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Y6 PRELIMINARY EXANINATION 2022
CHEMISTRY HIGHER LEVEL
PAPER 2 MARKECHEME

Dizeretionary O penally: -1 M for lilegible handwriting, writing culside of the box, using correction tape/fiuid andlor using non-
Blue or non<biack ink pen.

Guestion Answers Notes Total
|2 8.802g
Zoigmol 0.2000 «moi of C/CO,» Award [2] for correct final answer.
AND «—D04 8, 52000 emol of H,0n /0.4000 emol of Hs
18.02 g mol”
OR
28928 45 01 mor =» 2.402 kg of Cs
44.01¢g mol
OR
8 3
s—-—g—’?ﬁ—’ x2=1.01g mot’ =» 0.404 eg ol Ho v/
18.02 g mof
e4408g ~ 28060 = 1.600 egof O
_ZA028 g o000 mol C —el88 o400 mot B,
12.01 gmol 1.07 gmol”
15098 _ g 1g00mel ox
16.00gmol
CHO
Question Answers Hotes Total
. b it C28:if CSis used
B = 28 Cablg0n 1
gmol”
i € Spectrum Identi 32
A Propan-1-0f | sbsence of carbonywO=0 eabsorplions! no pesk . .
pe i 700 - 1750 ecm's rance Pe Awerd [1 max] for correclly identifying afl 3
* compounds without valid reasons given.
Or
presence of hydroxy#0-H in glcohols Accept specific values of wavenumbers
esbsorptions/paak in 3200 — 3500 ecm s within each range
! range v
=1 . Propanoic | ALTERRATIVE 1:
acid carboryliC=0 AND hydroxylVO-H ein carboxylic
zcids absorplionss
OR
estrongs peaks in 2500 - 3000 econ s AND
700 - 1750 ecr's ranges v 3
ALTERNATIVE Z:
O-H in carboxylic acids «absorptions AND 2500
- 3000 ecmi™n range v
ALTERRATIVE &
strong/broad epeaks AND 2500 - 3000 ecm™'s
fangs v
C Propanal presence of carbonyl/C=0 eabsorplions/ peakin |
1700 ~ 1750 ecm™'z range
AKD )
zbsence of hydroxyl/O-H ein carboxylic acids
absorptions/ no «broade psak in 2500 - 3000
ecri s range v




Question Answers Notes Total
1 d Compound Rumber of Splitting pattern of —-CH;
signals
propanone i singlet Accept 1arid 3 for spiitting pafiern 2
propanal 3 triplet Accept 1:2:1 for triplet
1 e CH30O* OR CHOH* Dao not accept answer without positive
charge 1
4] " ] It HE g0
1.0f KzCr:04/CreO-2fepotassiums dichromate «(Vi)» AND acidified/H* Accepl "H2504” or "HaPO4" for "H'". Do not
accept HCL
oRr
sacidified polessium= manganate{VIi) / «H" and» KMnO, / «H* and» MnQ.~ ¥ | Accept “permanganate” for 1
“manganate(VIl)".
Total 11
-4 -

Question Answers Notes Total
2. 13 Mobile/delocalized <<sea of >> electrons 1
2. b

* Accept line/curve showing these trends.
& * 2
»
two regions of small increases AND a large increase between them v
large increase from 6th to 7th
2. jc nuclear charge/number of protons/Z/Zeff increases «causing a2
stronger pull on the outer electrons» v
- 2

same number of shells/«outer» energy level/shielding v




Question Answers Hotes Total
d P has «threes unpaired electrons in 3p sub-level AND S has one | Accept orbifal disgrams for 3p sub-lavel for
full 3p orbital «ang two 3p orbitals with unpaired electronss M1 Ignore other orbitals or sub-levels.
OR
P: [Nej3sZ3px 3%,1 apz! AND S [Ne}3523p3{23py1 spz! Accept “removing electron from S gives 2
more stable half-filled sub-level” for M2.
repulsion betwsen paired electrons in sulfur «and therefore easier
to removes v
2. |e Any two of : Award [T max] for 2 correct non-chemical
properiies such as:
Forms acidic oxides <<rather than basic oxides>> v
non-conductor, high ionization energy, high
Forms covalenii/bonds compounds <<with other nor-metals>> « | electronegativity, low electron affinity. 2
Forms anions <<rather than cations>> « Accept “dossf0t feact with AGID 40 form
Hs"
Behave as an oxidizing agent <<rather than 2 reducing agent>> ¥
Z. |f |t | electrosialic aftraction ¢
between opposiely charged ionsfbetwesn Fe and 8% 2
2. | |§i | sllows them o explain/predict the properties of different Accept other valid answers.
compounds/substances / infefred/dediosd
OoRrR 9
enzbles them to generalise about substances
-6
Guestion Answers KRotes Total
OR
enables them to meake predictions
2 lgli |4FeS(s)+702(g) — 2Fe203(s) + 4302{(g) v Accept any correct ratio 5
zZ lgli |-2044 v Accepi +6
Do not accept 2- 10 4+, !
2 | g | | sulfur dioxide/S0O2 causes acid rain 7 Accept sulfur dioxide/SO2/dust causes
respiratory problems
Do not sccept just “causes respirafory 1
problems” or “causes acid rain”.
Total 15




Question Answers Notes Total
3, |a 2 ¥ 4
3 |b Fe®:[Ar]3d® Accepl “[Ar] 30°4s""

Do not award mark for full electron 4
configurations “15°25°2p°3s°3p°3d°",
3. lc
Protons Neutrons Elecirons Award [1 max] for 4 correci vaiues.
26 28 26 N
AND AKD 2
26 30 23 v
3. d Ligands donate pairs of electrons to metal ions OR Reject covalent bond
Forms coordinate/dative bond ¥
2
Ligands are Lewis bases AND metal <<ions>> are Lewis acids v
3 e [Fe(CN)s]> AND CN- /ligand causes larger splitting «in d-orbitals Accept ‘[Fe(CN)s> AND «CN» strong field
compared to Hz20» v ligand”.
OR
1
[Fe(CN)s]* AND CN- ligand associated with a higher A «crystal
field» splitting energy/energy difference «in the spectrochemical
series compared fo H20» v
-8-

Question Answers Notes Total
3 4f any value or range between 647 and 700 nm v 1
3. g Zn?* has a full d-shell OR Accept ZINC has full d-shell

does not form « ions with» an incomplete d-shell v Reject if mention “no d-orbital splitting”.

Unable to undergo d->d transition OR 5
Electron from the lower d orbitals unable to get excited to higher d

orbitals as they are fully occupied (OWTTE) «

Total 10




Question Answers Kofes Total
4 ja B
B P,
5
| I\
{ ORrR PP 1
LESN AN
e = P
v J
4, b Eleciron domain geometry: tefrahedral  ~ Accept eny value or renge within the range 91-
108¢°» for M3.
Mclecular geometry: frigonal pyramidal  «
Accept less than 108.5° 3
Bond angle: 100 ¢
4, o i . . s
«—398.9kimol" ' — (~306.4 kimol "y =s -82.5 ckd mol ' vV 4
4 B eAS = 3645 ) K- mol! — (311.7 4K~ mol™ + 223.0J K- mot™)
=3 —170.2 € K molts 1
4, it
€AS =» ~0.1702 sk mol K5 Award [2] for correct finsl answer. If -87.6 and
or -150.5 are used then -42.8.
288 eKe &
eAG =-825kdmol™ — (288K » ~0.1702kd mol K" =2 —41.8 ek miol s z
Allow ecf
S0 -
Qusstion Answers Rotes Totzl
4, W | eAG =41 Bkimol = — g3tdmol KT 288K % Inke Award [2] for correct final answer.
T 1000 i
oR Accept range of 1.80x 10° - 2.60x 107 i
) » -43.5 is used then £.25 x 107,
€AG =—41800dmol "=~ 8.31 J mol 'K x 288 K x InKs 3
ginK= =3 188V
eK=e®%=p 218 % 107V
4, ¥ .
Cig}
ng =% lH {T s{‘{; b \[ ’§
LPC‘3} {‘-“zj
4, vi | «shifiss lefiffiowards reactznis AND «forward reaction is» exothermic/atH | Allow ecf from (i}
is negative ¢ 1
Total 1z
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Question Answers Notes Total
5 la|i |B:reactant
D: intermediate 2
5. |a |ii | Rate =k[A][B) 1
5. |a|# |1.80<<moldm3s'>> 1
5 |b|i Do not penalize curve missing a label, not
passing exactly through the origin, or crossing
x-axis after Ea.
Do not award M1 if curve drawn shows
significantly more/less
molecules/greater/smaller area under curve
than curve 1.
Accept Eg drawn fo Tt instead of curve drawn
as long as to left of marked Ea,
2
Catalyzed £,
v
curve higher ANDto leftof Ty v
new/catalysed £, marked AND to the left of E. of curve T,
-12-
5 |bii / Curve must go through origin.
£ /
= N 1
(e}
5 |b i
,/’:’:T—_— ‘‘‘‘‘‘
sl /7
(8] 7 N
gy /
E
K 1
Time
curve starting from origin with steeper gradieni AND reaching same
maximum volume 1
Total 8




Guestion Answers Notes Total
8 =z G non-equilibrium concentration ARD K¢ : equilibrium
concenirations
or
4
O <<measured>> at any time ARD K. | <<messured>>> at
equilibrium N
& |b 5 s Do not award M2 without #M1
=508 1007 L _gsp0v
{so;f [o,] 100°x200
Reverse reaction favoured/ reaction proceeds o the left AND 2
Q=K. /0500>0282 <«
Total 3
14
Cuestion Answers Hotes Total
7. j& i {RZGIP2/TZ0}
B: CH.COOH AND CHCOO™ v Accept names.
_ 2
C:CHC00™ v Accept CH;COOK for CHaCOO™
7. |a |ii |phenciphthalein ¢ Accepl “phenol red” or “bromothymol blue”. "
7. |=a | i | B AND the region where small additions «of the base/MOH » resultin
little or no change in pH
ORr
B AND the flatiest region of the curve «at intermediaie pHibefore
eguivalence point »
OR
B ARD half the volume needed to reach equivalence point ]

OR

B AND similer armounts of weak acid/CH:COCOH/ethanoic acid AKD
conjugate base/CH;COC fethanoate




iv

<<When small amount of strong alkali is added>> :
CH3COOH (aq) + OH (aq) = CH3COO (aq) + H:0(l) v

OR

CHsCOOH (aq) = H' (ag) + CH;COO™ (aq) AND addition of alkali
causes equilibrium to move to the right v

<<When small amount of strong acid is added>>

CHiCOO (aq) + H'(aq) - CH3COOH (aq) v

OR

CH3COOH (aq) = H* (ag) + CH;COO™ (aq) AND

equilibrium shifts to the ethanoic acid side (lefi)

Accept "HA” for the acid

Award [1 max] for correct explanations of
buffering with addition of acids AND bases
without equilibrium equations

(N19/P2/TZ0/Qn5b(ii) and
M19/P2/TZ 1/Qn5d (i)

€Ka= 10747 = 1.7 x 10™%
eKo=Ko  Ko=10x10"% =17 x 1075 % Kp»

«Kp =2 5.8 x 1070

Accept answers between 5.7-5.9x 107",

[H*] <<= JK, x [CH;COOH]}=+10-%76 x 0.0100 >>

= 4,168 x 10 <<mol dm3>>

pH=338 ¥

Accept pH = 3.37 - 3.39

Award [2] for correct final answer.

Accept other calculation methods

-16-

Assumption:
jonisation is << 0.0100 so0 0.0100 - [A7] = 0.0100 OR
[HAlegm = HAlinitiat  OR

all H¥ ions in the solution come from the acid «and not from the
self-ionisation of water».  OR

[H*1=[CH:CO0 | v

Do not accept partial dissocigtion

«n{KOH) = 0.02075 dm® x 1.00 moldm™2 =» 0.0208 «molx» v
€n{KOH) = n{CH:COOH)»

([CHCOOH] = 20208 mol

=5 =3 0.830 emoldm™s
0.02500dm”

Award [2] for correct final answer.

systematic «errors v/

[CH3COOH] would be higher v
actual [KOH] is lower «than the value in calculation»
OR

larger volume of KOH «solution» needed to neutralize the acid v

Accept KOH pariially neutralised by CO2
from air.

Total

15




17.

Question Answers Notes Total
g |a Allsluminium «elecirodes AND sluminium nitrate/AINGOs): /AP on | Award [1] ¥ MT and M2 are reversed.
eft s
Award [1] for two correctly labellsd
Snftin celecirodes AN tine(ll)» nitrate/Sn(NO2) ISn® on right v | solutions OR two correctly labeiled
slecirodes for M1 and M2,
salt bridge AND voltmeter/Vilightbulb 3
Accept 2 specific sall for “salf bridge”.
Accept other circuit components such as
ammeter/A, fan, buzzer, resisioi/hesting
element/R/C.
g |b 38n® {ag) + 24l {s) — 38n (s} + 2AP (ag) if half-cells are reversed in (g) then the
equation must be reversed fo award the
orR mark. {ecf)
1
I8n{NOa)z (za) + 241 (8) — 38n (s} + 2AI(NO:); (8a) Do nof penalize equilibrium arrows.
8 |c «1.66+ (~0.14)= 42152 «Vs ¢ Calculation must be consistent with
equation given in 8b 1
E. |d €AGe = —nFE® = -6 x 9.65 x 10¢ x 152 =» —8B0080 J mol~'» Award [1] for “e+»880".
OR Award [2] for correct final answer
6 eslecironss ¢ z
W =3 880 el s v
1000
Toiai 7
S1g.
Guestion Answers Kotes Total
% la Any one of i
eregulars hexagon
OR
alf «H-C-C/C-C-Cs angles equal/izi® v
ali C-C bond lengths equalintermedizte betwesn double and single
of
bond order 1.5V
g |b ?Hs ki
CH3 <}:H3 (':Hz
orR CH: or v
1
g lc 2H2S0: + HNOs = NOzY 4+ 2HE0 + H:0° Accept & single amow instead of an equilibrium
sign.
Accepl H:S0. + HNO:; =2 NO + HSO +H0"
Accept ‘H:S04 + HND;s &2 HNOs™ +HSO
Accepl eguivalent two step reactions in which
sulfuric acid first behaves as a strong acid and
protonates the nitric acid, before behaving as &
dehydrating agent removing water from it.




Question Answers Notes Total
9. |ec |ii ] 4
Accept mechanism with corresponding
Kekulé struciures.
i Do not accept a circle in M2 or M3.
“NO2
Accept first arrow starling either inside
the circle or on the circle.
e +H
H
NOz If Kekulé structure used, first arrow
NO2z must start on the double bond.
curly arrow going from benzene ring to N «of "NO/NQOz'» M2 may be awarded from correct
carbocation with correct formula and positive charge on ring v diagram for M3.
curly arrow going from C—H bond to benzene ring of cation v i
M4: Accept "CeHsNOz + H2804" i
formation of organic product nitrobenzene AND H' v HSQO. used in M3.
9. |d Stage one: 2
CeHsNO; (1) + 38n (s) + TH' (2q) ~+ CsHsNHsz" {2q) + 38n2 (aq) + 2H0 () v
Stage two:
CeHsNHs* {2q) + OH" (aa) — CsHsNH:z (1) + HO (1) v
Toiel 5]

S,



