
the value of enthalpy of formation in line with the formation of 2IC/in the equation.

0/2

Technique and content errors here mean no credit can be awarded. The candidate

has only made a single statement for a 2 mark question so a maximum of 1 mark

is available. However, an unqualified reference to ‘bonds’ is always interpreted as
meaning covalent (or ionic or metallic) bonds. This is a very common source of
confusion in discussions of melting and boiling point trends. For molecular substances
such as these the discussion should always clearly be about the relative strengths of
intermolecular forces.

0/2

The initial statement about HF being polar is on the right track but the candidate

them mistakenly refers to HF having ‘strong electronegativity’, which is incorrect as
electronegativity is a feature of an atom not of a whole compound. There is then again a
reference to breaking a ‘bond" when intermolecular forces need to be discussed.

11

This is correct.

1/2

This is a correct statement, but the fact that there are 2 marks available should have
served as a clue that more was needed - i.e. an explanation of why this is the case.

1/1

This is correct.

1/2

The first equation is correct and includes state symbols but the second equation does
not correspond to the question asked.

0/2

The candidate seems to have muddled up the idea of ‘formulae’ with ‘structure’ as they
have discussed the structure and bonding rather than the formulae.

1/3

The candidate correctly realises that a carrier protein is involved, so is credited for
this. Although ‘down the concentration gradient’ is given here, there is no mention
of glucose moving down this gradient from the cell to the outside. The final sentence
states that glucose cannot cross the membrane so appears to be a contradiction. As
this is not qualified further, no more marks are given.
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(V) Virite ionic equations, inchiding. statésymbols, for . B L W Rstley
% )
MHy + EC_M-H -
- 1. the formafion of the while precipitate on addition of squeous silver iohs to agueous
HQ,

% = .
v Pataa) 4 CPcag) T3
2. the subseguent dissolving of this precipitate in dilute agueous ammania.

"
NG Caa) v Cles) 2 NHAC g )
[2)

(d} Chlorime reacts directly with many elemants to form chlordes. Three such compounds are
MgCi,, AICT, and SICI,.

(i) State and explain the pattern shown by the formulae of thess thres chiorides.

Mo is. fomic. bond. ., B0 ram
A8 s 13 bonoled by sbaning of eletheom bo sacky eleghos
SiChn i3 aiant copplet shrugkung  Each CF is covaladtly landed (21

(i} Write equations to show tha behaviour of each of these chlorides when added to waler.

MaCl, . Mg Cla . 4. 2H2 0. mgHy  2HCE
ach, AL 380 — AfEuy « 3IWCL

sicr, LGiCEn £ 920 o Sc(O0Wy + Gydcg

ALCE, WO —» ALOW, +3H ct
s dy i) SR

p ldps =

Goned A glechmn bo each (2 akem. |

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)
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Examiner marks and comments

1/3

Mark Comment

The only mark gained here is the easy mark for a statement about ‘standard conditions”.
The rest of the definition has not be learned properly. Candidates should avoid referring
to energy ‘needed’ in any enthalpy definition as it implies that the change is always
endothermic (not a problem in this specific case as atomisation is always endothermic,
but it is not, in general, good practice). The safe phrase to use for all such definitions is
‘The enthalpy change when.....)

0/1

This is close to earning the mark but the reference to fluorine and chlorine being
more reactive suggests that the candidate does not actually know what they need
to be talking about as it is irrelevant. There is also a lack of comparative phrasing -
the candidate should have referred to the VAW forces being weaker to indicate a
comparison with bromine and iodine.

1/2

The candidate has shown working that is correct in style, although it would be better if
they identified what AH, and AH, referred to. The mistake here is the failure to double
the value of enthalpy of formation in line with the formation of 2IC/in the equation.

0/2

Technique and content errors here mean no credit can be awarded. The candidate

has only made a single statement for a 2 mark question so a maximum of 1 mark

is available. However, an unqualified reference to ‘bonds’ is always interpreted as
meaning covalent (or ionic or metallic) bonds. This is a very common source of
confusion in discussions of melting and boiling point trends. For molecular substances
such as these the discussion should always clearly be about the relative strengths of
intermolecular forces.

0/2

The initial statement about HF being polar is on the right track but the candidate

them mistakenly refers to HF having ‘strong electronegativity’, which is incorrect as
electronegativity is a feature of an atom not of a whole compound. There is then again a
reference to breaking a ‘bond" when intermolecular forces need to be discussed.

11

This is correct.

1/2

This is a correct statement, but the fact that there are 2 marks available should have
served as a clue that more was needed - i.e. an explanation of why this is the case.

1/1

This is correct.

1/2

The first equation is correct and includes state symbols but the second equation does
not correspond to the question asked.

0/2

The candidate seems to have muddled up the idea of ‘formulae’ with ‘structure’ as they
have discussed the structure and bonding rather than the formulae.

1/3

The candidate correctly realises that a carrier protein is involved, so is credited for
this. Although ‘down the concentration gradient’ is given here, there is no mention
of glucose moving down this gradient from the cell to the outside. The final sentence
states that glucose cannot cross the membrane so appears to be a contradiction. As
this is not qualified further, no more marks are given.
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Select
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3 Acidified potassium dummmam{‘ﬂ} can oxidise ethanedicic acid, HyC,0,.
The relevant haif-equations are shown. : ; Your Examiner marks and comments

CuO; + 14K + ?é ~ 207+ THO _ Mark Mark Comment
[H,C:D = 200, + 21" + 26745, e 3(a) 1/2  This equation contains all the correct species from the half-
' Sty 0y > 6CO7 1 GH"+ equations given so one mark has been awarded. The second
{a} Stale the overall equation for the neaction 1&'[‘#&6“ acidified dichromate(VI) lons and qu g : _ -1h
ethanedioic acid, mark would have required that the H* ions on the right of the
1= 3t i +
Equ_} ""tH* £ 3H1f.104 ;,g u + ‘1H 20 + Gcﬂz e equation were cancelled out to leave 8H* on the left.
r GHY
{b) Inan a:p-éﬁmanl a (242 g sample of hydrated ethanedicic acid, H;C,0,%H,0, was reacted
with & 00200 moldm-* solution of acldified potassium dichromate(V). ) 3(b)(i) 1/1  The calculation are correct with clear working shown.
32 Do of the acidified potassium. dichremata{VI) solution was required for complete oxidation
" of the ethanédioic acid,
(I} Caloulate the amount, in-moles, of dichromata(VI) lons-used to react with the sample of
othanedioic acid.
n = CLv 2
= 0.0% % 33‘ X107 . 3(b)(ii) 1/1  The calculation are correct with clear working shown.
T b4 XVW04 E

mount = B4 XWOTH

{ii} Calculate the amount, in moles, of ethahedioic acid in the sample,
nx B4 kWY x‘a :

n= lﬁa x1lo~?

_ 1 G Ln \.D' " mol [1] 3(b)(iii) 1/1  The calculation are correct with clear working shown.

amaount =

{Iil] Caluﬂateiha relatlmmnlamlnrmass i, crl"lhe hyd[alﬂd em.ﬂnedmu: acid,
W = M. D341 12 'E::
" 43 x107d

M= a6 M

" 1/1  The calculation are correct with clear working shown.
(v} Calculate the value of x in H,C,0, ¥H,0. 3(b)(iv)

My of Wy 0,04 = (2 )+ (1ax2) tlibra)

=q0
P S [
x = l3b-9p My of H0= 18

\g [Total: 6]
L - ] '
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3 Ackiified potassium dichionmais(VT) v U.IJIJI:?H uululiedll:.lll; achd, HyGy0,

e i Sl A 618 S v Cra0y 4+ HI(-;QH + ”’H +hes _ . T Examiner marks and comments

D = 4 dH + 20 + THO
Cr,0 }‘( ﬁé"" r H, _ Mark Mark Comment

HEC o BF{ Pé 3(a) 1/2 The candidate has made an attempt at cancelling when
ion for the reaction between acimed dichromate(VI) ions and combining the two half-equations but forgot the initial step
—HEH = ) of multiplying the second equation by 3 so that the electron
lﬁlﬂ vﬂ-lf_rz*_i-'%_ﬂi{}{-in(;& i) -@ loss matches the electron gain. However, one mark has been
I ) awarded as the species on each side of the final equation are
correct. Candidates should remember the final checks needed of

{a} State the overall
sthanedioic acid...

. b} In an experimient Ewﬂ hydrated ethanedioic acid, H,C,0, XH,0, was reacted counting the numbers of each type of atom on each side of an
with & 0.0200mol d? sclution gf-acidified potaasiui j“_“’“'“mm equation and also checking the the overall charges are the same.
32.06m? ol the aciditied pmwmummmmw_ﬂﬁfﬂmn was Iaquireumrculnplelemmﬂun In this case the left has an overall charge of 10+ while the right
of t¥ ethanadicéc dcid. is 6+ so something must be wrong.

{I} Calculate the amount, in-maoles, of dichromate( V) lons used-to react with the sample of ) Vil TS 1S GelEeh
ethariadioic acid. : 3(b)(i)
©-00.08 % 3L
mﬂﬁ' T .
= & q- ¥ [0 anount = ... 6‘ L" b m mal [1] 3(b)(ii) 1/1  This is an example of ecf as, although this answer does not
correspond to the mark scheme, it follows correctly from the

{il) Calculate mémunt i ml:hr- of sthanadiole acid inthe sampile
- &
'T .o, ECE gy i
c 4y klg"l‘f’ _ . amm:=é:>l‘l’ﬂlﬂrm ]
(iii} Caleulate the relative mofcoular mass, M,. af the h-,raralqd ethariedicic add. 3(b)(iii) 0/1 The working shows that the correct method has been used,
but the answer has been given to 6 significant figures when

;ﬁfw —"" ' only 3 or 4 significant figures can be justified on the basis of the
Mr = supplied data (all of which is to 3 significant figures).

incorrect 1:1 ratio in the candidate’s equation.

: My = 02 = M,='3'Tg’n£ 1
() CEIUUIEIIEHLH'IE:SEIUE IEIIH H,G‘D g bt X I ﬂ — 3-' E . Illl‘—:’
3 3(b)(iv) 0/1 Again, the working is correct but the candidate has failed to
3']8 |'15 z&: — 80 = ’lﬂi b \15 appreciate that an answer of this type must be an integer as
rFoemm 6-5€25 ' only whole numbers are used to indicate ratios in equations.
P 20 L
& @ =ER T [Tota: 8]
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3 Acidified potassium dichromate(VI) can oxidise ethanedioic acid, H,C,0,.
The relevant half-equations are shown.

CrO# + 14H + Be — 20" + TH,0
H,C.0, - 2C0, + 2H* + 2o

(a) State the overall egquation for the reaction between acidified dichromate(V1) ions and
ethanediclc acid. , —y

with & 0.0200mal drm-® solution of acidified potassium TEI"E"“MM‘

ta i
32.0cm? of the acidified potassium dichromate(VT) solution was required for complete oxidatian
of the ethanedisic ack.

(i} Calculate the amount, in maoles, of dichromate(VT) fons used to react with the sample of
ethanediclc acid. 0

Nty 2N
A= 5}?‘[5‘_}“ ﬂlﬂl':-“gl o G@ -3 .
Eﬁl I mal [1]

amount = ..o
.

b Pyro™*

> b0’

{iII]_ C%Eﬂ]m!;a relative molacular mass, M, of the hydrated ethanedioic acid.

ﬂ% Mp=tegesde M =378 8
h {,5’—1{;‘“{:]) =n L iy “ﬁﬂ:l:‘éjﬁ?'{uqﬂ" = ;-_Ef Ml

{iv) Caleulate the value of x in H,C,0, xH,0.

314~ Go = VB8
SEBUE =[4

i )

[Total: &)

3(a)

3(b)(i)

3(b)(ii)

3(b)(iii)

3(b)(iv)

4

Your
Mark

page

Select

MIDDLE Low

Examiner marks and comments

Mark Comment

0/2 Itis not clear how the candidate has arrived at this suggested
answer but, although they have attempted to balance the
various atoms in the formula they have not made any attempt to
balance the charges/electron transfer, which is a key skill with
redox equations. No mark is possible for the species present
either as the candidate has simply transposed the ‘2Cr," from
the left (where Cr is part of a complex anion) to the right, where
it implies that the chromium exists as a diatomic molecules

rather than the Cr3* ions shown in the first half-equation.

1/1 This is correct.

0/1 The candidate has failed to appreciate the significance of the
sequence in this structires calculation and, instead of using
their previous answer and the ratio in the equation, they
have attempted to calculate an amount using the M of the
ethanedioic acid - even though this cannot be known without

knowing the value of x.

0/1 ecf would have been possible here of the answer to (ii) had
been used but instead, the candidate has used the amount of
dichromate from (i) to try and calculate the M; of the acid - data
must always be consistent in calculations so, to calculate M of

the acid, the amount and mass of the acid must be used.

1/1 Thisis correct as an ecf from the answer to (iii).
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
4(a) 2/2 These two structures are both unambiguous representations
so were credited even though the second one is not, strictly, a

structural formula and should be written as (CH,),CHCOOH.

4(b)(i) 2/2 These structures are correct although a better convention when
writing the formulae of acids and esters is to use the form
'‘COQ’ rather than ‘CO,’

4(b)(ii) 1/2 The conditions are correct here but, when a question asks for
reagents, the names (or formulae) of specific compounds must
be given whereas this candidate has only stated the classes of
compound needed.

4(c) 3/3 This is an excellent answer to a question that most candidates
found tricky. Each of the wavenumbers quoted is correctly
referenced and also linked to the specific bond responsible for
the absorption. The dash before the C=0 is possibly ambiguous
as it may be indicating another bond to the carbon atom, but it
was ignored here. It is also evidence of good exam technique to
see the rough working that has been done on the diagrams to
allow the candidate to organise their thinking before writing the
actual answer.
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" {c) The infra-red specira of one of the esters and of another isomer, X, are shown.
X decolourises bromine water and [s not an-aster or an acd.

infra-red spectrum of the aster

T S , —
4000 3000 2000 U 1500 1000 500
wawvenumber/cm
infra-red spectrum of X

1000° S04

wavenumber/cm

Eicplain the differences batween these two specira, with particular referance tothe peaks with

wavenumbers above 1500em,
IM eSher 5 _spechrum i’ﬂneft 'I‘s‘ one ’Shﬂ-rP und S"l‘run_j

FmR Dulr n 50 (,m"'- Tt mem! ﬁn&re 15 - L“ t‘.'_! @'rc-w[;
- 'Ln ‘ﬁ. 3 EpEL‘ttum -H-.ern,' qr; n'nt me_p.k_ lpea'-r. Happ'rnmm’ejj

' u& ]h‘:TD gm"‘ Emrl -um bmud P“k b.u,mm anu ?,mumm-

"ok eans Hhere 15 C=¢ and On ﬂvw«? un }‘-
[Total: 8]

4(a)

4(b)(i)

4(b)(ii)

4(c)

Select
page
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Mark

Low

} MIDDLE
Examiner marks and comments

Mark Comment

2/2 These two structures are both unambiguous representations
so were credited even though the second one is not, strictly, a
structural formula and should be written as (CH,),CHCOOH.

2/2 These structures are correct although a better convention when
writing the formulae of acids and esters is to use the form
'‘COQ’ rather than ‘CO,’

1/2 The conditions are correct here but, when a question asks for
reagents, the names (or formulae) of specific compounds must
be given whereas this candidate has only stated the classes of
compound needed.

3/3 This is an excellent answer to a question that most candidates
found tricky. Each of the wavenumbers quoted is correctly
referenced and also linked to the specific bond responsible for
the absorption. The dash before the C=0 is possibly ambiguous
as it may be indicating another bond to the carbon atom, but it
was ignored here. It is also evidence of good exam technique to
see the rough working that has been done on the diagrams to
allow the candidate to organise their thinking before writing the
actual answer.

EXAMINER MARK
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
4(a) 2/2 Although, strictly speaking, these structures are not structural
formulae as asked for in the question they are unambiguous

representations of the correct compounds and were accepted.

4(b)(i) 2/2  Although, strictly speaking, these structures are not structural
formulae as asked for in the question they are unambiguous
representations of the correct compounds and were accepted.

4(b)(ii) 1/2 The correct acid and alcohol have been chosen for the first ester
given in (b)(i) but the need for concentrated sulfuric acid has
been left out of the conditions.

4(c) 0/3 No marks could be awarded here as the references are too
vague and there is no clear linkage between wavenumbers

and specific bonds. The reference to the peak at 3200-3600 is
correct (although it is even better to quote a single wavenumber
when referring to an absorption on a spectrum) but needs linking
to the presence of O-H in the compound while the reference to
3000-3100 looks as though the candidate is not referring to an
absorption but to a point between two absorptions.
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{e) The infra-red spactra of ana of the esters and of another iomear, X, ane shown.

X decolourises broming water and I not an ester or an acld,

Infra-red spectrum of the ester
10—
transmitiance
E.D_
o . L e e e
4000 3000 2000 1500 1000 500
wavenumber /ey
infra-red specirum of X
100
transmittance
m_
e e T e e e
4000 3000 2000 1500 1000 500
wavenumber! e

Explain the diffetenues between these two soechra, with particular reference to the peaks with
wavenumbers above 1500 e,

e e o) P o0 el (1 SEEU ol eyor Yo weale yohlle

e e ob  pealc gn infm-red gpctnans 0 X L dirong and e
hehapn LU BU00 = 3600 ¢t The  Tha
A A e A e

....1&".&:;;";;;:... 'MW'W#%M; selpyesss e ycaies fiy : [3]
H-Jﬁ-u-mm------HEI;I:---:---------------------------------------------------------------------------.-----.-.-.m...............

[Todal: 51

ok peadC on Ve ré vid gt

4(a)

4(b)(i)

4(b)(ii)

4(c)

4

Your
Mark

page

Select

MIDDLE Low

Examiner marks and comments

Mark Comment

2/2 Although, strictly speaking, these structures are not structural
formulae as asked for in the question they are unambiguous

representations of the correct compounds and were accepted.

2/2  Although, strictly speaking, these structures are not structural
formulae as asked for in the question they are unambiguous

representations of the correct compounds and were accepted.

1/2 The correct acid and alcohol have been chosen for the first ester
given in (b)(i) but the need for concentrated sulfuric acid has

been left out of the conditions.

0/3 No marks could be awarded here as the references are too
vague and there is no clear linkage between wavenumbers

and specific bonds. The reference to the peak at 3200-3600 is
correct (although it is even better to quote a single wavenumber
when referring to an absorption on a spectrum) but needs linking
to the presence of O-H in the compound while the reference to
3000-3100 looks as though the candidate is not referring to an

absorption but to a point between two absorptions.
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
4(a) 2/2 These are dispayed (or almost as there is no bond shown
between O and H) formulae rather than structural formulae but

were allowed.

4(b)(i) 1/2  The first structure is correct and clearly drawn so it is odd that
the candidate did not attempt a second structure with the ester
link between different carbon atoms.

4(b)(ii) 0/2 Ethanol is not the correct alcohol needed to make the ester
drawn by the candidate but, in any case, the acid has not
been identified by name. The mark here would have required
both propanoic acid and methanol to be named. The need for
concentrated acid has been left out of the conditions.

4(c) 0/3 The reference to a peak at 1720 is correct for the first spectrum
is correct but indicating that it is due to an ester group is not
specific enough as this absorption is due to a C=0 bond (in

an ester group). There is then a reference to an alkene group
(which is enough to refer to C=C) but it is not linked to a stated
wavenumber. The absorption at 3300 cm™ in the spectrum of X
seems to have been ignored.
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(¢} The infra-red spectra of one of the esters and of another isomer, X, are showrn.

X dacolourises bromine waler and is not an-ester or an acid.

dnifra-red.spectrum of the ester
100 e -
transmittance 1
Eﬂ.n
0 Hrrr e ———
4000 adjoo 2000 1800 1000 500
© wavenumbarfcm
- Infréred spectrum of X
100 S it ettt
;
{ransmitance
50
0 e H
4000 ¢ 2000 CTAshoc . 1000 " 500
- wavehumber/cm™

. "
Explain the differences hebmaen Ihasa twu Ep-anl!ra Wih pEr"hE.‘LI:‘ll' refdrance t the: ‘peaks with
wavenumbars abaove 1500 em™.

P

..... Thewr it _apel ar amund ! %Q 's‘-"":" '-‘:""'f'"" s geng Shows
Haoit h-fewz is g_s.'lff @.pr E-l.m"ﬁﬂ'uﬁ q m.@ng peak ar e X

r'..huuu. 'I"v:m 'r\-\a.i— is WRWH-& mmP‘-’Wﬁ or nlk.eng T'hE'I‘E,.

= oa duu‘n\e bﬂﬂd n aemnd F‘ﬁufe 'E-,o'l-h “‘E cmyoﬁdg

C,Dn\'ﬂuh“ d'ltﬂiﬂm gmup
[Total: 8]

4

4(a)

4(b)(i)

4(b)(ii)

4(c)
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2/2 These are dispayed (or almost as there is no bond shown
between O and H) formulae rather than structural formulae but

were allowed.

1/2  The first structure is correct and clearly drawn so it is odd that
the candidate did not attempt a second structure with the ester

link between different carbon atoms.

0/2 Ethanol is not the correct alcohol needed to make the ester
drawn by the candidate but, in any case, the acid has not
been identified by name. The mark here would have required
both propanoic acid and methanol to be named. The need for

concentrated acid has been left out of the conditions.

0/3 The reference to a peak at 1720 is correct for the first spectrum
is correct but indicating that it is due to an ester group is not
specific enough as this absorption is due to a C=0 bond (in

an ester group). There is then a reference to an alkene group
(which is enough to refer to C=C) but it is not linked to a stated
wavenumber. The absorption at 3300 cm™ in the spectrum of X

seems to have been ignored.
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& Arsacion sequence based on propan-1-olis shown. [ — Cfrf

? gpi‘kr-.fg‘lr’ttj“

CH,CH,G—OH
reaction 1 \
; fmtons .
CH,CH==CH, = ian3 cmugcg—o‘#ﬁw— CH,GH,CH,—Br
ﬂﬁwh propan-1-cl
\Y\ - lrﬂzcﬁanz
At
ﬂ OH
CH,CH,C—H %T-— cH,cHgE:—cN
H

(@) Reactions 1 and 2 can both be carried out using the same reagents.

{i} Identify suitable reagents for reactions 1 and 2.

n

(ii) State and explain how the reaction should be carried out to ensure (hat reaction 2 rather
finan reaction 1 occurs,

 To.mintneo. enchion renctats...oee e gy
tolisfilled, uﬁms % bemuse. fuidler:. ohidodirn.

addghﬂal.a ﬁth‘vf mH. Dlerir.. Ef At
[{T deﬂ{ﬂﬂl E?ﬂ' r,"nmeﬂ[MfE«[ﬁ -2

(b} Identify the nacessary reagemls' and conditions for each of reactions 3 and 4.

reaction’3 .. 5.z Moot ppancd =al...
mﬂ}hl:ﬁ ek, RG03 qowtlars.., J-ef:‘w{ mdw}-ﬂﬁwl

reaction 4 HRME.W&EI‘MMGH&SE%
ol ... lemmw{luﬁ

ssmimaLEaEInEn

fod kg

5(a)(i)

5(a)(ii)

5(b)

5(c)(i)

5(c)(ii)

5(c)(iii)

4
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Examiner marks and comments

Mark Comment

1/1 ltis pleasing to see evidence of good exam technique in the
rough working on the flow diagram as this makes it clear that
the candidate is organising their thoughts before writing the

answers.
This is correct

2/2 A correct, clearly explained answer addressing both required

points.

2/2 The reagents and conditions for both reactions have been

correctly described and clearly presented.

3/4 this mechanism is almost completely correct and, importantly,
the curly arrows have been shown clearly coming from either
bonds or from lone pairs. The error is the positioning of the lone
pair on CN-as it should be on the C in order that the new bond
formed is between C-C. If the mechanism was as shown here
with the first curly arrow then the intermediate would have a

C-NC bond in it, instead of the C-CN bond shown.

2/2 the 3D structures of the two enantiomers have been drawn
clearly in the conventional style suggested in the syllabus and all

‘connectivity’ is correct.

2/2 this is clearly a candidate who has read beyond the syllabus
as this is a more advanced explanation than is required but is

clearly correct so earns full credit.
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Your Examiner marks and comments

Mark Mark Comment
5(a)(i) 1/1 ltis pleasing to see evidence of good exam technique in the
rough working on the flow diagram as this makes it clear that

the candidate is organising their thoughts before writing the
answers.

This is correct

5(a)(ii) 2/2 A correct, clearly explained answer addressing both required
points.
5(b) 2/2 The reagents and conditions for both reactions have been
correctly described and clearly presented.

5(c)(i) 3/4  this mechanism is almost completely correct a_nd, import_antly,

the curly arrows have been shown clearly coming from either
bonds or from lone pairs. The error is the positioning of the lone
pair on CN-as it should be on the C in order that the new bond
formed is between C-C. If the mechanism was as shown here
with the first curly arrow then the intermediate would have a
C-NC bond in it, instead of the C-CN bond shown.

5(c)(ii) 2/2  the 3D structures of the two enantiomers have been drawn
clearly in the conventional style suggested in the syllabus and all
‘connectivity’ is correct.

5(c)(iii) 2/2 this is clearly a candidate who has read beyond the syllabus
as this is a more advanced explanation than is required but is
clearly correct so earns full credit.
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4 Sp‘:";‘ét } MIDDLE LOW
'__EQ_E_I‘&_al-:iTnn_aﬂ_qu_a-r-\o_eTiuéE on propan-1-ol is shown. ,
? Your Examiner marks and comments
CH,CH,C—OH Mark Mark Comment
reaction 1 5(a)(i) 1/1  This is correct.
3 . ction 4
CHyCH=—=CH, =220 oy cHCH,—OH —22 CH,CH,CH,—Br
propan-1-al
Im'ﬁu" 4 5(a)(ii) 2/2  Both parts of the answer are clearly described.
0. OH.
reaction 5 I
CH,CH,C—H W CH,CH,C—CN
IEI 5(b) 1/2 Reagents and conditions for reaction 3 are correct, but the
reference to ‘aqueous’ makes the conditions for reaction 4
{a} Reactions 1 and 2 can both be carded.out using the same reagents. incorrect (it would be OK if qualified as ‘concentrated’ as conc
) HBr is actually about a 50:50 mixture, but otherwise ‘aqueous’ is
(I} Identify suitable reagents for reactions 1 and 2. ° taken to imply dilute).
..... P e AT i s e 5(c)(i) 2/4 The missing lone pair on the C of CN- means that M1 cannot be
] awarded. M2 and M3 are awarded but M4 is not as the curly is
shown from the H* (which does not have any electrons so it is
(1) State and explain how the reaction should be carried out to ensure that reaction 2 rather not possible for a curly arrow to start there as a curly arrow is
than reaction 1 ocours. used to show the movement of a pair of electrons) instead of
e T . TAOERONKE. ... Soi 1. o pYKRA . O RORXTA, ... from the lone pair of the O of the intermediate.
.......fo..\.-.-m-.'n--..-...-.-......................................:......n......-...-.................................................... 5(0)(ii) 2/2 The 3D structures Of the two Stereo|somers have been draWn
......... The.. reacorks . ot hiaked . 0nd 2lmued | ce e bupeevenk correctly.
........ templierd.. oridabion ... B el Rl e s essns [2)
5(c)(iii) 1/2 This candidate has attempted to answer this question using a
{b} Identify the necessary reagents and conditions for each of reactions 3 and 4. more advanced idea than is actually required and the phrase
. ‘both backside or forward attack’ has been credited as a
L TR . of < S reference to the nucleophile being able to attack from above
or below the plane of the molecule - but the candidate has not
: actually stated this is possible due to the planar nature of the
raction & .. PGUENE. . B oo R sty imn e s et carbonyl group.
[
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Your Examiner marks and comments

Mark Mark Comment
5(a)(i) 1/1  This is correct.
5(a)(ii) 2/2  Both parts of the answer are clearly described.
5(b) 1/2 Reagents and conditions for reaction 3 are correct, but the
reference to ‘aqueous’ makes the conditions for reaction 4

incorrect (it would be OK if qualified as ‘concentrated’ as conc
HBr is actually about a 50:50 mixture, but otherwise ‘aqueous’ is
taken to imply dilute).

5(c)(i) 2/4  The missing lone pair on the C of CN- means that M1 cannot be
awarded. M2 and M3 are awarded but M4 is not as the curly is
shown from the H* (which does not have any electrons so it is
not possible for a curly arrow to start there as a curly arrow is
used to show the movement of a pair of electrons) instead of
from the lone pair of the O- of the intermediate.

5(c)(ii) 2/2 The 3D structures of the two stereoisomers have been drawn
correctly.

5(c)(iii) 1/2 This candidate has attempted to answer this question using a
more advanced idea than is actually required and the phrase

‘both backside or forward attack’ has been credited as a
reference to the nucleophile being able to attack from above
or below the plane of the molecule - but the candidate has not
actually stated this is possible due to the planar nature of the
carbonyl group.
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5  Areaction sequenca based:on propan-1-ol is shown.

1
CH,CH;G—0H
R reaction 1 r‘?}\’-_ _ '
cion3 ° ction 4 .
CH,CH=CH, ..,u CH,GH,CHz—oH_,;ﬂr CH,CH,CH,—Br
‘propan:1-dl
l'reactlﬂnz
' ni-_ ) OH
. * reaction 5
—p —Jeaclions _ —
CHyCH,C—H —em EBJGHI? CN
’ H

{a) Reactions 1 and 2 can both be carried out using the ame reagents.

{1} Idedtify suitable reagents for reactions 1 and 2.

ﬁa&@mhﬂrm;miﬁmq 1 |

(i) State and explain how the reaction should be carried out to ensure that reaction 2 rather

~ 4han rqa::tim‘_lumurs.
 Jhean be carfiedond by o wfing ¥aOQR b bp.....
o heey oxfhr-aen loud it yeaclin ore. L

e maﬁvm lbe . can®d. and il hf:@ﬁ‘

{b) Identify the necassary reagents-and conditions for each of reactions 3 and 4.

raaction 3 HJ‘SQ‘-ii}ﬂoﬁ- t?f"“'P

" reaction 4 H’g‘}' Q.l’ {mnlﬁnp:cil mlﬁanluﬂﬂl‘
ety NaOW [ amﬂ
2]
d;r;::‘# .
— G'EH'LMI*

5(a)(i)

5(a)(ii)

5(b)

5(c)(i)

5(c)(ii)

5(c)(iii)

4

Your
Mark

page

Select

MIDDLE Low

Examiner marks and comments

Mark Comment

1/1  This is correct as formulae are an acceptable way to identify

reagents.

0/2 No mark awarded here as there is nor reference to the need for

distillation nor why it is needed.

1/2  The reagent and conditions for reaction 3 are correct but 'room

temperature’ is incorrect for reaction 4 as heat is required.

0/4 The candidate has ignored the need to start the mechanism by
adding annotations to the structures drawn in the first stage - i
order to show the formation of the intermediate. The structure
of the intermediate is almost correct but the mark cannot be
awarded because of the incorrect '+’ on the central carbon

atom. The curly arrows in the box are meaningless.

1/2 the se are good attempts at showing 3D structures in the
conventional manner and they also indicate the mirrorimage
relationship between the stereoisomers - but bonds have

been connected incorrectly which has cost one mark (it is not
penalised twice). In both structures the bond to OH goes to the
H instead of O and, in the right-hand structure the bond to CN

from the central C goes to the N instead of the C.

0/2 This is incorrect - there is no carbocation involved in this

reaction.
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Your Examiner marks and comments

Mark Mark Comment
5(a)(i) 1/1  This is correct as formulae are an acceptable way to identify
reagents.
5(a)(ii) 0/2 No mark awarded here as there is nor reference to the need for
distillation nor why it is needed.

5(b) 1/2  The reagent and conditions for reaction 3 are correct but 'room
temperature’ is incorrect for reaction 4 as heat is required.

5(c)(i) 0/4 The_candidate has ignored the need to start_the mgohanism by
adding annotations to the structures drawn in the first stage - in
order to show the formation of the intermediate. The structure
of the intermediate is almost correct but the mark cannot be
awarded because of the incorrect '+’ on the central carbon
atom. The curly arrows in the box are meaningless.

5(c)(ii) 1/2 these are good attempts at showinlg 3D structure.s in j[he
conventional manner and they also indicate the mirrorimage
relationship between the stereoisomers - but bonds have

been connected incorrectly which has cost one mark (it is not
penalised twice). In both structures the bond to OH goes to the
H instead of O and, in the right-hand structure the bond to CN
from the central C goes to the N instead of the C.

5(c)(iii) 0/2 This is incorrect - there is no carbocation involved in this
reaction.
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 Use of sodium carbonate suggests limewater should be ready

for use in testing any gas evolved.
If the tube is not very clean in a positive Tollens’ test, then a
black or dark grey precipitate is likely to form, rather than the
silver mirror expected.

3(a)(ii) A

3(a)(iii) 17

3(a)(iv) 11

3(a)(v) 1/1  Alkenes will decolourise acidified potassium manganate(VIl),
as well as primary and secondary alcohols. Relevant correct
chemistry is always awarded marks.

3(a)(vi) A
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 Use of sodium carbonate suggests limewater should be ready

for use in testing any gas evolved.
If the tube is not very clean in a positive Tollens’ test, then a
black or dark grey precipitate is likely to form, rather than the
silver mirror expected.

3(a)(ii) A

3(a)(iii) 17

3(a)(iv) 11

3(a)(v) 1/1  Alkenes will decolourise acidified potassium manganate(VIl),
as well as primary and secondary alcohols. Relevant correct
chemistry is always awarded marks.

3(a)(vi) A
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 Use of sodium carbonate suggests limewater should be ready

for use in testing any gas evolved.
If the tube is not very clean in a positive Tollens’ test, then a
black or dark grey precipitate is likely to form, rather than the
silver mirror expected.

3(a)(ii) A

3(a)(iii) 17

3(a)(iv) 11

3(a)(v) 1/1  Alkenes will decolourise acidified potassium manganate(VIl),
as well as primary and secondary alcohols. Relevant correct
chemistry is always awarded marks.

3(a)(vi) A
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 'Bubbles’ is an observation; ‘gas produced’ is a deduction.
The incorrect formula for sodium carbonate is ignored here as
it is not part of the observation nor a reagent selected by the
candidate.
The change of state is not recorded with FA 5 and Tollens'
reagent.
3(a(ii) 11
3(a)(jii) 171
3(a)(iv) 0/1  'Endothermic’ shows some logical thinking as the instruction
was to heat the reactants.
3(a)(v) Al
3(a)(vi) 0/1 Itis possible that this is an attempt to describe the Fehling’s
test, which is not valid for an alcohol. If it were valid, then
greater detail of method (heating) would be needed, as well as a
correct observation to gain the mark.

EXAMINER MARK
COMMENTS SCHEME




4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 'Bubbles’ is an observation; ‘gas produced’ is a deduction.
The incorrect formula for sodium carbonate is ignored here as
it is not part of the observation nor a reagent selected by the
candidate.
The change of state is not recorded with FA 5 and Tollens'
reagent.
3(a(ii) 11
3(a)(jii) 171
3(a)(iv) 0/1  'Endothermic’ shows some logical thinking as the instruction
was to heat the reactants.
3(a)(v) Al
3(a)(vi) 0/1 Itis possible that this is an attempt to describe the Fehling’s
test, which is not valid for an alcohol. If it were valid, then
greater detail of method (heating) would be needed, as well as a
correct observation to gain the mark.
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 2/4 'Bubbles’ is an observation; ‘gas produced’ is a deduction.
The incorrect formula for sodium carbonate is ignored here as
it is not part of the observation nor a reagent selected by the
candidate.
The change of state is not recorded with FA 5 and Tollens'
reagent.
3(a(ii) 11
3(a)(jii) 171
3(a)(iv) 0/1  'Endothermic’ shows some logical thinking as the instruction
was to heat the reactants.
3(a)(v) Al
3(a)(vi) 0/1 Itis possible that this is an attempt to describe the Fehling’s
test, which is not valid for an alcohol. If it were valid, then
greater detail of method (heating) would be needed, as well as a
correct observation to gain the mark.
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 1/4 The result of the gas test for FA 6 and sodium carbonate
contradicts that for FA 5. The use of sodium carbonate should

suggest the possibility of CO2 being evolved.

The observations with FA 5 and FA 8 are correct. It is important
to avoid contamination of samples.

It is easy to add too much acidified potassium manganate(VIl) in
one go, so the colour change can be missed.

3(a)(ii) 0/1 ‘Aldehyde’ appears logical from the reported reactions with
Tollens' reagent.

3(a)(iii) 17

3(a)(iv) 0/1 A simpler correct response is ‘redox..

3(a)(v) 0/1 Although ‘ketone’ has not come from any positive test, it is still
possible to gain the mark for a correct confirmatory test and
result.

1/1  The candidate correctly realises that a carrier protein is involved,
3(a)(vi) so is credited for this. Although ‘down the concentration
gradient’ is given here, there is no mention of glucose moving
down this gradient from the cell to the outside. The final
sentence states that glucose cannot cross the membrane so
appears to be a contradiction. As this is not qualified further, no
more marks are given.
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 1/4 The result of the gas test for FA 6 and sodium carbonate
contradicts that for FA 5. The use of sodium carbonate should

suggest the possibility of CO2 being evolved.

The observations with FA 5 and FA 8 are correct. It is important
to avoid contamination of samples.

It is easy to add too much acidified potassium manganate(VIl) in
one go, so the colour change can be missed.

3(a)(ii) 0/1 ‘Aldehyde’ appears logical from the reported reactions with
Tollens' reagent.

3(a)(iii) 17

3(a)(iv) 0/1 A simpler correct response is ‘redox..

3(a)(v) 0/1 Although ‘ketone’ has not come from any positive test, it is still
possible to gain the mark for a correct confirmatory test and
result.

1/1  The candidate correctly realises that a carrier protein is involved,
3(a)(vi) so is credited for this. Although ‘down the concentration
gradient’ is given here, there is no mention of glucose moving
down this gradient from the cell to the outside. The final
sentence states that glucose cannot cross the membrane so
appears to be a contradiction. As this is not qualified further, no
more marks are given.
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 1/4 The result of the gas test for FA 6 and sodium carbonate
contradicts that for FA 5. The use of sodium carbonate should

suggest the possibility of CO2 being evolved.

The observations with FA 5 and FA 8 are correct. It is important
to avoid contamination of samples.

It is easy to add too much acidified potassium manganate(VIl) in
one go, so the colour change can be missed.

3(a)(ii) 0/1 ‘Aldehyde’ appears logical from the reported reactions with
Tollens' reagent.

3(a)(iii) 17

3(a)(iv) 0/1 A simpler correct response is ‘redox..

3(a)(v) 0/1 Although ‘ketone’ has not come from any positive test, it is still
possible to gain the mark for a correct confirmatory test and
result.

1/1  The candidate correctly realises that a carrier protein is involved,
3(a)(vi) so is credited for this. Although ‘down the concentration
gradient’ is given here, there is no mention of glucose moving
down this gradient from the cell to the outside. The final
sentence states that glucose cannot cross the membrane so
appears to be a contradiction. As this is not qualified further, no
more marks are given.
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1

Answer all questions in the spaces provided.

(a) Magnesium nitrate, Ma(MNOy)., is very soluble in water. When a hot saturated solution of
magnesium nitrate is cocled, crystals of the hydrate, Mg(NO,)..6H,0, are formed.
In the erystals, s water molecules bond to each Mg ion, and some of these water maleculss
are also bonded to the nitrate ions.

(i} Suggest the type of bonding that occurs between
H,0 and Mg®, bt bed

H O and NO,™ e
> (2]

{lij Describe the arrangement of the water molecules arcund the Ma™ ion.

ectohadmls
(il Describe In detail what you would observe when crystals of Mg(NO,),.6H,0 are heated in
a bailing tube, gently at first and then more strongly.
Write equations for any reactions that occur,

SN L0125 ML Wl L £GP
%mﬂﬁ:jtrm:j¢L@m’%mﬁwhrfﬁ’"¢iﬁmh}
““!'E.L‘-l‘k""’]‘i"'k!ﬁ'oﬂﬁ .........................................................

“L}(ﬁﬂ,alr_”'ﬁﬂ*lmu*'f’tﬂm
|
(iv) Caloulatethe pemanlaga_lg_ahg_ig mass when Mg(NO,),.8H,0 is heated strongly to constant
Mass, .
Mol woss o L‘SUMQL SCH0 = M3+ 2 Mra] + i.[lﬂaj
< 2563 '

Moo mws 4 fﬁo < 43+l = soz

. L2 - 4a.2
A Ptm-«'lvﬂ hes = —TT2 08
L. e i,

= B4L ¥

N

perceniage loss = ......

1(a)(i)

1(a)(ii)

1(a)(iii)

1(a)(iv)

1(b)

1(c)

4

page

Select

} m MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment
1/2 M1 is correct
no mark for M2.
Hydrogen bond or ion-dipole forces are required.
1/1  Correct answer given.
4/4 the candidate gave two correct balanced equations and three
viable observations here scoring 4/4.
The two other allowed observations were:
on gentle heating the solid turns to liquid;
on strong heating a gas is formed that relights a glowing splint
2/2  Aclear, well presented calculation. Full working shown.
1/2 M1 correct
No M2 as polarising power of the cation is not linked to the
relative distortion of electron cloud of the anion.
1/1  Correct equation given. Multiplies are allowed.
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(b} Explain why the Group 2 nitrates become more stable to heat down the group.

oo A SR ‘J' LGhien | necenses...

... PONLE pdm ‘:meu; e, fm.f. e
L;imn h"lﬂ*\, dan... .wl ‘:ﬁvr e p-:dim Lffﬂm ere, Janle
s Hemal ﬁaLrHj. B 1.t

f};ﬁ.f"
E

- 2]
(c) Magnesium nitrate and silver nitrate, AgMO,, décompose on -heating to produce the same
gases. Silver nitrate also producés siiver metal.during decompaositian,
Wirite an equation for the decdmposificn ofAgNCy,

fjhm-ﬂﬁJ'ﬂaLHw,,

SEERRPRO | ||
[Total: 12]

1(a)(i)

1(a)(ii)

1(a)(iii)

1(a)(iv)

1(b)

1(c)

Select
page

Low

} MIDDLE
Examiner marks and comments

Your
Mark Mark Comment
1/2 M1 is correct
no mark for M2.
Hydrogen bond or ion-dipole forces are required.
1/1  Correct answer given.
4/4 the candidate gave two correct balanced equations and three
viable observations here scoring 4/4.
The two other allowed observations were:
on gentle heating the solid turns to liquid;
on strong heating a gas is formed that relights a glowing splint
2/2  Aclear, well presented calculation. Full working shown.
1/2 M1 correct
No M2 as polarising power of the cation is not linked to the
relative distortion of electron cloud of the anion.
1/1  Correct equation given. Multiplies are allowed.
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Answer all questions in the spaces provided.

1 (a) Magnesium nitrate, Mg(NOD,),, is very soluble in water. When a- hot saturated solution of
nesium-nitrate is- dy.crystalsof the-hydrate Mg (N3 SH, O are formed,
mhm six water roalecules bond to each Mg™ lon, and some of thesa water molewlas
are also bonded to the nitrate jons. ™ -

{il Suggest the type of bonding that securs batwesn

H,0 and Mg?, ... Co-pneitate Bandis g
Hs0 H,0 and NO-. .......... Covalent, Bonclds
/ ? IE? [21
ﬂ‘a (i} Describe the arrangement of the water molecules around tha Mg ion.
....................... ﬁﬁrmgmuL il

{iii} Deseribe in detall what you would observe whin crystals of Mg(MO,),.6H,0 are heated in
a bﬂlllng lJ.lbe ganﬂy ak first and then more atru::ngly

_____ &‘F’.ﬁ‘ddf, when... My 03), 1 B0 204 &@@" steam  woull .
. be...geen... mmﬁyﬁﬂg#}aﬁ%ﬁﬁﬁwm
..... MW
e g2 *wgn_.s-:m_.gg;wﬂ; 7. a‘r’hﬂ g:)
.. hilien...uaded.... %,a MMW ﬁmw?ﬂm—

(iv) Calculate the percentage loss in mass when Mg{NO,),.6H,0 is heated strongly.ta constant

mass. B
‘= ”n Ay FET0 Y
.fH_n LUl . § 256
o J = 10%
M =108 g & .0 Tt E
40
- : C = #FIY
(."h’a,;]l.. 1219 3% "i'.lg'i xioo = 800
=24 -
n'ﬂa‘ ? 3 'ﬂ-—: Lost
U0 26—

parcantage loss = .

256-
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1(a)(i)

1(a(ii)

Select
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Examiner marks and comments

Mark Comment

1/2 M1 is correct. No mark for M2.

Hydrogen bond or ion-dipole forces are required

0/1 Hexagonal is not sufficient.

Octahedral is required.

1(a)(iii)

1(a)(iv)

1(b)

3/4 Two correct balanced equations shown for the dehydration and
subsequent decomposition of magnesium nitrate.

Only two viable observations (steam and brown gas).
Examiners ignored the comment about ‘nitrogen gas’ as the

identities of the product were marked in the equations.

2/2 2 marks awarded here. Examiners credited 84.325 shown in
their working and ignore the rounding to 2sf. Candidates should
give their answers to three significant figures unless instructed

otherwise.

0/2 No comment about the increasing cation size or the anion

becomes less polarised down the group.

1(c)

1/1  Correct balanced equation here. Examiners ignored the use of

the reversible sign in their equation.

EXAMINER MARK
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Select
(b} Explain why the Group 2 nitrates become more stable to heat down the group.
. Jsthe falilee Eﬂ% Socrmnses. oo, Heguwep, (ueunp2. atcol....... Your Examiner marks and comments

.becane._.onte. shble 12 beat. ond.. donk. ﬂm mfg ........................... Mark Mark Comment
: e 1(a)(i) 1/2 M1 is correct. No mark for M2.
: Hydrogen bond or ion-dipole forces are required
- 2
(¢) Magnesium nitrate and silvet nitrate, AgNO,, decompose on heating to produce the same 1(a)(ii) 0/1 Hexagonal is not sufficient.
gases. Silver nitrate also produces silver metal during decompasition. ajn Octahedral is required.

White an equation fur th-a demmpmltlnn of AgO..

ﬂ?gﬂm“;. = A . A ANea .Ox... e [1]

[Total: 12] 1(a)(iii) 3/4 Two correct balanced equations shown for the dehydration and
subsequent decomposition of magnesium nitrate.

Only two viable observations (steam and brown gas).
Examiners ignored the comment about ‘nitrogen gas’ as the
identities of the product were marked in the equations.

1(a)(iv) 2/2 2 marks awarded here. Examiners _credited 84.325_shown in
their working and ignore the rounding to 2sf. Candidates should
give their answers to three significant figures unless instructed
otherwise.

1(b) 0/2 No comment about the increasing cation size or the anion
becomes less polarised down the group.

1(c) 1/1  Correct balanced equation here. Examiners ignored the use of
the reversible sign in their equation.

EXAMINER MARK
COMMENTS SCHEME




1

Anzwer all questions in the spaces provided.

(a) Magnasium nilrate, Mg(NQ,)., is very soluble in water. When a holt saturated solution of
magneshum nitrate [s cooled, crystals of the hydrate, Mg{NC,)..6H,0, aré formed.
In the crystals, sic water molecules bond fo each Mg* fon,.and some of these water molecules
are also bonded to the nitrate fons,

{I) Suggest the type of bonding that occurs betweaen

dokive ek covaleuk bend .

HyOr and Ma™, .oivecnnniie .
H,O and NOy. ....... 'Ajd\"ﬂj‘gﬂbﬂ“d
2]
{iiy Describe the arrangement of the water malecules around tha Mg ian.
........... .ﬂnoﬁkﬂ;bandrﬂs.lﬁw-%‘ﬁ 1]

{iii) Describe indetail what yvou would observe when crystals of Mg(NO,),.6H,0 are heated-in

a bolling tube, genlly al first.and then more strohgly.
Write equations for any reactions that ocour.

e, NAND Y, s G MO b heated o
d’#—& Cworl) | ewo nm_te

"-m o ckaly Jom- § Healilea
Lasserdy daak
;,D s ﬁuali;ﬂglﬁ.ﬂ
%Hﬁﬁ%mjw@aﬁa%m

[4]

mm ;"f'
-s-kr »j‘j

“"ﬁfi%?iéﬁfﬁéiﬁé;ié_i{;ﬁi;ﬁff

{iv) Calculate the percentage loss in mass when Ma(NOQ,),.6H,0is heated strongly to constant
mass. Mg (MOs): ~etao — Mj”+ 2 ND3 +GHD

percentane (058 = ..., % [2]

1(a)(i)

1(a)(ii)

1(a)(iii)

1(a)(iv)

1(b)

1(c)

4

page
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Examiner marks and comments

Your
Mark Mark Comment

2/2 Both marks correct. lon-dipole forces is a valid alternative to
both of these answers.

1/1  Correct answer given.

1/4 One correct equation for the dehydration of the salt (M3) and
only one viable observation (‘water evaporates’). Candidates
needed two viable observations for M1 or three for M1+ M2.
The candidate did not give any description about the
decomposition of Mg(NO,),.

0/2  Calculation not attempted.

The correct answer 84.3 % without working would have scored
full marks.

1/2 M1 is awarded for the ionic size increasing - examiners assumed
this related to the metal ion changing down the group.

No M2 as no mention of less distortion (less polarisation) of the
anion by the cation down the group.

0/1 The candidate has not identified the gases produced, oxygen
and nitrogen dioxide, from the nitrate ion.

EXAMINER MARK
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Select
< e } m MIDDLE LOW
{b) Explain why the Group 2 nitrates become mare stable to heat down the group,

L N TCTR < = T o T T o S B L TR TTL O =12 Your Examiner marks and comments

Ldnecease... k... A uﬂmn& ol ueases  so. Mark Mark Comment
""" —un ene... ... [R5 Q&.H'-:'ﬂﬂ'\(‘“ Fﬁ’ ... :;ﬂd} ’fQ‘QﬂSﬂ.j"m 1(a)(i) 2/2 Both marks correct. lon-dipole forces is a valid alternative to
both of these answers.

ﬂmxmﬁﬂ& S [.QLL'H&E .mur‘]j ard. bjd

marjjaeuwe

() Magnesium nitrate gnd silver nitrate, FgNi:},, decompose on heating to produce the same 1(a)(ii) 1/1  Correct answer given.
gases, Silver nitrate also produces silver metal during decomposition. -

Wirite: an aquation for the decomposition.of KghO,.

[Total: 12] 1/4 One correct equation for the dehydration of the salt (M3) and
1(a)(iii) ; T, 5 -

only one viable observation (‘water evaporates’). Candidates

needed two viable observations for M1 or three for M1+ M2.

The candidate did not give any description about the
decomposition of Mg(NO,),.

1(a)(iv) 0/2  Calculation not attempted.
The correct answer 84.3 % without working would have scored
full marks.
1(b) 1/2 M1 is awarded for the ionic size increasing - examiners assumed
this related to the metal ion changing down the group.

No M2 as no mention of less distortion (less polarisation) of the
anion by the cation down the group.

0/1 The candidate has not identified the gases produced, oxygen
1(c) . Ny . .
and nitrogen dioxide, from the nitrate ion.

EXAMINER MARK
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2

Ethanoi: acid is a weak ackd,
(a) Explain what is meant by tha term wioak acid.
Ts.on eerd Hal checrol ehugcinte | complehii .o sobtliRt .
LM

(b) The pk, values of four acids are listed below.

acid | sitructural formula pK,
1 CH,CO.H 4.8
2 CHyCH,COH 4.9
3 CH,CHCICOH 2.8
4 CH,CICH,COH 4.0

(i} State the mathernatical relationship batween pi, and the acid disscciation constant K,.
{fi) With reference fo acidity, explain the difference in pi, values between
« gcid 1and acid 2,
M-Jifsfmw:fk##ﬂﬂmrz)iEW‘”‘E‘*EFMF"“E“’ | fechele

= @cid 2 and acid 3,

Ducac) 215 Ness asnedte Moo crrd B becouse: Mo chlorek cleve 21 eleclon sotlidon,

o vmnbens o A QN bond insrensip bo, end decbng pha.....

‘s ackd 3 and acid 4.

“‘Ckﬂm'ﬁemjmwmﬁ%ﬁm;‘%hd&wfvém ............

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

4
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Examiner marks and comments

Your
Mark Mark Comment

1/1  Correct definition given.

1/1  Correct relationship shown.

Candidates do not need to indicate that the logarithm is base 10
so pKa=-logKa would be credited.

2/2 Correct trend in acidity but no explanation. Candidates were
expected to state that acid 2 is less acidic due to the presence
of a larger electron-donating (alkyl/R) group.

An excellent answer. Candidates did not need to mention that
the presence of the Cl electron-withdrawing weakens the O-H
bond.

correct answer given. The candidate could have extended their
answer to state this weakens the O-H bond making it easier for
the acid to dissociate.

4/4  Full marks here for a correct fully labelled diagram. Examiners
ignored the label 'highly resistant electrode’ and credited 'V’
for voltmeter + salt bridge for the first marking point. Cu?*(aqg)
was accepted as an alternative for CuSQO, in the second marking
point. Likewise H*(aqg) for HCl in the third marking point. Pt alone
+ Tatm is acceptable for the fourth marking point.

1/1  Correct answer given.

2/2  Clear working with the correct answer given. A minimum of two
significant figures was required here.

2/2 The candidate used the Nernst equation correctly to give the
desired answer. Clear working given here.

EXAMINER MARK
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COMMENTS
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Your Examiner marks and comments

Mark Mark Comment
2(a) 1/1  Correct definition given.
2(b)(i) 1/1  Correct relationship shown.

Candidates do not need to indicate that the logarithm is base 10
so pKa=-logKa would be credited.

2(b)(ii) 2/2  Correct trend in acidity but no explanation. Candidates were
expected to state that acid 2 is less acidic due to the presence
of a larger electron-donating (alkyl/R) group.

An excellent answer. Candidates did not need to mention that
the presence of the Cl electron-withdrawing weakens the O-H
bond.

correct answer given. The candidate could have extended their
answer to state this weakens the O-H bond making it easier for
the acid to dissociate.

2(c)li) 4/4  Full marks here for a correct fully labelled diagram. Examiners
ignored the label 'highly resistant electrode’ and credited 'V’

for voltmeter + salt bridge for the first marking point. Cu?*(aqg)
was accepted as an alternative for CuSQO, in the second marking
point. Likewise H*(aqg) for HCl in the third marking point. Pt alone
+ Tatm is acceptable for the fourth marking point.

2(c)(ii) 1/1  Correct answer given.

2(d)(i) 2/2  Clear working with the correct answer given. A minimum of two
significant figures was required here.

2(d)(ii) 2/2 The candidate used the Nernst equation correctly to give the
desired answer. Clear working given here.

EXAMINER MARK
COMMENTS SCHEME
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Ethanoic acid is a weak achd.

{a) Exptain what is meant by the term weak acid:

(b) The pK, values of four Beids are listed below.

" [acd] structural formula kK, i
' CH,COH 48 4w esdie
2 CH,CH,COH 48 4
3 CH,CHGIGO,H 28
4 | CHCICHCOH | 40

(i} State the mathematical relationship betwsen pk, and the acid dissoclation constant K,

{ii) ‘With reference to acidity, explain the difference in K, values between
» acid 1 and acid 2,
i ﬁjr«wﬁ 4+ ool D b e, thoon nlwﬂ testhal_qzmp
dooal 1.ty b, OSOROT o M4 doge nd s,
S ks ool o 2l T
« gcid 2 and o
Al T ke i o, sw,!
'ﬂmnua-&mcl& M& iy oy mﬁudud.l}
. acldﬂandamd4
__________ Eﬁ:[nﬂh J’ C]'-lurhw ,H'pﬁ_i'\ wu;l.i i n.'l’ corban ot
mt ﬂraf Anmdf' -mmcl& B e .stﬂq, 'Fnﬂn M:q!‘[sl
acid 4.

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

page
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Mark
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Examiner marks and comments

Mark Comment

1/1  Correct answer given.

1/1  Correct answer given.

2/3 Correct answer here. Examiners allowed 'dissociates less

extensively’ for ‘less acidic’ here.

Correct answer given. Examiners allowed ‘ionises more
extensively’ for ‘more acidic’ here.

The candidate did not link the relative acidity of the acids to their
correct reasoning for why acid 3 is more acidic than acid 4.

Examiners ruled that ‘the anion is more stable’ was not
sufficient for ‘more acidic’ here.

4/4 Excellent clear labelled diagram.

For marking points two and three, Cu?* (aqg) is an alternative to
CuSO, and H+ to HCl(aq) here.

0/1 Correct value for the cell potential but the identity of the

positive electrode should be copper.

2/2 Clear working and the correct answer is given here.

1/2 in their calculation. It should be

E. =FEr-E

cell ed oxid

E_ =034-(0.17)=+051V

cell
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Your Examiner marks and comments

Mark Mark Comment
2(a) 1/1  Correct answer given.
2(b)(i) 1/1  Correct answer given.
2(b)(ii) 2/3 Correct answer here. Examiners allowed ‘dissociates less
extensively’ for ‘less acidic’ here.

Correct answer given. Examiners allowed ‘ionises more
extensively’ for ‘more acidic’ here.

The candidate did not link the relative acidity of the acids to their
correct reasoning for why acid 3 is more acidic than acid 4.

Examiners ruled that ‘the anion is more stable’ was not
sufficient for ‘more acidic’ here.

2(c)(i) 4/4  Excellent clear labelled diagram.

For marking points two and three, Cu?* (aqg) is an alternative to
CuSO, and H+ to HCl(aq) here.

2(c)(ii) 0/1 Correct value for the cell potential but the identity of the
positive electrode should be copper.

2(d)(i) 2/2 Clear working and the correct answer is given here.
2(d)(ii) 1/2  in their calculation. It should be
Ecel\ = Ered - onid

E_ =034-(0.17)=+051V

cell

EXAMINER MARK
COMMENTS SCHEME




2 Ethancic acid is a weak acid,

{a) Explain what is meant by the term weak acid.

w Mg' .&fﬁmm . M mam....ﬁfm wa@:af

fonise mq:w@

(b) The pk, values of four acids are listed below.

‘acid | structural formula pK,
1 CHiCOH, 48
2 CH,CH,COH 49
3 |  CH,CHCICOH 28
4 |  CHCICHCOM a0

(i} State the mathematical refatiurrship between pk, and the acid dissociation constant K.,

(it) With reference to acidity, explain the difference In pk, values between

= acid 1 and al::dﬂ

AL 2 Ak, mﬁﬁﬁfﬁﬁq conpared 40, acil &1....

= acid 2 and acid 3,
Ag#» P Fla volus,. dussen, . m? ierafie,. Avd 5.

... a steapgen. ko, Han.. A 2. s .. Tht.. 2

« acid 3 and acid 4, abiich 1% elechenalpaativg

[

Wmﬂ:m‘f

LAl 3 b B adelc Han A fao. et ...
 PARGOHE 0 B AHA B

2(a)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

page
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Examiner marks and comments

Mark Comment

1/1  Correct answer given.

1/1  Correct answer given.

1/3 The candidate is awarded a salvage mark for the correct trend in

acidity for the three bullet points. Incorrect reasoning is shown.
Acid 1 is more acidic than acid 2 due to the smaller electron
donating alkyl group.

Acid 3 is more acidic than acid 2 due to the presence of the
electron withdrawing CI group.

Acid 3 is more acidic than acid 4 since the Cl group is closer to
the CO,H group.

2/4 2 marks awarded for marking point three and four here.
The presence of the ‘cell’ in the circuit is a contradiction so

negates the first marking point.

For second marking point the solution in the copper half-cell
should have been identified as Cu?* or CuSO,.

1/1  Correct answer given

0/2  Incorrect answer given. D is a weak acid (very small K ) so the

pH is calculated as shown in the mark scheme.

The correct answer, pH=2.96, should be given to a minimum of
two significant figures.

0/2 Incorrect answer given. The candidate should have used 1.11x102
for the [H*] and the Nernst equation was not used correctly.

The correct answer is +0.51 V. This is calculated as shown.

Ecel\ = Ered - EOXid

Eol=E— 0.059IOQ1O(1.11X10'3)

E_ =034-(0.17)=+051V

cell

EXAMINER MARK
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COMMENTS




4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
2(a) 1/1  Correct answer given.
2(b)(i) 1/1  Correct answer given.
. 1/3 The candidate is awarded a salvage mark for the correct trend in
2(b)(ii) o ; R
acidity for the three bullet points. Incorrect reasoning is shown.

Acid 1 is more acidic than acid 2 due to the smaller electron
donating alkyl group.

Acid 3 is more acidic than acid 2 due to the presence of the
electron withdrawing CI group.

Acid 3 is more acidic than acid 4 since the Cl group is closer to
the CO,H group.

2(c)(i) 2/4 2 marks awarded for marking point three and four here.
The presence of the ‘cell’ in the circuit is a contradiction so
negates the first marking point.

For second marking point the solution in the copper half-cell
should have been identified as Cu?* or CuSO,.

2(c)(ii) 1/1  Correct answer given

0/2  Incorrect answer given. D is a weak acid (very small K ) so the

2(d)(i) pH is calculated as shown in the mark scheme.

The correct answer, pH=2.96, should be given to a minimum of
two significant figures.

2(d)(ii) 0/2 Incorrect answer given. The candidate should have used 1.11x10?
for the [H*] and the Nernst equation was not used correctly.

The correct answer is +0.51 V. This is calculated as shown.

Ecel\ = Ered - EOXid

Eol=E— 0.059IOQ1O(1.11X10'3)

cel

E_ =034-(0.17)=+051V

cell
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 1/1  Correct answer given.
3(a)(ii) 2/3 2 marks for reactions 2 and 3. The candidate omitted the need to
heat in a sealed tube for reaction 1.

3(b)(i) 0/1 Incorrect answer. This shows ethylamine acting as a base, rather
than why aqueous ethylamine solutions are alkaline (an equation
releasing hydroxide ions).

3(b)(ii) 2/2 Correct answer given.

3(c)(i) 1/1  Correct answer given here.

3(c)(ii) 2/2  Correct answer given. The equations can be ionic or not ionic.

EXAMINER MARK
COMMENTS SCHEME
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(c) Solutions containing mixtures of amines and their saks are buffer solutions.

(i} Emplain what is meant by the term buffer solution. Your Examiner marks and comments

e selution conssts of positve aund nagetively duamed mns widdi are readily Mark Mark Comment
o feke up € W s auad ST o revist cmall change m g b a cuaadl 1y,

. 1/1  Correct answer given.
oosid of HY mas sl oH” dovs ave added Fo Hag eeladidv, 3(a)(i) 9
(i) Write two equations to show how a selution containing a mixture of CHyNH, and CH,NH,CI
acts as a buffer.
L GbMie + W > auley 2]
3(a)(ii) 2/3 2 marks for reactions 2 and 3. The candidate omitted the need to
[Total: 10] heat in a sealed tube for reaction 1.
3(b)(i) 0/1 Incorrect answer. This shows ethylamine acting as a base, rather
than why aqueous ethylamine solutions are alkaline (an equation

releasing hydroxide ions).

3(b)ii) 2/2 Correct answer given.
3(c)(i) 1/1  Correct answer given here.
3(c)(ii) 2/2  Correct answer given. The equations can be ionic or not ionic.

EXAMINER MARK
COMMENTS SCHEME
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Your Examiner marks and comments

Mark Mark Comment
3(a)(i) 1/1  Correct answer given.
3(a)(ii) 2/3 2 marks for reactions 2 and 3. The candidate omitted the need to
heat ‘in a sealed tube’ for reaction 1.

3(b)(i) 0/1 Incorrect answer. This shows ethylamine acting as a base, rather
than why aqueous ethylamine solutions are alkaline (an equation
releasing hydroxide ions).

3(b)(ii) 1/2 1 mark award for ‘ethylamine being more basic due to the
presence of the electron-donating ethyl group’. The candidate
should have stated that this makes the lone pair on the N more
available to accept a proton.

3(c)(i) 0/1 No mark here as the candidate stated a buffer solution ‘keeps
the pH constant’. A buffer solution ‘minimises changes in pH
when small amounts of acid and alkali are added to it'.

3(c)(ii) 2/2 Both equations are correct here.

EXAMINER MARK
COMMENTS SCHEME




{e) Solutlons eontalning mixtures of amines and thait salts. are buffer solutions,

(i} Explain what is meant by the term buffer solufion,
A splstron fhab keeps gl corclosk_ohen smedl omeunh of clkods sesh...

R ]
(i} Wirite two equalions to show how a solulion containing a mixdurs of CHyNH, and CH,NH,CI
acts as a buffer,

CoHa Mt oy # Hllongs, = CHaMHa Cliy
- CHy My Clpog +. #“mrm == CHalHaceq b ”“'a“—ﬁ*" HLGEH . 12

[Total: 10]

3(a(i)

3(a)(ii)

3(b)(i)

3(b)(ii)

3(c)(i)

3(c)(ii)

Select

4 page

Low

} MIDDLE
Examiner marks and comments

Your
Mark Mark Comment

1/1  Correct answer given.

2/3 2 marks for reactions 2 and 3. The candidate omitted the need to
heat ‘in a sealed tube’ for reaction 1.

0/1 Incorrect answer. This shows ethylamine acting as a base, rather
than why aqueous ethylamine solutions are alkaline (an equation
releasing hydroxide ions).

1/2 1 mark award for ‘ethylamine being more basic due to the
presence of the electron-donating ethyl group’. The candidate
should have stated that this makes the lone pair on the N more
available to accept a proton.

0/1 No mark here as the candidate stated a buffer solution ‘keeps
the pH constant’. A buffer solution ‘minimises changes in pH
when small amounts of acid and alkali are added to it".

2/2 Both equations are correct here.

EXAMINER MARK
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Mark Mark Comment

3(a)(i) 1/1  Correct structure identified.

1/3 A salvage mark was awarded for identifying the main reagent
in reactions 1 and 2. The candidate omitted the need to ‘heat’
reactions 1 and 2. The reagents Sn/HCI were not accepted for
reaction 3. LIAIH, or H,/Ni catalyst was required.

3(a)(ii)

3(b)(i) 0/1 Incorrect response. This shows ethylamine acting as a base,
rather than why aqueous ethylamine solutions are alkaline (an
equation releasing hydroxide ions).

- 1/2 1 mark award for ‘ethylamine being more basic due to the
3(b)(ii) ; \ .
presence of the electron-releasing alkyl group’. The candidate
should have stated that this makes the lone pair on the N more
available to accept a proton.

3(c)(i) 1/1  Correct answer given.
3(c)(ii) 0/2 both equations are incorrect. The first equation had an extra
Cl-ion on the right. The second equation had incorrect products.

The equations required as shown.
CH,NH, + H*-> CH_NH,*
CH,NH,Cl + OH -> CH,NH2 + H,O0 + CI

EXAMINER MARK
COMMENTS SCHEME
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(e} Solutions containing mixtures of amines and their salls are buffer solutions.

(i} Explainwhatis meant by the term buffer solution. Your Examiner marks and comments

Dsdlulion winich wesists changes. in g H when simall Mark | Mark Comment
gnantities. of ocidoy allaliove added toik -y 3(a)(i) 171 Correct structure identified.

{ily Wirite twa equations ta show how a selution omﬁlnlng a mibdure of CH,MH, and CH,NH,C!
acts as a buffer, '

- . _+_ ’ * . -
QHE:EJU'%*jJITEﬁﬂaNﬂﬁTﬁJ 1/3 A salvage mark was awarded for identifying the main reagent

(;.";1.,5 N H3 I’:«f ¥ O‘r{' —r - NHL T & !{'j - 2] stal(ii) in reactions 1 and 2. The candidate omitted the need to ‘heat’
T mmmmm—m———— reactions 1 and 2. The reagents Sn/HCI were not accepted for

[Total: 10] reaction 3. LIAIH, or H,/Ni catalyst was required.

3(b)(i) 0/1 Incorrect response. This shows ethylamine acting as a base,
rather than why aqueous ethylamine solutions are alkaline (an
equation releasing hydroxide ions).

- 1/2 1 mark award for ‘ethylamine being more basic due to the
3(b)(ii) ; \ .
presence of the electron-releasing alkyl group’. The candidate
should have stated that this makes the lone pair on the N more
available to accept a proton.

3(c)(i) 1/1  Correct answer given.

3(c)(ii) 0/2 bot_h equations_are incorrect. The first_equatio_n had an extra
Cl-ion on the right. The second equation had incorrect products.
The equations required as shown.

CH,NH, + H*-> CH_NH,*

CH,NH,Cl + OH -> CH,NH2 + H,O + CI

EXAMINER MARK
COMMENTS SCHEME
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4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
a(a)(i) 2/2  Correct structures of the cis- and trans isomers drawn.
a(a)(ii 0/1 Incorrect answer. Only the dipoles on the trans isomer cancel.
a)(ii) o ;
The cis isomer is polar.

4(a)(iii) 0/1 This is not sufficient. They should have stated that the mirror
image of this isomer is the superimposable/same.

4(b)(i) 1/1  Correct answer given.

a(b)(ii) 1/1  Correct three-dimensional tetrahedral diagram drawn.

EXAMINER MARK
COMMENTS SCHEME




4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
a(a)(i) 2/2  Correct structures of the cis- and trans isomers drawn.
a(a)(ii 0/1 Incorrect answer. Only the dipoles on the trans isomer cancel.
a)(ii) o ;
The cis isomer is polar.

4(a)(iii) 0/1 This is not sufficient. They should have stated that the mirror
image of this isomer is the superimposable/same.

4(b)(i) 1/1  Correct answer given.

a(b)(ii) 1/1  Correct three-dimensional tetrahedral diagram drawn.

EXAMINER MARK
COMMENTS SCHEME




4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
4(a)(i) 2/2  Correct answer given.
4(a)(ii) 1/1  Correct answer given.
4(a)(iii) 0/1 This is not sufficient. The desired answer was that its mirror
image is the same or superimposable.

4(b)(i) 1/1  Correct answer given.
4(b)(ii) 0/1  Incorrect 3D structure as the two bonds outside the plane
should be adjacent to one another.

EXAMINER MARK
COMMENTS SCHEME




4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
4(a)(i) 2/2  Correct answer given.
4(a)(ii) 1/1  Correct answer given.
4(a)(iii) 0/1 This is not sufficient. The desired answer was that its mirror
image is the same or superimposable.

4(b)(i) 1/1  Correct answer given.
4(b)(ii) 0/1  Incorrect 3D structure as the two bonds outside the plane
should be adjacent to one another.

EXAMINER MARK
COMMENTS SCHEME




(ED O0C

Your Examiner marks and comments

Mark Mark Comment

4(a)(i) 0/2

0/1 Incorrect answer. The candidate could have received error
carried forward from (a)(i) if they had extended their answer with
‘as the dipoles do not cancel!

4(a)(ii)

4(a)(iii) 0/1 This is not sufficient. The desired answer was that its mirror
image is the same or superimposable.

4(b)(i) 0/1 Tetrahedral is the only correct answer here.
4(b)(ii) 0/1 Incorrect 3D structure as the two bonds outside the plane
should be adjacent to one another.

EXAMINER MARK
COMMENTS SCHEME




(ED O0C

Your Examiner marks and comments

Mark Mark Comment

4(a)(i) 0/2

0/1 Incorrect answer. The candidate could have received error
carried forward from (a)(i) if they had extended their answer with
‘as the dipoles do not cancel!

4(a)(ii)

4(a)(iii) 0/1 This is not sufficient. The desired answer was that its mirror
image is the same or superimposable.

4(b)(i) 0/1 Tetrahedral is the only correct answer here.
4(b)(ii) 0/1 Incorrect 3D structure as the two bonds outside the plane
should be adjacent to one another.

EXAMINER MARK
COMMENTS SCHEME
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& Cadmium lons form complexes with primary amines and with 1, 2-dfaminoetharns.

Kop=3B=10% equilibrium |

Co*(aq) + 4CH,NH,(aq) = [Cd{CH,NH,},["(aq)
Cd*(aq) + 2H,NCH,CH,NH,(ag) == [CO[HNCH,CHNH,)"(aq) K, =42x 10" equilibrium I

{ad (i) Write an expression for the stability constant, K., for equilibrium |, and state its units,

. oy -4 T
R (G mi:_;@ ) mol | dn
q =
[ CHsiy 'l Ca™, J UES oo

Cadmium lons are poiscnous and need to be removed from seme water supplies. This is often
dane by adding a complexing agent.

(i} Inasample of ground water the concantration of Cd®{aq) iz 1.00 = 10~4moldm.

Calculate the concentration of CH,NH,(ag) needed fo reduce the concentration of Cd*{aq)
in this dilute solution by a factor of one thousand., s w00 —F Ix |1p=F

m——

— EC.,;I, ((chariizly ] e

catt & Loy ks

1 L "]

Veopxio

(u o )__11 - {1xln'1) =

-5
fou= 19 ':,5
4445 & Vo ;
=12 A2 5.-.1:-“1':} concantration of CHMH,(ag) = :1,5'5 maldm? [2]

2.5a X 187

Select
page
Examiner marks and comments

MIDDLE Low

Your
Mark Mark Comment
5(a)(i) 2/2  Correct answer given.
5(a)(ii) 0/2 Incorrect answer. Candidate did not calculate new concentration
of [Cd, ]and [Cd(CH,NH,) ], ] and substitute into their
expression in (a)(i). The correct answer is 0.129.
5(b)(i) 1/1  Correct answer given. An answer with a correct reference to
bond breaking or bond forming was credited here.
5(b)(ii) 1/1  Correct answer given.
1/1 1 mark awarded. Examiners credited fewer moles of reactant
5(b)(iii) . AN .
were converted to the complex in equilibrium Il. They ignored
the slight slip, '2’, in their answer.
5(b)(iv) 1/1  Excellent answer given.

MARK
SCHEME

EXAMINER

COMMENTS




{b) Values for AH® and AG* for equilibria | and II, and the value of 45* for equilibrium 1, are given
in the table balow: All values-are at'a temperature of 2881,

AG* [k mok!

equilibrium | AH® /kJmol ﬂS'a.“'K..'m.l
1 573 —37.4 | -688
] =585 =507 1o be calculated

(i) Suggest a reasornwhy the AH* values for the two equilibria-are very similar,
An vobh comptexes , M I abcogen atens deoade fogr joce palfs
ko mbe, da¥e Vonds with eadmivm o o Yo eneqy reteased s very M]

s
(i) Calcuate AS* forequilibrium Il
.f_'l.l.',_ = AW - TAS -
[laxt)? (-56-5x100) - (2a3)(8¢)

As = 14.09395
= M|

. ase=. b tMe)  ikmor (]
T sl

{iii) Suggesta reasonfor the difference between the AS* you have calculated for equilibrium I

and that for equilibrium | given-in the table.
Tncrease n entropy foy cqulibdivm 2 because fewer ot of

Yeadurk. £2.). waved0y. fo. produck... [ 2).o.. Jn. eav] ibowm Lo

a deveasein enttapy because rore mals of readant (5) converting g
fo product’ 4y -

{i¥] Which of the two complexes:is the more stable? Give a.reqs.pn far your answer.
The complex. from_egyillrivn 2 becanse “ke  acmavion Vs favered

.mfgaﬁm&.hg.....(.%ﬁr.?&.munh..m.fg,.nwﬂaﬁﬁ.ﬂ.fe..manﬁm_n_..‘.-@___mrfr___..____...____. 1]
Lpontapeais ¥ forword :i-'ff-aﬁﬂﬂ'} ard alss becarse ils Total: 8]
I r_fu]hli . hes oa h‘lﬁhﬁ kil yalue

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)

Select
page

m MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

2/2  Correct answer given.

0/2 Incorrect answer. Candidate did not calculate new concentration
of [Cd, ]and [Cd(CH,NH,) ], ] and substitute into their
expression in (a)(i). The correct answer is 0.129.

1/1  Correct answer given. An answer with a correct reference to
bond breaking or bond forming was credited here.

1/1  Correct answer given.

1/1 1 mark awarded. Examiners credited fewer moles of reactant
were converted to the complex in equilibrium Il. They ignored
the slight slip, '2’, in their answer.

1/1  Excellent answer given.

EXAMINER MARK

SCHEME

COMMENTS




E  Cadmium ions form complexes with primary amines and with 1,2-diaminoethane.
Cd™(aq) + 4CH,NH,(aq) == [CA(CH,NH,),]*(aq) Koo =36x10°  equilibrium |
Cd*(aq) + 2H,NCH,CH,NH,(aq) = [CA(H.NCH,CHNH,},"(aq) K., =4.2x 10" equilibrium Il
{a) (i) Write an expression for the stability constant, K, for equilibrium |, and state its units.

tm.u"..al\hl."s' .:'

(Cedt tamgomy Y 3@ |
[,M"'Bﬂ_! C Lbhmn@i"*_

(o o 5) [EPPPEL I Ty 1.;1

L2
B el * M At

- VL

[2] .

Cadmium ions are poisonous and need to be removed from some water supplies. This is often
-

dane by adding a complexing agent. .
(1} Ina sample of ground water the concentration of Cd™(aq) ks 1.00 = 10~*maldm™.

Calculate the concentration of CH,NH,(aq) neadad to reduce the concentration of Cd™(ag)
in this dilute solution by a factor of one thousand.

-y,
ERCL L T v AN}
:-) Ly m"g‘

Y1

-3
concentration of CHyNH,(ag) = S5 %1% ......... moldm™ 2]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)

Select
page
Examiner marks and comments

MIDDLE Low

Your
Mark Mark Comment

2/2  correct answer given.

0/2 Incorrect answer. Candidate did not calculate new concentration
of [Cd, ] and [Cd(CH,NH,) ], ] and substitute into their
expression in (a)(i). The correct answer is 0.129.

0/1 This is not sufficient. The candidate needed to reference bond
breaking or making in their answer, For example, the same
number of bonds are forming and breaking.

1/1  Correct answer given.

0/1 No marks. The candidate needed to answer in terms of the
number of moles of reactants or quoting the molar ratio of
reactants in equilibria | and II.

1/1  Correct answer given.

EXAMINER MARK
COMMENTS SCHEME




Select
4 page } MIDDLE Low
" (b) Values for AH® and AG* for equilibria | and I, and the value of AS* for equilibrium |, are given
in the table below. All values are at a temperature of 288K
- L . R Examiner marks and comments
equibrium | AH* /k)mot AG*Ikdmot' | AS®1IK- molt Your
: : - Mark Mark Comment
1 =571.3 =374 —£6.8 .
1 -56.5 -80.7 to be calculated 5(a)(i) 2/2  correct answer given.
{i) Suggesta reason why the AH®values for the two equilibria-are very similar.
MWMMu%ﬂmmmmmmmammrﬂ
b{immhmﬁﬁnd“”h?mmm”;uhﬁm [1]t5. 5(a)(ii) 0/2 Incorrect answer. Candidate did not calculate new concentration
BOLLLG . . : .
(i} Caloulate E?‘hrgquﬁihrium . Bl awressen as of [Cd, ]and [Cd(CH,NH,),], ] and substitute into their
b5 xioes ] expression in (a)(i). The correct answer is 0.129.
a{' F./ -;(a;x ‘(:.u-quua'}-h LE s AL
i — A e
:;fa,n"&d a
= age= MR, JK Mol [1] 5(b)(i) 0/1 This is not sufficient. The candidate needed to reference bond
(i) Suggest a reason for the difierence between the AS® you have calculated for equilibrium I brealélng c])crbmalgmg |nfthe|r_ answderk,) Fork(_example, the same
and that for equilibrium | given in the table. . number of bonds are forming and breaking.
B W 1. e Atitererce . cadidonom ok, S and. Saeiibnon
A5 Memenese. cawioiom T s veore. mmndom and _
— ) 5(b)(ii) 1/1  Correct answer given.
{iv] Which of the two complexes is the more stable? Give a reasan for your answer,
D oakeiou. T . wers., SMomle, .. L5122 Sromresihone )
a3 ke & ere avd Gloht encay alse shewes 0T 1) 5(b)(iii) 0/1  No marks. The candidate needed to answer in terms of the
Br wserl B o e dorne e EmperTtwent _ number of moles of reactants or quoting the molar ratio of
[Total: 8] reactants in equilibria | and II.
5(b)(iv) 1/1  Correct answer given.
EXAMINER MARK
COMMENTS SCHEME




& Cadmium.ions form complexes with primary aminas and with 1, 2-diamincethane.
Cd™(aq) + 4CH,NH {aq) == [Sd(CHNH,), T (=q)
Cef*(ag) + ZHNCH,CHNH,(aq) = [Ca(H,NCH,CHNH,).*(2q)

{a) (I} ‘Writa an exprassion far the stability-constant; k... for equilibfivm 1, and state its units.

- C Cd(CH3 NHi)L:J
= [cdJ [ CHsVHy]S

Koo = 36 108 equilibriurn |

Ko = 4.2 x 10" equilibrium Il

-5

[@

Cadmium lons are poiscnous and need to ba removed from somea water supplies. This is often
«dong by adding a complexing agent.

(i) Inasampleof ground water the concentration of Cd**(ag)is 1.00 » 10~ moldmr.

Calculate the concentration of CH,NH,{ag) needed to reduce the contentration of Cd™(ag)
in this dilute solution by a factor of one thousand,

COR
T o%0 ~ (k™)
(3 -6x Iﬁé)

concantration of CHNH (ag) = 0’36 maldm [2]

5(a)(i)

5(a)(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)

4

page

Select

} m MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

1/2 1 mark for the correct units given. No mark for the stability
constant expression as the charges have been omitted on the
two ions.

0/2 Incorrect answer. Candidate did not calculate new concentration
of [Cd, I and [Cd(CH,NH,),],.]1 and substitute into their
expression in (a)(i). The correct answer is 0.129.

0/1 Incorrect answer. The candidate needed to reference bond
breaking or making, For example, the same number of bonds
are forming and breaking.

1/1  Correct answer given.

0/1 This is not sufficient. The candidate needed to answer in terms
of the number of moles of reactants or quoting the molar ratio
of reactants in equilibria | and II.

1/1  Correct answer given.

EXAMINER MARK

SCHEME

COMMENTS




(b} Values for AH* and | AG*for equilibeia | and 1, and the value of AS® for equilibrium ], are given
in the table below, All values are at a temperature of 288K,

equiliorium | AH® 1k mal- AG* [kJmol A% K- mol!
I - 573 ~37.4 —56.8
I =565 -80.7 to be calculated

(i} Suggesta reason-whiy. the AMH® values for ﬂ:emaqmlima are vary similar.
Se.cavse (L. has. the. Sare..
_dransition. retal. fz"’?b’ﬂfmf

{ily Calculate AS* for equilibrium Il

- 60,700~ =55590 (298{—6&35)
4200 = -29%

{iill} Suggestareasen for the différence batween the AS* you have calculated for equilibrium I
and that for equilibrium 1 given in the table.

Eaquilibrier: 1. kas rerve.

N5 pp
1y 278

lr &7.} JK- mel 1]

ﬁ’!% ordey we arrange. m :zé o7.ILs
eackant. “wside. w2l pZ rore. m
{40 ?"c:fd?--? s uf_".-f ] .

{iv) Whlm d! the twn complexes is ﬁ% mofe stable’? Give.a.reason for your ans-wer_

BB —

[Tatal: &)

— [LC é(ﬁzﬁf%ﬁﬂzﬂﬁt)zj 7 hegause

5(a)(i)

5(al(ii)

5(b)(i)

5(b)(ii)

5(b)(iii)

5(b)(iv)

page

4

Select

)

m MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

1/2 1 mark for the correct units given. No mark for the stability
constant expression as the charges have been omitted on the
two ions.

0/2 Incorrect answer. Candidate did not calculate new concentration
of [Cd, I and [Cd(CH,NH,),],.]1 and substitute into their
expressmn in (a)(i). The correct answer is 0.129.

0/1 Incorrect answer. The candidate needed to reference bond
breaking or making, For example, the same number of bonds
are forming and breaking.

1/1  Correct answer given.

0/1 This is not sufficient. The candidate needed to answer in terms
of the number of moles of reactants or quoting the molar ratio
of reactants in equilibria | and II.

1/1  Correct answer given.
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4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
6(a) 3/3 An excellent answer. 3 marks awarded. The clear labelled
diagrams with the text obtain the essential marking point and all

four of the other points on the mark scheme.

. 2/2  Correct answer here. Examiners allowed the use of the Data
6(b)(i) . ;
Booklet range as an alternative to quoting the correct value from
the table.
6(b)(ii) 3/3 3 marks awarded here. dil HCI is equivalent to HCl(aq) for the
first marking point..

EXAMINER MARK
COMMENTS SCHEME




(b} Sampls bottes of each of the isomers phenyl-ethanoate and methyl benzoate have lost their
labels and so have been named isomer A and isomer B.

(i) Tha carbon-13 NMR spectra of isomers A and B contain the following peaks.

isamer & . Ist:rng-r_B__|
552 26

|- 5128 5122 ~
5129 5126

{ 5130 5129 )
5133 5151
“s1e7 | adee

- Theidentity of tha- mmpnund responsible for each.specirum can be deduced by studying
the'chismical shifis {&)-of the peaks in the spectra.

Ua& the Data Boakle! to asgign the chmect peaks to the labellad carben atoms in the
structures. of the isomers below. Wiite each value next to the relevant carbon atom and
hence-deduce [he identity of each isomar.

Doy ok

___________________ N

(2

(i) Thesetwa isomars.are difficult.to distinguish chemically.

Describe a mathed of converting them to suitable productsin step 1 which can then b
tested instep-2. |

You should state the reagents and conditicns for each step, and: an:.' nb&aw,amns you
wauld make,

step 1. Jhydeolyse.. M.H:\ Al HEL ﬂ-ﬁ.d....hm'.t..f....;&...phg.n.n!..mnﬂ\......

;‘.Jd il {r.:ss:\k

step 2 .. Rr_ar..k m’@h. Erz_ 000N, ... T.'El:n: p}rﬁnbl uh"l.‘
Ao whike. et Prﬁﬂp.li:g,l-e....a[ ’mbmmfﬂ henad. Mﬂ.@:&&r

o The 'G'E-""EPJLL. aciel will..nek..2. Se. F#‘JEQH_I ethannate will
be thel white pet compwnd. parent - Bl
[Total: 8]

o bengais....

6(a)

6(b)(i)

6(b)(ii)

Select
page

Your
Mark

Low

} MIDDLE
Examiner marks and comments

Mark Comment

3/3 An excellent answer. 3 marks awarded. The clear labelled
diagrams with the text obtain the essential marking point and all

four of the other points on the mark scheme.

2/2  Correct answer here. Examiners allowed the use of the Data
Booklet range as an alternative to quoting the correct value from

the table.

3/3 3 marks awarded here. dil HCI is equivalent to HCl(aq) for the

first marking point..

EXAMINER MARK

SCHEME

COMMENTS




Your Examiner marks and comments

Mark Mark Comment
6(a) 3/3 3 marks awarded here. The clear labelled diagrams with the text
obtain the essential marking point and all three of the four of

the other points on the mark scheme. The candidate could have
stated that the interaction of the substrate with the active site
causes a specific bond to be weakened or lowers the activation
energy.

6(b)(i) 0/2 No marks here. Three incorrect data range values quoted.
Phenyl ethanoate is B with values 26 and 169. Methyl benzoate
is A with values 52 and 167.

6(b)(ii) 1/3 1 mark here for the third marking point. For the first marking
point (M1) the condition of heat has been omitted. If alkaline
hydrolysis is used for M1 candidates needed to acidify before
reacting with Br,(aqg) because NaOH would react with Br,(aq).

EXAMINER MARK
COMMENTS SCHEME




(b) Sample bottles of each of the lsomers phenyl-ethanoate and methyl benzoate have lost their

< sz';:t } MIDDLE Low
labels and so have been namad isomer A and izomer B. )
. ‘ ) Examiner marks and comments
{3 Thecorhon-19 R apacr fsomers A B ot Hetohowk eats VRN Ecminermaksandcomments |

- e . Mark Mark Comment
isomer A isomer B ) .
P 6(a) 3/3 3 marks awarded here. The clear labelled diagrams with the text
v 5 obtain the essential marking point and all three of the four of
s128 | 6122 the other points on the mark scheme. The candidate could have
129 | G128 stated that the interaction of the substrate with the active site
5130 6120 causes a specific bond to be weakened or lowers the activation
- - energy.
5133 | 8151
5167 | 8169 ' -
The identity of the compaund-responsible for each spectrum can her:ladumd by stidying
the cheml::al shifts (&) fﬂ the peaks.in the ﬁpedm
" Use the “Deta E::ro.ldcf & hsmgn the correct peaks to tha labelled - carhun atoms in the- i .
Sinuctures of the: lsomers balow. Wile each value next to the relevant carbon atom and 6(b)(i) 0/2 No marks here.Th_ree mc_:orrect data range values quoted.
hénce daduce the [dentity. of ach.isomer. . Phenyl ethanoate is B with values 26 and 169. Methyl benzoate

is A with values 52 and 167.

p0-59
4
1 Na Ha
____}5@;155'
phenyl ethanocate is isomer P'F methyl benzoata is isomer ﬁ
2] 6(b)(ii) 1/3 1 mark here for the third marking point. For the first marking
i) Thaaé-m isamers afe difficult to distinglish chamically. : point (M1) the condition of heat has been omitted. If alkaline
. _ - . L ) hydrolysis is used for M1 candidates needed to acidify before
E:T:ﬂrﬂ:f:ﬁr:?hﬂd of conveiting them to suitable products. in step 1 which can then. be reacting with Br,(aq) because NaOH would react with Br,(aq).
You should state the reagents and conditions for each step, and any uba-ewahunﬁ yau
would make, We. O ‘H Lag™
step 4 . NAd_ & ot e it 38 fl

\ead Yo M&vmhmn# ghrendl.....

;;.Q'fffEﬁéfi;iﬁ:;:;.;::ié;é};é:;é-i'i'_:;«}}fﬁ;;-;é:E{{é};{&é

L SRR P PP TR PP SRR e
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Your Examiner marks and comments

Mark Mark Comment
6(a) 0/3 No marks awarded, The candidate needed to include labelled
diagrams illustrating the lock-and-key mechanism. They should

also state that the enzymes are specific because the substrate
has a complementary shape to the active site of the enzyme.

6(b)(i) 2/2  correct answer given.
. 1/3 1 mark for the first marking point. The iodoform reaction would
6(b)(ii) . ) .
not give a yellow ppt. with any of the hydrolysis products.

Candidates should have used aqueous bromine which would
give a white ppt. with hydrolysis product, phenol, from phenyl
ethanoate.

EXAMINER MARK
COMMENTS SCHEME




Select
4 Bann } MIDDLE Low
(b} Sample bottles of each of the isomers phenyl sthanoate and methyl benzoate have lost their

e
xaminer marks and comments
(Il The carbon-13 NMR specira of isomers A and B contain the following peaks. Your

Mark Mark Comment
isomer A | r8 6(a) 0/3 No marks awarded, The candidate needed to include labelled
652 526 diagrams illustrating the lock-and-key mechanism. They should
i128 §122 also state that the enzymes are specific because the substrate
5129 5128 has a complementary shape to the active site of the enzyme.
5130 5129
5133 5151
& 167 & 189
The identity of the compound responsible for each spectrum, can be deduced by studying
the chamical shifts (3} of the peaks in the spectra.
Use the Dafs Booklet to assign the comect peaks to the labelled carbon atoms in the ) :
structures of tha isomers balow. Write aach value naxt to the relevant carben atom and 6(b)(i) s GOMBES SR @Iver.
hence deduce the identity of each isomer. .
Fon=¢ -ty . fot Ot
....... lel....
...... B
(2] 6(b)(ii) 1/3 1 mark for the first marking point. The iodoform reaction would
{iiy These two isomers are difficult to distinguish chemically, not give a yellow ppt. with any of the hydrolysis products.

. , . ) Candidates should have used aqueous bromine which would
g':;??:;;;imd of converting them to sultable products in stap 1 which can then be give a white ppt. with hydrolysis product, phenol, from phenyl
You should state the reagents and conditions for each step, and any observations you ethanoate.
wiould make.
step 1. 8. H!}d‘n]jiﬂ i ﬂ-iﬁ-ﬂ: 'fn

f"ﬂ‘l”""f s Mt ;nd«:fs L
JDtate HELag) and heat ondi rtlw
5tep2 -."H:[-':b- 11__{ AL} -F NMH fﬂuLJ Igm J,H.r-{-r a{- fliw -3 F‘H B
3"'?9‘1{"“}%3*"“ Fmrﬂ“*“-ﬁr”*‘f*ﬂrqﬂ’*

3]
EXAMINER MARK

. [Total: 8] COMMENTS SCHEME
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Your Examiner marks and comments

Mark Mark Comment
7(a)l(i) 3/3 3 marks awarded here.
7(a)(ii) 1/2 1 mark awarded for the direction of movement related to charge
on the amino acid. The candidate omitted the effect of size/Mr

on the distance travelled.

7(b)(i) 1/1  Correct answer given.
7(b)(ii) 1/1  Correct answer given.
0/1 Incorrect answer. The candidate should have chosen pH 12. Tyr
7(b)(iii) -
would move further (towards the positive electrode) than Phe

(as Tyr has a charge of 2- and Phe a charge of 1-).

7(c)(i) 2/2 Correct answer given. Only the peptide bond needed to shown
as a displayed formula.

7(c)(i) 2/2 Correct answer given. An alternative answer for E was N-H.

EXAMINER MARK
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Your Examiner marks and comments

Mark Mark Comment
7(a)l(i) 3/3 3 marks awarded here.
7(a)(ii) 1/2 1 mark awarded for the direction of movement related to charge
on the amino acid. The candidate omitted the effect of size/Mr

on the distance travelled.

7(b)(i) 1/1  Correct answer given.
7(b)(ii) 1/1  Correct answer given.
0/1 Incorrect answer. The candidate should have chosen pH 12. Tyr
7(b)(iii) -
would move further (towards the positive electrode) than Phe

(as Tyr has a charge of 2- and Phe a charge of 1-).

7(c)(i) 2/2 Correct answer given. Only the peptide bond needed to shown
as a displayed formula.

7(c)(i) 2/2 Correct answer given. An alternative answer for E was N-H.

EXAMINER MARK
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Your Examiner marks and comments

Mark Mark Comment
7(a)l(i) 2/3 2 marks awarded for marking points two and three. The
candidate should have connected the DC power supply to the

ends of the slide or in electrolyte tanks.

7(a)(ii) 2/2 Correct answer given.
7(b)(i) 0/1 correct pH chosen. incorrect reasoning. At pH 12 Asp is more
negative so moves further (towards the positive electrode).

- 0/1 No response. Candidates could have chosen pH 2 where
7(b)(ii) . ” .
Lys is more positive so moves further (towards the negative
electrode).
7(b)(iii) 0/1 Incorrect pH chosen. Candidates should have chosen pH 12

where Tyr is more negative so moves further (towards the
positive electrode).

7(c)(i) 2/2 Correct answer given.

1/2 1 mark for F and G. The answer for E is unambiguous.
Candidates should have chosen either the O-H bond or the N-H
bond for E.

7(c)(i)
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Your Examiner marks and comments

Mark Mark Comment
7(a)l(i) 2/3 2 marks awarded for marking points two and three. The
candidate should have connected the DC power supply to the

ends of the slide or in electrolyte tanks.

7(a)(ii) 2/2 Correct answer given.
7(b)(i) 0/1 correct pH chosen. incorrect reasoning. At pH 12 Asp is more
negative so moves further (towards the positive electrode).

- 0/1 No response. Candidates could have chosen pH 2 where
7(b)(ii) . ” .
Lys is more positive so moves further (towards the negative
electrode).
7(b)(iii) 0/1 Incorrect pH chosen. Candidates should have chosen pH 12

where Tyr is more negative so moves further (towards the
positive electrode).

7(c)(i) 2/2 Correct answer given.

1/2 1 mark for F and G. The answer for E is unambiguous.
Candidates should have chosen either the O-H bond or the N-H
bond for E.

7(c)(i)

EXAMINER MARK
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Your Examiner marks and comments

Mark Mark Comment

7(a)l(i) 0/3 No marks awarded. Candidates should draw a clear labelled
diagram of the electrophoresis apparatus.

7(a)(ii) 0/2 No marks awarded. The candidates needed to relate the
direction of movement to the charge on the amino acid, and the
distance travelled to the Mr of the amino acid.

7(b)(i) 0/1  Correct pH chosen. incorrect reasoning. At pH 12 Asp is more
negative so moves further (towards the positive electrode).

7(b)(ii) 0/1  Correct pH chosen. incorrect reasoning. At pH 2 Lys is more
positive so moves further (towards the negative electrode).

7(b)(iii) 0/1 Incorrect answer. Candidates should have chosen pH 12 where
Tyr is more negative so moves further (towards the positive
electrode).

: 1/2 1 mark awarded for the peptide bond. The candidates drew an
7(c)(i) . ; SO .
aldehyde functional group instead of a carboxylic acid in Ser unit

of the dipeptide.

7(c)(i) 2/2 Correct answer given.
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Your Examiner marks and comments

Mark Mark Comment

7(a)l(i) 0/3 No marks awarded. Candidates should draw a clear labelled
diagram of the electrophoresis apparatus.

7(a)(ii) 0/2 No marks awarded. The candidates needed to relate the
direction of movement to the charge on the amino acid, and the
distance travelled to the Mr of the amino acid.

7(b)(i) 0/1  Correct pH chosen. incorrect reasoning. At pH 12 Asp is more
negative so moves further (towards the positive electrode).

7(b)(ii) 0/1  Correct pH chosen. incorrect reasoning. At pH 2 Lys is more
positive so moves further (towards the negative electrode).

7(b)(iii) 0/1 Incorrect answer. Candidates should have chosen pH 12 where
Tyr is more negative so moves further (towards the positive
electrode).

: 1/2 1 mark awarded for the peptide bond. The candidates drew an
7(c)(i) . ; SO .
aldehyde functional group instead of a carboxylic acid in Ser unit

of the dipeptide.

7(c)(i) 2/2 Correct answer given.
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4 Spi"g‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
9(a) 1/1 1 mark for identifying both chiral centres.
9(b) 1/2 1 marks for the correct structure of compound H. The alkyl
group has been omitted from compound J1.

9(c) 6/6 6 marks. Correct reagents and conditions are given for steps 1-6
9(d) 2/2 2 marks for identifying the correct name of the mechanism and
type of reaction here.

EXAMINER MARK
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Your Examiner marks and comments

Mark Mark Comment
9(a) 1/1 1 mark. Both chiral centres correctly identified.
9(b) 1/2 1 mark for structure J1. Structure H is incorrect where H should
be the methylketone substituted product, -COCH, instead of
-CHO.
9(c) 3/6 3 marks. Reagents and conditions are correct for steps 3, 4 and
5. In step 1 the chloroalkane should be (CH,),CHCH,CI. In step

2 the reagent should be CH,COCI. In step 6 a nickel catalyst
should be used (H2/Pt would also cause in the hydrogenation of
the benzene ring).

2/2 2 marks awarded. Examiners ignored the term ‘electrophilic’ for
9(d) SN S .
step 6 as the type of reaction, ‘addition’, was required.

EXAMINER MARK
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Your Examiner marks and comments

Mark Mark Comment
9(a) 1/1 1 mark. both chiral centres have been identified.
9(b) 1/2 1 mark for the correct structure of compound H. Structure J is
incorrect as a methyl group has been omitted.

2/6 2 marks have been awarded for steps 1 and 2. The reagents and
conditions for the other steps should be: step 3 HCN + NaCN,
step 4 aqueous HCI + heat, step 5 conc. H,SO, + heat and step
6 H, + Ni catalyst (+ heat).

9(c)

9(d) 1/2 1 mark for the correct mechanism. The type of reaction for step
6 is reduction.
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Select
< Bann } MIDDLE Low
1 Amore reactive metal will dispiace 2 less reactive metal from a solution of its salt. This reaction is
axothermic. If the same reaction is set up in an electrechamical cell then, Instuad of an mllﬁﬁr

changs, slectrical energy ie prodused and a sl voltage can be measursd Your Examiner marks and comments

You are to plan an Irrmsl]na'uan of the reaction of three different metals (magnesium, iren and zinc) Mark Mark Comment
with agueous copper{ll) sufate. You will plan to investigate whather thereis a relationship betwesh

their cell potential values, E%,;, and their enthalpy changes of reaction, AH, 1(a) 1/1 The candidate gave a correct prediction and the candidate explained that both AHr
- a and E°cell are related to reactivity of the metal.
MQ{SI + gu”:‘““’ - P:{ (aq) + g-u{ﬂ -
&) 1 & r Cula) aped -
E'? Eﬁ{s.;+cl.r":&q}_, ""{w i Th didate h leted both ive th
ag) — Zn*(aq) + Cyls) 1(b) 2/2 e candidate has completed both sentences to give the correct responses.
Copperll) suthte :nluhun iz clazzified as a moderate ‘hﬂll‘d. | I aad
| , P%"U 1(0)(i) 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
Zine sulfate solution is classified as corrasive. | @k beingl; ;élaﬁeg into the solution within a polystyrene cup. The diagram was very
| e well labelled.
Iron(II} sulfate solution is ¢lessified 22 & health hazard. |
m _ i 1(0)(“) 2/2 Irrelevant measurements were ignored.
{a) Predict how AN, may change as EY,, increases. Give a reason for your predlcum
H.r'-“""_ "'&;mn ﬁ'nw'? dhe mere [Slem s M&””mﬂ-ﬁ' y 1 1/1 ‘Wear gloves' secured the credit. The candidate was not asked for a reason but
e T e e s o . (c)(iii) gave one. As there was no indication what the final temperature may become his

_ rhmr_gm Pm ﬂ H’hﬂ f&ﬂ{g ﬂ? ftﬂ‘a ip.fﬂm dmwﬁ:rz - reasoning was accepted.
Eﬂf hﬁhﬂ’ ,ﬁv_-ﬁﬁ'-,—l-.é_)ﬂ-w (Mﬁf SWHM) T 1(c)(iv) 2/2  There was an error in the publication of the paper which meant the relative atomic

™ EE fﬂt’-vﬁ- rore Terefne pte mass of magnesium was not provided in the question. (The candidates are not
UJ'I'IM' ] - provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

(b} The first part of the investigation is to determine tha enthalpy changa, AH, for the reaction of

the seme number of moles of three powdered melels with 0.500moldm copper(ll) sulfste. 1( )( ) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
) CIlv than a strip of the metal in terms of a higher surface area producing a higher
When determining the AH, for the reaction of the metals stad above with aguecus copper{ll) reaction rate.
sullate,
A e ap M H"mg&h‘#—m— A 1/1 The candidate gave a correct explanation of why the mixture was stirred in terms
fhe Indapandant variahle |=_ ¥ qu‘ 1(e)vi) of stirring distributing the increase of temperature evenly throughout the solution.
pcmhr Q-.w mea‘t!f pﬂvdﬂr elpe

Mm 1(d) 1/2  The candidate did show working and the instruction to include a sign was carried
the depandant variabls is, € ﬁf ey out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the candidate rounded too early.
""""""""" [2] 1( ) 3/3 The candidate carried out all commands successfully. Ideally the units of
e concentration should be mol dm-3, but the old fashioned ‘M’ for molar was
allowed.
1(f) 1/1 The candidate was able to explain that either variable would be dependent upon

temperature, thus compromising the idea of a ‘fair test'.

1( ) 1/1 The candidate was able to do use the prediction in 1a and the answer to 1d
g successfully.
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment

1(a) 1/1 The candidate gave a correct prediction and the candidate explained that both AHr
a and E°cell are related to reactivity of the metal.

1(b) 2/2 The candidate has completed both sentences to give the correct responses.
1(0)(i) 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
being placed into the solution within a polystyrene cup. The diagram was very
well labelled.
a Irrelevant measurements were ignored.
1(0)(") 2/2 g
1 1/1 ‘Wear gloves' secured the credit. The candidate was not asked for a reason but
(c)("') gave one. As there was no indication what the final temperature may become his

reasoning was accepted.

1(c)(iv) 2/2  There was an error in the publication of the paper which meant the relative atomic

mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1( )( ) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
CIlv than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)(‘,” 1/1 The candidate gave a correct explanation of why the mixture was stirred in terms
of stirring distributing the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the candidate rounded too early.

1( ) 3/3 The candidate carried out all commands successfully. Ideally the units of

e concentration should be mol dm-3, but the old fashioned ‘M’ for molar was
allowed.

1(f) 1/1 The candidate was able to explain that either variable would be dependent upon

temperature, thus compromising the idea of a ‘fair test'.

1( ) 1/1 The candidate was able to do use the prediction in 1a and the answer to 1d
g successfully.
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i

{iv} Forthe reacton with magnesium, calculas the Mass of magnesium, in g, you would use
=0 that it is in a amall excess. o

resend s 52 x &%
= 0.caswel.

was  To Mgﬁw = 0.035 %2y
cq) -
v = o.ﬁ-ﬂ

(v} Explain why the mstal used should be in powdared form rathar fhan in strips.
_Higues_sufare area So reaetnn mie s Wigher (“dmse

8580 4 U T R AR AR et ann e wn ey w A e TR A R R SR R R

toen Swall) uben pddered weetst wied- Also enre reacfon
cemplodiin..
{vi) The agueous coppen(ll) sulfaie and metal mixture should be stired confinuousty.

Explain wihy. . :
. To_otew tendtawts fo wme welt and allew ev
eod didmoudn b Hae ocluton

{d} In one experiment, the increasss in tamparators whan sxcass magnesiim powdar is added to
50,0em? of 0.500moldm aqueous copper{ll) sulfate is 58.5°C.

Caleulate the anthalpy change for this reaction, AR inkdmol™,

Aszsume the specific heat capacity, ¢, of the reaction mixture is 4. 18Jg K-,
Assume 1,0cm® of 0L500 moldm™ aquscus copperll) suitate has a mass of 1.Ug.
Include a slgn In your answer.

= 5
s ,ag.  MoS)* CUT(e0) — Mglen) + Cuts AL
fewm - 127 , . , ;
m = glj_‘i a 0 mi — 11_1
AG %5 Lwel = =
{p = m cAS M= ?ﬁ

. 50X 4. 18X 58S
= 12,2807

aH,=. e —ER (2]

1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

Select
page

Your
Mark

MIDDLE Low

Examiner marks and comments

1/1

Mark Comment

The candidate gave a correct prediction and the candidate explained that both AHr
and E°cell are related to reactivity of the metal.

2/2

The candidate has completed both sentences to give the correct responses.

1/1

The diagram was drawn clearly and importantly showed the thermometer bulb
being placed into the solution within a polystyrene cup. The diagram was very
well labelled.

2/2

Irrelevant measurements were ignored.

1/1

‘Wear gloves' secured the credit. The candidate was not asked for a reason but
gave one. As there was no indication what the final temperature may become his
reasoning was accepted.

2/2

There was an error in the publication of the paper which meant the relative atomic
mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1/1

The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1/1

The candidate gave a correct explanation of why the mixture was stirred in terms
of stirring distributing the increase of temperature evenly throughout the solution.

1/2

The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the candidate rounded too early.

3/3

The candidate carried out all commands successfully. Ideally the units of
concentration should be mol dm-3, but the old fashioned ‘M’ for molar was
allowed.

1/1

The candidate was able to explain that either variable would be dependent upon
temperature, thus compromising the idea of a ‘fair test'.

1/1

The candidate was able to do use the prediction in 1a and the answer to 1d
successfully.
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Your Examiner marks and comments

Mark Mark Comment

1(a) 1/1 The candidate gave a correct prediction and the candidate explained that both AHr
a and E°cell are related to reactivity of the metal.

1(b) 2/2 The candidate has completed both sentences to give the correct responses.
1(0)(i) 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
being placed into the solution within a polystyrene cup. The diagram was very
well labelled.
a Irrelevant measurements were ignored.
1(0)(") 2/2 g
1 1/1 ‘Wear gloves' secured the credit. The candidate was not asked for a reason but
(c)("') gave one. As there was no indication what the final temperature may become his

reasoning was accepted.

1(c)(iv) 2/2  There was an error in the publication of the paper which meant the relative atomic

mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1( )( ) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
CIlv than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)(‘,” 1/1 The candidate gave a correct explanation of why the mixture was stirred in terms
of stirring distributing the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the candidate rounded too early.

1( ) 3/3 The candidate carried out all commands successfully. Ideally the units of

e concentration should be mol dm-3, but the old fashioned ‘M’ for molar was
allowed.

1(f) 1/1 The candidate was able to explain that either variable would be dependent upon

temperature, thus compromising the idea of a ‘fair test'.

1( ) 1/1 The candidate was able to do use the prediction in 1a and the answer to 1d
g successfully.

EXAMINER MARK
COMMENTS SCHEME
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ek LoV At d Y Examiner marks and comments
" . —yge our
Mafs) + Cu*(eq) —» Mg*(ag) + Cufs) 272 | —th% Mark
: : YT Mark Comment
2 Zn(s) + Cu(aq) —» Zri*(aq) + Culs) .10 | —8r3
. ¥ e L - g | - 130 1/1 The candidate gave a correct prediction and the candidate explained that both AHr
4 Fels) “‘_!-:'-" (8q) - Fel(aq) + Cu(E) [ YO.78 l 1(a) and Eccell are related to reactivity of the metal.
Usa your prediction in (a), your answer o {d} and data from the table to predict Af |l valusas for '
seactions 2 and. 3, 1(b) 2/2  The candidate has completed both sentences to give the correct responses.
Campilate tha tabla with thess valuss, - . i
[Total: 18]

1(0)(i) 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
being placed into the solution within a polystyrene cup. The diagram was very
well labelled.

o Irrelevant measurements were ignored.
1 (C)(") 2/2 g
1 1/1 ‘Wear gloves' secured the credit. The candidate was not asked for a reason but
(c)("') gave one. As there was no indication what the final temperature may become his

reasoning was accepted.

1(c)(iv) 2/2  There was an error in the publication of the paper which meant the relative atomic

mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1( )( ) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
CIlv than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)(‘,” 1/1 The candidate gave a correct explanation of why the mixture was stirred in terms
of stirring distributing the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the candidate rounded too early.

1( ) 3/3 The candidate carried out all commands successfully. Ideally the units of

e concentration should be mol dm-3, but the old fashioned ‘M’ for molar was
allowed.

1(f) 1/1 The candidate was able to explain that either variable would be dependent upon

temperature, thus compromising the idea of a ‘fair test'.

1( ) 1/1 The candidate was able to do use the prediction in 1a and the answer to 1d
g successfully.

EXAMINER MARK
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A more reactive matal will displace a less reactive metal from a solution of Its alt. This reaction is
exothermic. If the same reaction is set up in an electrochemical cell then, instead of an enthalpy
change, electrical energy is produced and a call voltage can be measurad,

Yo are to plan an investigation ef the reaction of three different metals (magnesium, iron and zinc)
with agueanus coppar(l]) sulfate. You will plan to invesfigate whether there is a relationship between
their cell potential values, E%,, and their enthalpy changes of reaction, AH|

Mg(s) + Cu™{aq} - Mg™(ag) + Cu(s)
Fe(s) + Cu™{aq) - Fe™{aq) + Cu(s) .
Zn(g) + Cu*'(aq) = In*{agq) + Culs)

Copper(lT) sulfate solution is classified as a moderate hazard.

Zine sulfate solution is classified as corrosive.

-

Iron(Il} sulfate solution 1'-_5 ciassified as a health hazard,

(a) Pradict how AH, may change as E°, increases, Give a reason:for your prediction.
: &
inoemen o5 Bl ancene bewene o

feadkve. mekae rore o migher By g, eee 0

¥ oL Hon .

(b} The first part of the investigation is to determine the enthalpy change, AH, for the reaction of
the same number of moles of three powderad metals with 0.500 meldm copper(ll) sulfate.

When deterinining the AH, for the reaction of the metals listed abeve with aguecus copper(ll)
sulfate,

the indepandent variable IsTWﬂlﬁrﬁﬁWW E““*—
P ;
e

DT R P T T T T T T T T LT R e P PP P R E R PP LI PE PR PR

1(a)
1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

page
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MIDDLE Low

Examiner marks and comments

Mark Comment

1/1

The candidate gave a correct prediction and the candidate related that reactivity
was the reason.

2/2

The candidate has completed both sentences to give the correct responses.

1/1

The diagram was drawn clearly and importantly showed the thermometer bulb
being placed into the solution within a polystyrene cup. The diagram was very
well labelled.

The diagram could have been improved by drawing it in 2-D rather than as a 3-D
'picture’

1/2

The candidate stated correctly that the initial and final temperatures should be
measured.

To improve, (and secure the second mark) he should have also stated that the
mass of metal should be measured.

0/1

The candidate erroneously stated that a larger beaker should be used.
To improve (and secure the mark) the candidate should have stated ‘Wear gloves'".

1/2 There was an error in the publication of the paper which meant the relative atomic
mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged

and consequently all candidates were awarded two marks.

1/1

The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher
reaction rate and therefore heat loss was reduced.

The candidate stated that the reason for continual stirring was to enable all the
metal to react. This was incorrect as the information told candidates that the
metal was in excess.

0/1

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1/2

The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
as the second part of the calculation was incorrect by a factor of 3.

To improve (and secure the second mark) the candidate should have divided by
0.05 (dm3) rather than 50 (cm3) before converting J mol-1 into kJ mol-1.

1/3

The candidate only carried out the labelling of the metals and solutions
successfully.

To improve (and secure the first mark) the diagram should have shown the salt
bridge entering both solutions. To secure the third mark, the concentrations of
the solutions should have been stated as 1(.00) mol dm-3.

0/1

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test".

1/1

T ™ TvY

The candidate was able to answer successfully.

EXAMINER MARK

SCHEME

COMMENTS




4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
1(a) 1/1 The candidate gave a correct prediction and the candidate related that reactivity
a was the reason.
1(b) 2/2 The candidate has completed both sentences to give the correct responses.
A 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
1(c)(i) being placed into the solution within a polystyrene cup. The diagram was very
well labelled.
The diagram could have been improved by drawing it in 2-D rather than as a 3-D
"picture’

- 1/2 The candidate stated correctly that the initial and final temperatures should be
1(c)(ii) measured.

To improve, (and secure the second mark) he should have also stated that the
mass of metal should be measured.

1(c)(iii) 0/1 The candidate erroneously stated that a larger beaker should be used.
To improve (and secure the mark) the candidate should have stated ‘Wear gloves'".

B 1/2 There was an error in the publication of the paper which meant the relative atomic
1(0)(|V) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1 (c)(v) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher

reaction rate and therefore heat loss was reduced.

The candidate stated that the reason for continual stirring was to enable all the

metal to react. This was incorrect as the information told candidates that the

metal was in excess.

1(c)(vi) 0/1 Toimprove (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2

as the second part of the calculation was incorrect by a factor of 3.

To improve (and secure the second mark) the candidate should have divided by

0.05 (dm3) rather than 50 (cm3) before converting J mol-1 into kJ mol-1.

1(e) 1/3  The candidate only carried out the labelling of the metals and solutions
successfully.

To improve (and secure the first mark) the diagram should have shown the salt

bridge entering both solutions. To secure the third mark, the concentrations of

the solutions should have been stated as 1(.00) mol dm-3.

1(f) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test".

1(g) 1/1 The candidate was able to answer successfully.

T ™ TvY
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{iv) Forthe reaction with magnesium, calculate the mass of magnesium, in g, you would use

so that it is in a small excess,
Your Examiner marks and comments

E . CO o ql'% = SO Mark Mark Comment

1(a) 1/1 The candidate gave a correct prediction and the candidate related that reactivity
a was the reason.

2/2 The candidate has completed both sentences to give the correct responses.

1(b)
A 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
1(c)(i) being placed into the solution within a polystyrene cup. The diagram was very
. . . . - well labelled.
H‘ﬁmtﬁfﬂﬂmm'&“‘:ﬂ@fm‘*”ﬂﬂd 0 g GG B ey cl B Ceig i 21D [Eher e a5 a 9
%‘JWWWL&E&- ] 1(c)ii) 1/2 rTnh:agi?Sédate stated correctly that the initial and final temperatures should be
. . To imprové, (and secure the second mark) he should have also stated that the
[vi) ;hex;;gu:?‘;:; copper(1l} sulfate and metal midure should be stirred continuously. mass of metal should be measured.
I . enetod a r“ﬁ L 0/1 The candidate erroneously stated that a larger beaker should be used.
&T@ ------- @?f e o0t KVE eastea. CTT jciiin) To improve (and secure the mark) the candidate should have stated ‘Wear gloves".
f.;,glu'l"'mﬂ ord B enw e Fral 1'3“- MH"E_N‘!!J'I'D-I. [ 1(c)(iv) 1/2  There was an error in the publication of the paper which meant the relative atomic
e RSB TEE  ERERELEE RE A  ELAR R A2 C)I\iv mass of magnesium was not provided in the question. (The candidates are not
each. provided with Data Booklets). This meant that candidates were disadvantaged

and consequently all candidates were awarded two marks.

{d) In one experdment, the increase in temperalure when éxcess magnesium powder 1s added to

. y 3 ; is BASYE ¢ 1/1 The candidate gave a correct explanation of why powdered magnesium is better
§0.0cm? of 0.500 mol dm™ aquisous copperi(ll) sulfate is 1(c)(v) than a strip of the metal in terms of a higher surface area producing a higher

reaction rate and therefore heat loss was reduced.

- Calculate the Bntl_mlp'f change f‘.’"“"s reaction, ""H" I"_M"ml_l . P The candidate stated that the reason for continual stirring was to enable all the
Assume the specific heat capacity, ¢, of the reaction mixure is 4.18. g7 K metal to react. This was incorrect as the information told candidates that the
Assume 1.0cm of 0.500mel dm agueous copper(ll) sulfate has a mass of 1.0g. metal was in excess.

Inciude a sign in your a g ) 1(c)(vi) 0/1 Toimprove (and secure the mark) the candidate should have explained that
M‘gm + Cuf*(aq) - Mg*(aq) +- Culs) stirring distributes the increase of temperature evenly throughout the solution.
. _ . 1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
o out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2
. . 1 '3,‘2_1 L 5 - Lgl {aq A as the second part of the calculation was incorrect by a factor of 3.
. — e A o , s —_— = To improve (and secure the second mark) the candidate should have divided by
[? - <o ?t'c:‘f— 0.05 (dm3) rather than 50 (cm3) before converting J mol-1 into kJ mol-1.
- 1/3  The candidate only carried out the labelling of the metals and solutions
= co n wit » 58 3 1(e) successfully.
- To improve (and secure the first mark) the diagram should have shown the salt
'dr"' - \ 12 o y bridge entering both solutions. To secure the third mark, the concentrations of
- the solutions should have been stated as 1(.00) mol dm-3.

1(f) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test".

AH = "qua' kdmal [2]

1(g) 1/1 The candidate was able to answer successfully.

T ™ TvY
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Your Examiner marks and comments

Mark Mark Comment
1(a) 1/1 The candidate gave a correct prediction and the candidate related that reactivity
a was the reason.
1(b) 2/2 The candidate has completed both sentences to give the correct responses.
A 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
1(c)(i) being placed into the solution within a polystyrene cup. The diagram was very
well labelled.
The diagram could have been improved by drawing it in 2-D rather than as a 3-D
"picture’

- 1/2 The candidate stated correctly that the initial and final temperatures should be
1(c)(ii) measured.

To improve, (and secure the second mark) he should have also stated that the
mass of metal should be measured.

1(c)(iii) 0/1 The candidate erroneously stated that a larger beaker should be used.
To improve (and secure the mark) the candidate should have stated ‘Wear gloves'".

B 1/2 There was an error in the publication of the paper which meant the relative atomic
1(0)(|V) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1 (c)(v) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher

reaction rate and therefore heat loss was reduced.

The candidate stated that the reason for continual stirring was to enable all the

metal to react. This was incorrect as the information told candidates that the

metal was in excess.

1(c)(vi) 0/1 Toimprove (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2

as the second part of the calculation was incorrect by a factor of 3.

To improve (and secure the second mark) the candidate should have divided by

0.05 (dm3) rather than 50 (cm3) before converting J mol-1 into kJ mol-1.

1(e) 1/3  The candidate only carried out the labelling of the metals and solutions
successfully.

To improve (and secure the first mark) the diagram should have shown the salt

bridge entering both solutions. To secure the third mark, the concentrations of

the solutions should have been stated as 1(.00) mol dm-3.

1(f) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test".

1(g) 1/1 The candidate was able to answer successfully.

T ™ TvY
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{o) Accepted 2, values are shown for the cell reactions. ; Your Examiner marks and comments

Mark
cel reaction E iV | oA, Mark Comment
1 Ma(s) + Cu**(ag) — Mg™(aq) + Cu(s) .+2_7-2 —O-4gT 1(a) 1/1 I\i\aes iﬁr;d:g:;gr?.ave a correct prediction and the candidate related that reactivity
; = ; Zn*{ag) + Culs 41,40 |- 0 %00
Zn(s) + Cu(2q) > (2q) g -{ ) . 160 2/2 The candidate has completed both sentences to give the correct responses.
Fe(s) + Cu™{ag) = Fe*{ag) + Culs) .78 |- 1(b)
Use your prediction in (a), your answer to (d) and data from the lable to predict A, values for A 1/1 The diagram was drawn clearly and importantly showed the thermometer bulb
reactions 2 and 3. ' 1(c)(i) being placed into the solution within a polystyrene cup. The diagram was very
’ well labelled.
Complets the table with thess valuee. ’ (1 The diagram could have been improved by drawing it in 2-D rather than as a 3-D
[Total: 18] picture
- 1/2 The candidate stated correctly that the initial and final temperatures should be
1(c)(ii) measured.

To improve, (and secure the second mark) he should have also stated that the
mass of metal should be measured.

1(c)(iii) 0/1 The candidate erroneously stated that a larger beaker should be used.
To improve (and secure the mark) the candidate should have stated ‘Wear gloves'".

B 1/2 There was an error in the publication of the paper which meant the relative atomic
1(0)(|V) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1 (c)(v) 1/1 The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher

reaction rate and therefore heat loss was reduced.

The candidate stated that the reason for continual stirring was to enable all the

metal to react. This was incorrect as the information told candidates that the

metal was in excess.

1(c)(vi) 0/1 Toimprove (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT) and not M2

as the second part of the calculation was incorrect by a factor of 3.

To improve (and secure the second mark) the candidate should have divided by

0.05 (dm3) rather than 50 (cm3) before converting J mol-1 into kJ mol-1.

1(e) 1/3  The candidate only carried out the labelling of the metals and solutions
successfully.

To improve (and secure the first mark) the diagram should have shown the salt

bridge entering both solutions. To secure the third mark, the concentrations of

the solutions should have been stated as 1(.00) mol dm-3.

1(f) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test".

1(g) 1/1 The candidate was able to answer successfully.

T ™ TvY
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'”Iﬁﬁr;r;ﬁﬁirﬁ;ﬁliﬁlﬁsplm a less reactive metal from a solution of its salt. This reaction is
exothermic. If the same reaction is set up In an electrechemical cell then, instead of an amhalpr
change, electrical energy is produced and a cell wﬁﬁa can be measured.

You are to plan an investigation of the reaction of three different metals (magnesium, iren and zing)
with ggueous copper(ll) sulfate. You will plan to investigate whether thers is a relationship between
their call potential values, E'E& and their enthalpy changes of reaction, AHL

Mals) + Cu™(ag) — Mg™(aq) + Cufs) ~
Fafs) + Cu*(aq) — Feag) + Culs)
_Zn{g) + Cu™ag) — ZIni{ag) + Culg)

Copper{II) sulfate solution is classified as a moderate hazard.
Zinc sulfate solution is classified as corrosive.

Iron(I1) sulfate solution is classified as a health hazard,

(a} Predict how AH, may change as E%, increases. Give a reason for your prediction.
. [ <]
oDl inccgone... udeta. Eredl

in:,fmm ..............

(b} The first part of the investigation is to determine the enthalpy change, AH, for the reaction of
the same number of moles of three powdered metals with 0.500mal dm™ copper(ll) sulfata.

When determining the AH, for the reaction of the metals listed above with aquecus coppar(ll),

sulfate,

the independent varlable is, ......... (il ?&:M.w s s E8%e00

the dt..*rpandant variable Is. ... £ HM ..... < W.....&%.m.mr;&im

1(a)
1(b)
1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)
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MIDDLE Low

Examiner marks and comments

Mark Comment
0/1

The candidate gave no explanation for his correct prediction.
The candidate should have explained that reactivity of the metal was the reason.

1/2

The candidate only identified the dependent variable correctly.

0/1

The candidate drew an incorrect diagram.

1/2  The candidate stated correctly that the initial and final temperatures should be
measured.
To improve, (and secure the second mark) the candidate should have also stated

that the mass of metal should be measured.

1/1

1/2 There was an error in the publication of the paper which meant the relative atomic
mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged

and consequently all candidates were awarded two marks.

1/1 The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher

reaction rate.

0/1

The candidate incorrectly stated that the reason for continual stirring was to
provide heat to all reactants. to react.

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1/2  The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT).
To improve (and secure the second mark) the candidate should have divided 12.2

kJ by 0.05 (dm3) and 0.5 mol dm-3.

The candidate scored no marks.

To improve (and secure the first mark) the diagram should have shown a circuit
with a voltmeter and without a cell.

To secure the second mark, the candidate should have labelled the metals.

To secure the third mark, the concentrations of the solutions should have been
stated as 1(.00) mol dm-3.

0/3

0/1 The candidate’s reasoning was incorrect.
To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a

‘fair test'.

The candidate was unable to do this.
To improve (and secure the mark) the candidate should have shown the zinc
reaction having a less negative voltage than —12.2 and the iron reaction less
negative value than the zinc reaction.

0/1
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Your Examiner marks and comments

Mark Mark Comment
1(a) 0/1 The candidate gave no explanation for his correct prediction.
a The candidate should have explained that reactivity of the metal was the reason.
1(b) 1/2  The candidate only identified the dependent variable correctly.
! 0/1 The candidate drew an incorrect diagram.
1(c)(i)
1 - 1/2  The candidate stated correctly that the initial and final temperatures should be
(e)i) measured.
To improve, (and secure the second mark) the candidate should have also stated
that the mass of metal should be measured.
1(c)(iii) WA

1/2 There was an error in the publication of the paper which meant the relative atomic
1(c)(iv) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1/1 The candidate gave a correct explanation of why powdered magnesium is better
1(c)(v) than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)("” 0/1 The candidate incorrectly stated that the reason for continual stirring was to
provide heat to all reactants. to react.

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT).

To improve (and secure the second mark) the candidate should have divided 12.2

kJ by 0.05 (dm3) and 0.5 mol dm-3.

0/3 The candidate scored no marks.

1(e) To improve (and secure the first mark) the diagram should have shown a circuit
with a voltmeter and without a cell.

To secure the second mark, the candidate should have labelled the metals.

To secure the third mark, the concentrations of the solutions should have been
stated as 1(.00) mol dm-3.

1f 0/1 The candidate’s reasoning was incorrect.

(f) To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test'.

1(9) 0/1 The candidate was unable to do this. ) ]

To improve (and secure the mark) the candidate should have shown the zinc
reaction having a less negative voltage than —12.2 and the iron reaction less
negative value than the zinc reaction.

™ TvY
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[wfﬁrﬁ?m-ﬁm magnesium, calculate the mass of magnesium, in g, you would use
30 that it is in a small excess.

Nz Cay y i
= Buxfy o
loby

Z6.0lS

Lkt = m ot
2 oep L sl
L] b-sk

(v} Expiain why the metal used should be in powdered form rather than in strips.

mass of Mg = b.a.ﬁ. g [2)
.._Rﬁir_..ag...{izuj.iin.n.....imuﬁ.-.tm...miﬁh...meg.M....m...tux AubL
BB e s s (1]

(vi) The aqueous copper(ll) sulfate and matal mixture should be stimed continuoLshy.
Explain why.

{d) In one experiment, the increase In.l,ai-nparal'ura when excess magnesium powder is added to
S0.0cm? of 0.500 mol dm™ aqueous copper(il} sulfate is 58.5°C. e

Calcutate the enthalpy change for this reaction, AH,, in kdmol™, .
Assume the specific heat capacity, ¢, of the reaction midure 5 4,18 Jg7 K.
Assume 1.0cm? of 0.500meldm~ aqueous coppen(ll) sulfate has a mass of 1.0g.
Include a sign In your answer.

Mg(s) + Cu™(aq) — Mg*(aq) + Cu(s)
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1(a)
1(b)
1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)
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MIDDLE Low

Examiner marks and comments

0/1

Mark Comment

The candidate gave no explanation for his correct prediction.
The candidate should have explained that reactivity of the metal was the reason.

1/2

The candidate only identified the dependent variable correctly.

0/1

The candidate drew an incorrect diagram.

1/2

The candidate stated correctly that the initial and final temperatures should be
measured.

To improve, (and secure the second mark) the candidate should have also stated
that the mass of metal should be measured.

1/1

1/2

There was an error in the publication of the paper which meant the relative atomic
mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1/1

The candidate gave a correct explanation of why powdered magnesium is better
than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

0/1

The candidate incorrectly stated that the reason for continual stirring was to
provide heat to all reactants. to react.

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1/2

The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT).

To improve (and secure the second mark) the candidate should have divided 12.2
kJ by 0.05 (dm3) and 0.5 mol dm-3.

0/3

The candidate scored no marks.

To improve (and secure the first mark) the diagram should have shown a circuit
with a voltmeter and without a cell.

To secure the second mark, the candidate should have labelled the metals.

To secure the third mark, the concentrations of the solutions should have been
stated as 1(.00) mol dm-3.

0/1

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test'.

0/1

The candidate was unable to do this.
To improve (and secure the mark) the candidate should have shown the zinc
reaction having a less negative voltage than —12.2 and the iron reaction less
negative value than the zinc reaction.
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
1(a) 0/1 The candidate gave no explanation for his correct prediction.
a The candidate should have explained that reactivity of the metal was the reason.
1(b) 1/2  The candidate only identified the dependent variable correctly.
! 0/1 The candidate drew an incorrect diagram.
1(c)(i)
1 - 1/2  The candidate stated correctly that the initial and final temperatures should be
(e)i) measured.
To improve, (and secure the second mark) the candidate should have also stated
that the mass of metal should be measured.
1(c)(iii) WA

1/2 There was an error in the publication of the paper which meant the relative atomic
1(c)(iv) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1/1 The candidate gave a correct explanation of why powdered magnesium is better
1(c)(v) than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)("” 0/1 The candidate incorrectly stated that the reason for continual stirring was to
provide heat to all reactants. to react.

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT).

To improve (and secure the second mark) the candidate should have divided 12.2

kJ by 0.05 (dm3) and 0.5 mol dm-3.

0/3 The candidate scored no marks.

1(e) To improve (and secure the first mark) the diagram should have shown a circuit
with a voltmeter and without a cell.

To secure the second mark, the candidate should have labelled the metals.

To secure the third mark, the concentrations of the solutions should have been
stated as 1(.00) mol dm-3.

1f 0/1 The candidate’s reasoning was incorrect.

(f) To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test'.

1(9) 0/1 The candidate was unable to do this. ) ]

To improve (and secure the mark) the candidate should have shown the zinc
reaction having a less negative voltage than —12.2 and the iron reaction less
negative value than the zinc reaction.
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 {g) Accepled E%, values are showrrfor the cell reactions. . ,

eall reaction Et N AH, Your Examiner marks and comments
1 Mais) + Cu™(aq) — Mg™(aq) + Cu(s) +2.72 Mark Mark Comment
Zn(s) + Cu™(aq) "> .En”[aq:l i Cuts_]n +1.10 L%} 1 0/1 The candidate gave no explanation for his correct prediction.
) Fa(s) + Cu™(ag) — Fe™{ag) + Cu(s) +0.78 1.3 (a) The candidate should have explained that reactivity of the metal was the reason.
Use your prediction in {a), your answer to (d) and data from the table to pradict AH, values for 1 (b) 1/2 The candidate only identified the dependent variable correctly.
. reactions 2 and 3.
plets the table with values. 1 1( )() 0/1 The candidate drew an incorrect diagram.
c)\1
[Total: 18]
== 1/2 The candidate stated correctly that the initial and final temperatures should be
1(e)(ii) measured.

To improve, (and secure the second mark) the candidate should have also stated
that the mass of metal should be measured.

1(c)iii) 11

1/2 There was an error in the publication of the paper which meant the relative atomic
1(c)(iv) mass of magnesium was not provided in the question. (The candidates are not
provided with Data Booklets). This meant that candidates were disadvantaged
and consequently all candidates were awarded two marks.

1/1 The candidate gave a correct explanation of why powdered magnesium is better
1(c)(v) than a strip of the metal in terms of a higher surface area producing a higher
reaction rate.

1(0)("” 0/1 The candidate incorrectly stated that the reason for continual stirring was to
provide heat to all reactants. to react.

To improve (and secure the mark) the candidate should have explained that
stirring distributes the increase of temperature evenly throughout the solution.

1(d) 1/2 The candidate did show working and the instruction to include a sign was carried
out. Unfortunately, only M1 was awarded (for calculating E = mcAT).

To improve (and secure the second mark) the candidate should have divided 12.2

kJ by 0.05 (dm3) and 0.5 mol dm-3.

0/3 The candidate scored no marks.
1(e) To improve (and secure the first mark) the diagram should have shown a circuit
with a voltmeter and without a cell.
To secure the second mark, the candidate should have labelled the metals.
& To secure the third mark, the concentrations of the solutions should have been
stated as 1(.00) mol dm-3.

1f 0/1 The candidate’s reasoning was incorrect.

(f) To improve (and secure the mark) the candidate should have explained that either
variable would be dependent upon temperature, thus compromising the idea of a
‘fair test'.

1(9) 0/1 The candidate was unable to do this.

To improve (and secure the mark) the candidate should have shown the zinc
reaction having a less negative voltage than —12.2 and the iron reaction less
negative value than the zinc reaction.
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steam in )
* gas syringe

L{;'

[ - . hypodermmic

Etaam.Jacl':at

steam out

A known mass of volatile Bquid is injected into the gas. syringe using a hypodermic syringe. The
injected volatile liguid vaporises and the volume of vapouris recordad.

The experiment can be repeated using differerit samples of the same volatile liquid. The following
mathematical relationship can be used to calculate the relative molecular mass if the experiment is
carried out at 100°C and 1.04 = 10°Pa.

”“{amn: m’-:l m
mis the mass of the volatile liGuid in g.
Vis the wolume of the volatile liquid in cm?® when vaporizsed.

A graph of V against m can be ploffed. '

A group of studants is given a volatile quid hydrocarbon, ¥, and asked to find its relativa malecular
mass in a series of experiments using this procedurs.

A100cm? gas syringe is placed in a steam jacket,

Approximately Scm? of air is pulted into the gas syringe.

The temperature is allowed to reach a constant 100°C.

Once the air in the gas syringe has stopped expanding, e volume ks recordad.
The hypodermic syringe is fillad with liquid ¥,

The total mass of the hypodermic syringe and liquid Y is recorded.

Alittle liquid Y is Injected into the hot gas syringe.

The total mass of the hypodermic syringe is recorded again.

The maximum volume of air and vapour in the gas syringe ks recorded.

The mass of liquid Y injected into the gas syringe is calculaled and recorded,

T EEEEEEE

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)

Select
page
Examiner marks and comments

MIDDLE Low

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

2/2 The candidate was able to do this successfully.

1/1  The candidate’s reasoning was correct.

1/1  The candidate’s reasoning was correct.

2/2 The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

2/2 The candidate was able to calculate that the empirical formula was
CH,. The candidate was then able to realise that as the information on

the mass spectrum indicated the molecular ion had an m/e value of
84 then the relative molecular mass would be 84. Thus he was able
to divide 84 by the mass of the empirical formula (14) to find that 6
‘lots’ of the empirical formula made up the molecular formula.

EXAMINER MARK

SCHEME

COMMENTS




" The resuits from the group of students are given in the table,

miass of

‘mass of

- volume of air | velume of air + -
5:""1".9& * syrings * In gassyringe | vapour Y in gas | mass of liquid ¥ | volume of
"q"!'d ¥ . hq}if’ "r. before injection | syringe after usedfg vapour Yicm?
balure:;jechon after T;ﬂ@nn . fem? injaction/em?

4.83 4.68 55 0.18 4%
5.33 5.23 44 o1 %5
4.85 464 13 85 A 79
5.00 4.82 11 89 o. 17 SR
5.31 5.07 14 a7 [ o 2% -
557 548 8 3% | p.pa 2
5.32 512 8. 78 ALLD “Tp
5.17 4,94 12 o1 b.2% 74
4,84 472 N 48 n. 17 IS
5.05 #.83 il 84 097 4T

{a) Process the results in the table fo calewlate both the masses of volatile liquid ¥ Used and the

volumes of vaporised Y.

(2

(b} Plot a graph on the grid on page 9 to show the relationship betwean mass of liquid Y and
violume of vapour Y.
Use 3 cross (x) to plot each data point.

Draw the line of best fit.

2

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)

page

4

Select

)

MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

2/2 The candidate was able to do this successfully.

1/1  The candidate’s reasoning was correct.

1/1  The candidate’s reasoning was correct.

2/2 The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

2/2 The candidate was able to calculate that the empirical formula was
CH,. The candidate was then able to realise that as the information on

the mass spectrum indicated the molecular ion had an m/e value of
84 then the relative molecular mass would be 84. Thus he was able
to divide 84 by the mass of the empirical formula (14) to find that 6
‘lots’ of the empirical formula made up the molecular formula.
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SCHEME

COMMENTS




4 Spﬂg‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
2(a) 2/2 The candidate was able to do this successfully.
2(b) 2/2 The candidate was able to do this successfully.
2(c)(i) 1/1  The candidate’s reasoning was correct.
2(c)(ii) 1/1  The candidate’s reasoning was correct.
2(d)(i) 2/2 The candidate correctly stated the co-ordinates which were to be

used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2(d)(ii) 2/2 The candidate showed full working and successfully calculated the
correct answer.

2(e) 2/2 The candidate‘was able to calculate that ‘the empirical fqrmula was
CH>. The candidate was then able to realise that as the information on
the mass spectrum indicated the molecular ion had an m/e value of
84 then the relative molecular mass would be 84. Thus he was able
to divide 84 by the mass of the empirical formula (14) to find that 6
‘lots’ of the empirical formula made up the molecular formula.

EXAMINER MARK
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7E77Liq7ularifia@apﬂral easily, even at room temperaturs. This can cause anomalous resuits
giving points balow the line of best fit.

(i) Explain how such anomalies ocour,
T ik Y. eopondn, s Al HM&W it
'{!-{;Mr \HL'M —’{i\'« MMM AAEE - [1]

{il) ‘With reference to the expermantal procedure, explain how this source of error could be

minimigad. .
T ... nﬁwifa%liwm
:.mm R S AN i

Lafeknes sy

e wj_u__gm}j\, ymﬁ}h}n bk ¥ cesswrt Wéﬂnm&-

Determine the gradient of your graph. State the co-ordinates of both points you used for
your calculation. Record the value of the gradient to three significant figures.

" co-ordinates 1 Eﬁlﬂjgl)

(d) i)

8] - 3%

31'13[,— o.\vwe

TSR

fﬁ,\m -~ 3

. gradiant = 3&']@&35. 2]

(i) Use the gradient value in (i) and the mathematical relationship on page 7 to calculate the
exparimentally determined relative molecular mass of Y,

o (_5'_ [l."}' 0

')
S B T

M
,y,,,,[:...!au_ 34_!"1 quoqr
Tﬂ"l'
Mf -- %"ﬂ"? wlpT
LS

- %9 .9g
A0 m

experimentally determined M, of Y = ...

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)
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Your
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2/2 The candidate was able to do this successfully.

2/2 The candidate was able to do this successfully.

1/1  The candidate’s reasoning was correct.

1/1  The candidate’s reasoning was correct.

2/2 The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

2/2 The candidate was able to calculate that the empirical formula was
CH>. The candidate was then able to realise that as the information on
the mass spectrum indicated the molecular ion had an m/e value of
84 then the relative molecular mass would be 84. Thus he was able
to divide 84 by the mass of the empirical formula (14) to find that 6
‘lots’ of the empirical formula made up the molecular formula.
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(8} Compound Y is a hydrocarbon that contains 85.7% carbon by mass.

The diagram shows the' mass spectrum of compound Y.

100

0 10 20 30 40 50
mie

60 F0 80

Use all the information given to determine the malecular formula of Y.

o a T
§5-1 V&%
= 7% 4.3
gzﬁf\iﬂriﬁiﬁ 1 A

E,,.){;:-iul .-fr‘....lnc CH,
Y wondpedteconkorda o gt oy encfpibend foti
. q.% qfﬁ(: i ${_11{L}

V4
. tok 6
- T 34'
Ao ket
:{5 L

4k
e R S,

20 100

molecular formula of Y ... C E»HL'T-. [2]

[Total: 12

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)

4

page

Select

MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

2/2 The candidate was able to do this successfully.

1/1  The candidate’s reasoning was correct.

1/1  The candidate’s reasoning was correct.

2/2 The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

2/2 The candidate was able to calculate that the empirical formula was
CH>. The candidate was then able to realise that as the information on
the mass spectrum indicated the molecular ion had an m/e value of
84 then the relative molecular mass would be 84. Thus he was able
to divide 84 by the mass of the empirical formula (14) to find that 6
‘lots’ of the empirical formula made up the molecular formula.
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2 The relative molecular mass, M, of valatile liquids can be determinad using the apparatus below.

steam in )
{ gas syringe

LL'

self-sealing
cap

volatile

l o = _ hypadarmic
Wl R . ; syTings

steam jacket thermometer

sheam out

A known mass of valatile liquid s Injected into the gas syringe using a hypodermic syringe. The
injected volalile liquid vaporises and the volume of vapour is recorded, :

The experiment can be repeated using different samples of the same volatile liquid. The following
mathematical relationship can ba used to calculate the relative molecular mass if the experiment is
camied gut at 100°C and 1.01 = 10°Pa.

_ {30710t
V= (T} ® 7
s the mass of tha volatile liguid in g.

Vis the volume of the volatile liguid in cm® when vaporised.

A graph of V against m can be plotted.

A group of students is given a volatile liquid hydrecarbon, Y, and asked to find its relative molecular
mass in a saries of exparimants using this procedure.

A 100em? gas syrings I placed in a steam jacket,

Approximately Scm® of air is pulled into the gas syringe,

Thee temparature Is allowed to reach a constant 100°C.

Onee the air in the gas syringe has stopped expanding, its volume is recorded,
The hypodermic syringe is filled with liguid Y.

The total mass of the hypodemic syringe and liquid Y is reconded.

A little liguid Y is injected into the hot gas syringe.

Tre total mass of the hypodermic syringe is recorded again.

The maximum volume of air and vapour in the gas syringe is racorded.

The mass of liquid ¥ injected into the gas syringe is caleulated and recorded.

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)

Select
page
Examiner marks and comments

MIDDLE Low

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

1/2 The candidate was not able to do plot the points correctly but his line of
best fit was good enough for the mark.

To improve (and secure the first mark) the point at 0.22 g should have
had a volume of 73(.0) cm3 rather than 73.5 cms3.

0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related the
evaporation of liquid Y to the fact that the apparent mass would have
been lower than the actual mass.

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

0/1 The candidate's reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2 The candidate correctly stated the co-ordinates which were to be used
in the calculation. The candidate correctly calculated the change in
y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

1/2 The candidate was given one mark for determining that 85.7% of the
relative molecular mass determined by the candidate in part dii was

77.13 and if this was divided by 12, the relative atomic mass of carbon,
then this would give the number of carbon atoms as 6.

To improve (and secure the mark) the candidate should have calculated
that the empirical formula was CH2. The candidate should then be able
to realise that as the information on the mass spectrum indicated the
molecular ion had an m/e value of 84 then the relative molecular mass
would be 84. Thus he should be able to divide 84 by the mass of the
empirical formula (14) to find that 6 ‘lots’ of the empirical formula made
up the molecular formula.
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Your Examiner marks and comments

The resultsfrom E&E&Ear students are given in-the lable.

mass of mass of . '
) Y wolume of air | volume of air +
s‘lzi'::i%!'; sl:,lr::iga; in gas syringe | vapour Y in gas | mass of liquid Y volume of Mark Mark Comment
L A before injection |  syringe after used/g vapour Y/ cm? : .
hafure;gjedhun after Témum 1 fer? Injection/ cm? . 2(a) 2/2  The candidate was able to do this successfully.
: — — _—
4,83 468 55 o 15 M% 1/2 The candidate was not able to do plot the points correctly but his line of
533 5.93 - ad o 10 2 2(b) best fit was good enough for the mark.
) R To improve (and secure the first mark) the point at 0.22 g should have
L 4.64 13 85 {; ;2'; ;2‘ had a volume of 73(.0) cm3 rather than 73.5 cms3.
5.09 4.92 u 59 o ¥ % 2(c)(i) 0/1 The candidate's reasoning was incorrect.
5.31 5.07 - 14 o7 - ‘2 ] %2 To improve (and secure the mark) the candidate should have related the
557 5.48 :3 32 [ C_ioa ] E,'l N evaporation of liquidY to the fact that the apparent mass would have
552 512 9 78 0-10 20 been Iowgr than the ac'tual mas§.
517 494 12 a1 o1 73 __Irol Th§ candidate’s reasoning was incorrect. . .
j . l- T Vo To improve (and secure the mark) the candidate should have realised
4.84 4.72 7 48 Q 1 = that evaporation of liquid Y should be reduced and should have given a
505 ) 4.8% - 1 _ 84 o} 2 i 1% suitable method to reduce the evaporation. Eg Use an ice-bath.
{a} Process the results in the table to calculate both the masses of volatile liquid ¥ used and the 2(c)(ii) 0/1 The candidate’s reasoning was incorrect.
"'"‘:'h'“l'“'“_ of vaporised Y. [2] To improve (and secure the mark) the candidate should have realised

that evaporation of liquid Y should be reduced and should have given a

{b) Piot a graph on the grid on page 9 to show the .relatinnship between mass.of iquid Y and suitable method to reduce the evaporation. Eg Use an ice-bath.

valume of vapour Y. . 2/2 he candidate correctl H i i
. - Yy stated the co-ordinates which were to be used
Use a cross (x) to plot each data paint. Z(d)(l) i i | i
p f hast fit . in the calculation. The candidate correctly calculated the Change n

y-axis values and divided this by the change in x-axis values.

2(d)(ii) 2/2 The candidate showed full working and successfully calculated the
correct answer.

2(e) 1/2 The candidate was given one mark for determining that 85.7% of the

relative molecular mass determined by the candidate in part dii was
77.13 and if this was divided by 12, the relative atomic mass of carbon,
then this would give the number of carbon atoms as 6.

To improve (and secure the mark) the candidate should have calculated
that the empirical formula was CH2. The candidate should then be able
to realise that as the information on the mass spectrum indicated the
molecular ion had an m/e value of 84 then the relative molecular mass
would be 84. Thus he should be able to divide 84 by the mass of the
empirical formula (14) to find that 6 ‘lots’ of the empirical formula made
up the molecular formula.
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Mark Mark Comment

2(a) 2/2 The candidate was able to do this successfully.

1/2 The candidate was not able to do plot the points correctly but his line of
2(b) best fit was good enough for the mark.

To improve (and secure the first mark) the point at 0.22 g should have
had a volume of 73(.0) cm3 rather than 73.5 cms3.

2(c)(i) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related the
evaporation of liquid Y to the fact that the apparent mass would have
been lower than the actual mass.

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2(c)(ii) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2(d)(i) 2/2 The candidate correctly stated the co-ordinates which were to be used
. in the calculation. The candidate correctly calculated the change in
y-axis values and divided this by the change in x-axis values.

2(d)(ii) 2/2 The candidate showed full working and successfully calculated the
correct answer.

2(e) 1/2 The candidate was given one mark for determining that 85.7% of the

relative molecular mass determined by the candidate in part dii was
77.13 and if this was divided by 12, the relative atomic mass of carbon,
then this would give the number of carbon atoms as 6.

To improve (and secure the mark) the candidate should have calculated
that the empirical formula was CH2. The candidate should then be able
to realise that as the information on the mass spectrum indicated the
molecular ion had an m/e value of 84 then the relative molecular mass
would be 84. Thus he should be able to divide 84 by the mass of the
empirical formula (14) to find that 6 ‘lots’ of the empirical formula made
up the molecular formula.

EXAMINER MARK
COMMENTS SCHEME




"'fcﬁ}mﬁi&f\?;uﬁrﬁg Easllz.r, aven at room temperature. This can cause anomalous results
giving poirts below the line of bast fit,

{I}) Explain how such armmallas QCOUT,

hj?odwmwwnwﬁamm m

(i) Vith reference to the ekperimental procedure, explain how this source of efror could be
minimised.

MNale,. sure te  hadd in toe s rﬂf;c......f..f-.. ............
ﬁ and Cbm?"mhcﬂ on W conbe so B mept

{d} i) Dat-am'lha the gradient ofyuur graph. State the co-ordinates of bath points you used fﬂl’
your calculation. Record the value of the gradient to three significant ﬁguma_

i;n—uldlnatﬂﬁ1 C@ ﬂﬂlq ?"1 Erﬂ] S RO _ R —

o m—mcﬁnatesz....\ﬁg....}%.%.. -} ?1 5’)
G L M - 3404
“H o226~
gra:ienl— DB i 1)

(if) Usethe gmdmnt value In (i} and the mathematical relationship on page 7 to calculale the
experimentally dmmnaﬂr&]aﬁm molecular mass of Y.

AN

(%-01* 1?“) 5 K | o
Moy

; "
My = Zo1xel | 3eXBh . gon
pfmgiwf M1
experimentally determined Mofy=.... 32 @]

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)

page

4

Select

)

MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

1/2 The candidate was not able to do plot the points correctly but his line of
best fit was good enough for the mark.

To improve (and secure the first mark) the point at 0.22 g should have
had a volume of 73(.0) cm3 rather than 73.5 cms3.

0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related the
evaporation of liquid Y to the fact that the apparent mass would have
been lower than the actual mass.

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

0/1 The candidate's reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2 The candidate correctly stated the co-ordinates which were to be used
in the calculation. The candidate correctly calculated the change in
y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

1/2 The candidate was given one mark for determining that 85.7% of the
relative molecular mass determined by the candidate in part dii was

77.13 and if this was divided by 12, the relative atomic mass of carbon,
then this would give the number of carbon atoms as 6.

To improve (and secure the mark) the candidate should have calculated
that the empirical formula was CH2. The candidate should then be able
to realise that as the information on the mass spectrum indicated the
molecular ion had an m/e value of 84 then the relative molecular mass
would be 84. Thus he should be able to divide 84 by the mass of the
empirical formula (14) to find that 6 ‘lots’ of the empirical formula made
up the molecular formula.

EXAMINER MARK
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COMMENTS




(&) Compound Y is a hydrocarbon that contains 85.7% carbon by mass,

The diagram shows the mass spectrum of compound Y.

100 -
Bﬂ—_
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abundance 4
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mfe

Lise all the information gi'u'enll.u determing the molecular formula of Y,

o Qo wetd
o - ]1_,!,’
metad o 3932 2 L

0o - 11-1% = 20

OO* TS

.-'-I 'J_

, .
o0~ 100

V5

molecular formula ﬂf‘l’......rL...!-:!-.G........... 2 -

[Total: 12]

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)
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page

4

)

MIDDLE Low

Examiner marks and comments

Your
Mark Mark Comment

2/2 The candidate was able to do this successfully.

1/2 The candidate was not able to do plot the points correctly but his line of
best fit was good enough for the mark.

To improve (and secure the first mark) the point at 0.22 g should have
had a volume of 73(.0) cm3 rather than 73.5 cms3.

0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related the
evaporation of liquid Y to the fact that the apparent mass would have
been lower than the actual mass.

The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

0/1 The candidate's reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquid Y should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2 The candidate correctly stated the co-ordinates which were to be used
in the calculation. The candidate correctly calculated the change in
y-axis values and divided this by the change in x-axis values.

2/2 The candidate showed full working and successfully calculated the
correct answer.

1/2 The candidate was given one mark for determining that 85.7% of the
relative molecular mass determined by the candidate in part dii was

77.13 and if this was divided by 12, the relative atomic mass of carbon,
then this would give the number of carbon atoms as 6.

To improve (and secure the mark) the candidate should have calculated
that the empirical formula was CH2. The candidate should then be able
to realise that as the information on the mass spectrum indicated the
molecular ion had an m/e value of 84 then the relative molecular mass
would be 84. Thus he should be able to divide 84 by the mass of the
empirical formula (14) to find that 6 ‘lots’ of the empirical formula made
up the molecular formula.
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2 The relative molecular Eéﬁ;, M, of volatile Bquids can.be determined using the apparatus below.

staam in
* oas syringe

~3

self-sealing
cap

volatile
liigyuniet

thermometar

‘ L - hypodermic
. gyringe
/ l
steaim jacket ’

steam out

A known mass of volatile liquid is injected into the gas syrings using a hypodermic syringe. The
injected volatile Bquid vaporises and the volume of vapour is recorded,

The experiment can be repeated using different samples of the same volatile liquid. Tha following
mathematical relationship can be used to caloulate the relative molecular mass if the experiment iz
- camied cut at 100°C and 1.01 » 10°Pa.

v= (2072104,

r

m is the mass of the volatile liquid in g.
Vis the volume of the volatile liguid in cm® when vaporised,

A graph of V againet m can be plotied.

A group of students Is given a volatile liquid hydrocarbon, Y, and asked to find s relative molecular
mass in a series of experments using this procedure.

A 100cm® gas syringe is placed in a steam jacket.

Approximately Sem® of air is pulled into the gas syringe.

The temparature is allowed o reach a constant 100°C.

Cnea the air in the oas syringe has stopped expanding, its valume is recorded.
The hypedermic syringe is filled with liguid ¥.

The total mass of the hypodermic syringe and liquid Y is recorded.

Alltle Bquid Y is injected into the hot gas syringe.

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)
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page
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Your
Mark

1/2

MIDDLE Low

Mark Comment

The candidate was able to do calculate the volumes correctly but gave
too many decimal places in the mass column to be awarded the first
mark.

To improve (and secure the first mark) all masses should have been
given to two decimal places.

2/2

The candidate was able to do this successfully

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related
the evaporation of liquidY to the fact that the apparent mass would
have been lower than the actual mass.

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquidY should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2

The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

0/2

The candidate did show full working and but carried out the wrong
method.

To improve (and secure the marks) the candidate should have divided
3.07 x 104 by the gradient determined in 2di.

0/2

The candidate’s method was irrelevant.

To improve (and secure the mark) the candidate should have
calculated that the empirical formula was CH2. The candidate should
then be able to realise that as the information on the mass spectrum
indicated the molecular ion had an m/e value of 84 then the relative
molecular mass would be 84. Thus he should be able to divide 84
by the mass of the empirical formula (14) to find that 6 ‘lots’ of the
empirical formula made up the molecular formula.

EXAMINER MARK
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COMMENTS




The results from the group of studénts are given in.the table,

Smgss:i BmE.':H ui wolume of air | volume of air + .
rﬂﬁ ¥ FI:Uig&'I" in gas syringe | vapour Y in gas | mass of liquid Y volume of
- ; 3
before injection | after injection W"”?Jr":iﬂ"‘“‘?’" :}’;‘;‘iﬂnﬁm used/g vapour Y /em
g Ig i
483 468 7 55 0150 g
»533 523 | g 44 o160 3]
4.85 4,64 13 a5 FaTwiTs, %
5.09 4,92 1 69 o470 e
5.31 5.07 14 a7 [ 1T B2
557 548 -] 38 0080 B
| 532 512 9 78 B 200 10
5.17 4,94 12 9 o230 19
4.84 472 7 48 oD 4i
5.05 4,83 11 B4 oLy y - 1.

(a) Procass the rasults in the table to calculate both the masses of volatlle liquld Y usad and the

volumes of vaparised Y,

[2]

(b) Plot a graph on the grid on page @ to show the relationship bebween mass of liquid ¥ and
volume of vapour Y, _
Use a cross {x) to plot each data point.

Draw the line of best fit.

[2]

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)
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1/2

Mark Comment

The candidate was able to do calculate the volumes correctly but gave
too many decimal places in the mass column to be awarded the first
mark.

To improve (and secure the first mark) all masses should have been
given to two decimal places.

2/2

The candidate was able to do this successfully

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related
the evaporation of liquidY to the fact that the apparent mass would
have been lower than the actual mass.

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquidY should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2

The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

0/2

The candidate did show full working and but carried out the wrong
method.

To improve (and secure the marks) the candidate should have divided
3.07 x 104 by the gradient determined in 2di.

0/2

The candidate’s method was irrelevant.

To improve (and secure the mark) the candidate should have
calculated that the empirical formula was CH2. The candidate should
then be able to realise that as the information on the mass spectrum
indicated the molecular ion had an m/e value of 84 then the relative
molecular mass would be 84. Thus he should be able to divide 84
by the mass of the empirical formula (14) to find that 6 ‘lots’ of the
empirical formula made up the molecular formula.

EXAMINER MARK
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COMMENTS




4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

Mark Mark Comment
2(a) 1/2 The candidate was able to do calculate the volumes correctly but gave
too many decimal places in the mass column to be awarded the first
mark.

To improve (and secure the first mark) all masses should have been
given to two decimal places.

2(b) 2/2 The candidate was able to do this successfully

2(c)(i) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related
the evaporation of liquidY to the fact that the apparent mass would
have been lower than the actual mass.

2(c)(ii) 0/1 The candidate’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquidY should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2(d)(i) 2/2 The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

2(d)(ii) 0/2 The candidate did show full working and but carried out the wrong
y method.

To improve (and secure the marks) the candidate should have divided
3.07 x 104 by the gradient determined in 2di.

2(e) 0/2 The candidate's method was irrelevant.

To improve (and secure the mark) the candidate should have
calculated that the empirical formula was CH2. The candidate should
then be able to realise that as the information on the mass spectrum
indicated the molecular ion had an m/e value of 84 then the relative
molecular mass would be 84. Thus he should be able to divide 84
by the mass of the empirical formula (14) to find that 6 ‘lots’ of the
empirical formula made up the molecular formula.

EXAMINER MARK
COMMENTS SCHEME




' {c) Lii:miﬁ ¥ ﬂ;f'apbr;eﬂeéﬂelasily, even at rooin temperature. This can cause anomalous resulis
giving points below the Tine of best fit.

{i) Explain how such anomalies otcur.

T Uguid Y waporles axfly b wem fory
m/,,;;ym mﬂ'dejuf@r é"ﬂﬂﬂ“”ﬂ’mﬂ“ﬁ“m

{ii} With reference to the experimental procedure, explain how this source of emor could be
minimisad.

7o ,-,-;ﬁ’nﬁndse ffu& il ;-L"Eafuub’ curo'avcf: W;ﬂﬁ'ﬁﬁ:
with . oir o

“anbolled ferp
WMH?{fm‘r ?ijmmqm&émo?

@kt(zmﬂwwm
(d) (i) Determine the gradient of your graph. State the m—orgj:natae of both points you used for
your-calculation. Record the value of the gradient to three significant figuras.

co-ordinates 1 ... 202 o B0 e e
qudienk= 20-32
022 L =06y,

U [2]

. gradient = ,.....50

{ii) Use the gradient value in (i) and the mathematical relationship on page 7 o calculate the
experimentally detérmined relative molecular mass of Y.

ve [B00x0M)
My
T&asents 2071 (oY
Py
247 My
2.0 x\0"
experimentally determined M,of Y= 003 "

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(d)(i)

2(d)(ii)

2(e)
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MIDDLE Low
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1/2

Mark Comment

The candidate was able to do calculate the volumes correctly but gave
too many decimal places in the mass column to be awarded the first
mark.

To improve (and secure the first mark) all masses should have been
given to two decimal places.

2/2

The candidate was able to do this successfully

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have related
the evaporation of liquidY to the fact that the apparent mass would
have been lower than the actual mass.

0/1

The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquidY should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

2/2

The candidate correctly stated the co-ordinates which were to be
used in the calculation. The candidate correctly calculated the change
in y-axis values and divided this by the change in x-axis values.

0/2

The candidate did show full working and but carried out the wrong
method.

To improve (and secure the marks) the candidate should have divided
3.07 x 104 by the gradient determined in 2di.

0/2

The candidate’s method was irrelevant.

To improve (and secure the mark) the candidate should have
calculated that the empirical formula was CH2. The candidate should
then be able to realise that as the information on the mass spectrum
indicated the molecular ion had an m/e value of 84 then the relative
molecular mass would be 84. Thus he should be able to divide 84
by the mass of the empirical formula (14) to find that 6 ‘lots’ of the
empirical formula made up the molecular formula.
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4 Sp‘:";‘e’t } MIDDLE Low
Your Examiner marks and comments

B fa}iiﬁ;ﬁiﬁﬁdiﬁg ;Hfd}ﬁcarbnn that-cantaing 85.7% carbon by mass.

The diagram shows the mass spectrum of compound ¥.

100+ Mark Mark Comment
80 2(a) 1/2 The candidate was able to do calculate the volumes correctly but gave
4 too many decimal places in the mass column to be awarded the first
] mark.
;ﬁmnm B0 To improve (and secure the first mark) all masses should have been
1% 1 given to two decimal places.
407} 2(b) 2/2  The candidate was able to do this successfully
20
..-—-————-—-[ 2(c)(i) 0/1 The candidate’s reasoning was incorrect.
Y8 MM F— | R T i, — To improve (and secure the mark) the candidate should have related
O 10 20 30 40 50 60 TO 80 90 100 the evaporation of liquidY to the fact that the apparent mass would
mie -, have been lower than the actual mass.
Use all the information given to determine the molecular formula of Y. 2(c)(ii) 0/1 The candidate'’s reasoning was incorrect.

To improve (and secure the mark) the candidate should have realised
that evaporation of liquidY should be reduced and should have given a
suitable method to reduce the evaporation. Eg Use an ice-bath.

710+ Ulzbd 410025 F 6T 220 + DU DO RS- 2(d)(i) 2/2 The candidate correctly stated the co-ordinates which were to be
— — - —_— used in the calculation. The candidate correctly calculated the change
0o in y-axis values and divided this by the change in x-axis values.
1B1-S 2(d)(ii) 0/2 The candidate did show full working and but carried out the wrong
. ' method.
molecular formula of ¥ ... e [2]

To improve (and secure the marks) the candidate should have divided

[Total: 12] 3.07 x 104 by the gradient determined in 2di.

2(e) 0/2 The candidate's method was irrelevant.

To improve (and secure the mark) the candidate should have
calculated that the empirical formula was CH2. The candidate should
then be able to realise that as the information on the mass spectrum
indicated the molecular ion had an m/e value of 84 then the relative
molecular mass would be 84. Thus he should be able to divide 84
by the mass of the empirical formula (14) to find that 6 ‘lots’ of the
empirical formula made up the molecular formula.
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