Q1.Tellurium is the element with atomic number of 52

(a) Using information from the Periodic Table, complete the electron configuration of

tellurium.
3 PR
(1
(b) The mass spectrum of a sample of tellurium is shown in the graph.
Relative
abundance
1;?4 125 126 127 128 128 130
miz ratio
(i) Use the graph to calculate the relative atomic mass of this sample of tellurium.
Give your answer to one decimal place.
(3)
(i) Suggest what might cause the relative atomic mass of this sample to be
different from the relative atomic mass given in the Periodic Table.
(1)
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(c) Write an equation for the reaction that occurs when a tellurium ion hits the detector.

........................................................................................................................

(1

(d) State the m/ z value of the ions that produce the biggest current at the detector
when the spectrum in the graph is recorded.
Give a reason for your answer.

m/ zvalue

......................................................................................................
..........................................................................................................
........................................................................................................................

........................................................................................................................

(2

(e) The mass spectrum of tellurium also has a small peak at m/ z = 64

Explain the existence of this peak.

........................................................................................................................
........................................................................................................................
........................................................................................................................

........................................................................................................................

()

{f)  Predict whether the atomic radius of ‘*Te is larger than, smaller than or the same as
the atomic radius of ¥Te
Explain your answer.

Atomic radius of 129Te compared t0 130T .......c.ccccceevervinreicne s
EXPIANAHON ... e r e

2
{Total 12 marks)
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Q2.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.

=T 1= 1 R

........................................................................................................................
........................................................................................................................

(3)
(b) Siate the element in Period 3 that has the highest first ionisation energy.

Explain your answer.
EIemMENt ...t e e e e e ean
EXPlanation ........c.oov it e e e e

(3)

(c) Suggest the element in Period 3 that has the highest electronegativity value.
(1)

(d) Chlorine is a Period 3 element.
Chlorine forms the molecules CIF; and CCl:

(i) Use your understanding of electron pair repulsion to draw the shape of CIF;

and the shape of CClz
Include any lone pairs of electrons that influence the shape.

Shape of CIFs Shape of CClz
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(2)

(i) Name the shape of CClz

(1)

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

...............................................................................................................

M
(Total 11 marks)

Q3.A sample of hydrated nickel sulfate (NiSO..xH20) with a mass of 2.287 g was heated to
remove all water of crystallisation. The solid remaining had a mass of 1.344 g.

{a) Calculate the value of the integer x.
Show your working.

4 BB A E LR E A A N AR A N AR A AN A EE A4 A A N EEE A EEE AR AR EE NN EEEE P EANEAEANEEEAANSEErEEEENSEEEESEEEEEEEEEEEEEE
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

o)
(b) Suggest how a student doing this experiment could check that all the water had
been removed.
(2)
{Total 6 marks)



Q4.Some airbags in cars contain sodium azide (NaNs).

(a) Sodium azide is made by reacting dinitrogen monoxide gas with sodium amide
(NaNH:) as shown by the equation.

2NaNHz + N2O —— NaN: + NaOH + NHa
Calculate the mass of sodium amide needed to obtain 550 g of sodium azide,

assuming there is a 95.0% yield of sodium azide.
Give your answer to 3 significant figures.

........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

........................................................................................................................

(5
(b) Ifacaris involved in a serious coliision, the sodium azide decomposes to form
sodium and nitrogen as shown in the equation.
2NaNs(s) —— 2Na(s) + 3Nx(g)
The nitrogen produced then inflates the airbag to a volume of 7.50 x 102 m2 at a
pressure of 150 kPa and temperature of 35 °C.
Calculate the minimum mass of sodium azide that must decompose.
(The gas constant R = 8.31 J K-' mol)
(6)

Page 5



Saodium azide is toxic. It can be destroyed by reaction with an acidified solution of
nitrous acid (HNOz) as shown in the equation.

(c)
9NaNs + 2HNO. + 2HCI —> 3N + 2NO + 2NaCl + 2H:0

A 500 cm? volume of the nitrous acid solution was used to destroy completely

(i)
150 g of the sodium azide.

Calculate the concentration, in mol dm-3, of the nitrous acid used.

...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................

............................................................................................................... .

(i) Nitrous acid decomposes on heating.
Balance the following equation for this reaction.

HNO: —— ......HNOs: + ... NC + ....H0
(1)

(d) Sodium azide has a high melting point.

Predict the type of bonding in a crystal of sodium azide.
Suggest why its melting point is high.

TYPE OF BONAING ..verecairserere et b

........................................................................

Reason for high melting point

........................................................................................................................
........................................................................................................................

........................................................................................................................ @
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(e) The azide ion has the formula Ns-

(i}  The azide ion can be represented as N = N — N-
One of these bonds is a co—ordinate bond.

On the following diagram, draw an arrowhead on one of the bonds to
represent the direction of donation of the lone pair in the co-ordinate bond.

N = N - N-

(i) Give the formula of a molecule that has the same number of electrons as the
azide ion.

(1

(M
(iiiy Which is the correct formula of magnesium azide?

Tick (V') one box.

MgsN

MgN

MgNs

MgaN:

(1
(Total 21 marks)

Q5.(a) Write an equation, including state symbals, for the reaction with enthalpy change equal to
the standard enthalpy of formation for CF(g).

........................................................................................................................

(1)
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(b) Explain why CF, has a bond angle of 109.5°.

........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

(2)

(c) Table 1 gives some values of standard enthalpies of formation {Ade).

Table 1

F. CF. HF.
Substance (9) (9) (@)

0 -B880 -269
AHe | kJ mol

The enthalpy change for the following reaction is —2889 kJ mol-.
C.Hi{g) + 7F(g) —> 2CF{g) + 6HF(g)

Use this value and the standard enthalpies of formation in Table 1 to calculate the
standard enthalpy of formation of C.H.(g).

Standard enthalpy of formation of C.He{(g) = ..oeevrurecneenn. kJ mol-
(3)
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(d) Methane reacts violently with fluorine according to the following equation.
CHJ{g) + 4F(g) —> CF{g) + 4HF(g) AH=-1904 kJ mol-

Some mean bond enthalpies are given in Table 2.

Table 2

C-H | C-F | H-F
Bond
Mean bond enthalpy / kJ 412 | 484 | 562
mol-

A student suggested that one reason for the high reactivity of fluorine is a weak F-F
bond.

Is the student correct? Justify your answer with a calculation using these data.

4
{Total 10 marks)

Q6.A hydrogen peroxide molecule can be represented by the structure shown.

0—0
/
H

(a) Suggest a value for the H-O-0 bond angle.

{1)
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(b) Hydrogen peroxide dissolves in water.

(iy State the strongest type of interaction that occurs between molecules of
hydrogen peroxide and water.

...............................................................................................................

(M
(i) Draw a diagram to show how one molecule of hydrogen peroxide interacts
with one molecule of water.
Include all lone pairs and partial charges in your diagram.
3
(c) Explain, in terms of electronegativity, why the boiling point of H2S: is lower than
H:0..
(2)
{Total 7 marks)
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Q7.(a) Calcium phosphate reacts with aqueous nitric acid to produce phosphoric acid and calcium
nitrate as shown in the equation.

Cas( PO4)2 + G6HNO; 2HPO. + 3ca(Nos)z

(i) A 7.26 g sample of calcium phosphate reacted completely when added to an
excess of aqueous nitric acid to form 38.0 cme of solution.

Calculate the concentration, in mol dm=, of phosphoric acid in this solution.
Give your answer to 3 significant figures.

...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................

...............................................................................................................

...............................................................................................................

...............................................................................................................

...............................................................................................................

(i) Calculate the percentage atom economy for the formation of calcium nitrate in
this reaction.

Give your answer to 1 decimal place.

---------------------------------------------------------------------------------------------------------------
...............................................................................................................
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(b)

(c)

Write an equation to show the reaction between calcium hydroxide and phosphoric
acid to produce caicium phosphate and water.

........................................................................................................................

(1}

Calcium dihydrogenphosphate can be represented by the formula Ca(H.PO.). where
x is an integer.

A 9.76 g sample of calcium dihydrogenphosphate contains 0.17 g of hydrogen, 2.59
g of phosphorus and 5.33 g of oxygen.

Calculate the empirical formula and hence the value of x.
Show your working.

........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

4
(Total 12 marks)

Q8.Which one of the following does not have a pair of s electrons in its highest filled electron

energy sub-level?
A H

B Mg

c P

D Ar

(Total 1 mark)
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Q9.Assuming that chlorine exists as two isotopes, and that hydrogen and carbon exist as one
isotope each, how many molecular ion peaks will be shown in the mass spectrum of

C.H:CL.?
A 2
B 3
c 4
D 5

{Total 1 mark)

Q10.An atom in which the number of protons is greater than the number of neutrons is

A =U
B eLi
C He
D H

(Total 1 mark)

Q11.Photochromic glass contains silver ions and copper ions. A simplified version of a redox
equilibrium is shown below. In bright sunlight the high energy u.v. light causes silver
atoms to form and the glass darkens. When the intensity of the light is reduced the
reaction is reversed and the glass lightens.

Cu{s) + Ag(s) = Cuz(s) + Ag(s}
clear glass dark glass
Which one of the following is a correct electron arrangement?
A Cuis [Ar]3deds!
B Cu is [Ar]3d"4s?
C Cu= is [Ar]3de4s’
D

Cur is [Ar]3d®
(Total 1 mark)
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Q12.Which change requires the largest amount of energy?
A He(g) — He=»(g)+e-
B Li(g) —> Li(g) + e

C  Mg(g) — Mgg)+e

[o] o] [of [¢]

D Ni@@ — N{g)+e
(Total 1 mark)

Q13.An ester is hydrolysed as shown by the following equation.
RCOOR' + H:0O —— RCOOH + RQH

What is the percentage yield of RCOOH when 0.50 g of RCOOH (M. = 100) is obtained
from 1.0 g of RCOOR: (M. = 150)?

A 33%
B 50%
c 67%
D 75% @

{Total 1 mark)

Q14.Which of these samples of gas contains the largest number of molecules?
The gas constant R = 8.31 J K~ mol-.

50x10+m*at1.0x 100 Paand 300K [ |
4.0 x 10 m° at 2.0 x 10° Pa and 400 K
3.0 x 10t dme at 3.0 x 10+ Pa and 500 K
2.0 x 10z dme at 4.0 x 10° Pa and 600 K

{Total 1 mark)
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Q15.Which of the following contains the most chloride ions?

A 10 cm? of 3.30 x 102 mol dm aluminium chloride solution

C 30 cme of 3.30 x 102 mol dm-® hydrochloric acid

B 20 cm®of 5.00 x 102 mol dm-= calcium chloride solution

D 40 cmeof 2.50 x 102 mol dm= sodium chloride solution

(Total 1 mark)

Q16.Which one of the following has a shape which is not influenced by a lone pair of electrons?

A

B
C
D

Q17 .Which one of the following bond polarities is not correct?

A

CH,OH

H.F

BF,

NF,

bt

i

C' —H in ethane

i 6-
C' —Br in bromoethane

5+

C—

C=

O
-
O

in ethanol

in ethanal
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Q18.When ethanamide (CH.CONH,) burns in oxygen the carbon is converted into carbon

dioxide, the hydrogen is converted into water and the nitrogen forms nitrogen gas.

Substance ethanamide carbon water
dioxide
=320 -394 -286

Enthalpy of formation (ABT) / kJ
mol-

Using the data above, which one of the following is a correct value for the enthalpy of
combustion of ethanamide?

A

B
c
D

-1823 kJ mol~
-1183 kJ mol-
=1000 kJ mol~

=360 kJ mo1-
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