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Appendix A

Answers

1.9701_s17_ms 21 Q: 1

(a) The mass of a molecule 1
OR the (weighted) average / (weighted) mean mass of the molecules

Relative / compared to % (the mass) of an atom of carbon—12

OR on a scale in which a carbon—12 atom /isotope has a mass of (exactly) 1‘ u

(b)(i) 3 & 1
(b)) 8 1

(b)(iii) C3HsO +4%0; > 3C0;+4H,0 1

(b)(iv) \‘~I”’ 1

OH AND propan—2—ol / 2—propanol

/\/OH AND propan—1—ol / 1—propanol 1

Alternative answers (any two):

~ """ 0H AND butan—1—ol /1

Ipropan—1—ol / (2—)methyl—1—propanol

WH Al Ipropan—2—ol / (2—)methyl-2—propanol

(b)(v) correct col ns of data to Sl/consistent units 1
00000; V=20x10"%; T=393

calculation of n ( = pVIRT) from M1 values 1
_100x10%x20x10®
8.31x393
calculation of mass m (= n xMr) AND answer correct to 3sf 1

m=6.12x 10 x 60 = 0.0367 (g)

Alternative answer for using C4H10: m=6.12x 107 x 74 =0.0453 (g)

Total: 10
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2.9701_m16_ms 22 Q:2

APPENDIX A. ANSWERS

N | 2730 —5.46 104 1
@ @ | 5o *0-020 =546 x 107(mol) 11
(i) | (i) x 6 =3.28 x 10 (mol) 1
i | iy x 250 208 . 102 1
(i) | (ii) 2500 328X 10° (mol) 1
(iv) | M of FeCO; =55.8 + 12.0 + 3(16.0) = 115.8 1]
(iii) x M(FeCO3) =3.79g 1]
) 1009 = 75.9% 1
(v) 5.00 00% 9% [1]
(b) (i) |2Fe* + Sn* — 2Fe®* + Sn**
species [1]
balancing [1]
(ii) SnClx(aq) + 2HgCly(aq) — SnCls(aq) + HgCly(s)
SnCI; AND 2 [1]
state symbols [1]

3.9701 wl6 _ms 21 Q:1 0
(a) 6 x 1073 (mol) 1 1
(b) NaOH + HCI — NaCl + H,0 1 1
(© 6 x 107 (mol) p 1
(d) 4 %107 (mol) 1 1
(e) 4 % 107 (mol) 1 1
) 1% 107 (mol) 1 1
(@ 170 p p
(h) 23(.0) @ 1 2
Sifsilicon 1
Total: 9
4.9701 _wl6_ms 22 Q:1
(a) 0.040R 4 %107 1
(b)() + CO, + H,0 1
(b)ii) 0. 1
(b)ii) | 0.00150R 1, .
(b)iv) |0.0150R1.5x 102 1
(b)(v) | 0.0250R2.5x 102 1
(b)(vi) | 0.01250R1.25 x 1020OR 0.0130R1.3 x 1072 1
(b)(vii) | 40 1
Ca/calcium 1
Total: 9
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5.9701_s17_ms_22 Q: 1
(@ . number of number of 2
atomic number nucleon number number of protons symbol
electrons neutrons

6 3 3 1

ore® .
(b)(i) EITHER 2

mass of an atom/isotope 1

relative / compared to 1/12 (the mass) of (an atom of) C-12 OR
on a scale in which a C-12 (atom/isotope) has (a mass of exactly) 12 (units) 1

OR

mass of one mol (of atoms) of an isotope

relative / compared to 1/12 (the mass) of 1 mol of C-12 OR

on a scale in which one mol C-12 (atom/ isotope) has a mass of (exactly) 12g

(b)(ii) (10.0129x19.78)+(80.22x) _

100

10.8

x = 10.9941

6.9701_s20_ms_23 Q:2

% Total: 6

(a) EITHER

M1 mass of an atom / isotope
M2 relative / compared to 1/12 (the mass) of (an atom of) C-12 OR

on a scale in which a C-12 (atom / isotope) has (a mass of exactly) 12 (units)
OR

M1 mass of one mol (of atoms) of an isotope

M2 relative / compared to 1/12 (the mass) of 1 mol of C-12 OR
in which one mol C-12 (atom / isotope) has a mass of (exactly)

$ :

(b) % abundance of 8Cu = 72.5%
% abundance of %Cu = 27.5%
M1 correct algebraic expression AND correct calculation
% ab of $3Cu = x (x/100 x 63) + ((1- x)/100 x 65
OR

% ab of 5Cu = x  (1- x)/100 x 63) + x/100

M2 calculation of abundance of other isoj

(c)(i) metallic

(e)(ii)

diagram showing the b
) Y

(+ Ry,
M1idiagram sho
oram

M2 dia shows

gement of spheres labelled as positively charged ions / +2 or +1 / cations
by electrons and clearly labelled as ‘delocalised electrons’

(c)(iii) | (1s?) 2s2 2p" 3s2 U4s1 OR (1s?) 252 2p& 3s2 3p® 45" 3d10

(d)(i) M1 calculate the number mol S;03; added

20/1000 x 0.10 = 2x10=0.002 (mol S;0; %)

M2 calculate number mol CuSQOy in 250cm®

(1mol S;03 % : 1 mol CuSQ;4 ) =0.002 mol CuSQ, in 25cm?

s0 0.02 mol CuSQy in 250cm?

(O M1 amount of CuSQyin

10.68 g of CuSQ,4-xHO

7.98/(159.6) = 0.05 (mol)

M2 amount of H,O in
10.68 g of CuSQ4-xH.O

(10.68 — 7.98)/18 = 2.7/18 =) 0.15 (mol)

M3 value of x (mol H20 + mol CuSQO4 =) 3
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7.9701_w20_ms_22 Q:1

APPENDIX A. ANSWERS

(a)(i) positive / + on left AND negative /— on right 1
oo
‘ charge on pinte | | SEirOnS ehrge on plaie
!
e
(a)(ii) | straight line vertically upwards from the source 1
PR i
|
®)XD || type of orbital s p d 3
number of orbitals 4 9 5

(b)) | 45 |:|
s (1111 ]
s m]
20 ([T
25 [m
15 [[f]

different (number of) neutrons

(b)(iii) |5 1

(b)(iv) | Award one mark for each correct bullet point — max 3 marks 3
e nuclear charge increases
* extra electron(s) in inner shell / n=3 /d-subshell / d
* increased shielding (of 4s electrons by electrons i
e (overall) similar nuclear attraction (for outer

(c) answer in terms of subatomic particles il 1

same (number of) protons
AND

e 1
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8.9701_s19 ms 23 Q: 1
(a)(i) All have the same nucleon number 1
OR same sum/ total number of protons + neutrons
(a)(ii) (different) number of protons, neutrons and electrons 1
(b) M1 x/100 032 + (100—x/100 0 34) = 32.09 3
M2 (32x + 3400 — 34x) = 3209 so x = 95.5
M3 S% 95.5% AND S* 4.5%
(c)(i) 1s 1
(c)(ii) 1
OR
(e)iii) | M1 3p 2
M2 It is less attracted to the nucleus (so takes less energy to lose)
OR
It is the highest energy orbital (which is occupied)/it is in the highest energy orbital
i T T KR |
3s 3p
(d)(ii) M1 (in S, the electron is removed from the) 2 electrons in (3)p orbital 2
OR a pair of electrons in (3)p (orbital / sub-shell)
M2 (paired electrons) repel
9.9701_s16_ms 21 Q: 1
(a)
1]
17 8 8 -2 11
iron +2 [1]
chlorine 35 17 17 [1
(b) line straight on labelled ‘neutrons? [1]
line (curving) up labelled * [1
proton line clearly sh eflection than electron curve 1
(c) (i) | Group 16/6/VI
AND [1
Big (owtte) incr nce/big gap /big jump/jump in increase/jump in difference after 6th |E
(ii) in&*es to increasing attraction (of nucleus for electrons) [1
> @
due creasi harge/atomic/proton number AND [1
consfant/simila g/same (outer/number of) shell /energy level
(iii) | electron (pair) repulsion [1
(Y has a) pair of electrons in a (3)p orbital/a (3)p orbital is full ORA [1]
(iv) | (1s%)2s?2p®3s23p® M
(d) (i) |0.56(%) [1]
(ii)
(Ax0.56)+(86x9.86)+ (87 x7.00)+ (88 x82.58) _87.71 M
100
A=84 1
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10. 9701_s16_ms_22 Q: 1

(@) name of nucleon atomic number of | number of | number of overall
element number number protons neutrons electrons charge

5 5 5 1]

15 7 7 -3 11

lead 126 +2 [1]

lithium 6 3 2 [

{b) (i) |Group 17/VII/7

AND
big (owtte) increase /big difference /big gap /big jump/jump in increase/jump in difference after 7th |E [1]
(ii) | increases across period due to increasing attraction (of nucleus for electrons) [1

due to increasing nuclear charge/atomic/proton number AND constant/similar shielding/

same (outer) shell/energy level 1]
(i) | 1s?2s22p°35%3p* e M1
{¢) (i) |(100-99.76 - 0.04=)0.2 1
(ii)
0.2x +(99.76 x 16) + (0.04 x 17) = 16.0044 M
100 ¢

x= 18 *\ g
°

Q"’Qe
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11.9701_S15 ms_21 Q: 1
(a) sub-atomic particle relative mass relative charge
neutron 1 0 [1]
electron 1/1836 -1 (1]
proton 1 +1 [1]
(b) (i) RAM = mean/average mass of the isotopes/an atom(s) [1]
relative to 1/12 the mass of an atom of ?C/on a scale where an [1]
atom of ?C is (exactly) 12 (units)
isotope = atoms with the same number of protons/atomic number/ proton
number with different mass numbers/numbers of
neutrons/nucleon number [1]
(i) (0.89x74)+(9.37x76)+(7.63x77)+(23.77 x 78)+ (49.61x 80 )4 (8.73 x 82) ]
100
=79.04 (2d.p.) AND Se (1]
(c) (i) Te Cl
47 4 52.6 ]
128 35.5
0.370 1.48
0.370 0.370
1 (1]
so MF = TeCl, [1]
. 4 £ 4
(c) (ii) Covalent A @ ple 1]
low melting point/reaction with water [1]
(iii) ,‘T 3H,0 — H,TeO; + 4HCI
+ OR +2H,0 — TeO, + 4HCI (1]
(@ () | el ange flame [1]
White fumes/ solid [1]
Yellow/green gas disappears [1]
(ii) NaClgiant/ lattice AND ionic [1]
SiCl, simple/molecular AND covalent [1]
For NaCllarge difference in electronegativity
(of sodium/Na and chlorine/Cl/Cl) (indicates electron transfer/ions) [1]
For SiCl, smaller difference (indicates sharing/covalency) with (weak)
van der Waals'/IM forces (between molecules) ora
(1]
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12.9701_wl7_ms 22 Q: 1

(@) cl 4
P
A a—R
c” c ol
trigonal planar (trigonal) pyramid(al)
120° 100-107°

3 marking points for each box: diagram, name and shape.
for each box:

all three correct = 2 marks

two correct = 1 mark

(b)(i) SiCly simple / molecular AND Van der Waals'/ id-id forces / London / dispersion forces / IMFs 1
NaClionic OR giant 1
bonding (in NaC1) stronger (than forces in SiCl;) owtte 1
(b)(ii) SiCl, has more electrons ORA 1
stronger Van der Waals'/ id-id forces / London / dispersion forces / IMFs 1
(b)(iii) 1

1(;.I:Si Cl:

:QOI :

13.9701_s17_ms_21 Q: 2

@) substance type of bonding type of lattice structure
copper metallic giant/metallic 1
ice hydrogen-bonded / 1
simple / molecular
silicon(1V) oxide giant (molecular)/ 1
macromolecular
iodine simple / molecular 1
sodium chloride giant/ionic 1
(b)(®) 1
(b)(ii) 1
es (in a row) over two H,O molecules, 1
9
@
rons on O of H-bond, in line with H-bond 1
(c)(i) X =liquid AND Z = solid 1
Y =liquid and solid OR ‘liquid / solid’ OR ‘liquid OR solid’ 1
(e)(ii) (kinetic) energy reducing 1
motion slowing owtte 1
(c)(iii) energy given out/ released forming bonds / forming bonds exothermic 1
compensates for / counteracts heat loss / cooling owtte 1
Total: 15
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14. 9701 _s16_ms_23 Q: 1

(a) ()| Fe + H;SO, — FeSO, + H, 1]
(ii)| Crp0;* + 14H" + BFe** — 2Cr* + 6Fe® + 7H,0 1]
(iii) | (0.025 x 32.0/1000=) 8 x 107 1]
(iv)| (8x10* x6=)4.8x107 [1]
(V)| (4.8 x 107 x 250/25.0=) 4.8 x 107 [1]
(vi)| (4.8 x 107 x 55.8=) 2.68/2.678 1]
(vii)| (2.68/3.35=) 80% 1]
(b) (i)| covalent [11
small(er) difference in electronegativity between Fe and Cl (than between Aland CJ) [1]
(i) | FeCls + 6H0 — [Fe(H,0)]** 3CI~ OR [11

FeCl; + 6H,O — [Fe(H,0);OHP* + H* + 3CI~

?‘Q'PapaCambridge
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15.9701_S15_ms_23 Q: 1

APPENDIX A. ANSWERS

(a

(1s%)2s?2p°

[1]

(b) (i)

removed

from each atom in one mol
of gaseous atoms

The amount of energy required/energy change when one electron is

[1]

[1]
[1]

(i)

Greater nuclear charge/number of protons
Same shielding/number of shells/energy level

[1]
[1]

(c) (i)

mean/average mass of the isotopes/an atom(s)

of '2C is (exactly) 12

relative to 1/12 of the mass of an atom of '?C/on a scale where an atom [1]

[1]

(ii)

(20%90.48)+(21x0.27)+(9.25y)
100

20.2=

2020-1815.27
9.25

=22.133

[1]

[1]

(d) (i)

y _MRT _ 0.275x8.31x 298
"~ pV 100 x10° x 200 x 10 °

M, = 34.05/34 .1

(ii)

[1]

[1]

(Let % Ne =x so %

% Ne =29.7

[1]

(e) (yftva

aal’'s/London/dispersion
tron distribution/temporary dipole
e-dipole attraction

rnev
*Induce

[1]
[1]
[1]

(i)

more electrons
more polarisable/greater attraction/stronger IMFs

[1]
[1]
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16. 9701 w15 ms 22 Q:1
@ name of type of char symbol electron configuration
isotope particle 9e Y 9
atom 0 3¢
chloride(-37) anion 1522522pf35%3p° 1]
#s 1s?25%2p%3s%3p*
2+ 5eFel®)
(b) (i) | ability/tendency/power of an atom/nucleus to attract/pull electron(s) [11
in a covalent bond/shared pair of electrons/bonding pair of electrons [11
(ii) | Covalent 1]
overlap of orbitals OR shared pair(s) (of electrons) 1
OR
metallic [11
positive ions/cations surrounded by delocalised electrons [11
(iii) | lonic/electrovalent [11
(electrostatic) Attraction between oppositely charged/+ve and —ve ions [11
(c) (i) | similar strength/amount/number of intermolecular forces/induced dipole/van der. /London [1]
forces/LDF/dispersion forces
therefore similar energy needed [1
(ii) | M1 HC!polar/has a dipole AND F, non-polar/has no dipole 1
OR
(permanent) dipole (-dipole) attractions/forces between HCI (m: AND induced dipole (-induced dipole)
attractions/forces/LDFs between F (molecules)
M2 more energy needed for HCI than F; 0 [11
OR
pd-pd forces stronger than id-id forces
OR
IMFs/VdWs in HCI stronger than in F»
(iii) | Hydrogen bonding (between methanol m [1
Stronger than IMFs/van der Waals’j e/is the strongest intermolecular force [11

gPapaCambridge
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17.9701_s21_ms_21 Q: 2

Question | Answer | Marks
(a)(i) M1 both make triple (covalent) bond /3 shared pairs of electrons 1
M2 one bond in CO is coordinate / dative covalent/formed by donating a pair of electrons from O (to C) 1
(a)(ii) 2
14 14
temporary / instantaneous permanent dipoles—
dipole—induced dipole (permanent) dipoles
(and
temporary /induced /
instantaneous dipoles)

(b) COVitis a polar molecule/ it has a (permanent) dipole (but N2 is non-polar) 1
(e)(i) high temperature AND low pressure % 1
(e)(ii) M1 COQ is polar/has a permanent dipole OR N: is non-polar 1

M2 IMF in CO are (more) significant/ larger OR IMF in N; are smaller/ less significant 1
Alternative answer ‘

M1 (Size of) N2 smaller than CO
OR volume of N> molecules / particles smaller

Alternative answer
M2 volume of N> molecules / particles is more negligible

ORA
Question | Answe | Marks
(d) M1 correct conversion to consistent units 1
P =101 000 V=100/1 000000 = (1 x 10-%)
M2 use of all values from M1 in correct relationship, n 1
M3 calculation = 4.15 x 103 1

?‘]'PapaCambridge
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18. 9701 _s19 ms 21 Q:3
(a) Art(g) — Arz*(g) + e) OR Art(g) — et) — Ar?*(g) 1
(b) at x = 8, within range 13000-20000 1
at x = 9, within range 35000—45000 1
(c) 1
OR
(d)(i) M1 correct conversions of data to Sl/consistent units 1
p =404 000; V=20 x 105, T=298
M2 calculation of n (= pV/RT) from M1 values 1
—6
2404000220 % 107 _ 5 563, 107 mol of cy
8.31x 298
M3 finding the mass of Cl 1
=3.263 x 10 x 71.0 =0.23(g)
() Method 1 Method 2 1
M1 = 0.23 x 2 OR B6.53 x 1073
M1 =3.263 x 103 x 2 710 29X
1
M2 =6.02 x 102 x M1 M2 =6.02 x 10 x M1
=3.93 x 102! atoms of Cl =3.90 x 102! atoms of @
i
(d)(iii) M1 size / volume of molecule / particle becomes significant/ non-negligible OR @ me significant/ non-negligible 1
M2 IMFs becomes significant/ non-negligible / collisions are not elastic 1
19.9701_s21 ms_22 Q: 2
Question nswi | Marks
(a)(i) Li* AND S 1
(a)(ii) M1 giant 1
M2 (many) strong force(s) of attraction bet jositely charged ions 1
OR
(many) strong ionic bond(s)
(b)(i) (covalent) bond with botl ded from the same / one species 1
OR
shared pair (of electrol d from the same species /one atom owtte
(b)(ii) 3 bonding pairs be <’'s AND 2x’s 2

*

1 lone pair on C, air on O, »=.
g 4 -
& 3 \
S / 2\
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APPENDIX A. ANSWERS
Question Answer | Mark
(e)(i) Any two assumptions about the behaviour of particles in an ideal gas from 2
* (particles/ molecules have mass but) negligible size / volume (compared to total volume of gas / container)
* no/negligible forces /interactions (between particles / molecules)
* collisions are elastic
(c)(ii) M1 IMF become larger / more significant 1
M2 volume of molecules / particles becomes significant / no longer negligible 1
@ Na(g) colg) 2
instantaneous dipole—induced dipole v | instantaneous dipole—induced dipole
gaer:(rjr?anent dipole—permanent dipole v
(c)(iv) QO is more electronegative than C 1
20. 9701 _wi16_ms 21 Q: 2
(a)(i) Enthalpy/energy/heat change when ocne mole of a substance 1 3
Burns/combusts/reacts in excess oxygen 1
OR
Completely burns/combusts/reacts in oxygen ‘
under standard conditions %\ 1
(a)(ii) CoHsOH + 302 — 2C0; + 3H20 1 1
(b)(i) 6813.4/6813/6810/6800 (J) 1 1
(b)(ii) —1362.68/-1362.7/-1363/-1360/-1400 (kJ) 1 1
(b)(iii) Any 2 from: 2
heat/energy losses (to air and/or to the container/surroundin 1
incomplete combustion 1
(volatile) ethanol evaporated
ethanol is impure
not all energy is lost as heat
(e)(i) 3C(s) + 4Hq(g) + 205(g) > Cq 3
3(-393 141
1
(c)(ii) AH; + (-2021.0) 1 2
AH; =-302.7 (k. 1
Total: 13
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21. 9701 _wl5_ms_22 Q: 2

463

(a) M1 Heat (energy) change (or Hprg — Hreact) measured at constant pressure
R

products

M2 measured at standard conditions

enthalpy change when the amount/moles of reactants as shown in a (reaction) equation react together to give

(1

(1

(b) () |q=212553

(1

(ii) | amount = 0.025(0)

(1

(i) | -85.(0)

(1

(iv) ( MgSOa(s) + 7TH,0(l) — MgS04.7H,0(s) )

-85.0 (kdmol™) (+)9.60 (kJmol™)

MgSO4(aq)

(1

(v) |AH+9.6=-85.0
AH=-85.0 - 9.6 = -94.6 (kJmol-")

e 1

Q°Q®
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22.9701_ml19 ms_22 Q: 2

APPENDIX A. ANSWERS

(a)i)

M1

@ mass of a molecule

OR @ (weighted) average / mean mass of the molecules
OR @ mass of one mole of molecules

M2

® /@ compared to % (the mass) of an atom of carbon-12

OR on a scale in which a carbon-12 atom/ isotope has a mass of (exactly) 12 (units)
@ relative / compared to % (the mass) of 1 mole of carbon-12

OR on a scale in which 1 mole of carbon-12 (atoms/ isotope) has a mass of (exactly) 12 g

(a)(i)

M1 identification of the IMF between F2> molecules and between HCI molecules
HC1 has (permanent) dipoles and / or induced dipoles
F2 has induced dipoles

M2 comparison of strength of IMF’s in F>and HC{
Intermolecular forces in HCI are stronger than F»

(a)(iin)

strong (electrostatic) forces of attraction between (oppositely charged) ions

(@)iv)

CaCOs(s) + 2HF(aq) = CaFa(aq) + CO2(g) + H20(1)

M1 species and balancing
M2 state symbols

(b)(i)

1s? 282 2pf 352 3pb

(b)(ii)

M1 purple gas/ vapour disappears
M2 iodine is not a strong enough oxidising agent ORA

(b)(iit)

M1 silver nitrate / AQNO3
M2 yellow

(b)(iv)

(aqueous) ammonia / NH3(aq)/ ammonium hydroxide / NHsOH(aq)

(e)(M)

M1 bonding pairs correct
M2 rest of molecule, incl. lone pairs.

(e)(ii)

Fz + H20 - HF + HOF

(e)(iiy

M1 labelled reactants AND products lowe

M2 labelled enthalpy change wi

(e)(iv)

& 5 & 5
H—Fannnm H—F

M1 H-bond labelled /shown as distinct from H—F bond

(d)i)

8.31x 273
=924 0r92.5

M1 Use of T=273K, V=0.001 m?* and p = 101325 Pa
M2 correct use of pV = nRT using values from M1

M3 correct calculation of Mr using 4.13 + moles from M2

(d)(ii)

CIF;
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23.9701_s20_ms_21 Q: 2

465

(a)(i) | 2CuS0Oa(aq) + 4KI(aq) = 2Cul(s) +(1)Iz(aq) + 2K>S04 (aq)

M1 correct balancing M2 correct state symbols

Oxidation state of copper in CuSOs
AND
Oxidation state of copper in Cul

(a)(in) (+)2

(+)1

(a)(iii) | M1 redox

M2 iodide ions - lost electron(s) AND copper ions — gained electron(s)

(®) Mass of 0.0982mol CuSQ4in
17.43g CuS0O..yH.0

M1 calculate M. CuSQuusing Ar from data booklet
63.5+32.1+64.0=159.6

M2 use Mr to calculate mass of CuSOy

(0.0982 x M1) =15.67272g

number of water in 17.43g of
CuS0; yH:0 amount of water present

(17.43-15.67)/18 = 0.097778 mol

M3 calculate the mass amount of water in sample AND use this value to calculate the

M4 use the ratio of M2: 0.0982 to find y
(mol H20 + mol CuS0Oy4) =1

value of y

24.9701_s19_ms_23 Q: 2

held in regular / uniform arrangement

@

(a)(ii) M1 covalent (bonds) AND (temporary) induced dipoles

M2 (temporary) induced dipoles

b)i |2

iodine (atom/ s) donates a pair of electrons (to the ALl covalent bond /

(b)(ii)

(©)(i) | 2H280s + 14HI — 71, + 8H,0 + HaS + S

M1 correct species

M2 correctly balanced equation

explain with ref to ox no’s why the reaction in (c)(i) i reaction

(e)(i)
M1 I (oxidation number increases) from —1 ation / reducing agent

M2 S (oxidation humber decreases) fri

OR -2 =reduction /oxidising agent

25. 9701 _s16_ms_22 Q: 3

(ﬂ.) ot 6CO; + 7TH,0

1]
(1

(b) (i)

[

(ii)

[

(i) | (0.242/1.92 x 1073 =) 126(.0)

1

(iv) | (126 —90=36;36/18 = 2 hence) x = 2

(1

?"t.’PapaCambridge
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26. 9701_s21_ms_23 Q: 2

Question Answer | Marks
(@) M1 H-bond between an O and an H in OH groups in water and methanol molecules 1
M2 minimum three partial charges (in sequence) over one water and one methanol molecule, i.e.: 1
M3 either >0—H®*----30 or H%----30—H?3* 1

lone pair of electrons on O of H-bond, in line with H-bond
(b)(i) M1 (methanol) gas (particles / molecules) in equilibrium with liquid 1
M2 (methanol) gas (particles) exert a pressure (on the walls of a container/ on the surface of the liquid) 1
(b)(ii) (liquid) particles (at the surface) have enough energy (to overcome attractive forces / evaporate / to become a vapour) 1
(b)(iii) M1 (liquid) H2O molecules are held by stronger hydrogen bonding 1

OR it takes more energy to break the hydrogen bonds between water molecules (in the liquid state)
OR each water molecule forms two hydrogen bonds (whereas methanol can (only) form one per molecule

M2 fewer HO liquid molecules (able to) escape /become gaseous ora 1

(c)(i) M1 rates of forward and reverse / backward reactions are equal 1

M2 closed / sealed system / container 0 1
OR

no change in measurable properties / no change in macroscopic properties

(c)(ii) M1 mol fraction = 0.97 /(0.030 + 0.060 + 0.97) = 0.97/1.06 = (0.9151) 1
M2 M1x1.0x 107 =9.2 x 108 (Pa) vv 1
(e)(iii) expression for Ky 1

M1 K, = p(CH3OH)/ p(CO) x p(Ha)2

M2 units = Pa—2 1

Q""'Q
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27. 9701 _s18 ms_23 Q: 1
(a) 4
o
AN
//SZ cl
\
o] o—ClI
trigonal planar non-linear/bent/\V-shaped/angular
(b)(i) stronger attraction for 02"/ stronger ionic bonding / more energy needed to overcome ionic bonding / separate ions 1
charge density of magnesium (ion) is greater (than sodium ion)  ora 1
(b)(ii) Either: 2
M1 SiO; has a giant (covalent) structure / giant molecular
M2 Covalent bonds (much) stronger than VdW / id-id / IMFs in SO5
OR
M1 SO; has a (simple) molecular structure / (simple) molecule.
M2 VdW /id-id / IMFs M2 IMF’s are (much) weaker than covalent bonds (broken in SiO;)
OR
M1 Covalent bonds are broken in SiO; AND VdW/ id-id/ IMFs in SO3
M2 Covalent bonds are stronger (than VdW /id-id / IMFs)
(c)(i) molecules / particles / reacting species are closer together 1
so frequency of collisions increases 1
few(er) moles on right 1
so (equilibrium) reaction shifts right/ towards products / (as pressure increa: the change) 1
(e)(ii) Decreasing reactant concentrations (at different time intervals / as rea resses) 1
So rate decreases OR change in concentration + time taken de 1
(e)iii) (line becomes horizontal when) forward and reverse rat al/ um established 1
(c)(iv) 2:1 ratio in equation/ SO, used up more quickly (than O. x , react forevery 1 x Oy 1
i 2
(@)i) __[s0y] 1
c 2
[SO,]" x[0]
(d)(ii) S0; = 0.02 (mol) 1
1
O, = 1.01 (mol)
(diii) 1.98/ 40’ 3
__(ssis) i
(0.02 ! 40) (1.
=888/38 M2
AADPV
Units <P mol/ M3
&
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28.9701 w17 ms 22 Q:2

APPENDIX A. ANSWERS

(@) —-444

(b)(i) (higher rate / rate increases) due to higher frequency of successful collisions

more molecules / particles with E > E,

(b)(ii) (percentage decomposition of PCls) increases

(forward) reaction is endothermic

(c) rates of forward and reverse / backward reactions are equal

closed / sealed system/container

() | Mo =1.20+0.80+080  OR 2.80 (mol)
OR mole fraction = 1.20/2.80 OR 0.429

pPCls =1 x 10°x (1.20/2.80) =4.29 x 10* (Pa)

@@ |, _PPCL x pCL
P pPCI;

(i) | 1.91 x 10*

Pa

29. 9701 _wl6_ms_22 Q: 2

(a) Arrow vertically up from N,Oy line to 2NO, line labelled enthalpy change / AH 1
Arrow vertically up from N,Oy line to dashed line from peak labelle nergy/E, 1

- F [\ oow z
®)X | mxRxT (_ 4.606x8.31x323) 1

' pxV 1.68x10° x1x 107
= 736 1
(b)(ii) 2n 1
(b)(iii) 0.05-n+2nOR 1
(b)(iv) 2n 1
(0.05+n)
(b)(v) = 1
s !
(b)vi) | K3 1
pN3O4

(b)(vii) | (0.4 x1.68 x10%)%/(0.6 x1.68 x10°) OR 0.4* x 1.68 x 10%0.6 1
44800 OR 44.8 1
Pa ORkPa 1
Total: 13
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30. 9701_s18 ms_21 Q: 1
(a)(i) (It is a substance that) speeds up a reaction 1
(by creating an alternative pathway / mechanism with) lower E, 1
(a)(ii) (a heterogeneous catalyst is in a) different state / phase (to the reactants) 1
(b) -196 + 6S=0 = (4 x 534) + 406 1
S=0=2828/6=471(.3) 1
(] 1=B 1
2=A 1
3=D 1
(d)(i) Increases rate AND explanation re collisions 1
By increasing number / proportion of / more molecules / particles / species with E > E, 1
(So) increases frequency of successful collisions / more successful collisions per unit time / higher chance of successful 1
collisions per unit time / higher proportion of successful collisions per unit time
(d)(ii) (Increasing T) decreases yield (of SO3) 1
(Forward) reaction is exothermic (or reverse argument) 1
So increasing T shifts (equilibrium) reaction to left/ towards reactants / in endothermic direction (ts nge in T) 1
(e) H2S207 + H20 — 2H,S0, & 1
(UI0] 1
(F)(iiy fully ionises/dissociates 1
(Bransted-Lowry acid is a) proton / H* donor 1
(f)(iii) | HoSOu(l)/(aq) + H20(l) — HSO4 (aq) + H30*(aq)
species and balancing 1
correct state symbols on left hand side; all pr; us 1
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31.9701_sI8 ms_22 Q: 2

@) option 1: 2
the mass of (all the atoms/ions in) a formula (unit) / molecule OR the (weighted) average / (weighted) mean mass of (all the
atoms /ions in) the formula (unit) / molecule [1]

relative / compared to 1/ 12 (the mass of an atom) of carbon—12 OR on a scale in which a carbon—12 (atom / isotope) has a
(mass) of (exactly) 12 (units) [1]

option 2:
mass of one mol of a compound / formula (unit) / molecule [1]

relative / compared to 1/ 12 (the mass) of 1 mol of C-12 OR in which one mol C-12 (atom/isotope) is (a mass of exactly)
12g[1]

(b)(i) H
HIN™)eH
H

4 shared pairs only (any symbols) (in NHa) e 1

3 x dot-and-cross bonds AND 1 x 2 crosses (in NHy4) 1

(b)(ii) tetrahedral 0 1

109—109.5° (inclusive) 1

c(i) in any order explain meaning of: 2
weak

partially ionises / incompletely dissociates (into ions)

Bronsted-Lowry acid
is a proton donor / H* (ion) donor/ hydrogen ion donor

(i) | NH,*(aq) + H20(1) = NHs(aq or g) + H:0"(aq)

all correct species and balancing 1

correct state symbols 1
(d)(i) MnO, + 5Fe®* + 8H* — Mn”* + 5Fe®* + 1
(d)(ii) (Fez' is a) reducing agent/ r 2

provides/donates elec electron(s)/increases its oxidation number/ (Fez*) becomes Fe**
(d)(iiiy | 4 x 107*70.0004 1
(@) | 2x10°/0.002 p
(d)v) 1
(d)(vi) 1
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32.9701_m21 _ms 22 Q: 1
Question Answer Marks
(a)(i) vertical axis: number of particles 2

horizontal axis: (kinetic / particle) energy

M1: shape of curve correct
M2: labelled axes

(a)(ii) Labelled line (T2) with lower peak to right of original

(b)(i) Any two from:

no VdW forces present/ no forces of attraction between particles

(ideal gas) particles have no/ negligible volume (compared to container)
collisions between (ideal gas) particles / walls of container are perfectly elastic
(ideal gas) particles behave as rigid spheres

. e o @

(b)(ii) M1: moles of krypton = 2.00 + 83.8 (= 0.0239 mol)
M2: conversion of value into consistent units for pVV = nRT

_M1x8.31x393

M3:
5.00 x 107

= 15600 Pa

Question Answ

Marks

(b)(iii) M1: low pressure AND high temperature

M2: Either of:
* volume of particles is negligible (compared to ntainer)
* VdW forces are insignificant (owing to high ki y of particles)

(e)(i) Energy

enthalpy change
| A is positive)

Progress of reaction

S
M1: end higher th
M2: E; AND AH |

‘hill’ for Ea

(c)ii) | rateincreases
* (increase in temperature means) more particles have energy > activation energy
* frequency of successful collisions increases

gPapaCambridge
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33.9701_s17_ms_22 Q: 3

(@) (+) 103 1
(b)(i) general shape of the curve and peak are displaced to right of original and starts at origin 1
the peak is lower and curve crosses once only finishing above original 1

(b)(ii) rate increases AND correct explanation in terms of ‘more collisions’ 1
at higher T area above Ea is greater/ more molecules with £ > Ea 1

higher frequency of successful collisions OR more successful collisions per unit time / higher chance of successful collisions 1

per unit time / higher proportion of successful collisions per unit time

(b)(iii) increases (%) decomposition (of HBr) 1
(increasing T) shifts equilibrium to the right/in the forward direction / endothermic direction / towards H, + Br; 1
to oppose the change or oppose the increase in temperature OR to absorb (additional) energy / heat OR to decrease the 1
temperature

(b)(iv) H-I bond strength less than H-Br OR 1
less energy needed to break H-I ora
I (atom) is big(ger) (than Br) OR 0 1
I (atom) has more shielding (than Br) ora
Br (atom) has greater (%) orhital / outer shell overlap 1
(a)tﬁaction (of nucleus in iodine) for shared (pair of) electrons is weak(er) ‘
(a)tiaction (of nucleus in iodine) for bonding pair (or electrons) is weak(er) ora

(c)(i) Hz = 0.015 (mol) 1
HCI=0.27 (mol) 1

(c)(ii) | HCI=9/10 AND xHz = 1/20 AND Ck = 1/20 OR 1
HCI=0.9(0) AND H, =0.05 AND C% = 0.05

a)i H, x pCl 1

@0 | e oy P szCpIZ ,

(d)(ii) equal number of moles (of gas) on either side (of equatien)/ (total) pressure cancels 1

(d)iii) | 4.649 x 107 1

Total: 18
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34.9701 w17 ms 21 Q:1
@) energy needed / required to break a mole of (covalent) bonds 1
(All) in the gaseous state 1
(a)ii) | —92 = {944 + 3(436)} — 6E(N-H) 1
E(N-H) = (+)390.7 / 390.67 / 391 1
(b)(i) general shape of the curve and peak are displaced to right of original line and starts at origin 1
the peak is lower and curve crosses once only finishing above original line 1
P ctucuden
[Ty
(b)ii) rate increases AND explanation in terms of collisions 1
(at higher T) area above E; is greater 1
glt?higher T) more molecules with E > E,
higher frequency of successful collisions 1
no'lsre successful collisions per unit time / higher chance of successful collisions per unit ti x portion of successful
collisions per unit time
(b)(iii) reduces yield (of ammonia). 1
(increasing T) shifts equilibrium (reaction) to the left/in the reverse direction / nd H,/towards reactants/in 1
endothermic direction
to oppose the change OR oppose the increase in temperature OR to a additional) heat/ energy OR decrease the 1
temperature
(e)(i) N, = 0.850 (mol) 1
H, = 2.55 (mol) 1
(c)(ii) Nrorae = 3.7 Mol 1
mol fraction of NH; =0.3/3.7 1
pNH3 =2 x 10" x (0.3/3.7) = 1.62 x 10° 1
@0 | _ N !
* PN, x pH;’
@G | K,=1.00)x 107 1
1
(d)(iii) 1
1
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35.9701_S15_ms_21 Q: 2

(@) (i) Straight line drawn horizontally from same intercept [1]
(i) T; because it shows greatest deviation/furthest from ideal [1]
(iiii) reducing T (reduces KE of particles) so intermolecular forces of attraction
become more significant [1]
(iv) greatest deviation is at high pressure [1]
increasing pressure decreases volume so volume of particles becomes
more significant ora [1]
(b) Mass of air =100x0.00118 =0.118g
Mass of flask =47.930-0.118 =47.812¢g 1]
Mass of Y =47.989 - 47.812 =0.177g [1]
pV=nRT= " RT
mRT 0.177x8.31x299 1
M= [1]
pV  1x10°x100x10°°
=44.0 (43.979 to 2 or more sf) [1]
(c) (i) strong triple bond [1]
(ii) high temperature (needed for reactien between N, and O,) [1]

(iiiy | 2NO+2CO — N, +2CO [1]
OR 2NO + C — N, +Q

(iv) | 4NO, +2H,0 + O, (1]
(v) | NO + %0 A [1]
NO, + 302 — NO + SO, [1]

(o) 0, + SO; + HO — NO + H280,
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36.9701_s19_ms_21 Q: 2
(a) 1
M1 magnesium T2 2+
+2 charge on two Mg { M 3
AND both with 0 or 8 electrons 9 “,-'
e’ OR
M2 silicide 4- 1
-4 charge on one Siand 8
electrons
(b) Mg2Si(s) + 4H20(l) — 2Mg(OH).(aq) + SiHa(g) 1
M1 correct balancing and formulae
M2 state symbols 1
(c) M1 simple (covalent)/ molecular / molecules 1
M2 weak IMF / (temporary) induced dipole (forces) 1
(d)(i) Co—H?g* 1
Sid+—H5- 1
(d)(ii) M1 tetrahedral (molecule) 1
M2 (so individual bond) dipoles / partial charges cancel 1
(e) M1 Si—H bond is (much) weaker than C—H bond 1
M2 low activation energy ORA 1
[G10] M1 sodium silicate / Na;SiO3 1
M2 water / HO 1
(GID] acid(ic) 1
37.9701_ml8 ms 22 Q:1
(a)(i) O energy required / energy change max 3
O when one electron is removed
O from each atom in one mole of
O gaseous atoms
(a)(ii) for element B 3
(outer electron is removed) from a hig
more shielding
less attraction to nucleus
(b) line on graph decrease! 3
increasing nuclear ch ns in same shell
greater attraction be nd electrons)

L 2

0‘,‘
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38.9701_wl6_ms 22 Q: 3

(a)(i) Increasing nuclear attraction 1

Increasing nuclear charge /number of protons AND constant/similar shielding/same shell 1

(a)(ii) From 12/Mg to 13/AL

(Quter) electron in 13’/ Alin (3)p (whereas outer electron in 12"/ Mg in (3)s) 1

(3p =) higher energy level/ more shielded 1

From 15/P to 16/S

electron repulsion 1

(‘16'/S has a) pair of electrons in a (3)p orbital/a (3)p orbital is full ORA 1
(a)(iii) (decreasing |IE down Group 0) due to decreasing nuclear attraction 1

increasing shielding/increasing number of shells/energy levels/increasing distance of (outer) electrons (from

nucleus) 1
(b)(i) Increasing strength of / more energy needed to break (metallic) bonding/increasing strength of attraction between
(cat)ion/nucleus and delocalised/free/sea of/ cloud of electrons 1

Increasing number of delocalised electrons/decreasing (cat)ion size/increasing charge /charge de

(b)(ii) Attraction for electrons too strong to fully delocalise all 3 in AIOR 1
difference in size between 12/Mg”* and 13/Al" is less than difference in size between 11/N g°* OR
magnitude of increase in charge is less from 2+ to 3+ than from 1+ to 2+

(b)iii) Increase (15/P to 16/S) then decrease (to 17/Cland 18/Ar) ‘ 1
OR
general decrease (from 15/P to 18/Ar) with an increase from 15/P to 16/S O \
S PupClapAr
(melting point depends on strength of) VdW/IMFs 1
The greater the number of electrons in the molecule (atom for Ar the strength of VdW/IMFs OR the 1
greater the melting point ora

(b)(iv) Giant covalent (structure)/many (strong) covalent bonds king) 1

Total: 15

Q""'Q
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39.9701_S15_ms_22 Q: 1

(a) name of particle relative mass relative charge
proton 1 +1 1]
electron 1/1836 -1 (1]
neutron 1 0 [1]
(b) (i) | Mass of an atom(s) [1]

relative to 1/12" (the mass) of (an atom of) carbon-12
OR 1]
relative to carbon-12 which is (exactly) 12

(ii) | % of third isotope = 10 [1]
(24><79)+(26><11.0)+10x_243 M1]
100 T
10x = 248
x=24.8 (3s.f) (1]
(c) (i) | anode 2Cl" > CL+2e [1]
cathode Mg®* +2e” > Mg [1]
(i) Mg (o] H Cl
3165 2084 1.31 46.2 ]
24.3 16 1
1.30 1.30 1.3 = 1:1:1:1
MgOHC! [1]
(d) (i) | Na.O basic/alkaline; AlO; amphoteric/acidic and basic; SO; acidic [1]
Na,O (giant) ionic AND SO; (simple /molecular) covalent 1]
(ii) 4 |gNa Cl > 2NaCl + H,0 [1]
¢
R0, 2AICI + 3H,0 [1]
ALO; + 2NaOH + 7H,O => 2NaAl(OH)4(H20)2 OR [1]
ALO; + 2NaOH + 3H,O - 2NaAl(OH), OR
ALO; + 2NaOH - 2NaAlO; + H,O OR
ALO; + 20H + 7H,O > 2[AI(OH)s(H.0),]  OR
ALO; + 20H + 3H,O > 2[Al(OH)] OR
ALO; + 20H™ = 2AI0, + H,O

SOz + NaOH - NaHSO, OR

803 + 2NaOH = N32804 + Hzo [1]
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40.9701_s20_ms_21 Q: 1

(a)(i) (different) number of neutrons. 1
(a)(ii) | the relative abundance /% abundance of (each) the isotopes. 1
(b)(i) M1 attractions between atoms within a gallium trichloride molecule 2

covalent (bonds)
M2 attractions between gallium trichloride molecules
temporary induced dipoles

(b)(ii) coordinate / dative (covalent) 1

(c)i) |4Ga + 30; — 2Ga03 2
M1 correct formula of Ga;O3
M2 correctly balanced equation based on Ga + Oz and formula of gallium oxide in M1

(e)(ii) amphoteric 1

41.9701_s20_ms 22 Q: 1

(@) EITHER 2
M1 (weighted) average/mean mass of the isotope(s)/an atom(s)

M2 relative to 1/12 of the mass (of an atom) of '2C (where an atom of 12C is exactly12).
OR

M1 mass of one mol of atoms

M2 relative / compared to 1/12 (the mass) of 1 mol of C-12 OR

in which one mol C-12 (atom) has a mass of (exactly) 12 g \

(b) M1 60.11/100 x 69 + 39.89/100x71
M2 69.80

(c)

ntains the electron in
ighest energy level

isotope | nucleon total number of electrons in lowest typ
number energy level

"Ga M1 71 M22

M3 p (-orbital)

(d) M1 shape 2

Cl. Ga’CI

Cl
M2 bond angle 120(°)

(e)i) | GaxOs+BHCI> 2GaCh+ 3H;,0

(e)(ii) | M1 Identity of correct gallium
NaGa(OH)s OR NaGa!

M2 correctly balan
EITHER
Gay03+ 2NaOH (OH)4

ORy

action of Ga:03 with NaOH(aq)
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42.9701 w19 ms 21 Q:2
(a) Na,O MgO  ALO; Si0, S0; 2
ionic ionic ionic covalent covalent
giant giant giant gi;n;lfergl::'r_o- simple / molecular
Award one mark for each correct row.
(b)(i) M1 SiO; has a network of strong bonds / SiO; has many strong bonds 3
M2 S0O; has weak intermolecular forces
gzak VdW forces (between molecules)
M3 high(er)/ more energy required to break bonds than overcome forces (between molecules)
(b)(ii) M1: reacts with both acid and base / alkali 3
M2: use any equation with Al;O3 and an acid, e.g. AbO; + 6HCI — 2AICE + 3HO
M3: use any equation with Al:0; and a base / alkali, e.g. AbO3 + 2NaOH + 3HO — 2NaAl(OH)s
(b)(iii) solid dissolves / disappears 1
OR
gets warm/ hot
(e)i) | octahedral & 1
(e)(ii) M1: use of the correct expression in terms of specific bond energies. ( 2
(514 — xEse—o = —346)
M2: use of correct stoichiometry AND correct processing of expression given vided the values 514 and 346 are
:?ff —2Es._o =-346)
= (+)430 (kJ mol")
(c)(iii) | SeO:; + 2NaOH — Na;SeO; + HO 1
43. 9701 _wl9 ms 22 Q:2
@) Na:0 ALO; SiO2 | P4Ow/P, 205 | SOa 2
basic | amphoteric | acidic acidic
M1: all formulae correct
M2: all acid / base beh stated
(b)(i) reacts with both acid 1
(b)) | OH™ 1
(b)(iii) 1 will effervesce / fizz / bubble 1
no ﬁzz;% nce with SrO
(b)(iv) | increases 1
(e)i) M1: correct conversion of quantities 2
V=5(.00)010*(m%)
T=293(K)
p=5.37(0)210° (Pa)
M2: calculation to find n using n=PV/RT
(n)=1.121073 (mol)
(c)(ii) ()078=0.0860g 1
(e)(iii) 2
3
M1: bonding pair between the two O
M2: total of 14 electrons distributed equally between the two O
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44.9701_s18_ms_21 Q: 3

(a)(i) increasing attraction between nucleus and (outer) electrons 1
increasing nuclear charge with similar shielding / (electrons in) same (outer) shell 1
(a)(ii) (ions of Na to Si have) lost outer shell / outer electrons 1
(a)tsms have one more shell than (corresponding) ions
Sf?ective nuclear charge is greater for the ion
(@)(iiiy (P to Clform ions by) gaining electrons (to the same outer shell/ p sub-shell) 1
Increased repulsion between electrons in same / outer shell / p sub-shell 1
(b)(i) (outer) electron removed from 3p subshell / orbital 1
(3p) higher in energy / more shielded / further from the nucleus 1
(b)(ii) (outer) electron for S is paired in a p orbital /S has a full p orbital 1
causing (spin/ electron) pair repulsion (which reduces attraction) 1
(e)(i) oxidation numbers / states of elements (Na-Si) increase from +1 to +4 /by 1 every time 1
increasing number of valence electrons / NaCl, MgCh, AIC,SiCly / number of chlorines matches group. 1
chlorine oxidation number/ state —1 in all / stays the same 1
(e)(ii) | NaCl— Na*+Ci~ 1
SiCl + 2H;0 — Si0; + 4HCI 1
(e)(ii) structure bonding 2
sodium chloride giant/ionic ionic
silicen(IV) chloride simple / molecular covalent

Q°Q
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45.9701 _ml17 ms 22 Q:1
(a)(i) max 1
oN. #2 | #3 | (5 | (8
(a)(ii) (from Na to CI) nuclear charge increases 1
electrons are in the same shell/have same shielding 1
greater/stronger attraction (of electrons to nucleus) 1
(a)(iii) Mg** AND S* 1
ion of Mg/Mg?®* has one fewer shell (than ion of S/5%) 1
(b)(i) Ps + 50; — P4045/2P;05 1
(b)(ii) any 2 from: 2
e yellow/green colour (of chlorine gas) disappears
o white flame
» white solid
¢ solid melts
(b)(iii) phosphoric(V) acid 1
(e)i) ot lay G \E 2
,._.-J'I ( ,--:I_‘\ .."_k .-f__"n.__.-f'l
OI0ICION
:\.: ) : :_JI {\._:_ J': '\ +__-':I 7' _:_.r'l
diagram showing regular arra ent of (positive) ions
surrounded by/sea of (deloca lectrons
(c)(ii) any 2 from: 2
¢ high melting/ blimation point
o electric nsulator
e hard/rig
+ retains strength at high temperature/pressure
(c)(iii) 1 1
9%, ab of fourth isotope
23 =100-(0.185+0.251 + 88.450) =11.114
@
M2 1
(0.185x135.907) +(0.251x 137.906) + (88.450 x 139.905) + (11.114 x RIM)
100
=140.116
~ (140.116 x 100) — 12434.35 = 1577.246 = 11.114 x RIM
M3 1
RIM= 1577238 _ 441 915
11.114
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46. 9701 w17 ms 21 Q:2

(a)i) due to increasing nuclear attraction (for electrons) 1
due to increasing nuclear charge / atomic / proton number AND similar shielding / same (outer/number of) shell / energy level 1
(a)(ii) Cross shown on first vertical line from the y-axis (Group 0/ Ne) is clearly higher than all shown 1
Cross shown on second vertical line from the y-axis (Group 1/Na) lower than all shown 1
(@)(iii) Al (the outer / valence) electron (which is lost) is in (3)p sub-shell (Mg is in (3)s subshell) 1
OR
Al (the outer/ valence) electron (which is lost) is in higher energy sub-shell ora
(electron to be removed) is more shielded / experiences greater screening effect 1
ora
S has a pair of electrons in (a) (3)p orbital / (a 3)p orbital is full ora 1
electron pair repulsion 1
(b)(i) (L=) MgCL / magnesium chloride 1
Any two from 2
(giant) ionic (with strong attractions)
Mg?*(aq) / Mg(H,0)¢**(aq) is neutral / undergoes (partial) hydrolysis
Mg(OH); is the white precipitate / solid / insoluble / partially soluble
MgChL + 2NaOH — Mg(OH), + 2NaCl
(b)(ii) (M=) SiCl / silicon chloride 1
Any two from ‘ 2
(simple) molecular / simple covalent
hydrolysis possible due to available d orbitals
forms HCI (aq)/ hydrochloric acid / selution and / or HCIgas / fumes
white solid is (hydrated) SiO»
SiCl + 2H,0 — SiO; + 4HCI

Q""'Q
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483

(a)

regular arrangement/ lattice of cations/ positive ions
surrounded by delocalised electrons

[1]
(1

(b) (i)

electrical conductor
corrosion resistant
low density

ductile owtte

(1
(1

(i)

Giant/lattice

(1

(iii)

(electrical) insulator

(1

(c) @)

Simple covalent/covalent molecule

Weak intermolecular forces /VdW forces
OR

litle energy needed to break down/overcome intermolecular/VdW forces

(1
(1

(i) Al Cl

(1

(1

203 797
27 355
0.752 2.25
0.752 0.752
1 3 AlCI;
m mRT 1.36x8.31x473
iii V=—RT M, =—— =
@ V= Y 100%10° %200 <10 °
=267
_pv _ 100 x 10 x 200
OR pV =nRT n=pgr = 531 =
=5.09x1073
__ 136 _
" 5.09x107

(1
(1

(\

(1

(iv)

(1

?’Q'PapaCambridge



* jPPapaCambridge

48.9701 s21 ms 23 Q: 3

APPENDIX A. ANSWERS

Question Answer | Marks
@) state at room temp | observations on add’'n of sample to | identity of sample 4
water
R | solid alkaline, colourless solution is M1 Ba(OH):
made but some white solid remains | OR
barium hydroxide
S | solid white solid disappears, M2 NaC1
solution is neutral OR
sodium chloride
T | liquid misty fumes, M3 SiCL
white solid is made in vigorous OR
reaction silicon(IV) chloride
U | solid acidic, colourless solution is made | M4 P4Oqp
in vigorous reaction OR
phosphorus(V) oxide
@iy | sios G 1
(a)(iii) phosphoric acid / phosphoric(V)acid 1
(b)(1) any one physical property typical of ceramic materials from: 1
+ strong/retain strength (over certain temperatures / conditions)
+ non-conductors of electricity / electrical insulators ‘
¢ high melting points
(b)(ii) SiOz 1
Question Answer | Marks
(c) % of O 1
M1 100 - 79.29 (= 20.71)
M2 express W and O as mol by /183.8 and/ 16 respectil 1
M3 divide each by smallest number to give empirical ula 1
WO

Q""'Q
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49. 9701 w21 ms 22 Q:2
Question Answer Marks
0 M m m clojc]c] '
(a)(ii) | All 3 points correct scores two marks 2
Any 2 points scores one mark
+ nuclear charge increases OR increasing proton number
e.g. 17/ Cl has a greater nuclear charge
* describe the similarity in shielding between the two elements
e.g. they have almost the same shielding
« describe the overall effect in terms of greater nuclear attraction for (outer) electrons
e.g. (outer) electrons are attracted more (strongly) to the nucleus
(a)(iii) | M1 describes the difference between 1st IE of elements 15 and 16 (P and S) in terms of either: 2
spin-pair repulsion (in element 16 /S) OR electron pair repulsion (in element 16/ S)
M2 describes the location of the electron pair in the (3)p orbital which repel each other
a)(iv, 1
@) 1 |2 [ 03| o] 5| 0|
(a)(v) M1 (anions have) same number of electrons (but increasing proton number) 2
M2 increasing proton number/ nuclear charge AND increasing attraction of nucleus for ((ger)
OR
(outer) electrons attracted more (strongly) to the nucleus AND because of increasin er / nuclear charge
(b) 2
Question nsw Marks
(c) M1 density of 13AL value within range 2.5-5.0 (g cm; 3
M2 cationic radius of 31Ga: value within range
M3 boiling point of 4sIn: value within range 1
(d)(i) InCh 1
(d)(ii) | InpO3 + 2NaOH + 3H,0 1
(d)(iii) o Br N 2
S~ N
AN S
Br
4
MMTrg%onne
M2 shovﬂng the two dative covalent bonds
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50. 9701_s16_ms_21 Q: 2

(a) D=GaG=Se 1
(b) (i) | D;O; + BHCI— 2DCl; + 3H;O
M1 = species; 1
M2 = balancing 1

(i) | D205 + 2NaOH + 7H;0 — 2NaD(OH)«(H:0), OR
D,0; + 2NaOH + 3H,0 — 2NaD{OH), OR

D;0; + 2NaOH — 2NaDO, + H,O OR

D,0; + 20H + 7H,0 — 2[D(OH)«(H:0)” OR
D;0; + 20H" + 3H,0 — 2[D(OH)J OR

D,0; + 20H" — 2D0; + H20

M1 = species; 1
M2 = balancing [
(c) giant ionic/ionic lattice (1]
(d) GO, + H,0 — H,GO; 1

51. 9701 w20 _ms 21 Q:1

(a) Mg(g) - Mg*(g) + el 1

(b) M1: distance between nucleus and outer e increases OR outer electron removed from higher energy shell 3

M2: increased shielding

M3: decreased nuclear attraction

(c) M1: greater nuclear attraction 2

M2: (2nd / 2s) electron being removed from smaller (ion)

52. 9701 w20 _ms 22 Q:2

(a) more acidic / less basic (from Na to S acrosg pe 1
(b) M1: increases (from Na to S/ across peti 2
M2: increasing (number of) v. (number of) electrons in outer (electron) shell increases
(© reaction name of product 2
sodium oxide with water sodium hydroxide
ide with water | phosphoric(V) acid
(d) M1 i it cation broken during melting of phosphorus(V) oxide 3
intermglecular fo phorus(V) oxide (are broken)
of force broken during melting of magnesium oxide
electrostatic forces of attraction between (many oppositely charged) ions in magnesium oxide
M3: statement linking difference in strength of appropriate forces described in M1& M2 to explain difference in melting point
(only) intermolecular forces weaker than forces (of attraction) between ions /ionic bonds
(e)(i) | ALO3 + BHCI — 2AICH + 3H:0 1
(e)(ii) | ALOs + 2NaOH + 3H,O — 2NaAl(OH)s 1
(f) M1: giant 2
M2: covalent AND tetrahedral / four Si—O bonds
(9)()) | Na2O + SiOz — NasSiOs 1
(@)(ii) | Na2CO3; — Na,O + CO: 1
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53.9701_s19 ms_21 Q: 1
(a)(i) M1 (one) fewer (inher) shell of electrons / less shielding (effect) ORA 1
M2 smaller distance of the outer electrons (from the nucleus) / stronger nuclear attraction to the (outer) electrons ORA 1
(@)ii) | Sr(s) + 2H20(l) — Sr(OH)2(aq) + Hz(g) 1
M1 species AND balancing
M2 state symbols 1
(@)(iii) M1 strontium AND forms a more soluble hydroxide 1
M2 strontium hydroxide is a stronger base / produces more OH-/it dissociates more 1
(a)(iv) (white) solid dissolves / effervescence 1
(b)(i) 2
(both have) +2 ion/ (+2) same oxidation state / same stoichiometry of oxide / carbonates decompose (on heating)
1
(X) forms coloured compounds/oxides/ carbonates OR Group 2 elements form white compounds/oxides/carbonates
(b)(ii) | XO 1
(b)(iii) | XCO3 — XO + CO2 1
54. 9701 _s19 ms 23 Q: 3
@) white light/ flame 1
AND
(produces a) white / grey solid / ash / powder / smoke
(b)(i) MgO + 2HCI — MgClz + H20 1
(b)(ii) neutralisation 1
(c) M1 giant (structure / lattice) 2
M2 (so) lots of energy needed to break the bonds OR strong'bonds
(d)(i) | MgCOs(s) — MgO(s) + COx(g) 1
(d)(ii) (thermal) decomposition 1
55.9701_s18 ms_22 Q: 1
@) | Mg +2H;0 — Mg(OH); + H; 1
(a)ii) the product/Mg(OH), sparing| e / slightly soluble / less soluble (than NaCH) 1
(b)(i) any two from: 2
e+ (from Mg to larger (atomic) radius / more shells / more shielding
. g&*on(s) ightly held (by nucleus)/less attracted (to nucleus)
. ion?sa?lon enel rease(s)/ electron(s) lost (more) easily (down the group)
+ lower activation energy (for the reactions down the group)
(b)(ii) | white light/white flame 1
white smoke / white solid 1
2Mg(s) + O,(g) — 2MgO(s) 1
(b)(iiiy | Mg + H2SO4 — MgSQ4 + Ha 1
(b)(iv) any two from: 2
* increasing (cation) size / (cat)ionic radius increases / increasing size of atoms
« overall charge on (cation) is constant/ (+)2 / decreasing charge density of (+2 charged cation)
+ number of delocalised / outer/ valence electrons (per atom) remains the same/2
e increased shielding
1
decreasing (strength of) attraction between (cat)ion / nucleus / nuclear charge AND delocalised electron(s)
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56. 9701 ml16 ms 22 Q:1

APPENDIX A. ANSWERS

(a) (i) greater attractive force
OR

greater force between nucleus and (outer) electrons

shell/shielding roughly constant

proton number/atomic number/nuclear charge increases across period AND electrons occupy same [1]

1]

(i) sulfur's electron removed from full (3p) orbital
OR

sulfur has two electrons in the same orbital

electron—electron repulsion (reduces energy required)

(1]

1

(iii)

phosphorus is simple/covalent/molecular

sodium has mobile/free electrons/electrons free (to move throughout the structure) [1]

1

(iv) magnesium has two free/delocalised /outer/valence electrons per atom
OR

more free/delocalised/ outer electrons than sodium

1

(b) (i) | A=Mg(NOs),
B =H,
C= NOz OR 02
D = Oz OR NO:

o T3
[1]

1
1

any Group | carbonate OR ammonium carbonate

(i)

o
Q"’Qe
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57.9701 s16_ms 21 Q:3
(a) (i) | bubbles/effervescence/fizzing 1]
calcium gets smaller/disappears 1
water turns cloudy/milky (1
calcium sinks 1
(i) | Ca + 2H,0 — Ca(OH); + Hy (1
(i) | faster bubbling /disappearance of Ba
n(:)oF\:r less precipitate forms (owtte) 1
(b) (i)
- <
M1 — general layout with products below reactants AND both labelled P (1]
M2 — E, and AH/energy change /released labelled with vertical lines M
(ii) | activation energy is high [1]
so few/no particles with E > Ea 1
(i) | high melting/bailing point [1]
strong forces (of attraction/between oppositely charged io ionic) bonding [1
(iv) | MgO is basic / reacts with acid [1]
(c) (i) | increases (down the group) 1
(i) | MgCO; — MgO + CO, M
(i) | 2Ca(NOs), — 2Ca0 + 4NO, + O, 11
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58.9701_s20_ms_23 Q: 1

APPENDIX A. ANSWERS

(a)(i) M1 green flame / white flame (with green tinge) 2
M2 white solid formed
(a)i) | 2Ba(s) + Ox(g) — 2BaO(s) 1
(b)(i) M1 heat (followed by) add water 3
M2 CaCO3 - CaO + CO»
M3 CaO + H,0 = Ca(OH),
(b)(ii) thermal decomposition. 1
(b)(iii) | neutralise acid soil / reduce the acidity in soil / increase the pH in soil 1
(e)® 4Ga + 30; — 2Gax0; 1
(e)iy | (+)3 1
(e)in) reagent and conditions Formula of gallium 2
containing product
M1 gallium oxide+ hot HCl(aq) M1 GaCh
M2 gallium oxide+hot concentrated M2 NaGa(OH). 0
NaOH(aq) OR
NaGaO>
59. 9701 _s17_ms_21 Q:3 (
(a)(i) A 1
(a)(ii) H 1
(a)(iii) G 1
(a)(iv) B 1
(a)v) F 1
(b)(i) (strong) heating 1
(to provide / overcome) high acti 1
(b)(ii) white flame / white light / whi 1
(b)(iii) Mg(s)+2H,0() 2
(c)(i) 2Mg(NOs); 2+ Oz 1
(c)(ii) CaCo. 1
L o4 1
(d)(i) oil / increase pH of sail 1
(both) basic/base(s) 1
(d)(ii) CaCO, +2H* > Ca* +CO, +H,0 1
OR
CaCO, +2H" - Ca®' +H,CO,
Total: 16

?‘]’PapaCambridge



o gPapaCambridge

491
60. 9701 w16 ms 21 Q: 3
(a)(i) (Atoms/ ions become larger as) the number of (electron) shells increases (down the group) 2
Increased distance of (outer) electrons (from the nucleus)
I?\Sreased shielding results in weaker (nuclear) attraction/pull
(a)(ii) top line/dotted line is atomic radii/bottom line/line with crosses is ionic radii (as atoms bigger than ions) 2
Atom has one more shell (than corresponding ion) (ora)
gtlzm loses two electrons/outer (shell) electrons/valency electrons (ora)
gtl:m loses electrons and so (nuclear) attraction is stronger
(N)L'Tclear charge in ion is greater than the electron(ic) charge (ora)
gf'f?ec*tive nuclear charge in ion is greater (ora)
(b)(i) Nitrate / Nitrate(V)/NOs~ 1
(b)(ii) Ba/barium OR Sr/ Strontium 1
Ba’* + SO,%” — BaS0, OR Sr** + SO, — SrS0,
(b)(iii) Ba(NOs); OR Sr(NO;), 2
2Ba(NO3); — 2Ba0 + 4NO, + O;
OR
2Sr(NQ3); — 2Sr0 +4NO, + O,
(c)i) H' + OH — H,0 OR Ca(OH) + 2H' — Ca® + 2H,0 Py 2
2H" + CO3>” — CO, + H,0 OR CaCOs + 2H" — Ca®* + CO; + H,0 \
OR H' + CO3”” — HCO3 OR CaCOs + H' — Ca®™ + HCO3
(e)(ii) Calcium carbonate is insoluble/less soluble (ora) 2
Calcium carbonate is less likely to be /won’t get washed away (ora)
g?lcium carbonate lasts longer (ora)
g?lcium carbonate is less reactive /reacts more slowly (ora)
(d) Mg(OH), 2
MgO
Total: 14

Q""'Q
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61.9701_S15_ms_23 Q: 2

(a) (i)| Reactivity increases down the group [1]

OR reference to observations that indicate trend
Outer electrons lost more easily down group [1]
Due to increased distance/shielding of outer electrons from nucleus [1]
(ii) | Mg + 2H,0 - Mg(OH), + H, [1]
(iii) | Magnesium hydroxide sparingly soluble/insoluble [1]
(iv)| Mg + H0 > MgO + H, [1]
(b) (i)| MgO + 2HNO; = Mg(NOQOj3),; + HO [1]
(ii) | (thermal stability) increases down the group [1]
(iii)| 2Mg(NO3); = 2MgO + 4NO; + O, [1]
(iv)| N from (+)5 to (+)3 [1]
O from—-2to 0 [1]
N is reduced and O is oxidised [1]
(c) (Very) strong electrostatic attraction/ionic bond [1]
High charge (density) of cation and anion:’l\/’lg2+ and O% [1]
(d) (i)| CaCO; > CaO + CO, [1]
CaO + H,O = Ca(0OH), [1]
(ii)| 2H" + CO3;= = CO, + H,0 [1]
(iii)| 1 x 107 x 8000 = 0.8 mol )—@ [1]
% x 100.1 = mas =40g [1]

D 4
¢
S
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62. 9701 _m17 ms 22 Q:2

493

(a)(i)

bond in which the centres of positive and negative charges do not coincide
OR electron distribution is asymmetric/unequal
OR two (bonded) atoms are partially charged

(a)(ii)

HF has the strongest (permanent) dipole—dipole/van der Waals’
(forces)/HF has hydrogen bonding

requires more energy to overcome (than weaker (permanent) dipole—dipole/
van der Waals' forces between other hydrogen halides)

(a)(iif)

thermal stability of the hydrogen halides decreases down group (17)

larger (halogen) atoms/atomic radius (down group) / increased shielding

bond energies decrease/less energy required to break H-X

(b))

M1

base is CI~ AND conjugate acid is HC!

OR

base is HSO,~ AND conjugate acid is HSO,

M2

CI"/HSO4 /base is a proton acceptor

OR

HC1/H,S0,/(conjugate) acid has one more H*

(b)ii)

H,SO, is (too strong) an oxidising agent

I, would be formed instead

(e)i)

AH = AH{products} — A;H{reactants} =2 x (-242) — 4 x (-92)

= -116 (sign AND ans

(c)(ii)

heterogeneous (cataly;

ction pathway of lower activation energy

(c)iii)

provides an ath
reaction is exothermic

®

d temperature) shifts equilibrium to the left AND decreases yield of

(e)(iv)

incr
érod b and/or H;0O)/less product formed
2 HCl 02 Clz HZO
initial number 160 0.500 0 0
of moles
M1 egm 1.60 — 0.500 -
number of 2 x 0.600 Y2 x 0.600
moles = 0.400 =0.200
M2 mole 0.600
fraction 1.80
M3 partial 0.600
pressure T80 Piot =
5.00 x 10*

(€)(v)

(3.6x10*) x(3.6x10*)°

S =1.05 x 107
(4.8><10") x3.0x10%

units = Pa™’

(e)(vi)

K, would not change

ridge
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ANSWERS
63. 9701 w17 ms 22 Q:3
@) (IE) decreases / lower because increasing distance of outer electron(s) from nucleus 1
OR increasing distance of outer/ valence shell from nucleus
OR increased shielding / screening (from inner shells)
reduces nuclear attraction (for electrons) 1
(b)(i) (Melting point) increases / higher because (molecules have an) increasing (number of) electrons 1
increasing strength / number / amount of IMFs/Van der Waals’/ id—id / London / dispersion (forces) 1
(b)(ii) increased metallic/ (cat)ionic radius / size 1
OR decreasing (cat)ion charge-density
decreased attraction (of ions) for delocalised / outer electrons 1
(e)(i) reaction 1: HNO; or nitric((V)) acid 1
reaction 2: water / H,O 1
(c)(ii) barium oxide 1
2Ba+ 02 -» 2Ba0O 1
(e)(iii) NO, / nitrogen dioxide / nitrogen(IV) oxide AND O,/ oxygen 1
(red/ yellow-)brown gas OR gas given off that relights glowing splint 1
(c)(iv) white ppt/solid / suspension 1
of BaSO, / barium sulfate OR Mg(OH),/ magnesium hydroxide ‘ 1
BaSO0, is insoluble OR Mg(OH), is insoluble / partially / slightly / sparingly soluble 1
64.9701_s19 ms_22 Q: 2
(@) trend in volatility down the group 1
decrease (in volatility)
identification of specific IMF increasing 1
increasing (strength of) induced dipole (id) (interactions olecules)
explanation in terms of electrons 1
increasing number of electrons
(b)(i) Conditions for reaction with Clz at roo. 1
ultra-violet/ uv
®B)i) | L(a/s)+ Ha(g) = 2H !
M1 correctly balan
e of equilibrium sign 1
(e)(i) 1
(c)(ii) 1
(e)(iii) co-ordinate / da 1
(c)(iv) (triangular / trigonal) pyramid(al) 1
107© 1
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65. 9701 s16_ms 22 Q:2
(@) (i) | enthalpy/energy/heat change when one mole of gaseous atoms is produced [11
from the element in its standard state 11
under standard conditions [11
(ii) | fluorine and chlorine are gases/bromine liquid and iodine solid
SEAHM for bromine/iodine also includes changes of state 11
(iii)
(%Cl + V2l — IC)
AH; = (V.E(CL) + E(L)) - E(IC) OR E(ICH)=(151/2) + (242/2) + 24 1
E(ICI) = (+) 220.5/221 1
(b) (i) | stronger/more/greater id—id/London/dispersion forces 11
due to increasing numbers of electrons 11
(ii) | (intermolecular forces in HF are) hydrogen bonds [11
(which are) stronger (than vd W)/ more energy needed to separate molecules 0 [1
OR
HF much more polar / F much more electronegative 11
Intermolecular forces in HF stronger (than in HCI, HBr, HI) VS 1l
(c) (i) |P=iodine/I,/I; Q= chlorine/CL/Cl 1]
(ii) | weaker H-P than H-Q bond ORA/easier /less energy to break H-P than H [1]
due to greater distance/shielding of nucleus from bond pair ORA [11
(iii) | 2HP (or 2HI) — (or &) Hx + P> (or Ip) 1
(iv) | Ag*(aq) + Q"(aq) (or Ci") —AgQ(s) (or AgC(s)) [1]
AgQ(s)/AgCl(s) + 2NHs(ag) — Ag(NH;);"(aq) + Q' l@ (1
(d) (i) |noofCl increases by one each time/matches gro [1]
due to increasing number of valence/outer(m lectrons/oxidation number/valency (of Mg, Al, Si) [1]
(i) | MgCL (+aq) — Mg?* + 2C1- 1]
AICT; + BH20 — AI(H;0)s* + 3C17 OHY*" + H" +3CI~ 1]
SiCly + 2H,0 — SiO, @ [1]
66. 9701 s21 m
*
Question \ Ao ’:‘ Answer | Marks
(a)(i) | NaCI+ ;2504 > 1
OR
2NaCl + HzS0O4 = NaxSO4 + 2HCI
(a)(ii) displacement / acid-base (reaction) 1
(b)(i) hydrogen iodide / HI 1
(b)(ii) Iz /iodine 1
S/ sulfur OR H2S/ hydrogen sulfide 1
OR HO/water/ steam
(c) M1 iodide ions are strong(er) reducing agents (than chloride ions) ORA 1
M2 HI/iodide is oxidised OR HCI/ chloride is not oxidised 1
(d) 20 + 21+ - Bry + 2H,0 + SO» 1
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67.9701_s21_ms 22 Q: 1

APPENDIX A. ANSWERS

Question Answer | Mark
(@) M1 cream 1
M2 AgBr 1
(b) (1) 2 — 2AgBr + M(NO3) 1
(c) M1 calculate Mr of MBrz using 8.415 x 10~ mol MBr: in 0.250 g 1
M=..... =297( 1)
M2 calculate the atomic mass of M using M; calculated in M1 1
297.1-(2x79.9) = 137(.4)
M3 identify group 2 element from A, in M2 1
Ba/barium
(d)(i) (solution / mixture / liquid) turns (colourless to) orange or brown 1
(d)(ii) displacement 1
(e) M1 reagent: concentrated sulfuric acid 1
M2 observation: brown vapour / gas (forms) 1
() explain how the action of heat is used to identify the 3 samples 1
M1 nitrate AND carbonate lose mass/less than1g
M2 nitrate produces brown (NOz) fumes 1
M3 MgO no reaction / MgO no change 1
(F)(ii) 2522p® 1
Question Answer | Mark
(@) One similarity 1
M1 solid(s) disappear(s)
One difference 1
M2 MgCOs fizzes (due to CO2) OR no fizzing with Mg

Q"’Q
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68. 9701 m20 ms 22 Q:2
(a) darker / stronger / deeper down the group 1
(b)(i) weaker oxidising agents / (relative reactivity as oxidising agents) decreases down the group 1
(b)(ii) | M1 (structure =) simple / molecular, because it has a low melting / boiling point 2
M2 (bonding =) covalent, because it is hydrolysed
(eXi) M1 cream ppt/ solid 2
M2 (ppt/ solid) partially dissolves in (agueous) ammonia
(e)ii) M1 Acid behaviour of H2SO4 3
H2S04 acts as an acid with CI~
OR acid/ base reaction with CI~
M2 Oxidising behaviour of HoSO4
H>S04 acts as an oxidising agent with I~
OR H,S0, does not oxidise CI~
M3
Products formed
(for iodide reaction) I,/ S/ S0,/ H,S is formed
OR (for chloride reaction) (only) HClI is formed
OR
Comparison of oxidising strength
H2S04 not strong enough to / cannot oxidise C1- (to Ck)
OR I~ more powerful reducing agent than CI- ‘
(d)(i) M1 increases (down the group) because of increasing Vdw 2
M2 because of increasing number of electrons
(d)(ii) | M1 less stable (down the group)/ decreases 2
M2 lower H—Hal bond enthalpy / energy
(e)(i) in the same phase/ state 1
(e)(ii) | CoHsCH(OH)CyHs + HC1— CH5CH(CI)C2Hs + H20 1
(e)(iii) Cl)H 1
H3C_(|;_CH2CH3
CH3
(e)(iv) | substitution 1
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69. 9701 _s17_ms_23 Q: 2

@ halogen colour state 2
chlorine yellow / green gas
bromine red/brown/orange | liquid
iodine grey / black solid
(a)(ii) increasing number of electrons 1
(gives) increasing strength of van der Waals’/ id-id forces / London / dispersion forces 1
(b) oxidising power decreases down the group. ora 1
ability to accept electrons decreases (down the group) ora 1
because (outer shell experiences) more shielding 1
OR
increased distance from nucleus (to outer shell) (outweighs the increasing nuclear charge down the group) ora
(e)(i) solid sodium chloride: steamy / misty / white fumes 1
solid sodium iodide: purple fumes .
(c)(ii) (conc sulfuric) not powerful enough oxidising agent (to oxidise chloride) ‘ 1
Sh?oride not powerful enough reducing agent (to reduce sulfuric acid)
iodide reduces sulfuric acid 1
OR
iodide / I” is oxidised
OR
sulfuric acid oxidises iodide
(c)(iii) | 2NaBr + 2H,S0, = Bry+ SO, + Na,;SO, + 2H,0 2
SEBI+ H,S0,— NaHSO, + HBr AND 2HBr + H,SO4 ,0
g&aBH H>S0,4— Na,SO,+ 2HBr AND 2HBr + H,SOy4 ,+2H,0
(d)(i) AgI (and AgCl solid) / silver ions reacting with i 1
(d)(ii) AgCl (precipitate) dissolves (in ammonia owtte 1
Total: 15
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70. 9701 _s21_ms_23 Q: 1

Question Answer | Marks
(a)(i) increases 1
(a)(ii) gas 1

liquid

solid
(b) M1 observation with Ch(aq) (colourless/pale green to) orange / brown 1
M2 observation with I-(aq) no visible change 1
M3 explanation chlorine is a stronger oxidising agent (than bromine) AND iodine is a weaker oxidising agent 1
(c) CkL + 2NaOH — NaCl + NaClO + H,O 1
(d)(i) proton/ H* acceptor 1
(d)(ii) CIO+ H,0 — HCIO + OH~ 1
(e) M1 Use volume O; to express /find no mol O; produced 24 /24 000 mol O; produced = 1 x 1073 (mol) 1
M2 Use 1:1 ratio to deduce no mol NaCIQC in 1000 cm? sample M1 x 1000/5 = 0.2 (mol dm3) 1
M3 Use amount of NaClO and its molecular mass (74.5) to find the mass of NaClO added -24 / 24 00 745 = 1

14.9(gdm?)

® M1 products contain CF AND C& 1
M2 correct balanced equation CIO-+ 2HCI— CEF+ H:0 +Chk 1

Q"’Q
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71.9701_s18_ms_23 Q: 3

APPENDIX A. ANSWERS

(a)(i) (volatility) decreases 1
(@)ii) increasing numbers / more of electrons (in molecules) 1
increased strength of id-id / VdW / IMFs 1
(b) CL + 2Nal — 2NaCl + I, 1
(GI0] 3
yellow white
silver iodide silver chloride
No (visible) change dissolves / soluble
(c)ii) | Ag'(aq) + I'(aq) — Agl(s) 1
(d) M1 sulfuric acid acts as an acid with NaCl (and NaBr) e 1
(I\)IECI + H.S04 — NaHSO, + HCI
OR
2NaCl + H,SO; — Na,SO4 + 2HCI
sulfuric acid acts as an oxidising agent with Nal/I 0 1
Nal is a reducing agent
I~ more powerful reducing agent than CI~ 1
gfl:‘uric acid can oxidise I" but not CI~
gJFI:‘uric acid is a stronger oxidising agent than iodide ions
gfli‘uric acid is not as strong an oxidising agent than chloride iol
(e)(i) (Species that) gains electrons / electron acceptor 1
(e)ii) Ch + H2O0 — HCI + HCIO 1
(e)iii) | 3Ch + 6NaOH — 5NaCl + NaClOs + 3H:0 1
0 to —1 (+)5 AND chlorine has been oxidise: 1
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72.9701_s19_ms_22 Q: 3

(a)(i) SiCl4(l) + 2H20() — SiOz(s) + 4HCl(aq/g) 1
(state symbols required)

(a)(ii) hydrolysis 1

(a)(iii) NaCl - ionic 1

SiClL — covalent 1

(a)(iv) | M1 statement correctly comparing the difference in electronegativity between Si and CI AND Na and C! 1
OR

Na is less electronegative that Si ORA

M2 NaCltransfer of electrons 1

M3 SiCl4 shared (pair of) electrons 1

(b)(i) ; ini 2
Chlorine containing c1, | Hei | Hoet

species

Oxidation number of

chlorine I el

Award 2 marks for 3 correct oxidation numbers

Award 1 Mark for 2 correct oxidation numbers

(b)(ii) disproportionation 1

(b)(iii) kills micro-organisms 1

(c) 2NaOH + HCI!+ HCIO — NaCl+ NaCIO + 2H,0 2
M1 Identifies the product NaCIO
M2 Correctly balances the equation
OR

The overall equation may be seen as:
NaOH + HCI — NaCi+H;O AND NaOH +HCIO — NaClO + H>O

73.9701_s20_ms_21 Q:3

(a) M1 (enthalpy / energy change) when o
M2 from its elements in their sta

compound/substance is formed 2

(b) M1 use of correct stoichiomei ulation
3xAHNO> 1x-AH:H,O' 2xAH: 3 IXAHFNO
M2 correct signs associated with i ppropriate AHrvalues/terms used for the calculation of AHreaction

M3 AHreaction = —(102 = 286) + (—346 + 91.1) = —70.9 kJ mol~!

(c) M1 niko
M2 EngR

at normal temperatures there is not enough energy to break the bond / to overcome the activation energy

(d) lightning 1

(e)(i) M1 define homogeneous

(homogeneous catalyst is) in the same phase / state as the reactants

M2 and M3 Define catalyst

All 3 points scores 2 marks. Any 2 points scores 1 mark

increase the rate

AND

lowers the activation energy

AND

without being chemically altered at the end of the reaction / are regenerated at the end of the reaction

(e)ii) | M1 NOz+S0; > NO+S0;s 2
M2 NO + % O, > NO,
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74.9701_s20_ms_21 Q: 4

APPENDIX A. ANSWERS

(a) Accepts a proton /H* (ion)

(b) Two reasons why product mixture is added fo soil — allow in any order
M1 Acts as a fertiliser / adds nutrients (for plants)
M2 Neutralise acid soils / increases the pH of acid soil

(© name of shape bond angle/°
CO2 | Linear 180
NH3 | Pyramid(al) 107
H2O | non-linear/V /bent 104.5

All 6 correct — 3 marks
4 or 5 correct — 2 marks
2 or 3 correct — 1 mark

75.9701_s20 ms_22 Q: 2

(a) 4NH; + 502 — 4NO + 6H:0

(b)

(c)(®) 3NOz + HO — 2HNO; + NO

3 correct oxidation numbers — 2 marks
2 correct oxidation numbers — 1 mark

(ce)(ii) relates the term disproportionation to the reaction described

M1 _nitrogen /N (in nitrogen dioxide) is both gaining electr electrons during the reaction
M2 refer to relevant transfer of electrons when NOz re ‘o fo ;3 and NO

NO; to HNOs involves loss of electron(s)

AND

NO; to NO involves gain of electron(s)

(d) M1 state the effect of NO gas on contact witl

(e) M1 number of mol in 4
40t NHsNQO3 = 500 00! nium nitrate

3/2 mol NO3 :1 mol:
M3 volume of nog ysing 1 mol = 24dm®
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76. 9701 w18 ms_21 Q: 2
(a)(i) 1 mark for each bullet, max 2 2
+ triple bond
s non-polar/no dipole
s needs a lot of energy to break / strong
(a)(ii) TN 1
§ (D
\ @ _ J
6 e between atoms AND two electrons on each N atom
(b)()) (lightning) provides the (high) activation energy 1
(b)ii) | M1NO + % 0O; - NO, 2
M2 2NO; + H;O + % 0; — 2HNO;
(c) M1 3
fertiliser / nitrates dissolve in (river / ground water)
fiﬁiliser/ nitrates are washed / leached out / flows into (river/groundwater)
M2 algal bloom/ promote algal growth / explosion of plant growth z
‘:utllzi'ght is blocked out (preventing photosynthesis)/ plants can no longer carry out photosynthesis. (an
::::Itjeria break down or decay dead organisms/ plants / algae
M3 drop in oxygen (concentration)
(d)(i) to increase /raise pH 1
(d)(ii) M1 ammonia/NH; 2
M2 displaces NH;
(d)(iiiy M1 effervescence / fizzing / bubbling 2
M2 solid disappears
(d)(iv) | 2Ca(NOs); — 2Ca0 + 4NO; + O, 1

Q"’Q
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77.9701_s17_ms_22 Q: 2

@) strong triple bond 1
non-polar/ no dipole 1
(b)(i) Any 2 points covered correctly scores 2 marks Any 1 point covered correctly scores 1 mark 2

* nitrogen (and oxygen) from the air/ atmosphere (react):
+ high temperature (of internal combustion engine)/ (engine) produces enough OR a lot of heat (energy) :

* (s0) breaks (strong) bond(s) in nitrogen (and oxygen) :

(b)(ii) reduction / decomposition of NO, using a catalyst/ catalytic convertor 1
2NO; +4C0O — 4C0O; + N3 1
OR
2NO +2C0O — 2C0O; + N,

(b)(iii) (acts as a homogeneous) catalyst OR oxidising agent 1
S0O; + NO; — SO3 + NO 1
NO + %20, — NO; OR S0 + H;0 — HS04 1

(b)(iv) | 2NOz + H;O — HNO; + HNO; 1
OR
4NO; + 2H,0 + O; — 4HNO;

(c) fertiliser / nitrates dissolve in (river water) ‘ 1

OR

fertiliser / nitrates are washed / leached out/ flows into (river water)

algal bloom / promote algal growth / explosion of plant growth 1
AND

EITHER

sunlight is blocked out (preventing photosynthesis) / plants can no longer osynthesis (and die)
OR

bacteria break down or decay dead organisms/plants/ algae

drop in oxygen (concentration) 1

Total: 13

Q"’Q
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78.9701_s16_ms_23 Q: 2
(a) NH; + HNO3; — NH;NO, [1]
(b) (i)| line from origin AND below left-hand end of original with peak to right of and lower than original [11
crosses original once AND above right-hand end of original AND above energy axis [11
(i) | (curves show) more molecules with E > E, (at higher T) [1]
so greater frequency of successful (owtte) collisions/more successful (owtte) collisions per unit time [1]
(iii) | catalysed E, shown to left of original on horizontal axis [1
so more molecules with £> E, (in presence of catalyst) [1]
(iv) | production of ammonia is exothermic/(forward) reaction exothermic [11
position of eqm would move to left/reverse /reduce yield (at higher T) [1]
(c) 4NH; + 50, — 4NO + 6H,0 [1]
N changes from -3 to +2 (so oxidation) [1]
O changes from 0 to —2 (so reduction) [1]
(d) (i) H ) [1+1]
H#N :H 0
.y
H
(ii) | shape = tetrahedral [1]
angle = 109°-109.5° [1]
(e) eutrophication /algal bloom/stimulates growth of algae [1]
(bacteria) use up oxygen when decomposing the plants/algae [1]
block light for plants so less oxygen produced [11
aquatic life/fish die (due to lack of oxygen) [11

79. 9701 _wl15_ms_21 Q: 2 0

(@ @

The enthalpy change when one mole of a compou
is formed from its element(s)

[1]
(1

(i)

S(s) + 1%60,(g) — SO4(l)

(1

(b) (i)

044 + (3 x 436) = 2252
6 x 390 = 2340
2252 — 2340 = -88 (kJmol-")

(1
(1]
(1

(i)

Fe catalyst
200atm
400-500 (°)C

[1]
[1]
1

(iii)

T improves yield owtte

h rate and) yield owtte
ost (of compression and ‘thick walls’)

(1]
[1]
[1]
(1

(c) (@)

(1

(i)

NH; identified as base AND H;PO, identified as acid
base accepts protons AND acid donates protons

[1]
(1

(d) )

nitrates/ fertilisers wash into rivers
eutrophication /algal bloom/promote algal growth
bacteria use up oxygen in decay process

(1]
1

(i)

(oxides of nitrogen/NO,/NOs) cause acid rain
2NO2 + H:O — HNO; + HNO3;

OR

4N02 + ZHZO + Oz nd 4HNO3

OR

SO, + NO; — 503 + NO AND 803 +H,O — HyS04

1
(1
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80.9701 w21 ms 21 Q:1

APPENDIX A. ANSWERS

Question | Answer Marks
(a)(i) easily vaporised / easily evaporates / turns to gas easily 1
(a)(ii) 2
M1 bonding pairs
M2 Correct number of remaining outer electrons

(a)(i) | 180° 1

(a)(iv) M1 CS2 has more electrons 2
M2 So stronger induced dipole (forces) (between molecules)

(b)(i) M1 (enthalpy/energy change when) 1 mole of a compound 2
M2 burns/combusts/reacts in excess oxygen/O: @
compl OR', burns/ cc letely combusts/completely reacts in oxygen/O:

(b)(ii) M1 (-394 +2 (-297) — (+89.7) 2
M2 = —1080 (kJ mol-")

(c)(i) weak [acid] 1
partially dissociates/partially ionises (into H* ions/protons)

(c)(ii) HS- 1

Question | Answer Marks
(c)(iii) M1 S (increases) oxidation number —2 — 0 so oxidation /or i 2

M2 O (decreases) O.N. 0 — -2 so reduction/is redu
(d)(i) M1 moles of As;S3 = 0.198/246.1/8.05 x 10~ 4
M2 moles SO: (using moles of As>S3 as limiti 2.41(36) x 103 moles (6/2 x 8.05 x 104)
Volume SO; = 2.41(36) x 103x 24 = 0.0:
M3 Moles Ozused in reaction = 3.62x 103
Volume Oz used in reactio 24 =0.0869dm?
M4 Final total volum 0.0869) + 0.0579 =
[0.0131 + 0.0579] =
M4 ONLY awa final answer rounds to 0.071
Ani\v%to i
w r usi to M2 to M3 and M4
Awarﬁ all 4 mar al answer rounds to 0.071
(d)(ii) acid rain
(d)(iii) M1 SO;(g) + 2NaOH(aq) — NaxS0az(aq) + H20(l) AND correct species and balancing 2
M2 State symbols
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81.9701 w20 _ms 21 Q:2
(@)(i) P4+ 502 — P4O1o 1
(a)ii) any two from: 2
¢ reacts vigorously
* solid disappears / colourless solution forms
¢ hydrolysis
* exothermic
¢ acid(ic) (solution)
¢ steamy/ misty fumes
(a)(iii) Simple and covalent OR molecular and covalent 1
(b)(i) M1: proton/H* donor 2
M2: partially dissociates (in solution)
(b)(ii) | SOz + H20 = HS03 1
(b)(iii) (homogeneous) catalyst 1
(c)(i) thermal decomposition 1
(c)ii) M1: AH; = 1434 — (835 + —297) 2
M2: = -502 (kJ mol-")
@) C A :> 1
@a) [0 [ =4 -1 ] 1
(d)(iii) | (at 1000 K and 100 kPa) 4
M1: (yield) decreases
M2: reaction is exothermic AND equilibrium moves le
(at 500 K and 500 kPa)
M3: (yield) increases
M4: fewer moles (of gas) on right-hand sid rium moves right
(e)(i) M1: ionic 2
M2: ions only able / free to mi duct (when liquid / molten)
(e)(ii) M1: covalent 2
M2: hydrolysed (by

gPapaCambridge
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82.9701_s19_ms_23 Q: 4

(@) M1 sulfur impurities OR sulfur in fossil fuels 2

M2 converted into SOz by combustion / burning sulfur
OR
heat sulfur with oxygen (from the air)

(b)(i) M1 1mol SO; — 1mol H.SO4 2
64.1g/tonne — 98.1g/tonne

M2 SO; — 98.1/64.1 O 1590 = 2433.369735 tonnes

(b)(ii) high (enough) temperature / (a lot of) heat (energy) is produced 2

AND
to break (strong) triple bond in N2/ break N=N

AND
nitrogen (and oxygen) from the air / atmosphere react

Award two marks for three correct points
Award one mark for two correct points

(b)(iii) | lightning 1
(b)(iv) M1 nitrogen dioxide increases the rate 2
OR

lowers the activation energy

NO (formed) reacts with O; (in air) to (re)form NO>

M2 (NOy) is regenerated by reaction of NO with O; (in the air) ‘

Q"’Q
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83.9701 w19 ms 22 Q: 1

509

(@@

(a)(ii) Si(g) — Si*(g)+ e

M2: increased nuclear attraction

(a)(iii) M1: similar shielding AND increase in proton number/ atomic number / nuclear charge

(a)iv) |M1:3 OR 13

M2: large(r) increase between third and fourth ionisation energies OR large(r) increase after third electron removed

b)) | M1:

9220280 Psiz2e o[ *siosol
100

(=)1.2%

028.09

M2: (x=)6.6 OR 28.09=28.078 + x (where x = abundance of Si-29)

M3: 7.8— M2 calculated correctly to one decimal place (or more)

<

(b)(iiy M1 giant (molecule)

M3 no mobile charged particles / carriers

M2 strong covalent bonds (between atoms / particles)

@0 | o hesH + 4%02*> 2C0; + 3H0 + SO,

M2: one point from the following list.

O kills’/harms/damages fish

O damages/weathers/erodes/ de;

M1: no effect/none

(d)i)

(c)(ii) M1: (causes) acid rain OR reacts/dissolves with (rain)water (vapour) to c/ sulfurous) acid 2

O lowers pH/increases acidity of rivers /lakes / oceans / watej eas / soil / ground water

O kills/harms /damages plants / damages coral / aqu ants / crops / trees or deforestation

O leaches (toxic) aluminium (ions / salts) from s

O leaches away soil nutrients / soil unfit f

(d)(iiy
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84.9701 w18 ms 21 Q:1

(@i 2s?2p® 3s? 3p% 3d° (4s) 1

@iy | -1 1

(b) M1 attraction/hold 2

M2 positive ions / cations AND delocalised electrons (may be seen in a labelled diagram)

(c)(i) M1 acid rain 2

M2

destroys / damages / weathers / erodes / buildings / statues
kills/harms fish / coral / plants / crops / trees / deforestation
leaches salts / ions (aluminium) from soil (into rivers / lakes)
leaches away soil nutrients

breathing difficulties

lowers pH /increases acidity of soil / rivers / oceans / seas

(e)(ii) balanced equation with 110, and 850, 2

M1: O, and SO;

M2: 11 and 8
(c)(iii) M1 js for process of calculating number of moles of Fe,O3 @ 2

33.18 = 159.6 (= 0.2079 mol)

M2 for correct use of stoichiometry and 120.0 with candidate’s M1

M2 (0.2079) x 4/2 x 120.0 = 49.89 (g)

(c)iv) | (0.37/(0.37+49.89)) = 0.74 1

Q"’Q
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85. 9701 w18 ms 22 Q:2
(@) 3
Na Mg Al Si P
metallic metallic metallic covalent covalent
Na;O MgO ALO; SOz P4O1o
NaC! MgClz AICH SiCly PCls
[1] for each correct row
(b)(i) 1
(b(i) 2
/ E‘ “
| "
serqy | 5% + G | w \
- |
- |
l \ (2)sCh:
reaction pathway
M1 profile for exothermic reaction [1]
M2 identification of AH and E; [1]
(e)(i) graph rises to maximum for Si, then falls 1
(c)(ii) Max. 3 from: 3
* increasing strength of metallic bond; Na < Mg < Al
OR
stronger attraction between delocalised electrons and (po: melting point of Na < Mg < Al
« Siis giant covalent AND it has the highest meltin int du reaking / presence of strong (covalent) bonds
OR
Si requires the most energy because the covalen Si are stronger than metallic bonds (in Na/Mg/Al)
« P and S have weak(er) intermolecular forces'/j dipoles / van der Waals forces (than covalent/ metallic bonds)
so have low(er) melting points
* S(g) has stronger/more intermol /van der Waals forces/induced dipoles than P(;) so melting point of
S(g) is higher
(d) P4O4p + 6H,0 — 4H;PO, 1
(e) M1 acid rain [1] 2
M2 any of the followi
¢ lowers pH/in rivers / lakes / oceans / water supplies / seas / soil / ground water
. Iﬂ ral / aquatic life / plants / crops / trees or deforestation
. s / salts) from soil (into rivers/lakes)
. ’f / soil unfit for agriculture
. es / destroys buildings / statues
L]
(f) M1 process of first ionisation energy’ involves the loss/removal of an electron [1] 4
M2 Mg and Al AND S and P (in either order) [1]
M3 For Al 3p (orbital / sub-level / sub-shell) is higher in energy / further from the nucleus / more shielded (than Mg) [1] ora
M4 For S the pair of electrons in the (3)p-orbital repel [1] ora
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86.9701_S15_ms_22 Q: 2

APPENDIX A. ANSWERS

@@ (i)

2PbS + 30, > 2PbO + 250,
reagents and formulae
balancing

[1]
(1]

(i)

S (is oxidised) -2 to (+)4
O (is reduced) 0to-2

(1]
(1]

(b) (i)

T =400 - 600 °C (chosen as a compromise because)

High T increases rate ora

High T decreases yield/moves eqm left/ makes less SO; as forward
reaction exothermic ora

(1]
[1]
(1]

(i)

High pressure increases rate as collision frequency increases ora

High pressure moves egm right/favours forward reaction as more moles on

(1]
(1]

left ora

Uneconomic to use high pressures/high yield at low pressure [11

(c) (i) | Reaction (too) exothermic/acid spray produced

(1]

(II) S0; + H,S0, = H,S,0;
HzSQO',r + HZO -2 2HQSO4

[1]
(1]

(d) Preservative owtte
antimicrobial/ antioxidant /reducing agent

(1]
(1]

(e) (i) |12.35x0.01/1000 =1.235x 107"

(1]

(ii) | 1.235x 10 x 1000/50 = 2.47/ 107

(1]

(i) |2.47 x10°x 64.1 =0.158 158 (3 sf only)

(1]

Q

*$
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87.9701_wl5_ms 22 Q: 3

513

(@ @

Na,O or Naz0,; MgO;
P4010 or P406 ; 502

[1]
(1

(i)

Na: Yellow/orange/gold flame/white solid/powder/smoke
4Na + Oz — 2Naz0 or 2Na + O; — Nay,0;

S: Blue flame/(yellow) solid melts /turns red /amber/white fumes
S +0;— SO,

[1]
1

[1]
(1

(b) (i)

acidicP and S
amphoteric Aland basic Na and Mg

[1]
(1

(i)

acidic: covalent (bonding)

basic: ionic (bonding)

(1
(1

(iii)

AlLO; + BHC1— 2AICI + 3H,O OR
AlLO; + BH' — 2AF" + 3H,0

(1

(1

ALO; + 2NaOH + 7H,0 — 2NaAl(OH)4(H.0); OR
ALO; + 2NaOH + 3H,0 — 2NaAl(OH); OR
ALO; + 2NaOH — 2NaAlO; + H0 OR
ALO; + 20H + 7HO — 2[A{OH)4(H,0);]” OR
ALO; + 20H + 3H,O — 2[A{OH)s] OR
ALO; + 20H™ — 2AI0; + H,O
(c) sulfur 0

forms SO,/ S0O; +/mixes HzO — HpS0; or in words
OR

S0, +/mixes H,O (—acid) / or in words

OR

80, +/mixes H,0 + (1/20,) —H,S0,/or in words

1]
*\ 1]
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88.9701_wl6_ms_21 Q: 4

(a)(i) 4-methylhex-2-ene 1 1
(a)(ii) (Molecules with the) same structural formula (and same molecular formula) with different arrangement of atoms/groups 1 1
(in space)
(a)(iii) 4 1 4
double-bond/alkene 1
(2) different groups on each double-bonded carbon 1
(one) chiral carbon (centre)/(one) carbon atom has 4 different groups attached/is asymmetric/is chiral 1
(b)(i) 2,3-dimethylbut-2-ene 1 1
(b)(ii) 1 1
OH OH
(b)(iii) Propanone 1 1
(b)(iv) CHy CHy GHJ CHy CH, CH; 1 1

I
DRI
CH, CH, CHJ CH; CH; CHy

(c)(i) (2-)methylprop(-1-)ene 1 1
(c)(ii) 4 4
CH; CHy H CH,
[ [ [ °
Hzc:chcH2 - Hacﬁg—?ﬁH - = H30~?—CH3
Ho+ C : Br *
Qr& Br
(c)(iii) (tertiary carbocat)ion/(tertiary) intermediate is/C+ with least numbe en atoms bonded to it is more stable (than 1 3
primary)
due to (positive) inductive effect of three/more methyl groups ree/more electron releasing methyl groups 1

three /more electron donating methyl groups

reducing charge (density) on C+ 1

Q"’Q

Total: 18
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89.9701 m20 ms 22 Q:1
(a)(i) | CaO+HyO — Ca(OH), 1
(a)(ii) | OH-/hydroxide 1
(b) M1 (decreasing melting point down the group because) lower forces of attraction / weaker bonds (between cations and 2
anions / oxide / 0%-)
M2 larger cations and constant charge
OR decreasing charge density of cation (down group)
(c) high(er) activation energy / heating overcomes activation energy 1
(d) 180(°) 1
(e)(i) reacts with / behaves as both acid and base 1
(e)(ii) | BeO+20H-+H;O — Be(OH)s>- 1
()(i) M1 equal rates of forward and backward reactions 2

M2 closed system OR macroscopic properties unchanging

(f)(ii) M1 3
Ch 02 z
initial X 0 mol
equilibrium 0.3x 0.35x mol
7
mol fraction — —
13 13 L J
we *\
100000 x L
K,=—————1_=253x107
(100000x &)
M3 Pa™’
@@ | -1 1
(g)(ii) | M1 (enthalpy/energy change) when one mole of a comp e is formed 2
M2 from its elements in their standard states
(g)(iii) | —(—602 +-188) + (AH:[MgQ;] + —286)=-96 2
AH{MgO>] =—600 (kJ mol-")
(@)(iv) |- (-600)-(+602)=-2 (kJ mol') 1
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90. 9701_s20_ms_22 Q: 3

(a) hydrolysis 1

(b) M1 both have molecular formula - CgH120¢ 2
M2 idea that in glucose and fructose there are the same number and type of atoms present but the atoms are arranged in a
different order ie one has a carbonyl group at the end of the chain/molecule and the other has a carbonyl group in the
middle of the chain/molecule

(c)(i) value for the activation energy for the reaction A (no enzyme) compared to reaction B (with enzyme) 1
value / range of values that are more (+) 29 kJ mol!

(c)(ii) | value for the enthalpy change for reaction A (no enzyme) compared to reaction B (with enzyme) 1
-14 kJ mol!

(c)(iii) |M1 show the energy of the reactants > products AND label AH using the predicted value given in (ii) 2

M2 show activation energy ‘hump’ AND label using the value given in (i)

mnargy
Indmat

progress of reaction

(d)(i) M1 (enthalpy change) when 1 mole of sucrose 2
M2 burns/combusts/reacts in excess air/oxygen

OR ‘

completely burns/combusts/reacts in air/oxygen

(d)(ii) | M1 for finding amount of energy released per gram of sucrose using AH /Q = mcA AH'=— mcAT 3
= (-)250x4.18x(40.7-25) = (-)16406.5 J per gram OR(-)16.4065 kJ / g
M2 for finding amount (mol) sucrose in1g = 1/342 mol

M3 =M1/ (M2x1000)

AH = - 5610 kJ mol (3 sig figs) OR -5611 kJ mol' (4 sig figs)

Q""'Q
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91.9701_s20 ms_23 Q: 3
(a)(i) hydrolysis 1
(@yii) M3 label / shading indicating greater area 3
under curve of Ea(cat) AND state greater
number / proportion of sucrose molecules have
energy greater than Ea(cat) (so faster rate)
M2 Ea M1 Ea
cat (no cat)
(b)(i) an atom which is bonded to four different substituents / groups / atoms 1
(b)(ii) | ALL three chiral carbons need to be shown by * 1
H
H H \0
a
|
[ L. 7
FEEEE L
—0
H H 0O O H _C— ‘
H/ H/ H/ ‘
H
(b)(iii) | empirical formula of fructose CH,O 1
(c)(i) M1 (enthalpy change) when 1 mole of a substance 2
M2 burns/combusts/reacts in excess air/oxygen
OR
completely burns/combusts/reacts in air/oxygen
(C}(ii) C12H22011 + 12 02 — 12002 + 1 1H20 1
(c)(iii) | M1 AH =-5643 — (-2805 + -2810) 2
M2 =-28 kJ mol”
92. 9701 _s19 ms 21 Q: 5
@) M1 a lone pair/ electron 1
M2 (:)CN-/-(:)CN/cyal 1
(b)(i) optical 1
(b)(ii) 1
X4
/7,
W \"OH H
CN
M1 one 3-D structure of correct molecule shown.
M2 a mirror image of the molecule drawn in M1 OR same profile with two groups swapped 1
I
C
N
H CN
g ¥ Non
M3 central chiral C shown as * 1
(c) CH3CH(OH)CO:zH OR HO2CCH(OH)CH; 1
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93.9701_s19_ms_22 Q: 1

APPENDIX A. ANSWERS

(a)(i) CsH0/ same molecular formula / 1
OR
same number of carbon (atoms) and hydrogen (atoms)
different structural formula 1
OR
description of different structural formula which does not imply sterecisomerism
(a)(ii) structural / chain 1
(b) (forward reaction is) exothermic reaction 1
the proportion of methylpropane / product decreases 1
OR
the proportion of butane / reactant increases
(c)(i) t shown on graph which corresponds to start of the horizontal part of both curves. 1
s Q.I
nl‘.i
L=
Povmarn o7
——— R ‘
af
-
e
L
Ll
-
Bafoira |
t
(c)(ii) concentration of butane = 0.3 mol dm= 1
AND
concentration of methylpropane = 0.7 mol dm=3
(c)(iii) [methylpropane] / [butane] 1
OR
[(CH3)2CHCHa] / [CH3(CH2)2CHa]
(e)(iv) M1 value for K. 1
=0.7/0.3=23(3)
on used in M1 1
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94. 9701 _s18 ms_23 Q: 2
(a)(i) (molecules /isomers with) the same molecular formula / same number of atoms of each element 1
different structural formulae / different structures 1
(a)ii) (Molecules / isomers) with the same (molecular and) structural formula 1
different arrangement of atoms in space / different spatial arrangement of atoms. 1
(b)(i) two Hs on one of the C=C carbons / terminal C/C—1 1
no chiral C/no C with 4 different groups / atoms / chains attached has a super(im)posable mirror image 1
(b)(ii) H 1
H —(!)—H
H H—C—H
b=t
H—C—H
b
2-methylbut-1-ene 1
(b)(iii) structure 6 1
HsC /H HsC /CH20H3
C=C C=C
H \CHQC(:: \H
trans—pent—2—ene or cis—pent—2—ene 1
or E-

Q"’Q
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95.9701_s17_ms_23 Q: 3

(a)i) (enthalpy / energy change) when one mole of a compound is formed 1
from its elements in their standard states / standard conditions 1
(a)ii) | (AH,= YAH; products — ZAH; reactants) 1

=196 =2AH; SO;—(2x -296.8)
2AH; 803=-196 + (2 x —296.8)=-789.6

AH; SO;=-394.8 (kJ mol™") 1
(b)(i) Mark to right of original E, 1
(b)(ii) 2 marks for any two points: 2

+ Benefit of using a catalyst in terms of increasing rate or economic benefit i.e. (less heat required)
o Creates alternative pathway with lower E,
¢ More molecules with E > E,

(b)(iii) (rate) increases AND correct explanation in terms of ‘more collisions’ 1

more successful collisions per unit time / higher chance of successful collisions per unit time / higher proportion of 1
successful collisions per unit time

(vield) increases and shifts equilibrium to the right/in the forward direction / towards SO;/toward
exothermic direction

to oppose the change or oppose the increase in pressure / fewer molecules on RHS 3 eq t (to oppose 1
change)

(c)(i) S0,=0.01 (mol) 1
AND
S03=0.99 (mol)

(c)ii) nror = 1.505 1
pO,=1.50x%10°% (0.505/1.505) =5.03 x 10* (Pa) 1

(a)(i) 2 1
(K, =) _PSOy

PO, % pSO,

(d)(ii) 0.1946737305 1

Pa' 1
Total: 17
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96. 9701_s17_ms_23 Q: 4
(a) cracking 1
(b) In any order 1
CH,=CHCH,CH3/ CH,CHCH,CH3/ CH,CHC;H5
AND
CH;CH=CHCH; / CH;CHCHCH;
AND
(CH3)2C=CHa/ (CH3)2CCH2
(e)(i) (different) molecules with the same (molecular and) structural formula 1
(due to) different arrangement in space caused by C=C /double bond 1
(e)(ii) H T T I"l
|
HC—C—=C—CH; — H3C—C+—(‘)—CH3
H
Ho+ :Br
(lr&
arrow from the C=C double bond drawn to the H @ 1
dipole on H-Br in correct orientation AND arrow from the H-Br bond to the Br* 1
correct carbocation from the structure with C=C drawn ‘ 1
Br ~ with lone pair, negative charge AND arrow from lone pair to the positively charg atom of intermediate 1
(d)(i) a (tetrahedral) atom with four different groups / atoms / substituents attache 1
OR
a carbon (atom) with four different groups / atoms / substituents attached
(d)(ii) but-1-ene 1
(c)iii) Hz?CH:i ! H3C(|:H2 1
1
Cu, '
S NCH e
Br H 1 H Br
One 3D structure of 2-bromobutane which must nds shown the same and two different, i.e. three bond types
altogether, e.g. two solid lines, one wedge and one two bonds are drawn in the plane of the paper, i.e. single
Second structure either mirror of first O, rawn the same with position of two groups swapped. 1
(d)(iv) intermediate / (secondary carb, ora 1
OR
charge density of C* (o
(due to) electron-rel r/ (positive) inductive effect of alkyl groups / 1
/ due to electron rel
(e)(@) 1
(e)i) 2
Total: 17
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97.9701_s16_ms_21 Q: 4

APPENDIX A. ANSWERS

1

(@) CH,=CHCH,CH3/ GH,CHCH,CH;
AND
CH3CH=CHCH3/ CH;CHCHGH,3
(b) CH,=CHCH,CH3/ GH,CHCH,CH;
AND

(CH3)2C=CH2I(CH3)2CCH2

(1

(©) H H
7 /
H,C—C H,C—C
W W
C—CH, C—H
Vi !
H H.C

trans-but-2-ene (or E) cis-but-2-ene (or 2)

(1

1

(d) Bis CH2=CHCH2CH3 OR CH3CH=CHCH3 OR (CH3)2C=CH2
distinguished by addition of bromine

brown/red/orange/yellow to colourless/decolourises with B (but not A)

[
[
[

Q"’&
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98.9701_S15 ms_21 Q: 4
(a) -

A= B= (1]
OH OH (1]
= ] |

isomernsm

pasition
isomerism [1]
- (1]
° g ;
- -
P P chain )\/DH e
isomernsm
OR V'S
B \
chain OR position ‘
isomearism &0
' -
AN OH

FESMm
(b) (i) (1]
(1]
(i) o different groups on each carbon (of C=C) [1]
s no free rotation [1]

(iii)
Y
H\ ~H H fH
N P [1+1]
" Ye=¢” M
/ \
H H
and (either way round)
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99. 9701 m21 ms 22 Q:2

APPENDIX A. ANSWERS

Question Answer Marks
2(a) kills bacteria/microbes/micro-organisms 1
2b)i) | Clig)-e — CI(g) 1
Question Answer Marks
(b)(ii) M1: increasing proton number but similar shielding 2
M2: greater attraction of nucleus (for outer/ valence electrons)
(e)i) M1: (thermal stability) decreases (down group) 2
M2: (H—X) bond energy / strength decreases
(c)ii) | (+)6, (+)4,-2 1
(c)(iii) halides are better / stronger/ more able reducing agents / are more easily oxidised down group 1

(d)(i) when a species is both oxidised and reduced

(d)ii) |Cl+2NaOH — NaCl+NaCIO + H,0

(e)(i) Cl
cl_ yd N,

Al Al
a \C]/ ~a

M1: 2 x coordinate bonds in the right place
M2: all other bonds

& —
N

M2: so ratio Z:Clis 1:4/n=4

(e)(ii) M1: 2
+ (AICls3/solid) disappears
+ misty/steamy fumes
« temperature increases
M2: hydrolysis
() simple / molecular AND covalent 1
Question nswer Marks
(f)(ii) M1: 11.54 + 143.4 = 0.0805 2

(g)(i) (free-)radical substitution

(g)(ii) ultraviolet (UV) light/ sunli

(9)(ii) | (1s?) 282 2p® 32 3p°

(g)(iv) | Cl AND CHxCL

(g)(v) termi tion.

(9)(vi)

*
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100. 9701_w19 ms_21 Q: 1
(a)ii) It oxidises chlorine from—1to 0 1
(a)(ii) effervescence / fizzing / bubbling 1
grl:ﬂ gas formed
OR
solid dissolves / disappears / soluble
(b) M1: decreases (down the group) 3
M2: increasing induced dipoles
M3: greater number of electrons
(c)() M1: Cl; + 2NaOH — NaCl + NaCIlO + H,O 2
M2: chlorine is oxidised and reduced
(c)(ii) NaClOs/ sodium chlorate(V) 1
(d) M1: chloric(I) acid / hypochlorous acid / HCIO 2
M2: kills bacteria / micro-organisms / microbes
(e)(i) ultra-violet (light) / sunlight 1
(e)ii) | CzHs + Ch — CzHsCI + HCI 1
®
101. 9701 w19 ms 21 Q:3 \
(a)i) cracking 1
(a)(ii) | enthalpy change of combustion / AH. is high / large energy release (per m t mass) 1
OR combust/burn easily
(a)(iii) | CsHs + 402 — 4CO + 4H,O 1
(a)(iv) M1: infrared spectroscopy 2
M2: Compare / measure (characteristic) wavelength:
(B)(i) | CaHaS(l) + BOs(g) — 4COa(g) + 2H.0(l) + SO 2
* correct species
+« balancing
» state symbols
Award one mark for two corre: ward two marks for all three correct.
(b)(ii) M1 (enthalpy change a substance 2
M2 EITHER burns / in excess air / oxygen
OR completely bul acts in air/ oxygen
(b)) | M1 m?oo a 2
Mg:) ‘;‘AT=2 37.5-18.5)= 15884 (J)
(b)(iv) | M1 molvof thioph, 2
=0.63/84.1 OR 7.49(1082 045) x 103
M2 calculation = 1000 AND negative sign
AH, = 1‘(‘:;2 +n= 2_1“:2)0 +(0.63/84.1)
=-2120(-2120.39) (kJ mol-")
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102. 9701_m18 ms 22 Q: 2

APPENDIX A. ANSWERS

(a)(i) simple molecular 2
regular arrangement (of Cgs molecules)
(a)(ii) Ceo has (weak) intermolecular / VdW / London / dispersion / id—id forces (and covalent bonds) 4
diamond has covalent bonds
(diamond'’s) bonds are stronger
more energy required / lots of energy to break (covalent bonds in diamond)
(b)(i) (a molecule / compound that is made up of) 1
carbon and hydrogen (atoms) only
(b)(ii) add bromine (water)/Brz(aq) 2
(brown to) colourless / decolourised
(c)(i) addition 1
(c)(ii) (ncgy =0.144/720=)20107" 1
(c)(iii) 2
An=(1.00010°-2.21010%.1000107°/8.31 0293
=0.00320
(c)(iv) | (Cso:H2=)2.000107":0.00320 or 1:16 2
CeoHa2
(d)(i) giant (molecular) 2
(each Si has four) covalent (bonds) %
(d)(i) 2s? 2p° 3s? 3p° 1
(d)(iii) | Mg2Si(s) + 4HCI(aq) — SiHa(g) + 2MgChL(aq) 2
species AND balancing
state symbols
(d)(iv) | tetrahedral 1
(d)(v) SiHy + 20; — SiO; + 2H,0 1
103. 9701 _s18_ms_21 Q: 2
@) Different (hydrocarbon) molecules have di rs of electrons 1
so different strengths / numbers / amo Fs/id-id 1
(b) Produces more useful/ more demand substances / alkanes / alkenes 1
[(910] CizHzs — 2C,Hy + Cy 1
(c)(ii) addition polymerisa 1
(c)(iii) | two from 2
X4
wable resources
harmful incineration products
harmful to wildlife
(©)(iv) 0 H
e—0—¢—H
H / |
—C H
/ v _H
H ¢
H™ N
H
correct monomer 1
fully displayed 1
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104. 9701 _s18 ms_22 Q: 3

(a)(i) combustion 1
(a)(ii) CgHis + 12720, — 8CO; + 9H,0

correct species 1

correct balancing 1
(b)(i) cracking 1
(bYii) | -CH(CHa)CH(CHa)-

OR

even number of C’s in correct backbone with ‘end bonds’ AND no C=C 1

CHj and H on each of two C drawn for 1 repeat unit only AND all the carbons must be tetraval 1
(b)(iii) | addition ‘ 1

c(i) catalytic converter / catalyst 1

cfii) 2C0O + NOz — 2C0O; + %Nz 1
c(iii) (photochemical) smog / fog / haze 1

OR

global dimming
(d)(i) any 2 from: 2

lowers pH /increases acidity of rivers / lakes / oceans / seas / soil

Kills’/harms fish OR harms / Kills coral / plants / crop:

leaches (toxic) aluminium (ions / salts) from sail / lakes)

leaches away soil nutrients

damages / weathers / erodes bui
(d)(ii) NO, + SO, — NO + SO 1

805 + H,0 — H,S0, 1
(d)(iiiy ndergoes temporary chemical change / recovered unchanged 1

NO + %0, — NO, 1
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105. 9701 s17 ms 23 Q: 1

(a) (molecules / isomers with) the same molecular formula / same number of atoms of each element 1
different structural / displayed formulae / different arrangement of bonds 1

()i |4 1
(b)(ii) 6 1
(b)iii) molecular = C4Hg 1
empirical = CH; 1

using alternative supplied data
molecular = CgHyo

empirical = CH,
®)) | 1
/\/ 1

alternative using supplied data: any two

<
VeV S -

(b)(v) correct conversions of data to Sl/ consistent units
P=100000; V=25x10"% T=310

calculation of n (= pV/RT) 1

_100x10°x25x10"°
8.31x310

calculation of mass m (= nx M;) AND answer correct to 3sf 1
m=9.705 x 107 x 56 = 0.0543 (g)

Alternative answer for using CgH2:
m=9.705x 107 x 84 =0.0815 (g)

Q@

Total: 11
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106. 9701_w15_ms_21 Q: 3

529

(a) (i) | structural isomers: (different molecules with) same molecular formula
but different structural formulae

non-superimposable mirror images

chiral: has a carbon/C attached to 4 different groups/atoms/chains OR has no plane/line of symmetry/has

(1

1

(ii) | CH3CH,CH(CH;)CH,CH,CHj3
3-methylhexane

CH3CH(CH3)CH(CH3)CHzCH3/(CH3)2CHCH(CH3)CH2CH;
2,3-dimethylpentane

[1]
(1

[1]
(1

(b) (i) |CiHi+ 110; — 7CO; + 8H0

1

(i) | CHig + 40, — 7C + 8H,0

1

(iii) | global dimming/PAN/smog/global warming

(1

(c) (i) | (Free) Radical Substitution

(1

(i) |Cp — 2Ck
OR
Ck — Cl+CPk

CsHy + Cle — +CsHy5 + HCI
‘C7H15 + Ch— C7H15Cl + CI

‘C7H15 + Cl— C7H15Cl OR ‘C1H15 + 'C7H15 — C14H30

Initiation; Propagation; Termination (used correctly)

Q |

(1]
1

(1
\ (1

107. 9701 _s21 ms 21 Q: 5

Question \ | Marks
(a)() (compounds / molecules) containing only / entirely carb 1
(a)(ii) crude oil 1
(b)(i) (thermal) cracking 1
(b)(ii) structure of W 1

CHs
HzC‘(I_-;H2 @v
HZC\CH:‘
(c)®) 1
(e)(ii) 1
range / red to) colourless / decolorises 1
(d) 1
OR CH,CH(CO:!Na*))
OR CH,=CH(COOMNal*)
©,, @
O*C _O%Na
0. O°NS® |
J et
orR ¥ OR H ,etc.
(e)(i) carbon dioxide / CO2 1
(e)(ii) CO/hydrocarbons AND toxic / poisonous / harmful to health / (catalyses formation of) photochemical smog 1
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108. 9701 _w21_ms_22 Q: 1

Question Answer Marks

(a)(i) M1 (HI/I/iodine / hydrogen iodide has a) greater number of electrons 2

M2 greater induced dipoles (between molecules)

(a)(ii) | M1 bar at HF shows any boiling point above HI on graph 2

M2 explanation of difference in boiling point of a sample of HF in terms of strength
(sum of) hydrogen bonds (and induced dipoles in HF) are stronger than (sum of) induced dipoles (and permanent dipoles in
HCI/HBr/HI)

(b) (enthalpy / energy change) when one mole of a compound is formed 2

from its elements in their standard states

(e)() _ pHP? 1
P pH; pl,

(c)(ii) |28.76 OR 28.8 OR 29 1

(o)iiy | EITHER 2

option 1 which assumes AH;eaction iS (Still) endothermic (using the value shown in (b)).
M1 (K;) decreases AND endothermic / AHjp = +/ positive

M2 reaction favours formation of reactants / hydrogen and iodine OR (product) yield / partial pressure of HL
decreases / equilibrium shifts to the left

OR
option 2 which realises that AH/eaciion iS in fact exothermic (using bond energy data in'Data Booklet)

M1 (K;) increases AND exothermic/ AHp = +/ negative
M2 reaction favours formation of products / hydrogen iodide yield increases / partial pressure of HI increases / equilibrium

shifts to the right
@) |4HI+0, — 2L +2H;0 p
Question Answer Marks
(d)(ii) M1 I/iodine (increases) oxidation number —1 — 0 so oxidation /is oxidised 2
OR
HI/is oxidised as I (increases) oxidation nu 0

M2 O (decreases) oxidation number 0 — on /is reduced

(e) M1 pressure increases 2
M2 (pressure goes up as) ni ‘molecules increases in ratio 3 (gas) reactants to 5 (gas) products
;?rzssure is (directly) prop al to number of moles/molecules
(VIO 2
e
K3
M1 00:1& bondi
M2 cor;ect num| ‘emaining outer electrons on each atom
(F)(ii) hydrolysis 1
(f)(iii) | proton donor/H* donor 2
fully dissociates / fully ionises
(f(iv) | HaPOs~ 1
(g)(i) M1 2-iodopropane — formed from a (more) stable (secondary) (carbo)cation/intermediate 2

M2 (because of) greater (positive) inductive effect/ (+)I of two alkyl groups
OR
(because of positive) inductive effect/ (+)I of more R/ more methyl / more alkyl groups

gPapaCambridge



T"’_'.’PapaCambridge

531
Question Answer Marks
(g)(ii) HG H HiG H HsC H 3
c= —  » ©C—C—H — 5 H—C—C—H
/! \ / 1 | I
H 3 H HY H I H
H—T k 1
o (g .
M1 curly arrow from = of C=C to H AND curly arrow from bond of H—I to I
M2 curly arrow from lone pair of I~ to C™*) of their intermediate
M3 correct carbocation AND product for 2-iodopropane
109. 9701 _s20 ms_23 Q: 4
(@) M1 (no reaction) not enough energy 2
M2 bromine (free) radicals are not produced OR homolytic fission of bromine does not occur.
(b)(i) free-radical substitution 1
(b)(ii) | CgH1a + (-)Br > (-)CsHi3 + HBr 1
(b)(iii) (-)CsHi3 + Bra = CgH13Br + (+)Br 1
(b)(iV) (')C5H13 + (-)Br 2> C5H13Br 1
(e)(i) CH3(CH2)sCH=CH2 1
(c)(ii) | cold AND acidified AND dilute 2
2 marks for 3 correct conditions
1 mark for 2 correct conditions
(d)(i) addition OR reduction 1
(d)(ii) | M1 only sigma / o (bonds) in hexane / alkanes 2
M2 B has sigma & (bonds) and a / one pi / © (bond)
110. 9701 _w20_ms 21 Q: 4
(a)() M1: (Volatility) decreases (down the group) 2
M2: more electrons so greater intermolecular for: olecular attractions
OR
more electrons so greater VdW between g
(a)(ii) (HI has the) lowest bond enthalpy 1
(a)(iii) M1: HF has permanent dipo ) AND HI has ((only)) instantaneous dipole / induced dipole 2
s in HF)
(@)(iv) 1
(b)() 1
(b)(ii) Electrophilic additi 1
(c)(i) 2(-)iodo(-)2(-)methylbutane 1
(c)(ii) Nucleophilic substitution / Sy 1
(c)(iii) 1
~
(c)(iv) (L has) two identical / two methyl groups attached to one end/ one carbon of the C=C/double bond 1
(e)v) ethanoic acid / CHsCOOH 1
(c){vi) CH3COCH;5 + 31 + 40H- — (1)CH3COO+ 3H;0 + 3I-+ CHI3 2
M1: correctly balanced
M2: CHI; product
(c)(vii) | yellow ppt/yellow solid 1
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111.9701_m19_ms_ 22 Q: 1

APPENDIX A. ANSWERS

(a) strong triple bond / strong N=N 1
OR high activation energy/ E,
OR non-polar
(b)) | 3Mg + N2 — MgiNz 1
(b)ii) solid disappears 1
(c)i) (it is used to make) fertilisers 1
(c)ii) M1 CaO displaces NHs (from its salt/ NH4*) 2
M2 CaQ is a stronger base / more basic (than NHs)
(e NO NO; 1
(+)2/ () (+)4/(+)IV
(d)(ii) M1 %N, + Oz - NO: 2
M2 Mg(NQO3), = MgO + 2NO; + %:0;
(d)(ii)) | M1 +82 (= Eo=o — 2En-0) = (+)496 — 2 x En-0 0 2
M2 En.o = 1% x (496-82) = ¥ x 414 = 207 (kJ mol-")
(e) H H 2
\ | /
C=C —= H—C—C @’\ V'S
/ \ Y
O=N%,
AY
9!
5
M1 curly arrow from C=C to N
AND curly arrow from N—Clto CI5-
M2 intermediate
AND curly arrow from lone pair on C!- to C(+)
112. 9701 _m19 ms 22 Q: 4
(a) 3-chloroprop-1-ene 1
(b)(i) ultra-violet (light) / sun(light) 1
(b)(ii) CH=CHCHs + CI* - CH>=CHCH>* 1
OR C3Hg + CI* — CsHsz* + HCI
(b)(iii) free-radical (substitutiol 1
OR further chlorinatio
(b)(iv) | SOCLORPCIs0 1
(c)(i) cold, dilute acidi ium manganate(VII) 1
(i) ﬂ}' 2
c)(ii
®
(c)(iii) nucleophilic sub: 1
(e)(iv) OH 2
HO\)\/COOH
M1 hydrolysed nitrile on straight-chain 4C backbone
M2 3,4-diol
(d) M1 major product formed from more stable intermediate / carbocation 2
OR
(intermediate has) 2°carbocation which is (more) stable
M2 (positive) inductive effect/ (+)I of alkyl groups (on the intermediate)
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113. 9701_s19 _ms_22 Q: 4
(@) name of source crude oil / petroleum 1
outline of separation of hydrocarbons 1
(separation of molecules according to) different boiling points
(b)(i) cracking 1
(b)(ii) | 2C7H1e — CaHio + CeH1a + 2CaHy 1
(c) method 1 method 2
M1 1/28 (=0.035714) 1:88/28 (= 3.14286) 1
M2 2xM1(=1/14 =0.07143) M1/44 (= 0.071429) 1
M3 M2 x 24 = 1.7 dm3 M2 x 24 = 1.7 dm?3 1
(d)(i) unpaired electron(s) 1
(d)(ii) homolytic (fission) 1
one electron goes to each chlorine / atom 1
: 2
pair of electrons is shared out (equally between the two atoms)
(d)(iiiy propagation 1
(d)(iv) | CHsq+(*)CI — (+)CH3+ HCI OR CHjs+ (+)C! — HCI+ CHa(*) ‘ 1
(d)(v) M1 identify bond types in alkanes and alkenes 1
bonds in alkanes are (all) sigma/ o
AND
alkenes have (C = C made of) sigma AND pi/c AND
M2 electrons in x (of the C = C) are responsible for the reaction 1
electrophiles are attracted to/ attack to electrons in pi/=n
OR
electrophiles react with pi/n
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114. 9701_S15_ms_22 Q: 3

APPENDIX A. ANSWERS

(a) (i) | Bond breaking= CICIl=242
C-H =410=652kJ

Bond forming= C-CI= 340
H-C1=431=771kJ

Enthalpy change = 652 - 771 =-119

(1]

(1]
(1]

(ii) | UV/High T/sunlight

(1]

(iii) | Initiation
ClL > 2Cl-
Propagation

C,Hg + Cl» - +C,Hs + HCI
'Csz +CL > CszCl + Cl»

Termination
*CoHs + +CoHs = CaHyo

All three names correctly assigned

(1]

[1]
(1]

690

N [1]

(b) (i) | ethene

(ii) | KOH/NaOH

ethanolic AND heat/reflux

(iii) | H2 AND Pt or Ni (catalyst)

(1]
(1]
(1]

(1]
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115. 9701_S15_ms_23 Q: 4

535

(a) (i) |—|3? C')Hon
H3C~C|3—C|3—CH3

HO OH

[1]

(ii) CH,

|
HsC—C=0

~
A

C
/
0—C
\

OH

[1]

[1]

(b) (i)

Bré—

M1 = 2 curly arrows
M2 = intermediate ion
M3 = Br with —ve charge, lone

[1]
[1]
[1]

(i)

dipole is induced by proximi

[1]

(iii) | Optical

[1]

(iv) H,C

[1+1]
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116. 9701 w18 ms 21 Q: 3

APPENDIX A. ANSWERS

(@)

M1 gas / vapour (particles / molecules) in equilibrium (with liquid / solid)

M2 greater proportion of gas (particles) than liquid (particles) (in comparison to a liquid of lower vapour pressure)

(a)(i)

=-17.(0) (kJ mol™) ¥'v'v
M1 AH, = x(—482.2) + y(-92.3) — v(-103.2) — w(-273.3) where x y v and w are integers >1 (ignore stoichiometry)

M2 use of correct stoichiometry where x=1y=2v=1andw=2

(a)(iii)

M1 in a different phase / state from reactants
M2 a substance that speeds up a (chemical) reaction

M3 catalyst is regenerated / not used up / undergoes temporary chemical change / recovered unchanged

(b)(i)

Human activity creates / additional / more/increase / thicker layer in greenhouse gas(es)/ CHCIF,
OR
Human activity has an impact on climate change / temperature at earth’s surface / temperature of sea

(b)(ii)

M1 traps (more)heat

(b)(iii)

M2 (in the atmosphere leading to) greater global warming or wtte %
ozone depletion / thinning

(e)(i)

addition

(e)(ii)

——t— \
F F

(c)(iit)

molecule unreactive / inert

(e)(iv)

non-biodegradable

creates toxic / harmful gases/HF /CO,/CO if burnt

117. 9701_m16_ms 22 Q: 4 0

(a) (i) | CaHio 1]
(i) | CaHo (11
(iii)

)\ro"' 0 1]

(b) CgH1g + 1274 9H,0 [1]

(c) uced on combustion [1]

rain (1]

(d) r/stronger van der Waals'/intermolecular forces than G / ora [1]

ore electrons (than G) [1]

n bonding (between molecules) [1]

M4 r)/ great(er) forces require AND high/more energy to overcome [11

(e) NaOH(aq) 1
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118. 9701_s16_ms_23 Q: 3
(a) (i)| vaporise/boil/turn to gas [1]
(i) | increasing molecular size/no of carbon atoms per molecule/length of carbon chain [1
(iii) | increasing b.pt/decreasing volatility [1]
increasing viscosity [1
increasing density
increasing depth of colour
decreasing flammability / decreasing ‘cleanliness’ of flame owtte
(b) (i)| CizHze — 2C;Hs + CgHig 1]
(ii) | ethene use = making polythene/plastic/polymers [11
feature of ethene = double bond/unsaturated [11
octane/alkane use = fuel/petrol [11
feature of octane/alkane = flammability /releases energy when burned/combusted [1]
(c) (i)| (produced by) reaction of (atmospheric) oxygen and nitrogen [1]
due to high temperature/engine provides energy/combustion provides energy [1]
(ii)| 2NO +2CO — Np + 2C0O; / NO +CO — Nz + CO; [11
(i) NO + 10, - NO2 [1]
NO, + SO, —» SO3 + NO H}
803 + Hz0 — HzS04 / 2H" + 8045 / H® + HSO4
(iv) | lowers pH of rivers/lakes /kills fish [1]
leaches (toxic) aluminium from soil (into rivers/lakes) [1]
leaches away soil nutrients [11
damage to buildings/statues/trees /plants/crops [11
ocean acidification/damage to coral [11
119. 9701 _s21_ms_21 Q: 6 @

Question S Marks
(a) addition 1
(b) M1 catalyst = sulfuric acid / phosphoric(V) aci 1

M2 conditions of reaction = steam/he re) 1
(c) 2
(a)(iy @ 1
) P
¢ 1
M2 less stable = e

M3 greater (positive) inductive effect of two alkyl groups 1

OR greater electron donation of two alkyl groups owtte
(d)(ii) propan-2-ol 1
(e)(i) elimination 1
(e)(ii) | M1 NaOH/KOH 1
M2 ethanolic solution / ethanol / alcohol + heat 1
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120. 9701 _w21_ms_21 Q: 2

APPENDIX A. ANSWERS

Question Answer Marks
(a)(i) hydrogen / Ha 1
(a)(ii) Ca(NO3); — CaO + 2NO; + 150, 1
(a)(iii) | (thermal stability) increases 1
(a)(iv) | CaCOs;+ H,O+ CO> — Ca(HCO3)z 1

(b) reduces acidity of soil 1
(e)i) Mixing / overlap / combination of one /an s and one/a p orbital 1
(c)(ii) Sketch a diagram to show HOW two sp hybrid orbitals can form a SIGMA bond 2

M oD+ o
|
+
m2 o
(d)(i) | M1 moles of NH; = 1.50 x 108 x 106 + 17 = 8.82 x 10 2
M2 mass of CaCN, = w:sm =3.53x10° ‘
()i CH3CH:CN CH3CH2COzH 3
CH3C(OH)(CN)CHa
121. 9701 520 ms_22 Q: 4
(a)(i) Bromine / Br 1
(a)(i) | Ag*(aq) + X(aq) > AgX(s) OR Ag*(aq) + Br(aq) gBr(s 1
(a)(iii) | M1 reagent 2
Add (agueous) ammonia
M2 expected result
EITHER (Dilute ammonia) — partial amoul dissolves OR not much precipitate dissolves
(b)) 1
(b)(@) 2
oup exerting an inductive effect
ge is (more) localised on the C+
()i 1
(c)(ii) 1
(c)(iii) 1
(c)(iv) | M1 2-chloro(-2-)methylpropane 2

M2 1-chloro(-2-)methylpropane
ALLOW in any order
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122.9701_s19 ms_23 Q: 5
(a)(i) pentanenitrile 1
(a)(ii) a lone pair/ electron pair donor 1
(a)(iii) (:)CN~/~(:)CN/ cyanide ion 1
(a)(iv) Br (atom) is replaced (with / by CN / nitrile) 1
(b) M1 reagent 2
Ammonia
M2 conditions
heat with under pressure / heat in a sealed tube
(c)(i) M1 Increasing reactivity fromCl — Br — [ 2
M2 Due to decreasing strength of C-X bond (from C-Clto C-Br to C-I)
(L)eRss energy needed to break C-X (from C-Clto C-Br to C-I)
(c)(ii) M1 tertiary / 3° halogenoalkane 3
M2 (carbo)cation/intermediate is stable 0
M3 due to (3) electron releasing/donating methyl groups / + I groups (attached to central C)
g:sitive) inductive effect of the (three) methyl groups /
(c)(iii) | Any formula/name for any primary halogenoalkane i.e. 1-chlorobutane / ‘I-bromobutane‘l-'o 1
123.9701_s19 ms_ 23 Q: 6
(a)(i) Orange / brown to colourless / decolourises 1
(a)(ii) any non-ambiguous structures of:
X (CH3)C = CHa/(CH3)CCH2 1
Y CH3CHCH = CHz/C;H;CHCH: 1
Z CHi;CH = CHCH3/CH3CHCHCH; 1
(a)(iii) | CaHs 1
(b)(ii) V = primary / 1° alcohol 1
W =tertiary / 3° alcohol 1
(b)(ii) | CH3(CH2):.CH.OH + Na — 1
(b)(iii) | M1 Reagent 2 3
M2 Observations for ange to green
M3 Observatiol o change / remains orange
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124. 9701_s18 ms_23 Q: 4

APPENDIX A. ANSWERS

Q"’Q

(@) 2-bromobutane 1
(a)(ii) ketone 1
(b) 2
(CH3):CBr (CH3),CHCH,Br CH,BrCH,CH,CHj,
3 correct = 2 marks
2 correct = 1 mark
(c)(i) S = substitution 1
N = nucleophilic
(e)(i) H |'|| 3
Hac—cl:S‘L B — = Hc—C?
H 3C(|;;2C' mcéﬁb‘
M1 = dipole and curly arrow o
M2 = intermediate carbocation IGNORE CH,CH3 shown as C;Hg
M3 = OH™ with lone pair and curly arrow from lone pair to the ‘C’
(d) e C4HoCl slower (than C;HqBr) 3
e CyHol faster (than C4HgBr) ‘
e« C-Clbond stronger than C-Br OR C-C1340 C-Br 280 \
» C-I bond weaker then C-Br OR C-Br 280 C-1240 *
1 mark for each point, max 3
(e) ethanolic (instead of aqueous) 1
hotter/higher temperature (heat under) reflux 1
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125. 9701 w17 ms 21 Q:3
(@ reaction reagent(s) and conditions reaction type(s) 6
1 aqueous / aq / dilute NaOH / KOH substitulion_
OR water OR hydrolysis
2 alcoholic / ethanolic NaOH / KOH elimination
3 NaCN/KCN in ethanol / alcohol substitution
4 aqueous /dilute H;S0, / H'(aq) hg’é";{fg;gfg;ﬁf;gﬁgﬁ"
5 a"idi“e?a’n fd(i"s"tiitl')‘)lu%?’rﬁu; Cra07~ oxidation OR elimination
. . 2
6 Fehli:gl’:l}—I '?glfe':\s’l(l’zgézr?eiilig'r;?:eagent) oxidation
(b) H 2
R— <|.L‘ _Cf‘r R———(lz— OH
o N | 7,
M1 lone pair on O of "OH AND curly arrow from lone pair to C(—Br)
M2 correct dipole on C*—Br> AND curly arrow from bond to Br
(c)(i) (different molecules) with same molecular formula / same numbers of atoms of (each type | 1
different structural formulae / displayed formulae 1
chain/ skeletal 2
functional group
position(al) / regioisomerism
two types correct = 1 mark, all three correct = 2 marks
(e)(ii) Sn/ nucleophilic substitution 1
((CH3)3CBr/ tertiary halogenoalkane) forms a stable (cal ation/ stable intermediate (as charge density on cation is 1
reduced)
OR
(in) 1-bromobutane / primary halogenoalkane th: le) (carbo)cation / intermediate formed
(because) there are (3 /more) alkyl / methyl D (+) I/ (greater) inductive effect 1
gzcause) there is only one / fewer al p(s) (compared to reaction with 2-bromo-2-methy! propane / tertiary
halogenoalkane) AND limited tive effect
(d)(@) (different molecules) witl olecular and) structural formula/ 1
with different arrange In space / spatial arrangement of atoms 1
(d)(ii) mirror images are / no chiral carbon / no chiral centre /it is achiral 1
| groups / H (atoms) (attached) 1
identical groups /2 H (atoms) (attached)
(d)(iiiy | X = 2-chlorobuta 1
Y = 1-chlorobutane 1
(d)(iv) optical (isomerism) 1
(d)(v) one acceptable 3D structure of 2-chlorobutane 1
the 2nd optical isomer EITHER drawn as a mirror image of the first 1
:I)\E same bond pattern is shown but two of the groups swap positions.
CH,CH3 CH,CH3
A WO
HsC \CIH Hif o,
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126. 9701 w17 _ms 22 Q: 4

(@ concentrated H,S0, /H;PO,; AND NaBr 5
1 substitution
OR (red) P/Br2
OR HBr
. hydrolysis
2 | agqueous/dilute NaOH/KOH OR substitution
concentrated H;SO,/H3PO,
3 | OR ALO3/ P40/ pumice / porous pot/ dehydration
SiO,
4 | (ethanolic) HBr addition
4 marks for column 1 (one perrow) 1 mark for col 2
(b) 5© 3
\& 5 | ®
—_—
- C@ PR
G
el
M1
correct dipole on ¥*C—Br* AND curly arrow from C—Br bond to Br
M2 correct intermediate with + charge
<]
M3 curly arrow from lone pair on :OH to C* of carbocation
(e)i) (different molecules) same molecular formula / same numbers of atoms of each (type o 1
different structural formulae / displayed formulae 1
chain / skeletal 2
functional group
position(al) / regioisomerism
two types correct = 1 mark, all three correct = 2 marks
(e)(ii) Sn/ nucleophilic substitution 1
no (stable) (carbo)cation / intermediate is formed 1
only one alkyl group / fewer alkyl / methyl groups (com| d to reaction 2) AND limited (+)I/inductive effect/less electron 1
donating (effect)
(d)(i) mirror images are super(im)posable 1
OR not chiral / no chirality / no chiral/asym entre / achiral
one or both C/end of double bond has.i ups / 2 methyl groups / 2 H (atoms) 1
(d)i) addition 1
2
t carbon atoms in backbone, with extension bonds
e carbon atoms and only one repeat unit
(d)(iii) 'mful combustion products 1
(e) 2-bromo-2-met 1
1-bromo-2-methylpropane 1
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127. 9701 _wl16_ms 22 Q: 4
(a)(i) 2-bromobutane 1
(a)ii) e.g. of mirror images
o o
Clu.. lC
. H H"”
H,CCH, \Br Blr \CHpH3 1+1
e.g. of swapped groups
CH, CH4
| I
Cln.., H /Crm.._Br

H.CCh, \Br HiCCh, Y,

(a)iii) | CHsCH.CH,CH,Br
(CH3)2CHCH,Br
(CHs)sCBr

-

(b)(i) 3-bromo-3-ethylpentane

(b)ii) H3C CH, H;CCH,
HyC CHy GO —Br  ——= H,CCH5C”
r ’ 7
3 E, 3

H,CCH, H,CCH, o

M1 = dipole and curly arrow from bond to (or just beyond) Br
M2 = correct carbocation
M3 = OH™ with curly arrow from lone pair on O to C(+)

(b)iii) Sn1/nucleophilic substitution

(c)(i) Sodium/ potassium hydroxide

Ethanol/alcohol AND heat

(c)(ii) elimination

(c)(ii)

Total: 17
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128. 9701_s21_ms_22 Q: 3

Question Answer | Mark
(@) change in amount of substance with time 1
(b)(i) label area under the original curve to the right of Ea. 1

ot =

(b)(ii) M1 curve starts at the origin but peak lies to the right of original. 1
M2 peak at higher temperature is lower than the original AND graph crosses the original once only — beyond the peak of 1
original

% o

’U E, ‘

(b)(iii) no change /hone 1
Question Answer | Mark
. i 1

(e)(i) . HOo H

4 04

U\“’ IIRENPL

C—cH,

/ /C\

4 4C

M1 correct dipole on haloalkane AND arrow froi Br or just beyond

M2 correct intermediate 1
M3 arrow from lone pair on O of OH; tral C of their intermediate shown in M2 1

glfow from lone pair on,O entral C of 2-brome 2-methylpropane if Sn2 mechanism shown
(c)(ii) nucleophilic substituti 1
(d) M1 more time (be lower) 1
C-Br) 1
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129. 9701 _s21 ms_23 Q: 5
Question Answer | Marks
(@) M1all 3 COOH form COONa/CO;Na/COONa* 1
M2 the OH group forms CONa/CO-Na* 1
M3 equation describes Hz as a product and equation balanced correctly 1
NaO
Ha a
o a
[s] _— > o oo ON:
HO  HO
O~ “OH o
+4Na lona + 2H, VvV
OR
C(CH2COQH),(COOH)(OH) + 4Na = C(CH.COONa),(COONa)(ONa) + 2H, v'v'v’
(b)(i) M1 skeletal formula of 2-hydroxypropanoic acid | similar chiral isomer that meet the criteria in table 1

0

OH

OH
M2 chiral carbon marked with * 1

(b)(ii) M1 citric acid has a tertiary alcu ol group so is not oxidised

M2 X has a secondary alcohol group which is oxidised (to a ketone)

(c) M1 chiral centre / non superimposable mirror image / has a C attached to 4 different gro

M2 C=C where each C is attached to (two) different groups

(d) (molecules / isomers with) the same molecular formula / same number of atoms
AND different structural formulae / different structures

Q"’Q
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130. 9701_w19_ms_22 Q: 3

APPENDIX A. ANSWERS

(a)i) | green gas fades
OR

white solid / white powder / white smoke / white fumes

(a)(ii) hydrolysis

(a)(iii) P goes from 0 to (+)5/ (+)V

P is oxidised

N goes from (+)5/ (+)V to (+)4/ (+)IV
N is reduced

[y

Award one mark for two correct bullet points, award two marks for all four correct.

(b)(i) accepts a proton/H*
OR

donates a (lone) pair of e~

(b)(ii) 3-D shape AND bond angle

H

\Ne
HYe Sy
H 1

AND 109-0)
2

fertilisers

(b)iit)

(€)(i) | CaHsOH + PCl— C;HsCl+ POCEh+ HCI

substitution

(e)(i)

EITHER
M1: HI/I- is a strong(er) reducing agent (than HCI/CI)
M2: HI/I- is oxidised (to iodine but the chloride is not)

(c)(iif)

OR

M1: H,SO, is a (strong enough) oxidising agent (to react with
M2: HI/I- forms iodine

OR

M1: phosphoric acid is a weak / not an oxidising
M2: (so) does not react with iodide (where M2 i

nt on M1 here)

(e)(iv) | M1: C;Hsl reacts fastest AND CzHsCl re: R C;HsC1< CaHsBr < CaHsl

M2: C—I bond is the weak(est) AN d strong(est)
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131. 9701_s18 _ms_21 Q: 4
(a)(i) lodoform / triicdomethane 1
(a)(ii) butan-2-ol 1
(b) CH3CH,CH,CH,0OH 2
(CH5);COH
(CH3),CHCH,OH
(e)(i) oxidation / redox 1
(e)(iiy | acidified /H* 1
AND
potassium/ sodium dichromate((VI)) or formulae
(c)(iii) In any order:
but-1-ene 1
but-2-ene 1
cis/ Z- AND trans/ E- 1
(d)(i) CH3 H CHy H
HC—C=C—H . o 9_?_H . g;:;r:eomethyl
e ! R
Br
Brd— (\
1
curly arrow from C=C to H
correct dipole on HBr and curly arrow from bond of HBr to Br 1
tertiary intermediate cation 1
Br with curly arrow from lone pair 1
(d)(ii) (carbo)cation / tertiary ion / tertiary intermediate able (than primary) 1
due to electron-releasing / (positive) inductive @ more alkyl / methyl groups 1
132. 9701 _wi15_ms 21 Q: 4
(a) (i) | CH;CH,OH + HC 1+ HO
c(;'-HQCHZOH + ,Cl + HC! + POCL [1+1]

CH,Cl + HCI + SO,

2180

(i) | NaOH/KOH

warm /heat/re agueous

(1]
1

(b) (i) | CH,=CH,/ethane/C,H,/ CH,CH,

(1

(ii) | White ppt/solid/suspension

(1

(iii) | Ag'(aq) + Cl(aq) — AgCl(s)

(1

(c) (i) | CHsCHO/ethanal

(1

(ii) | CH3CH,OH higher bpt than CH;CHO ora
due to hydrogen bonding in ethanol/stronger IMFs

prevents further oxidation owtte

(1
(1
(1

?‘]'PapaCambridge



“ jPPapaCambridge

133.9701_s21_ms_23 Q: 4

APPENDIX A. ANSWERS

Question Answer | Marks
(a)(i) 1,3-dichloropropan(-2-)one 1
(a)(ii) carbonyl/ ketone 1
(a)(iii) | NaBHs OR LiAH, 1

®) reagent observation with Q observation with R 4
2,4-DNPH M1 red/orange / yellow AND | M2 red/orange/ yellow AND
precipitate / solid / crystals precipitate / solid / crystals
Na>COs(aq) | M3 no visible change M4 fizz / effervescence
() step | reagent and conditions type of rxn 5
1 M1 HCN and (trace) KCN/NaCN M3 Addition
2 Hydrolysis
3 M2 KCN/NaCN in ethanol / alcohol M4 Substitution 0
4 Hydrolysis
M5 type of reaction for step 2 AND step 4
134. 9701_m21_ms_22 Q: 4 \
Question Answer Marks
(a) M1: x = 108-110° 2
M2: y = 118-122°
(b) M1: red/orange / yellow ppt/ solid 2
M2: silver mirror OR silver / grey / black / brown ppt/ solid
(e)(i) oxidising agent 1
(c)(ii) M1: (excess dichromate and) heat under reflux 2

M2: to allow full oxidation (of alcohol and aldehy; S)

(d)i) | CH:OHCHO + 2[H] — (CH20H)

(d)ii) | NaBHa/ LiATH,

(d)(iii) | ethene

&
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135. 9701 _s21 _ms_22 Q: 4
Question Answer Mark
@0 structural formula name 4
A CH3CH2CH=CH> but-1-ene
OR
1-butene
B H H cis / Z but-2-ene
¢ OR
= \ cis / Z 2-butene
HsC CHs
HsC H trans/ E but-2-ene
c N_ / OR
C_C\ trans/ E 2-butene
H CHs
D CH>=C(CHa)2 (2) methyl prop(-1-)ene
M1 correct identification of but-1-ene (for A)
M2 correct identification of but-2-ene for B and C
M3 identification of cis / trans (Z / E) for B and C (in correct order)
M4 correct name of D
(a)(ii) (molecules with the) same structural formula (and same melecular formula) with diﬁ'ererzarr of s / groups in 1
space
(b)(i) A 1
Question Answer | Mark
(b)(ii) pr 1
M1/ \ skeletal formula only
M2 explanation in terms of increased/greater stability 1
intermediate / (secondary) carbocation / CHsC* (H)(CH:2 i re) stable
M3 reason for increased stability of intermediate in ater number of alkyl groups showing largest inductive 1
(electron releasing) effect
greater (positive) inductive effect due to two
OR
greater electron donation of two alkyl grol
(c) dehydrating agent/ cause dehy 1
(d)(i) oxidation 1

(d)(ir)

functional group

aldehyde

carboxylic acid

?"t.’PapaCambridge



“ jPPapaCambridge

136. 9701 w21 ms 21 Q: 3

APPENDIX A. ANSWERS

Question Answer Marks
(a)(i) M1 simple molecular 3
M2 giant molecular
M3 weak IMFs (overcome) in Ps AND strong (covalent) bonds (broken) in P
(a)(i) 1
enthalpy
Py
(red  (4)P)
progress of reaction
(b)) | (+)5V 1
(b)(ii) PCL + 4H;O — H3PO4 + 5HCI ‘ 2
P4O1p + 6H20 — 4H3PO4
(e)(i) CigH1sP 1
(e)(ii) stage 1 = reduction 2
stage 2 = substitution
Question Marks
()i 6= cancron = CaHsCH=CHCHs | 2
(d) | CH;CH,COzH CH:COCH; | 2

?‘Q'PapaCambridge



T‘:_']’PapaCambridge

551
137.9701_w21_ms_22 Q:3
Question Answer Marks
(a) (2,3-)dimethylbut-2-ene 1
®) RN SN 1
A OR Z
OR /j\/\ OR \/I\/
(e)i) 1
HsC,, ~CH3
CC—DC'
e ~
H,C CH,
(c)ii) | sp? 1
(d)(i) cold dilute acidified potassium manganate(VII) 1
(d)(ii) | M1 (2,4-DNPH will produce a) red / orange / yellow precipitate 2
M2 V has a carbonyl group
(d)(iii) | M1 C—O in range 1040-1300 (cm-") 2
M2 C=0 in range 1670-1740 (cm)
(e)i) yellow precipitate ‘ 1
(e)ii) | lodine /I, 1
(e)(iii) 2[H] — CgH1s0 1
Question Answer Marks
(e)(iv) | Draw two optical isomers of X. 1
eg
T(CHa)a (|3(CH3)3 1
H-nC CuieH
4 ToH Ho” \,
HaC oR CHs 0
M1 One correct 3-dimensional representatio
M2 3-d structure which represents the enan their X
(e)(v) heat AND concentrated H2SO4/ / concentrated sulfuric [(VI)] acid / concentrated phosphoric[(V)] acid 1
(e)(vi) 1
H CH;
ﬁl: ? )3
H H OR
(e)(vii) | high 1
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138. 9701 _m20 ms 22 Q: 3

APPENDIX A. ANSWERS

(@)D | M1 acidified /H* Cr207%/ (potassium / sodium) dichromate
OR manganate(VII)/ MnOs~/ KMnO4

M2 (heat under) reflux

(a)(ii) | nucleophilic addition

(a)(iii) | yellow/orange/red ppt/solid

(a)(iv) | it does not have four different (groups of) atoms attached to (central) carbon
OR it does not have a chiral carbon / centre

OR it has two identical / COOH groups attached to (central) carbon

OR mirror image is super(im)posable

(@)(v) | M1 hydrolysis
M2 esterification / condensation

b)(i 5 -3
®O | 1 o of mol 0, = 1:00X10°x1.06x10
(8.31x850)

M2 no. of mol of nitroglycerine =4 x 0.0150 = 0.0600 (mol)

M3 mass of nitroglycerine =0.0600 x 227 = 13.6(2) (g)

(b)(ii) | 1.06x29=30.7(4)dm?

(e)i) CsHaO2

(e)(iiy T (CHz),COOH
|

H H

(c)(iii) R R

M1 curly arrow from C;
M2 correct dipole in arrow from Br—Br to Bro-

M3 correct int y arrow from lone pair on Br-to C*
*

d’co ect pro
¥ A

@i |M
CeHi

Br

HOOC
M2 (two) different groups on each C atom in the C=C/end of the C=C double bond

M3 no/ restricted rotation about C=C

(d)(ii) Hz / hydrogen

d)(ii) | m1/m2 absorptions seen in both spectra (any two):

(same) both show an absorption at 1680—1730 (cm~') because of C=0

(same) both show an absorption at 1040-1300 (cm™') because of C-O

(same) both show an absorption at 2500-3000 (cm™') because of RCO;—H/O-H in

M3 absorption only seen in spectrum of T:
(different) T shows an absorption at 1500—1680 (cm~') because of C=C
(different) T shows an absorption at 3000-3100 (cm™') because of (C=)C—H

RCO:zH / carboxyl(ic acid)
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139. 9701_s20 ms_21 Q: 5

553

(a)(i)

CiI

(a)ii)

HCIAND H;O

(a)(iii)

M1 COs*

M2 propanoic acid — effervesce. (Propan-1-ol — no reaction)

(b)(i)

ultraviolet light / uv

(b)(ii)

homolytic fission (of chlorine (gas)/Ch)

(e)M)

carbonyl / aldehyde / ketone

(c)(ii)

tertiary halogenoalkane

(d)(i)

Two structures representing the intermediate
M1 C;HsC*HCH3
M2 CH3CH,CH.C*H>

(d)(ii)

Identify the most stable intermediate
M1 C;HsC*HCH3
explanation

M2 (more / 2 alkyl groups attached so) it has the greater inductive / electron donating effect @

Q"’&

°

L/

(\
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140. 9701 _w20_ms_22 Q: 3

APPENDIX A. ANSWERS

M1: show the number of mol gas produced from 0.241 g NCl3
[M{(NCl3) = 120.5 1 mol NCI; produces 2 mol gas]

n=2x0.241/120.5 OR n = 0.0040 (mol gas produced.)

(a)(i) |Ps + 10CL — 4PCk 1
(a)(ii) simple / molecular AND covalent 1
(b)(i) steamy / misty fumes 1
(b)ii) | PCls + 4H,0 — H3POs + 5HCI 1
(b)(iii) [Oto4 1
(c)() LiAH4 OR lithium tetrahydridoaluminate((III)) 1
(e)(ii) M1: molecule with a non super-(im)posable mirror image 2
M2:
CIXJ:...-.\:/C[
(c)(ii) 1
Cl Cl
(d)(i) M1: (trigonal) pyramidal 2
M2: 107
(d)(ii) | M1: proton/H* donor ‘ 2
M2: partially dissociates (in solution)
(d)(iii) | method 1 4

M2: correct conversion of T to Kelvin, V to m? and correct value

M3: use of equation P = nRT/V with M2 values for n,

0.0040x8.31x293

increase in p = nRT/V = 5
250%10™

=3.90x 104

M4: = 1.00 x 105 + M3 (Pa)
total pressure = 1.00 x 10° + 3.90 x,
=1.30 x 105(

method 2
M1: calculate the pr
0.003 (mol) CL AN

1x10° +2.92 X10* + 9.74 x 103 = 138 940
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141. 9701_s19 _ms 21 Q: 4
@) 3-chloroprop-1-ene 1
(b) a =109(.5)° 1
b=120° 1
(e)(i) C3H7CIO: 1
(c)(ii) oxidation 1
(e)iid alcohol group 1
present in Z
primary v
secondary v
tertiary
(d)(i) Aand B 1
(@) Compound(s) | Observation 2
Reaction with Tollens’ reagent Bv silver mirror
OR grey/ black / brown / silver preci
~ , . 3
Compound(s) | Observation
Reaction with alkaline ag.iodine | A¥ and C ¥ | (Pale) yellow precipi
~ , . 3
Compound(s) | Observation
Reaction with sodium metal C v and D¥ | Effervesc

Q"’Q
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142. 9701 _w19_ms 21 Q: 4

APPENDIX A. ANSWERS

(e)(i) + orange/red/yellow precipitate
e orange/red/yellow precipitate

(a)@i) (2,2-)dimethylpropanal 1
(a)i) | sp? 1
(b)(i) acidified potassium dichromate[(VI)] AND heat under reflux 1
(b)(ii) M1: A has H-bonding (between molecules) 3

M2: B only has dipole—dipole / VAW forces (between molecules)

M3: H-bonding is stronger / requires more energy to overcome
(b)(iii) | (CH3)3CCHO + 2[H] — (CH3)3CCH,OH 1
(b)(iv) HO 2

M1: \l/ / CHsCH(OH)CH>

M2: H2S0O4/ sulfuric acid

1

(c)ii) | Aldehyde

(c)(iii) has a carbon/ atom attached / bonded to four different atoms / groups / groups of atoms / ch 1

(e)(iv) CHO CHO

oy TG Hser X
HsC CH3
M1: Correct 3D representation

M2: Correct 3D representation of drawn enantiomer

L/

N

(c)(v) - N . 1
principal absorptions in bond responsible
the infra-red spectrum
3200-3600 cm-! RO-H/O-H
1630 cm-! Cc=C
1050 cm! c—0
(e)vi) \_<; 3
OH or
M1: skeletal alken structure
ble of geometrical isomerism
(c)(vii) nd correct dipole on C=0 3
M2: curly arrowfrom C=0 bhond to O AND intermediate with CN attached and —ve charge on the O
M3: curly arrow from lone pair on CN-to C(=0) in X
AND
curly arrow from lone pair in the intermediate to H*
& [o]
D, H
E:C\ eo:\_/‘
HsC2 4 "CaHs !
/C\
e HsC3 | "CzHs
ICN ——— CN
(e)(viii) | catalyst 1
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143. 9701 _m18 ms_ 22 Q: 3
(a)(i) Ca + 2HNO; — Ca(NOs); + H, 1
(a)(ii) CaSQ, does not react (with sulfuric acid) 2
coating / crust/ protective layer/ CaSO, prevents reaction (of sulfuric acid) with calcium
(b)(i) ‘ ‘ lz+ 1
dot-and-cross diagram AND 2+
(b)(ii) G(I) 2
Je
displayed structure of ethanedioate
two — charges on carboxylates OR 2— charge overall
(e)(i) bleach 1
(c)(ii) Cl, + 20H" — CI +CIO™ + H,0 1
(c)(iii) | —1 AND (+)5 1
(c)(iv) gains AND loses electrons 1
(d)(i) carbon dioxide AND water 1
(d)ii) reaction reagent(s) and condition(s) 4
1 HCN v
NaCN v
O KszzO'p
3 0 H,SO,/acid/H*
O (heat under) reflux
(d)(iii) | hydrolysis 1
(d)(iv) reducing agent 1
(d)(v) has a carbon/ C/ atom attached to four different s / chains 1
OR
has no plane/line of symmetry / has non-sup ble images

gPapaCambridge
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144. 9701_s18 ms_22 Q: 4

APPENDIX A. ANSWERS

(a)i) iodoform / tri-iodomethane 1
(@)ii) butanone 1
(b) CH;CH,CH,CHO 1
(CH3),CHCHO 1
(e)(i) reduction 1
(c)(ii) NaBH, / sodium borohydride 1
OR
LiAMH, / lithium aluminium hydride
d)(i +
(@)i) (\H
g i
8+C. _CH, ——> c _CH.
H3C/ \CHZ 3 H3C/ [ \CHQ 3
NC
NC:
lone pair on C of CN™ and curly arrow to C of C=0 ‘ 1
correct dipole on C=0 and curly arrow from =to O 1
correct intermediate anion 1
curly arrow from lone pair on O to H* 1
(d)(ii) optical 1
(d)(iiiy (X has a) chiral centre / asymmetric carbon atom 1
OR
(X has a) C atom attached to four different grou chains
non-super(im)posable mirror images 1
(e)i) M1 is for the process of taking the % ent and dividing by its relative atomic mass. 2
C (0]
51.3 12.0 27.3
12 14 16
OR
428 0.857 1.71
X4
M2 isfor dividin, est %/A, into each of the remaining values to produce the correct ratio.
428 940 0.857 1.71
0.857 0.857 0.857 0.857
OR
4.9942 10.9685 1 1.9953
(e)ii) CsH11NO; AND because the EFM = RFM 1
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145. 9701 w18 ms 22 Q: 4
(a)i 1
H
e
H— (ID — (ID —H
H C
111
(a)(ii) dehydration 1
(a)(iii) OH 1
| (0]
HiC—C—H +[0] — 1 +H,0
| AL
COzH HsC COH
(a)(iv) | Na;Cr,0;/K,Cr,0O; AND (dilute) H,SO, / H'(aq) / acidified 1
(b)(i) (Molecules that are) non-super(im)posable mirror images 1
(b)(ii) C|)H C|)H 2
C \ / C 0
< a
HgC/ yeoowt / \CHg
CO;H HO,C
M1 correct 3-d drawing of one isomer of Q [1] ‘
M2 correct pair of 3-d structures of the optical isomers of Q [1]
(c) T COsNa 3
H H
OR
-CH,CH(CO;Na)-
(d)(i) M1 | experiences a (greater positive) inductive effect du groups 2
OR | contains more electron donating alkyl groups (than
M2 which stabilises the charge / reduces the charge termediate)
OR
spreads the charge across the ion/molecule /i 1]
(d)(ii) H 3
| H
H
\\/C
H
of H—Br [1]
Br AND correct dipole on H—Br [1]
r to C*[1]
(d)ii) | nucleophilie substi 1
+
(e)(i) CH3COCO;H + 6 H;CHOHCH,0H + H,O 2
M1 correct organic product CH3CHOHCH,CH [1]
M2 [H] present as reactant with H,O as product and balancing [1]
(e)ii) 1s? 25? 2p% (3s7) 1
(e)(iii) lons/elements have more shells/ energy levels (as the group is descended) 1
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146. 9701_s17_ms_21 Q: 4

(a)(i) (molecules / isomers with) the same molecular formula/ same number of atoms of each element 1
different structural / displayed formulae / arrangement of bonds 1
(a)(ii) sp2 overlap of (2)s with two (2)p (atomic) orbitals 1
sp® overlap of (2)s with all three (2)p (atomic) orbitals 1
(a)(iii) sp’=116°—124° 1
sp>=106°—112° 1
(b)() ';' l;l 1
H
'\.D/ E\C:‘:C\H
|
H
(b)(ii) (electrophilic) addition 1
bromine decolourises / turns colourless / fades (from orange / brown) 1
(b)(iii) Blr @ 1
HOCH,CHBrCH,Br  OR HO\C/? \E.-Br
1 H Iy
HH HH
@
(b)(iv) CO,/ carbon dioxide 1
(c)(i) P = propanal 1
Q= propanone 1
ii I
(e)(ii) | I 1
H—(IE—I
tr(i)iodomethane / CHI,/ I It
(d)(i) (molecules / isomers with) the same (molecul ructural formula 1
Any two of: 1
chiral centre / C attached to four di ﬁ groups / atoms
(d)(ii)
?H
H HiC— l'.l‘,—H
N=C
L
L 3
1
correct dipole on carbonyl *C=0% AND curly arrow from bond to O 1
correct intermediate, including C-O~ AND curly arrow from lone pair to H" 1
Total: 19
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147. 9701 _m16_ms_22 Q: 3

@0 | e

three bO-I'_It-jil'lg pairs 1]
lone pair AND octet &l
shape = (trigonal) pyramidal 1

(ii) sigma(c) bond

pi(r) bond
> @ |-
(b) (i) forward and backward reactions occurring at same rate [1
OR
the rate of forward and backward reactions are equal ‘
(i) M1 = decreased yield of products /less products formed / ora [1]
M2 = left-hand side has fewer moles of gas
OR
equilibrium shifts to the left [1]

(c)

£, with catalyst
|

M1 = correct Boltz [1]
M2, M3 any 2 fr [1]
e line fo s or statement in text that catalyst lowers E, [1]
proportion/number of molecules/particles with energy > activation energy
uccessful collisions
(d) 1]
(i) NS
Co& (_/:Oe OH
o — Tl ]
H:C “ChHs HC” | SCHy  HaC” | CHs
CN CN
]
L CN
correct dipole on carbonyl [1]
curly arrow from lone pair on CN™ AND from C=0 to O 1
correct intermediate [1]
curly arrow from lone pair on O~ to H* [1]
correct product [1

gPapaCambridge



-
-n =
-"P%p aCam bl'l dg e APPENDIX A. ANSWERS

148. 9701 _s16_ms_22 Q: 5

(a) (i) |acidified/H’

AND
potassium/sodium dichromate [11
(ii) | distillation (rather than reflux) [11
(ensures aldehyde escapes) to avoid further oxidation/to avoid forming acid/as reflux causes further oxidation [1]
(b) reaction 3 — (conc) HoSO4/(conc) H3PO4 or Al,03/pumice /porcelain/ porous pot/ceramic
AND heat
reaction 4 — KBr/NaBr with (conc) H2SO4 or (red)P and Brz/PBr; 11
AND heat [11
(c) (i) CH,CH, GHs“-"Hz ?H
10, Y R G CH,CH,—C—aN
) - |
H CN H
N=C ul
M1 = lone pair on C of CN~ AND curly arrow from lone pair to carbonyl carbon 11
M2 = dipole on C=0 AND curly arrow to O from = 1
M3 = intermediate with negative charge [1
M4 = lone pair and curly arrow to H" [1

(ii)
CI)H ('JH (
Clu, .‘,uC 1+1
Va [1+1]

(iii) | attack/attach from either side/above or bel
planar/trigonal/flat/because of the shap,

two directions because the carbonyl/ molecule is 11
ecule 11

OR
product is chiral/has a chiral car
asymmetric

(equal) chance of fo
(optical isomers)/a

rbon attached to four different groups/has a chiral centre/is

o optical isomers)/mechanism doesn't distinguish between the two
er/chance of forming/able to form 50:50

OR
because the ca is planar/frigonal/flat OR
because of {l olecule (equal) chance of forming either (of the two optical isomers)/mechanism

he two (optical isomers)/ able to form either/chance of forming/able to form 50:50

149. 9701 w16 _ms 21 Q:5

(a) ‘\—OH 1 1

(b) H*/Cr,O7 1 2
(heat under) reflux 1

(c) H*/Cr0% 1 2
(heat and) distil 1

(d) (1-)propyl propanoate 1 1

Total: 6
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150. 9701_w16_ms 22 Q: 5

(a)(i) Cle and oCH3 1
(a)(ii) Cl™ and *CH3/CHj3" 1
(b)(i) Oxidation OR reduction 1
(b)ii) Condensation 1
(b)(iii) Reduction OR oxidation OR addition 1
(b)(iv) Addition 1

Total: 6

151.9701_S15_ms_21 Q: 3

Enthalpy change =

(a) Bond breaking = C=0 =740
C-H =410 =1150kJ

Bond forming = C-C =350

C-0 =360
O-H =460 =1170kJ

1150 -1170 =-20kJ '( [1]

@ [1]
0\6 [1]

f intermediate including charge

(b) (i) Stereoisomerism = (molecules with the sam ar formula and)
same structural formulaibut different spatial
arrangements of ato [1]
Chiral centre = atom with f h@ atoms/groups attached 1]
(i) (Planar) carbonyl so (equal ¢ nucleophile) attacking either side [1]
(c) (i) e
NZC. l'i"»N
H — H;C—li“.-—H + | N=c@
OH
M1 = D curly arrow from lone pair to carbonyl C [1]
ges on C=0 AND curly arrow from bond (=) to O* (1]

AND two correct curly arrows (from lone pair to H AND from (1]

[1]

[1]

(i) (CN™ regenerated so) catalyst

(1]
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152. 9701_S15_ms_22 Q: 4

APPENDIX A. ANSWERS

(a) (I) A = CHsCH,CH,CH,CHO
B= CHyCH,CH(CH,)CHO
C= (CH;;)chCHzCHO

D= (CH,);CCHO

(1]
(1]
(1]
(1]

(ii) TH3 ~'|3H3
C_ e
H CCH/ \\H H// N
372 CHO oHC

[141]
CH,CHg

(b) (i)
Fehling’s/Benedict's =(Brick)-red ppt

Dichromate = orange to green
Manganate = purple to colourless

Fehling’s/Benedict's OR Tollens’ OR dichromate OR manganat z
Warm/heat é

Tollens’ = silver/mirror OR grey/black precipitate

[1]
(1]

(1]

(ii) | (2,4-)DNP(H)/Brady's reagent

Orange/yellow/red-orange / yellow-oran

m@ehydem—o
[1]

t (1]
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153. 9701_S15_ms_23 Q: 3

(a) ()| A/B= 4<; [1]
\_\:O —0 (1]

C=
[1]
(ii) | Chain [1]
(iii) | Silver mirror/ppt/solid (black/grey) [1]
(b) (i) 0
D [1]
CH2=C(CH3)CH20H
E E (
H4C H H-C OH 141
N\ / N\ 02 [1+1]
c—C
H CH,0H \H [1]
trans OR E cis OR Z [1]
F
H20=CHCH2
(ii) | Hydrogen [1]
(c) (i) CsHe 602 [1]
("f “‘lﬁo C3H30 [1]

'S
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154. 9701_s21_ms_21 Q: 1

APPENDIX A. ANSWERS

Question Answer Marks
(a)(i) option 1
M1 the mass of a molecule OR the (weighted) average / (weighted) mean mass of the molecule(s) 1
option 1 1
and
M2 relative / compared to 1/ 12 (the mass) of an atom of carbon—-12
OR on a scale in which a carbon—12 atom/ isotope has a mass of (exactly) 12 (units)
option 2
M1 mass of one mol of molecules
option 2
M2 relative / compared to 1/12 (the mass) of 1 mol of C-12 OR
which one mol C-12 (atom/isotope) has a mass of (exactly) 12 g
(a)(ii) COzH 1
(a)(iii) 0.18/90 x 2 x 6.02 x 10?3 = 2.408 x 10! (atoms) OR 2.4(1) x 10?' (atoms) 1
M1 no mole ethanedioic acid 0.18/90 = 0.0020
M2 no mole ethanedioic acid x 2 0.0020 x 2 = 0.0040 @ 1
M3 no mole ethanedioic acid x 6.02 x 1023 2.4 %102 1
(b)(i) CaC;04(s) 2 CaO(s) + CO(g) + CO(g) 1
M1 correct formulae
M2 balancing equation AND state symbols. 1
(b)(ii) (thermal) decomposition OR disproportionation 1
(b)(iii) calcium carbonate / CaCOs 1
155. 9701_s21 _ms_21 Q: 4
Question | Marks
(a) Br/bromine as the oxidation number of Br decreases 1
OR
bromine as it causes oxidation number of C (in m: ) to increase / go from (+)2 — (+)4
(b) (solution) turns (from brown / orange /red to decolorises 1
OR brown/ orange / red fades
(c)(i) rate = total change in concentration by time taken 1
calculation dependent on grap
(100 x 10-5— 12 x 10-5) / 60,
M1 average rate of re;
M2 units moldm—3s 1
(c)(ii) graph shown on s teeper initial gradient 1
(c)(iii) rage kinetic) energy of particles / species/ molecules increases. 1
oportion of particles with energy > Ea 1
@ o e 1
: o |
oxe
S g 0O xH
'.
¥
M1 correct bonding electrons
M2 correct number of non-bonding electrons around each oxygen 1

e

2
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156. 9701_s20 _ms_22 Q: 5
@) Rxn. | name of mechanism Name of reagents and conditions 6
1 M1 electrophilic M2 steam AND
addition concentrated phosphoric acid (catalyst)
2 M3 & M4 Two marks for name of reagent and
both conditions.
One mark for name of reagent and one
conditions
acidified potassium dichromate ((VI))
condition 1 warm
condition 2 distil NOT reflux
6 M5 nucleophilic M6
substitution ammonia (alcoholic) AND
heat in a sealed tube / heat under pressure
(b)(i) mechanism for ethanal and HCN using CN- (from KCN) as the catalyst 3
H
& C——0s- ———» o R
/ HC—C——0: H{C——C——0H
wd )
//Ce CN g CN
C.
N SN Co
o V4 ®
M1arrow from lone pair of electrons on :CN- to C of C=0 \
M2 correct dipole on C®*=0% AND arrow from the double bond to or beyond the O of
M3 arrow from lone pair of electrons on O of intermediate to H of HCN AND arro bond to C of H-C=EN
(b)(ii) | ALLOW in any order 2
M1 nitrile
M2 (secondary) alcohol
(b)(iii) Q 1
HO
OH
ALLOW any unambiguous structure

Q"’Q
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157. 9701 _wl15_ms_22 Q: 4

APPENDIX A. ANSWERS

(a) (i) | Nucleophilic Substitution [1]
(ii) | Has a chiral centre /carbon OR has a carbon/C attached to 4 different groups/atoms/chains
OR [1]
has no plane/line of symmetry
(iii) 11:4:cn,i H3CC|H2
i
C. .C [1+1]
AN A
HaC \0: 5 ':1 ol CHy
(iv) | Elimination [1]
(v) | Hat EHy  H,C H
LC — [ — 1
4
H " H CHy 1
cis-but-2-ene frans-but-2-ene )]
(vi) | But-1-ene 0 [1
2 Hs on one of the double-bonded Cs 1]
OR
does not have 2 different groups on both atoms/each atom in C=C
(b) (i) | ammonia/NH; [1
(i) | propanoyl chloride/C,HsCOCI [1
(iii) | CH;CH(NHCOC;Hs)CH; [1]
(iv) | Reduction [1]
LiAMH4/NaBH,/H; and Ni/tin and concentrated HCI [1]
(v) | aluminium oxide [1]
(vi) «
B nl l' r
h,c—(.— —- —— 1,;—(i —;u‘.
? -
il
Qls-
M1 = correct structure of om double bond to H [1]
M2 = dipole and cur bond to Br M
M3 = correct inten M
M4 = i y arrow from lone pair to C(+) 1]
(vii) [1]
(viii) stable than primary [1]
aracter/(positive) inductive effect of alkyl groups [1]
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158. 9701_s20 _ms_23 Q: 5

569

(a)(i)

dehydration

(a)ii)

M1 correct identification of butan-2-ol
M2 correct displayed formula including correct connectivity of C-O-H

(a)(iii)

isomer | name

C cis but-2-ene
D trans but-2-ene
E but -1-ene

2 marks for 3 correct names
1 mark for 2 correct names

(b)(1)

Functional group

F | M1 Ester/ RCOOR()/ RCOzR"

G | M2 Carboxyl / carboxylic acid /

RCOOH ‘
H | M3 Alcohol / hydroxy / R-OH

(b)(ii) | triiodomethane 1
(b)(iii) | M1 G =HCOOH / HCO:H 2

M2 H = C2HsOH

159. 9701_s19 ms_22 Q: 5
(a)() (n=)propyl ethanoate 1
(a)(ii) NaOH / sodium hydroxide 1
a(iii) II-I H H 1
o
H-C-C-C-0
1 I 1 \
H H H
(a)(iv) perfume / solvent 1
(b)(i) M1 divide by A, H o] 1
9.1/1 36.4/16
M2 divide by smalles 1
(=20R 1.99) 9.1/2.275(=4) 2.275/2.275 (=1)
rrectly rounded values of M2 1
C:HsO

(b)(ii) (relative) molecul 1
(e)(i) C3HsO2 1
(e)(ii) X and Z — no reactien / no (visible) change 1
Y — effervesces 1
(d) 2HCO;H + NaxC0Os — 2HCO;Na + CO; + H:O 1
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160. 9701_m21 ms 22 Q: 3

APPENDIX A. ANSWERS

Question Answer Marks
(d)(i) addition polymerisation 1
(dyii) HoH H H 1

|1
..... C_(l;. — c—C
|
H COxH H co H
(d)(iii) propan-1-amine / 1-aminopropane 1
(d)(iv) | alcoholic/ethanolic solution 1
AND high pressure/ heat in a sealed container
161. 9701 _s21_ms_22 Q: 5
Question Answer | Mark
(a) displayed formula of butan-2-ol structure with O—H shown 1
H
\
o}
\C——CLH H
NN/
H H C—C—H
SN\
H @
(b)(i) 2-bromobutane 1
(b)(ii) substitution 1
(b)(iii) reagent 1
M1 NaCN or KCN
conditions 1
M2 ethanolic AND heat (under reflux)
(B)(v) | (1) + (1) + 2H.0 = (1)C4HeCOH + (1)NH4* 1
correct organic product showing carboxylic acid functional grou,
M1 C4HsCO2H / C4HsCOOH
M2 balanced equation with a CsH10> or equival € as product 1
(b)(v) 2200-2250 (cm~! due to) C=N/ triple bond d N. 1
162. 9701 w21 ms 21 Q: 4

Question | Answer Marks
(a)(i) potassium/sodium ]/ K2Cra07/ NazCra07 2
(a)(ii) 1
(a)(iii) subsb}u!on 1
(a)(iv) in the same ph /in same state 1

(b) M1 ester 3

M2 1100 cm' linked to C—O AND 1720 cm-! linked to C=0
M3 No COOH / carboxylic acid and No OH /alcohol in D (but present in C)
OR

COOH / carboxylic acid and OH/ alcohol reacted /lost (in C to form D)

(o)) o o

JJ\/OH o J\/OH
NaO ORNa+ O

(c)ii) Not a strong (enough) reducing agent
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Question Answer Marks
(e)(iii) Construct an equation 1
(CH20H); + SOCL — (CH:CI) + SO, + H.0
(d) Forms hydrogen bonds with water 1
163. 9701 20 _ms_21 Q: 6
(@ 1
(b)(i) hot AND concentrated 1
(b)(ii) | oxidation 1
(c) Structural formula of X: 1
HCO;H OR HCOOH
(d) M1 reagent (2,4—) DNPH / (2,4)-dinitrophenylhydrazine 2
M2 observation yellow / orange / red precipitate
(e) Predict two differences, with reasons, between spectra of Y, CH3CH>COCH3 and 2-methylbut-1-ene (si @ 2
first difference
M1 absence of peak/ absorption at 3100 (cm™') as no longer any =C—H present (in Y)
second difference
M2 peak at 1650 (cm') moves to the left to any value / range of values between 1670 aﬁ 7 disappearance of
C=C (in Y) and appearance of C=0 (in Y)
OR
absence of peak at 1650 (cm') as no longer any C=C present (in Y)
AND
appearance of peak (in Y) at (any value / range of values) between 1670-174 to C=0
()(i) CH3CH,CO2H + 4[H] — CH3CH:CH:OH + H.O 1
(F)(ii) propan-1-ol 1
ALLOW propan-2-ol as error carried forward from 6f(i)
(g)(i) Molecular formula of W 1
C3HgO2
(g)ii) | Possible structure of W 1
CH>COOCH3; OR HCOOCH:CH3
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164. 9701_w20_ms_21 Q: 3

APPENDIX A. ANSWERS

(a)(i) M1: correct representaﬁon of Al,Cls, dot and cross or line diagram

\./
/\ Cl

M2: TWO correct co-ordinate bonds identified

(a)(ii) 120

(@)ii) | Li*is 182 His 1s?

(a)(iv) (Lattice of) cations / positive ions surrounded by delocalised electrons’

(b) AI(OH)3 / aluminium hydroxide

(e)(i) M1: potassium dichromate[(VI)]

M2: acid(ified) AND (heat under) reflux

(e)ii) (M1: correct identity of R and statement re: reaction 3 ONLY ketone reduced)

R (is 2-hydroxybutanoic acid) AND as (only) C=0O/ketone reduced

(M2: correct explanation re: strength of reducing agents)
NaBHs cannot reduce the COOH / carboxylic acid

OR

LiAIH; can reduce the COCH / carboxylic acid

(c)(iii) @\\E/CZHS o
i R m— 0\ /C2H5
H /\

=) H CN

:CN

M1: Presence of :CN (if bonding shown, must be un uou bond)

M2: curly arrow from :CN lone pair to carbonyl carb

M3: correct dipole AND curly arrow from double bon oXygen

M4: correct intermediate drawn

(c)(iv) | C2HsCH(OH)CN + HCI + 2H,0 — CaHsCH(

(c)(v) Any two of three absorption references:
* absorption 2200-2250 (cm") sl
* lack of absorption at 168 s lack of C=0

* lack of absorption at 2 shows lack of RCO2—H/O-H in RCOzH
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165. 9701 _w20_ms_22 Q: 4

573

oxidation

(a))

(a)(i) | M1: potassium dichromate[(VT)]

M2: acid(ified) AND (heat under) reflux

structure of H
0]

)J\/\/ONG
H

(a)(ii)

OR CHO(CHz)2CH20~ Na*

(a)(iv)

(formation of) silver mirror / ppt

esterification

(@)

(b)(1)

positional (isomerism)/ regioisomerism

(b)(it)

M1: add aqueous alkaline iodine

M2: G no change AND J yellow ppt

(b)iii)

reducing agent

(b)(iv) ~
(1,3-)butadiene OR buta(-1,3-)diene OR W

(c)

reagent

result with P

result with Q

Brz(aq)

no change/
stays orange

no change/
stays orange

2.4-DNPH

no change

orange ppt

Na2COs

effervescence

no change

Award one mark for every two correct observations.

(d)i) | Xis C=0 AND Zis G—O

hexanoic acid

(i)
(d)(iii)

Ci12H2002

166. 9701 _m19 ms 22 Q: 3

(a) P

Q

R

effervescence

no reaction

no reaction

no reaction

orange ppt

orange ppt

L 2

0‘,‘

no reaction

no reaction

(turns) green

&

\ 4

(b) CsHypO + 2[H]

(c) M1 geometric(al)

M2

OHC CHzCH;
N/

c=¢

/ N

H H

(d) M1 compound P
M2 (absorption at) 2250 cm~! AND C=N (stretch)

M3 (absorption at) 3100-3700 cm~' AND O—H (stretch)
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167. 9701 _w19_ms_22 Q: 4

APPENDIX A. ANSWERS

a 2
(a) Hsc\ /H
C=C
H C’ \C& 61-
R A
/ \
AN
=]
:OH
M1: curly arrow from lone pair on O of OH-to C of C—C1
M2: correct dipole on C—CIAND curly arrow from C—CI bond to CI3-
(10] H3(|3 'i' 1
H3C—C—C—H
HO CH,CH
(b)(ii) (CH3);CHCH(OH)CH,CH 1
(b)(iii) optical (isomerism) 1
(b)(iv) | CsH1202 + 3[0] — CsHgOs3 + 2H0 1
(e)() Add bromine water/Bra(aq) AND turns (from orange / brown to) colourless 1
(e)(ii) (|3H3 |'|1 1
CHs CH,OH L/
(d)(@) 3-methylbutan-1-ol 1
(d)(iiy heterogeneous 1
(d)(iii) M1: skeletal formula of Q 2
/k)c'l)\
0" N onLy
M2: one commercial use of Q (ethyl isovalerate / ethyl 3meth rate)
solvents / perfumes / flavourings
(e)(®) 1500-1680 (cm™') AND C=C 1
(e)(iiy potassium cyanide / KCN / sodium cyanid 1
(e)(iii) (acidic) hydrolysis 1
(e)iv) M1: recognise this rea s less'stable intermediate 2
ess stable (than 3°)
ty in terms of positive inductive effect — comparative answer
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168. 9701 _m18 ms_22 Q: 4

(a)(i) ultraviolet/ UV light 1

(a)(ii) initiation 4
HC1
propagation

=

(b) elimination 1

(c)(i) acidified AND KMnO, 2
hot AND c(oncentrated)

(c)(ii) cyclohexene would have absorption at 1500-1680 (cm™') because of C=C (and adipic acid would not) max 3
cyclohexene would have absorption at 3000-3100 (cm™) because of =C—H/C—H in alkene (and adipic acid would not)
adipic acid would have absorption at 2500-3000 (cm™') because of 0—H/CO,—H (and cyclohexene would not)

adipic acid would have absorption at 1040-1300 (cm") because of C—O (and cyclohexene would not)

adipic acid would have absorption at 1640-1750 (cm‘1) because of C=0 (and cyclohexene would not) @

L/

N

Q"’Q
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169. 9701 w18 _ms_21 Q: 4

APPENDIX A. ANSWERS

@ reagent observation with does a functional
glycolic reaction group
acid ocecur?
v [x
Na,CO4(ag) | effervescence/ v COOQOH/
fizzing / bubbling carboxylic acid
2,4-DNPH no visible X (no group
reaction owtte required)
acidified orange to v —OH/ alcohol
Cr,0;~ green

1 mark for each in column 2 (obs)

1 mark for COOH and OH

(b)(i) T
H—(IJ—CEN
OH

(b)(ii) hydrochloric / sulfuric / nitric / phosphoric acid

(b)(iiiy free-radical substitution

(b)(iv) | UV (light)/ sunlight

(b)(v) S

(ﬁ'ﬁ, //O

H—C—C\
E!a OH

M1 lone pair on "OH AND curly arrow from lone pair to f

M2 correct dipole on C—Br AND curly arrow fro Br

(e)i) reducing agent/ reductant

(c)ii) | CoH203 + 2[H] = CH4O5
M1 for correct molecular formulae C.
M2 for balancing

(d)(i) EITHER
Glycolic acid would h
M1 2500-3000 due
M2 range within 3

P3

Spe Y woul
M1 2500-3000 d

(d)(ii) 0
OZC/L_O

M1 ANY ester group AND valid C4H,0, molecule
M2 correct cyclic structure
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170. 9701_w18 ms 22 Q: 3
(a) AH, = (—692.9)+3(-61.8)- (—182.1) —3(-204.6) 3
=-824 (kJmol™")
M1 AH, = x(—692.9) + y(—61.8) -v(—182.1) —w(—204.6) where x y v and w are integers >1 [1]
M2 use of correct stoichiometry where x =1 y =3 v =1 and w=3 [1]
M3 -82.4[1]
(b)() 1 mark for each bullet, max 3 3
e particles/ molecules have (mass but) negligible size / volume (compared to total volume of gas / container)
+ no/negligible forces/interactions between particles / molecules
e collision between particles / molecules are elastic
e gas obeys (all) basic gas laws
(b)(ii) M1 particles / molecules are (so) close [1] 2
M2 particle / molecule size becomes significant [1]
OR
repulsive forces between particle / molecules become significant
(c)() CHCE + %0, - COClL + HCI 1
(c)(ii) M1 X marked on peak at 1670-1740 cm ™' [1] 2
M2 CHCE has no C=0 [1]
(c)(iii) | (It CHCIL has a) peak at 28502950 (cm™") 1
OR
carbonyl dichloride spectrum has no peak 2850-2950 (cm™)

Q"’Q
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171.9701_m17 ms_ 22 Q: 3

APPENDIX A. ANSWERS

@ | R !
SRR
HHHH
(a)(ii) reaction 1 = HCl(aq) 1
reaction 2 = (conc.) NaOH/KOH AND ethanol 1
(a)(iii) I;l (lles 2
-5
H H
C-C backbone with dangling bonds 1
rest of structure 1
(b) R Y e 3
ao=—Brt ———m= HO—C,,
N “H
H H
=]
< OH
lene pair on O AND curly arrow from O to C of C-Br 1
dipole on C-Br AND curly arrow from C-Br to Br 1
product (butan-1-ol) 1
(e)(i) (electrophilic) addition 1
(c)(ii) 8 has CH;CHOH OR methyl/ CHxy@roup next to CHOH 1
(e)(iii) positive inductive effect of more alkyl.groups/more alkyl groups donate 1
electron density
secondary carbocation ary intermediate is more stable (than 1
primary)
(e)(iv) OH 1
s
L 4 1
‘;P =
‘ 1
U= )J\/
(c)(v) CH;CHOHCH,CH; + [0] — CH3;COCH.CH; + H,O 1
(d)(i) methyl pentanoate 1
(d)(ii) (compound V is) spectrum X 1
spectra X and Z show a C=0 (stretch) at 1730 (cm™) 1
spectra Y and Z show O-H (stretches) above 2500 (cm™) 1
V has a C=0 (bond) and no O-H (bond) 1
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172. 9701_s17_ms_22 Q: 4
@O |\ NS 1
(@)(ii) (A straight chain) has strong(er) (temporary dipole-) induced dipole (attractions) ora 1
(because A/ straight chain has) bigger (surface) area/more (points of) contact (in unbranched isomer) ora 1
gS) more energy required to break the intermolecular forces ora
(a)(iii) | CHsCHCHCH; OR CH3CH=CHCHj; 1
@)(iv) No rotation / restricted / limited rotation of C=C/ (carbon) double bond 1
One (of the two) methyl groups / one (of the two) H (atoms) is on each C (of C=C) 1
H4C "
(@w na \ he HJC\ o CBre
\ c,/-ﬁ'c — CO/C\
H k-B?r‘\:ér Wt L Br >v<
Bre g Br J
arrow from the C=C double bond drawn to the bromine 1
dipole on Br; in correct orientation AND arrow from the Br-Br bond to the Br®- 1
correct carbocation / bromonium ion from the structure with C=C drawn 1
Br~ with lone pair, negative charge AND arrow from lone pair to the carbon atom of inlerm‘i t 1
Ss?ng both arrows shown (in alternative diagram) x
(@)(vi) | electrons in pi bond induce it (the dipole) OR 1
(high) electron density in pi bond / double bond / C=C repels electrons (away fro r)
;?cl:arised by (high) electron density in pi bond / double bond / C=C
(b)(i) C = (2-)methylpropan-2-ol / (CH3)3sCOH / any unambiguous structure 1
D = (2-)methylpropan-1-ol / (CH3);CHCH,OH / any unambiguous 1
E = (2-)methylpropanoic acid /(CHs);CHCO,H /any una uous s re 1
CHy
H;C‘C,S"‘H HO\C g,
HC O H,
c D
(b)(ii) | 2C4HO: + NayCO; — 2C, 1
(e)(i) triiodomethane 1
(c)(ii) 1
1
(c)(iii) rent groups / atoms / substituents attached 1
rent groups / atoms / substituents attached
(d)(i) H C=0 (group /bond) AND O—H (group / bond) 1
1 C=0 (group / bond) AND C—H (group / bond) 1
(d)(ii) H = ethanoic acid 1
I = methyl methanoate 1
Total: 23
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173.9701_ml16 _ms 22 Q: 5

APPENDIX A. ANSWERS

(a) (i) 0 OH
Q )k/\ R 72N
o OH

[1]
(1]

(1
1

3-penten-2-one

S OH
(i) ge;t-e'-en(e)-z-one 11

(iii) red /orange /yellow precipitate /solid

(1

(b) This question was discounted.

M1 = decolourises bromine/1500-1600 cm™ = alkene

M2 = absorption at 1700cm™ is C=0

AND

(very) broad absorption at 2500-3000cm™ is O—H = carboxylic acid
M3 = no cis-trans so terminal alkene

OR

chiral so contains a carbon atom with 4 different groups attached

M4 =Uis

%J\//O

[1]
(1

(1]
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174. 9701 _s16_ms 21 Q:5
o ] |
M O—
H3c—c°1C5r — = HC—C—OCN + | g
| |
H H
—“CN
M1 = lone pair on C of CN- AND curly arrow from lone pair to C of C—Br )]
M2 = correct dipole on C—Br, curly arrow from C—Br bond to Br AND Br~ |
(b) (i) | reduction [1]
(ii) | disappearance of peak/dip/trough/absorption at 1680-1730 [1
due to (loss of) C=0 [1]
OR
peak at 3200-3650 0 [1]
due to (alcohol) O—H (formation) [1]
(c) (i) | sodium/potassium hydroxide [1
aqueous [1
(ii) | ethanol [1
(d) (i) | (conc)H"/(conc) acid/(conc)H,S0O4/ (conc)HzPO, [1
(i)
o]
o [1]
(iii) | ethyl propanoate 1
(e) (i) |V =CH3CH,;CHCHCH,CH;/ CH;CH,CH=CHCH; [1]
T = CH3CH;CH(OH)CH(OH)CH,CH, [1]
(ii) | V = geometric(al)/ cis-trans!/ E-Z @ [11
T = optical 1

175. 9701_s16_ms_22 Q: 4

(ﬂ.) CHQCHchchO

1
1

(b) (i)

2. CH3COOCHCH; 3.HCOOCH,CH:CH3

[1]
1

(ii) | correct acid + alcohol for either ester
1. methanol + propanoic acid

2. ethanol + ethanoic acid

3. propan-1-ol + methanoic acid

(conc)H.SO,/(conc)HzPO, AND heat/warm/reflux

[

1

(c) Peak at 1710-1750 (for ester) due to C(=)O
Peak at 1500-1680 (for X) due to C(=)C/alkene
Peak at 3200-3650 (for X) due to (alcohol) O(-)H

1]
[1]
1
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176. 9701_s16_ms_23 Q: 4

APPENDIX A. ANSWERS

(a) 3-hydroxybutan(-2-Jone [1]
(b) H,/Cr,0:% or names [11
heat/reflux /warm 1]
(c) (i)| absorption at 1670-1740 C (=) O [1]
absorption at 2850-3000 C (-) H 1
absorption at 3200-3650 O (-) H [1
(ii) | no absorption at 3200-3650 [1]
O-H disappears/no O-H bond in diacetyl [
(d) (i)| CH;COCH(=)CH, 11
(i) | one of the double-bonded C atoms/first C has 2H atoms aftached ora [1]
so no cis-trans/ E-Z/geometric(al) isomerism possible
noc? chiral C [1
so mirror images superimposable/molecule not asymmetric
(i) | asymmetric/ chiral C atom/carbon with four different groups/atoms attached [1]
(iv) (fOCH3 HSCO(]? [+1]
T O\ .
Br CH, H,C Br \
177. 9701 _wl8 ms 22 Q:1
(@) 4
shell(s)
(1
01 118 [1]
(b) metallic 1
(c)(i) M1 (atoms of the sam the same proton / atomic number [1] 2
M2 (but) different ni s/mass number [1]
(c)(ii) ic structure 1
(d)(i) 1
(d)(ii) Cu and their % abundance [1] 2
M2 - AND answer correct to two decimal places [1]
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