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Paper 1 Multiple Choice Answers: Atomic Structure

Question Paper Q. No. Answer
1 9701_m20_qgp_12 1 A
2 9701_w20_qgp_TI 3 C
3 9701_mI8_qgp_12 3 C
4 9701_s18_qgp_13 2 D
5 9701_wi8_qp_12 2 B
6 9701_s17_qp_12 1 B
7 9701_s17_qgp_13 1 A
8 9701_wl17_qp_12 1 A
9 9701_ml16_qgp_12 3 D
10 9701_mi6_qgp_12 4 D
1 9701_wl16_qgp_1 4 B
12 9701_m2l_gp_12 1 A
13 9701_w2l_qp_12 3 C
14 9701_s16_qgp_1 4 A
15 9701_wl16_qgp_T 5 C
16 9701_m22_qgp_12 2 A
17 9701_m2l_gp_12 2 D
18 9701_s21_qgp_TI 2 C
19 9701_s21_qgp_13 3 C
20 9701_w21_gp_T 4 B
21 9701_w2l_qp_12 4 B
22 9701_s20_qgp_1 10 A
23 9701_s20_qgp_13 1 B
24 9701_s20_qgp_13 8 D
25 9701_w20_qgp_N 14 A
26 9701_w20_qp_12 3 C
27 9701_mI19_qgp_12 3 D
28 9701_s19_qgp_1 4 A
29 9701_s19_qgp_13 3 D
30 9701_w19_qp_12 4 D
31 9701_mIi18_qp_12 4 C
32 9701_s18_qgp_1 1 A
33 9701_s18_qgp_12 2 D
34 9701_s18_qgp_13 3 B
35 9701_m17_qp_12 1 C
36 9701_s16_qgp_12 2 D
37 9701_s16_qgp_13 5 C
38 9701_s15_qp_12 1 B
39 9701_m22_qgp_12 1 A
40 9701_s21_qgp_TI 7 C
41 9701_s21_qgp_12 2 D
42 9701_w2I_qgp_T 3 A
43 9701_s20_qgp_12 12 C
44 9701_s19_qgp_12 13 C
45 9701_w18_qp_T1 1 D
46 9701_s17_qp_1 4 C
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Paper 1 Multiple Choice Answers: Atomic Structure (continued)

Question Paper Q. No. Answer
47 9701_s17_qp_1 12 A
48 9701_mi6_qgp_12 2 D

49 9701_s16_qgp_12 3 A
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5.9701_s17_ms_22 Q: 1

451

(@ . 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) _ 108 1
100 ’
x = 10.9941 1
Total: 6
6.9701_s20_ms_23 Q:2
(a) EITHER 2
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) 12 g
(b) % abundance of 8Cu = 72.5% 2
% abundance of %Cu = 27.5%
M1 correct algebraic expression AND correct calculation of x for one isotope
% ab of Cu=x (x/100 x 63) + ((1- x)/100 x 65) = 63.55 so x=72.5
OR
% ab of 5Cu = x  (1- x)/100 x 63) + x/100 % 65) = 63.55 so x = 27.5
M2 calculation of abundance of other isotope by 100- x
(c)(i) metallic 1
(c)(ii)y | diagram showing the bonding in a sample of copper 3
! * )| > ‘7_;
M1 diagram shows regular arrangement of spheres labelled as positively charged ions / +2 or +1 / cations
M2 diagram shows surrounded by electrons and clearly labelled as ‘delocalised electrons’
(c)(iii) | (1s?) 252 2p& 3s2 3p® 3d'0 4s' OR (1s?) 252 2pt 3s2 3pt 45" 3d10 1
(d)(i) M1 calculate the number mol S;03; added 2
20/1000 x 0.10 = 2x103= 0.002 (mol S,03 %)
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?
(@ || M1 amount of CuSO4in | 7.98/(159.6) = 0.05 (mol) 3
10.68 g of CuSQ,4-xHO
M2 amount of H;O in (10.68 —7.98)/18=2.7/18 =) 0.15 (mol)
10.68 g of CuSQ4-xH.O
M3 value of x (mol H20 + mol CuSQO4 =) 3
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452

7.9701_w20_ms_22 Q:1

APPENDIX A. ANSWERS

(2)()

positive / + on left AND negative / — on right
Wﬂﬂ"‘l t

charge on plate || SWElOnS If charge om (iaie

-

\ |

sOUE

(a)ii)

straight line vertically upwards from the source

charge on plats

(b)(i)

type of orbital s p d

number of orbitals 4 9 5

(b)(it)

4s []
3 (1111 ]
Ssm
2 ({ITIIIT]
Zsm
15 [[f]

(b)iif)

5

(b)(iv)

Award one mark for each correct bullet point — max 3 marks
e nuclear charge increases

* extra electron(s) in inner shell / n=3 /d-subshell / d- orbital
* increased shielding (of 4s electrons by electrons in n=3/ 3" shell / 3d)

e (overall) similar nuclear attraction (for outer electron)

(c)

answer in terms of subatomic particles in the nucleus
same (number of) protons

AND

different (number of) neutrons

STEMUP.CO.UK
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8.9701 s19 ms 23 Q: 1

453

(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%
(e)(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
(d)(@) “ T T T 1
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)
3 2 [11
17 8 8 -2 11
iron 28 +2 [1]
chlorine 35 17 17 [1
(b) line straight on labelled ‘neutrons’ [1]
line (curving) up labelled ‘protons’ 1
proton line clearly shows less (overall) deflection than electron curve 1
(c) (i) | Group 16/6/VI
AND [1
Big (owtte) increase/big difference /big gap /big jump/jump in increase/jump in difference after 6th IE
(ii) | increases (across period) due to increasing attraction (of nucleus for electrons) 1
due to increasing nuclear charge/atomic/proton number AND 1
constant/similar shielding/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 x 82.58) _87.71 ol
100
A=84 (1]
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454 APPENDIX A. ANSWERS

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 11

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 IE [11
(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]
(iii) | 1s?2s?2p®3s%3p* ]
(c) (i) |(100-99.76 - 0.04=)0.2 11
(ii)
0.2x_+(99.76 x 16) + (0.04 x 17) = 16.0044 1]
100
x=18 Ml
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QL.

1 (a) Atoms which have the same number of protons (or same element) but  [1]

different numbers of neutrons (1)

(b) (i) 3**cCi (1
iy H’Ci (1
(c) H Clline at 36 has rel. abundance of 90 (1)
38 30
These show *Cland ¥Clin ratio 3:1 (1)

[or use of 35 and 37]

{d) Mean of the two isotopes 3 x35+1x 37 = 35656 (1)
4

Q2.

21

[2]

Ml

[Total: 61
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Q3.

Q4.

{a}

)]

{c} (i}

samea proton no./atomic no./no. of protons
different mass no./nucleon no./no. of nautrons

number of
isotopa pratons neutrons alactrons
®Fa 26 30 26
Bco 27 32 27
{1} {1} {1}

give ona mark for each correct column
allow {1} if no column is corract but one row is corract

waightad mean/average mass

of an atom (not slement)

compared with 12C

one atom of 2C has a mass of exactly 12

[relative to '™ the mass of a '>C atom would get 2]

ar
mass of 1 mol of atoms

comparad with '2C
1 mol of 2C hasa mass of 12 g

{ii} A, =54 x5.84 + 56 x 91.68 + 57 x 2.17

or

or

100

=5673.13 =557 to 3 sf
100

allow 55.9 if A is calculated using 99.69 instead of 100

{e) (i) an acid that is partially dissociated into ions

(i) HS(q) + HO(l) —» H;0%(aq) + HS(aq)

H:S(q) + ag — H'(aq) + HS(aq)

H,S(aq) — H'(ag) + HS(aq)
equation (1} state symbols (1)

{1}
1 (2]

31

{1}
{1}
1

{1}
{1}
1

n

1

[5]
[Total: 101

(1)

[31
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Q5.

2

Ca

s

10

(b)

(i)
(ii)

more shells of electrons
outermost shell has been removed

outermost electrons are further from nucleusfthere are more shells
increased shielding

(a) Fla) - Fa)+e

(b)

(c)

correct equation (1)

correct state symbols (1)

from Na to Ar, electrons

are

added to the same shelllhave same shielding (1)

are subject to increasing nuclear charge/proton number (1)

are closer to the nucleus or atom gets smaller (1)

(i)

(ii)

Aland Mg
in Al outermost electron is in 3p rather than 3s (1)

3p electron is at higher enerqy
or is further away/is more shielded from nucleus (1)

Pand S

for P 3p sub-shell is singly filled
and for S one 3p orbital has paired electrons (1)

paired electrons repel {1}

M
M

21

M
M

M
M 41

[21

131

[4]

Q6.

Al
Ti

12

1s? 25?2p® 35?3p’ (1)
15? 2572p° 357 3p° 3d” 45? or

25%2p° 35? 3p® 45%3d” penalise any error (1)

121
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(a) (i) Ca*(q) » Ca™(q) + ¢ equation
state symbols

(i) 590 + 1150 = +1740kJ mol™

Q7.

1 {a} {i}
2[)1 2D¥ 2pz

25

energy

1s
nucleus
corract 1s and 2s (1)

corract 2p,, 2p, and 2p. (1)

(m
(m

(1)

131
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{iiy

spherical s orbital {1}

double lobed p orbital along one axis (1)
both orbitals comecily labelled {1)
{iify

— —
e e ——— e
—_—

nitrogen oxygen

both correct {1} 6l

fby (i} N1400kJmol' O 1310k) mol™' both {1}

{iiy N is all singly filled 2p orbitals or O has one filled/paired 2p orbital {1}
these paired 2p electrons in the O atom repel one another {1} I3

[Total: 81

Q8.
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2 {a} tha ensrgy requirad to remove one slactron from aach atom (1}
in one mole of gaseous atoms (1)

or

the enthalpy change in kJ mol for (1)

Mg} — Mig) + & (1) 121
(b} {i} firstionisation enargy dacraasas down Group 1 (1)
outarmast electron is further from nucleus
ar has graater shislding {1}
{il} outermost electron expariences less aftraction
or formation of M* cation becomas aeasier down Group 1 (1) [31
. _ 083 _
{c} {it niLi) = 69 0.12 (1)
{iif 2molLi — 1 molH;
012molLi - %12 4,06 mol H, (1)
volume of H, = 0.06 % 24.0 = 1.44dm? (1)
{iil} 2molLi — 2 mol LiOH
0.12 mol Li — 0.12 mol LiOH in 0.50 dm? (1)
. 0.12x1
LiOH] = =" = 0.24 mol dm™® (1 5
| 1 0.50 (1) 151
{d} sodium bums with a yellow flame
or whita solid formed
or colour of chlorine disappears (1)
2Na + CL — 2ZNaCl({1) 21
[Total: 12]

Qo.
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Q10.

{a)

{b)

{c)

{d)

Energy required to remove one alectron
from each atom

in one mole of

gaseous atoms of an element

(‘Enerav change when one mole of gaseous atoms loses

ona mole of slectrons’ would score all three marks.}

X'ay —» X¥a) + & sauation
state symbols
Group 5

sham rise in successive ionisation enargies
betwaan 5" and g* IEs

indicating change to a different shellfenargy level
or outer shall contains 5 alactrons

down the Group

atomic radil increase/
outer alectrons are increasingly further away

alactrons are added to new sheallsfmore shells
maore shielding

despite incraase in nuslear charge

(1}
1
(1

I3
(1}
R |
{1}

{1}

My I3

1
(1
{1}
1 M

[Total: 121
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1 (a)

(b)

(c)

(d)

Q11.

{iy electron

{(ii} towards the positive pole

(iiiy electron has negative charge

electron has very small mass

{iy the number of protons in the nucleus of an atom

{ii} the nucleus usually contain protons and neutrons

neutrons are uncharged

and are not repelled by protons in the nuclei of atoms

no change

new atomfisotope formed has the same electronic
configuration as the original element

1 {a) same proton numberfatomic number
different mass number/nucleon number

(b}

{c)

(24 x78.60)+(25x10.11)+ (26 x11.29)

A =
: 100

_1886.4 +252.75+293.54 2432.69

100

which gives A, = 24.33

100

penalise (1) for misuse of significant fiqures

isotopes number of
protons | neutrons | electrons
%Ra a8 138 a8
iy 92 146 92

allow one mark for each correct column
if there are no correct columns,
allow maximum one mark for a correct row

(1
(M
(M
(M
(1
(1)
(M
(M
(M

(M

[4]

[2]

[21

[2]

[Total: 101

1
m

(1

(1

(3x1)

121

121

131
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(d) () Ra® (1

{ii} less than (502 + 966)
allow answers in the range 1000-1400kJ mol™ &)

ionisation energies decrease down the Group
or must be less than IE for Ba —» Ba®*
or size of atom increases down Group/
electrons are further away from nucleus
or there is increased shielding down Group {1

allow ecf on answer to {i) [A
[Total: 10]

Q12.

1 (a} atoms of tha samea alemeant / with sama proton (atomic) numbear/ same number of protons (1)
different numbers of neutrons / nucleon number f mass number (1) 21

{b}
isotope no. of protons | no. of neutrons  no. of electrons
Mg 12 12 12
Mg 12 14 12
each correct row (1) 21
© A = 24 x78.60 + 25x10.11+ 26x11.29 1)

100
_ 1886.40 + 252.75 + 293.54
100

gives 24.33 to 4 sig fig (same as data in question)

do not credit wrong number of sig figs or incorract rounding up/down (1) [21

{d} Mg+ Cl — MaCk (1) il
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Q13.

2

Q14.

_ 245 _
{e} (i n(Sb) = 195 0.020 (1)

(il massof ClinA=457-245 = 21291}

457-245 _ 212 _

355 = 355 0%

nCh =

allow acf as appropriata (1)

{iiif Sb:Cl=002:006 = 1:3
ampirical formula of A is SbhCk (1)

{iv} 28b+ 3CL — 25bCL (1)

{ft (B ionic(1)

{iiy covalant (1)
not van dar Waals' forcas

{a) S(q) > S*(q)+e”
correct equation
correct state symbols

{b) from Na to Ar,
electrons are added to the same shell/have same shielding
electrons are subject to increasing nuclear charge/proton number
electrons are closer to the nucleus or atom gets smaller

{c} () MgandAl
in Mg outermost electron is in 3s and
in Al outermost electron is in 3p

3p electron is at higher energy or
is further away from the nucleus or
is more shielded from the nucleus
(il SandP
for S one 3p orbital has paired electrons and
for P 3p sub-shell is singly filled

paired electrons repel

10

151
2]
[Total: 14]
(1)
(1) 12
(1)
(1)
(1} 13

(1)

(1

(1)
(1 M
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1 (a) same proton numberfatomic number
different mass number/nucleon number

(b} A

= (32 x 95.00) + (33 x 0.77) + (34 x 4.23)
100

= 3040 + 25.41 + 143.82 = 3209.23
100 100

which gives A, = 32.09

(c)

number of
isotopes protons neutrons electrons
M3pg 84 129 84
22Th 90 142 90

allow one mark for each correct column
if there are no ‘column’ marks,
allow maximum one mark for a correct row

{d) (1) nuclecn no. is 228

proton no. is 88

(i) Ra not radium

Q15.

3 (a) Cl@—>CHa)+e
correct equation
correct state symbols

{b) (i} Naand Mg

(i)

Ma has greater nuclear charge/more protons than Na

in both atoms, the 3s electrons are in the same orbital/
same energy level/same shell

Ma and Al
in Al outermost electron is in 3p rather than 3s

3p electron is at higher energy or
is further awayfis more shielded from nucleus

11

(1)
(1)

(1

(1)

(3x1)

(1)
(1)

(1)

[Total:

(M
(M

(1)

(1

(1)

(1

121

121

131

31

101

[2]
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3

Q16.

(iv)

(e} (i)

(ii)

He and Ne
both He and Ne have the highest nuclear charges in their Period

He, Ne, and Ar
aoing down the group,

valence/outer shell electrons are farther from the nucleus
there is greater shielding

attraction between valence electrons and nucleus is less or
effective nuclear charge is less

from Na to C/

increased nuclear charge/nuclear attraction

cation has fewer electrons than atom or

cation has lost outer electrons or

cation has fewer shells

but cation has same nuclear charge as atom or
proton number is the same

{(d} ignore any state symbols

(1)

(1)
(1)

(1Y [8l]

(1

(1)

(1 131

12

MaO(s) + NaOH(aq) - NOREACTION (1)

MaO(s}) + 2HClHaq) - MaCh +H,0 (n

ALOs(s) + 2NaOH(aq) + 3H,0() —  2NaAlOH), or

AbQOs(s) + 2NaOH(aq) + HO() —  2NaAilO; + 2H,O or (M

AbOs(s) + 6NaOH(aq) + 3HO0() —  2Na;AlOH)

AbOs(s) + 6HClaq) —  2AICL +3HO or N

ALQOs(s) + 6HClaq) -  ALCE+3H,0

SO:(a) + NaOH(aq) —  NaHSO;or

S0:(aq) + 2NaOH(aq) —  Na;S0; + H,0 o

SOu(a) + HClaq) — NOREACTION (1) | [6]
[Total: 19]
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1

(a) (i)

(ii)

(b) (i)

(ii)

from Na to CI

nuclear charge increases

electrons are in the same shell/have the same shielding
nuclear attraction increases

argon does not form any bonds/compounds or
argon exists as single atoms/is monatomic

radius of cation/nm radius of anion/nm

Na* Mg AL¥ P+ s* (o1

0.095 0.065 0.050 0.212 0.184 0.181

cations contain fewer electrons than the corresponding atoms or
cations contain fewer electrons than they do protons
nucleus has a greater attraction

anions contain more electrons than the corresponding atoms or

anions contain more electrons than they do protons
nucleus has a smaller attraction

13

(1)
(1)
(1)

(1)

(1)

(1)
(1

(1
(1

[41

151
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