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Q19.
Which of these elements has the highest second ionisation energy?
A Na
B Mg
C Ne
D Ar
(Total 1 mark)
Q20.
(a) Explain why the atomic radii of the elements decrease across Period 3 from sodium to

chlorine.

&)
(b) Explain why the melting point of sulfur (Ss) is greater than that of phosphorus (Pa).

@)
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(c) Explain why sodium oxide forms an alkaline solution when it reacts with water.

@)

(d)  Write an ionic equation for the reaction of phosphorus(V) oxide with an excess of sodium
hydroxide solution.

1)
(Total 7 marks)

Q21.

This question is about Period 3 of the Periodic Table.

(@) Deduce which of Na* and Mg?* is the smaller ion.
Explain your answer.

Smaller ion

Explanation

&)

(b)  Write an equation to represent the process that occurs when the first ionisation energy for
sodium is measured.

1)
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(c) The first ionisation energies of some Period 3 elements are shown in the following graph.
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Complete the graph by plotting the approximate first ionisation energy values for
magnesium and sulfur.

Explain why the first ionisation energy of sulfur is different from that of phosphorus.

4
(Total 7 marks)
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Q22.
This question is about the periodicity of the Period 3 elements.

(a) State and explain the general trend in first ionisation energy across Period 3.

(4)

(b) Give one example of an element which deviates from the general trend in first ionisation
energy across Period 3.

Explain why this deviation occurs.

3
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(c) The table shows successive ionisation energies of an element Y in Period 3.

lonisation number 1 2 3 4 5 6 7 8

lonisation energy /

kJ mol- 1000 2260 3390 4540 6990 8490 | 27100 | 31700

Identify element Y.

Explain your answer using data from the table.

&)
(d) Identify the Period 3 element that has the highest melting point.

Explain your answer by reference to structure and bonding.

4)
(Total 13 marks)
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Q23.

This question is about the elements in Period 3 of the Periodic Table.

(a) State the element in Period 3 that has the highest melting point.
Explain your answer.

Element

Explanation

®)

(b) State the element in Period 3 that has the highest first ionisation energy.
Explain your answer.

Element

Explanation

®)

(c) Suggest the element in Period 3 that has the highest electronegativity value.

@
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(d) Chlorine is a Period 3 element.
Chlorine forms the molecules CIFz and CCl:
()  Use your understanding of electron pair repulsion to draw the shape of CIFs and the
shape of CCl
Include any lone pairs of electrons that influence the shape.

Shape of CIFs Shape of CCl;

&)
(i)  Name the shape of CCl:

@)

(i)  Write an equation to show the formation of one mole of CIFs from its elements.

@
(Total 11 marks)

Q24.
The elements in Period 2 show periodic trends.

(@) Identify the Period 2 element, from carbon to fluorine, that has the largest atomic radius.
Explain your answer.

Element

Explanation

®)
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(b) State the general trend in first ionisation energies from carbon to neon.
Deduce the element that deviates from this trend and explain why this element deviates
from the trend.

Trend

Element that deviates

Explanation

4

(c) Write an equation, including state symboils, for the reaction that occurs when the first
ionisation energy of carbon is measured.

@

(d) Explain why the second ionisation energy of carbon is higher than the first ionisation
energy of carbon.

@)

(e) Deduce the element in Period 2, from lithium to neon, that has the highest second
ionisation energy.

(1)
(Total 10 marks)

Q25.

This question is about the first ionisation energies of some elements in the Periodic Table.

(&) Write an equation, including state symbols, to show the reaction that occurs when the first
ionisation energy of lithium is measured.

1)
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(b) State and explain the general trend in first ionisation energies for the Period 3 elements
aluminium to argon.

Trend

Explanation

®)

(c) There is a similar general trend in first ionisation energies for the Period 4 elements
gallium to krypton.

State how selenium deviates from this general trend and explain your answer.

How selenium deviates from this trend

Explanation

®)

(d)  Suggest why the first ionisation energy of krypton is lower than the first ionisation energy
of argon.

@)

(e) The table below gives the successive ionisation energies of an element.

First Second Third Fourth Fifth

lonisation energy / kJ mol- 590 1150 4940 6480 8120

Deduce the group in the Periodic Table that contains this element.

@)

(f)  Identify the element that has a 5+ ion with an electron configuration of
152 252 2p® 352 3ps 3d10

@
(Total 10 marks)
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Q26.

Indium is in Group 3 in the Periodic Table and exists as a mixture of the isotopes 3In and 1%In.

(@) Use your understanding of the Periodic Table to complete the electron configuration of
indium.

1s? 2s? 2p® 3s2 3p°® 4s? 3d*° 4p°®

(1)
(b) A sample of indium must be ionised before it can be analysed in a mass spectrometer.

(i)  State what is used to ionise a sample of indium in a mass spectrometer.

@

(i)  Write an equation, including state symbols, for the ionisation of indium that requires
the minimum energy.

@

(i)  State why more than the minimum energy is not used to ionise the sample of
indium.

@
(iv) Give two reasons why the sample of indium must be ionised.

Reason 1

Reason 2

&)

(c) A mass spectrum of a sample of indium showed two peaks at m/z = 113 and m/z = 115.
The relative atomic mass of this sample of indium is 114.5

(i)  Give the meaning of the term relative atomic mass.

@)
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(i)  Use these data to calculate the ratio of the relative abundances of the two isotopes.

)

(d) State and explain the difference, if any, between the chemical properties of the isotopes
113]n and 13In

Difference in chemical properties

Explanation

2

(e) Indium forms a compound X with hydrogen and oxygen. Compound X contains 69.2%
indium and 1.8% hydrogen by mass.
Calculate the empirical formula of compound X.

3)
(Total 15 marks)
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Mark Scheme

Q19.
A
[1]
Q20.
(@) The number of protons increases (across the period) / nuclear charge increases
1
Therefore, the attraction between the nucleus and electrons increases
Can only score M2 if M1 is correct
1
(b)  Ss molecules are bigger than P4 molecules
Allow sulfur molecules have bigger surface area and sulfur
molecules have bigger M,
1
Therefore, van der Waals / dispersion / London forces between molecules are
stronger in sulfur
1
(c) Sodium oxide contains O% ions
1
These O% ions react with water forming OH- ions
0z + H,0 # 20H- scores M1 and M2
1
(d) PO+ 120H- > 4P0O4* + 6H.0
1
[7]
Q21.
(@ Mg(*) or Magnesium

Na+ CE=0

Because Mg?* has more protons

AND

With the same shielding/screening/electron arrangement/number
of electrons (or isoelectronic)

Allow larger/stronger nuclear charge
Ignore atomic radius

(b) Na(g) — Na*(g) +e-
1 for correct species and gas phase
Allow e without charge
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Allow Na(g) — e~ — Na*(g)
Na(g) + e~ — Na*(g) + 2e-

(c) Mg between 600-800

S between 800-1040
If S not lower than P on graph then M1 only
If no plots on graph must state S below P to access M3 & M4

e paired in (3)p orbital in S (owtte)
Allow (3)p subshell/sublevel provided pair mentioned

Paired e~ repel (so less energy needed to remove)

[7]

Q22.
(&) General increase
If not increase then CE

Greater nuclear charge / more protons

Same shielding / electrons added to same shell
Allow similar

Stronger attraction (from nucleus) for outer electron(s)
Allow electron in outer shell

(b)  Aluminium / Al (lower than Mg)
CEif not Alor S

(Outer) electron in (3)p orbital / sub-shell (level)
If 2p or 4p orbital lose M2 and M3

(3p) higher in energy
Allow more shielded or weaker nuclear attraction
M3 is dependent on M2

or
Sulfur /' S (lower than P)

(Outer) electrons in (3)p orbital begin to pair
Repel

If 2p or 4p orbital lose M2 and M3
Allow 2 electrons in (3)p
M3 is dependent on M2

(c) Sulfur/s
CEifnotS
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Large jump after 6 or between 6t and 7t
Do not allow M2 if atom/ion is removed

(d) Silicon
CE if not Si

Giant covalent structure / macromolecule

Covalent (bonds)
Giant covalent scores M2 and M3

Many / strong (covalent bonds) or
(covalent bonds) need lots of energy to break

CE for M2-M4 if molecules / metallic / ionic / IMFs mentioned

[13]

Q23.
(@) Silicon/ Si
If not siliconthenCE=0/3

covalent (bonds)
M3 dependent on correct M2

Strong or many of the (covalent) bonds need to be broken / needs a lot of energy to
break the (covalent) bonds

Ignore hard to break

(b) Argon/Ar

If not argon then CE = 0/ 3. But if Kr chosen, lose M1 and allow
M2+M3

Large(st) number of protons / large(st) nuclear charge
Ignore smallest atomic radius

Same amount of shielding / same number of shells / same number of energy levels
Allow similar shielding

(c) Chlorine / Cl
Not Cl,, Not CL, Not CI2

d ()
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Q
C7|3L——F
.

Or any structure with 3 bonds and 2 lone pairs
Ignore any angles shown

!
Cl/ \Cl

Or a structure with 2 bonds and 1 lone pair

(i) Bent/vshape
Ignore non-linear, angular and triangular
Apply list principle

3

Ch+ 2F, 77 CIFs
No multiples
Ignore state symbols

P3| =

(iii)

[11]

Q24.
(@) Carbon/C
If M1 incorrect, CE=0/3

Fewest protons / smallest nuclear charge / least attraction between protons (in the
nucleus) and electrons / weakest nuclear attraction to electrons

Allow comparative answers.
Allow converse answers for M2

Similar shielding
Allow same shielding.

(b) Increase

Oxygen/ O
If not oxygen, then cannot score M2, M3 and M4

Paired electrons in a (2)p orbital
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If paired electrons in incorrect p orbital, lose M3 but can award M4
(Paired electrons in a p orbital) repel

() C(g) — C(9) +e®
OR
C(g) +ev — C¥(g) + 2ev
OR
C(9) - e~ — CH(g)

Ignore state symbols for electron.

(d) (More energy to) remove an electron from a (more) positive ion / cation
Allow electron closer to the nucleus in the positive ion.
(e) Lithium / lithium / Li
If formula given, upper and lower case letters must be as shown.

[10]

Q25.
(@ Li(g) — Li*(g) + e(0)
Li(g) - e(g) — Li"(@)

Li(g) + e(9) — Li*(g) + 2e°
One mark for balanced equation with state symbols
Charge and state on electron need not be shown

(b) Increases
If trend wrong then CE = 0/3 for (b). If blank mark on.

Increasing nuclear charge / increasing no of protons
Ignore effective with regard to nuclear charge

Same or similar shielding / same no of shells / electron
(taken) from same (sub)shell / electron closer to the
nucleus / smaller atomic radius

(c) Lower
If not lower then CE = 0/3
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Paired electrons in a (4) p orbital
If incorrect p orbital then M2 =0

(Paired electrons) repel
If shared pair of electrons M2 + M3 =0

(d) Kris a bigger atom / has more shells / more shielding
in Kr / electron removed further from nucleus/ electron
removed from a higher (principal or main) energy level

CE if molecule mentioned
Must be comparative answer
QwcC

(e) 2/two/ll

(f)  Arsenic/As

[10]

Q26.
(&) 4d°5s25p!in any order
Allow subscripts for numbers
Allow capitals

(b) (i) Using an electron gun/(beam of) high energy/fast
moving electrons

Ignore knocks out an electron’

(i) In(g) + e — In*(g) + 2e-
OR

In(g) — In*(g) + e-

In(g) — e~ — In*(g)
The state symbols need not be present for the electron - but if they
are they must be (g)

No need to show charge on electron
IfICE=0
Ignore any equations using M

(i)  So no more than 1 electron is knocked out/so only one electron
is knocked out/prevent further ionisation

Allow stop 2+ and 3+/other ions being formed
Not to get wrong m/z
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(iv) Any two processes from
. Accelerate (owtte)
. Deflect (owtte)

. Detect (owtte)

Ignore wrong causes of process
2 max

(c) () Average/mean mass of (1) atom(s) (of an element)

1/12 mass of one atom of 12C

OR

(Average) mass of one mole of atoms

1/12 mass of one mole of 12C
OR

(Weighted) average mass of all the isotopes

1/12 mass of one atom of 12C
OR

Average mass of an atom/isotope compared to C-12 on a
scale in which an atom of C-12 has a mass of 12

Not average mass of 1 molecule

Allow the wording Average mass of 1 atom of an element
compared to 1/12 mass atom of 12C (or mass 1/12 atom of 12C)

Allow if moles of atoms on both lines
Accept answer in words

Can have top line x 12 instead of bottom line =12
If atoms/moles mixed, max = 1

1TM3x+ 115y
(ii) ATy

Allow idea that there are 4 x 0.5 divisions between 113 and 115

=114.5

ratio (113:115) = 1:3 OR 25:75 OR 0.5:1.5 etc
Correct answer scores M1 and M2
If 1:3 for In(115):In(113), max = 1

(d) None

Same no of electrons (in the outer shell)/same electron configuration)
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Ignore electrons determine chemical properties/ignore protons
M2 dependent on M1 being correct

(e) 29.0%/29% O
If no O calculated, allow M2 if In and H divided by the correct A,

B9.2 18 290
1148114 .5 1 1

or

0603 18 1.81

1 3 3
EF = In H3O3
Allow In(OH);

Do not allow last mark just for ratio 1:3:3

If InOsH3 given with no working then allow 3 marks
If I not In, lose M3

1
[15]
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