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Advanced Subsidiary
Paper 1: Core Inorganic and Physical Chemistry
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Instructions

® Use black ink or black ball-point pen.

® Fill in the boxes at the top of this page with your name,
centre number and candidate number

® Answer all questions.

® Answer the questions in the Spaces provided
- there may be more space than you need.

Information

® The total mark for this paper is 80.
® The marks for each question are shown in brackets
— use tnis as a guide as to how much time to spend on each question.
® For the question marked with an asterisk (*), marks will be awarded for yOour

ability to structure your answer logically showing the points that you make are
related or follow on from each other wWhere appropriate.
® A Periodic Table is printed on the back cover of this paper.

Advice

® Read each question carefully before you start to answer it.
® Check your answers if you have time at the end.

® Show all your working in calculations and include units where appropriate.
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Answer ALL questions.

Some questions must be answered with a cross in a box X.
If you change your mind about an answer, put a line through the box $¢
and then mark your new answer with a cross [X.

1 This guestion is about covalent bonds.

(a) State what is meant by the term covalent bond.

A covaleat bond is a shared pail. of clectway.
47’\3( LN O e 8 f""’fﬁ ....... electro St hc ¢ threchon 1764"“"—“-64 Ehe
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(b) Draw a diagram of the ammonia molecule, clearly showing its shape.
Include any lone pairs of electrons and the value of the bond angle.

N carv 0a)
H>=u H
/Oq*’ :

(c) The dot-and-cross diagram of BF; is

OO0
O
3 F 3
OX
Q0O OO0
O X X O
O F O B O F '®) -,‘ +r"30n“\ [)l&l\ﬁr
OO0 OO0 )
120°
What is the bond angle in BF;? (
A 90°
B 107°
C 109.5°
D 120°

[

D

M R O



(d) () Ammonia and boron trifluoride react to form a compound NH;BF, which
contains a dative covalent bond. Each of the molecules, NH; and BF., has a
different feature of its electronic structure that allows this to happen.

Use these two different features to explain how a dative covalent bond is formed.

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

--------------------------------------------------------------------------------------------------------------------------------

............................... ArMOric (S 000Gkd fo the Bown atom oF bojory
\ . L

................................................................................................. : 4"“\‘:‘3
/ \

........................................................................................................ /+£

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

State the new H—N—H and F—B—F bond angles.

-------------------------------------------------------------------------------------------------------------

-------------------------------------------------

. Both now Hetthedal  bherchce  both  bony ang le s

-----------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

(Total for Question 1 =9 marks)
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2 This question is about hydrogen, the element with atomic number Z=1.

(a) (i) Hydrogen has two stable isotopes, ;H and {H. Complete the table to show the number
of subatomic particles present in the nuclei of these two isotopes of hydrogen.

Isotope Number of protons Number of neutrons
iH | O
H | I

(i) Use the data in the table to explain the term isotopes.

(b) The relative atomic mass of hydrogen in the Periodic Table is 1.0.
This is correct to two significant figures.

The table gives data for the relative isotopic mass and natural abundance of the
two stable isotopes of hydrogen.

Isotope Relative isotopic mass  Percentage abundance
H 1.007825 99.9885
H 2.014101 0.0115

(i) Using the data in the table, give a reason why it can be estimated that the
relative atomic mass of hydrogen is greater than 1.0.

4
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(ii) Calculate the relative atomic mass of h
answer to four decimal places.

(I'OO?%S x 51‘14835) *(Z~0i4l0{ x oouS}
- (00
= 1-00%9

(©) (i) Writean equation to re
Include state symbols.

H@ — H*@) r e

ydrogen from these data, giving your

e

present the first ionisation energy of hydrogen.

£\ (i) The sequence of the first three

elements in the Periodic Table is hydrogen,
helium and then lithium.

Explain why the first ionisation

energy of hydrogen is less than that of helium,
but greater than that of lithium '

O 3Y NGIQ Greater Nuclec, cherse

T8 R e . S,/

......................... b E{...tu..i.fﬁmﬁ.A..w...ét\..f..[gg leveé ac hadregen., Hertore.
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(d) Hydrogen can be placed in several different positions in periodic tables. One is
immediately above lithium in Group 1. Another is in the centre of the first row, as

shown in the Periodic Table on the back cover.

Criticise the position of hydrogen immediately above lithium by giving
one reason in favour and two against.

o Obher R K CNEMRAES -
B A T A 1 O —
Mk Qoes met Ceackin a Cimiler ey Fo gtter

(Total for Question 2 = 15 marks)
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3 The reaction of sulfuric acid with potassium hydroxide is a neutralisation.
The equation for this reaction is

H,SO.(aq) + 2KOH(aq) — K;50.(aq) + 2H,0()

A titration was carried out using the following method.

1.

(a)

[JA burette
L1 B measuring cylinder
K C pipette

L1 D volumetric flask

Potassium hydroxide solution of unknown concentration was placed in a burette
and the initial reading was recorded.

25.0cm’ of sulfuric acid solution, concentration 0.0800 moldm™, was transferred
to a conical flask.

Three drops of phenolphthalein indicator were added to the sulfuric acid.
Potassium hydroxide was added from the burette until the solution just changed
colour and then the burette reading was recorded.

Repeat titrations were carried out until concordant titres were obtained.

Select the most appropriate piece of apparatus to measure the 25.0cm? of
sulfuric acid.

(b) What is the colour of the solution when neutralisation has just occurred?

I A colourless
1B orange
X € pale pink
LID red

A 00 0 O 0 ramover »



(©) (i) Complete the table of results for titration number 1, using the diagrams to
find the initial and final burette readings.

4 32
I I
N/ —
5 33
Initial reading Final reading
h}
Table of results
Titration number Final reading/cm’ Initial reading /cm? Titration volume/cm?
1 37-3S 4.60 23%S
2 28.05 1.10 26.95 = )
3 37.65 10.20 2745 \
4 32.05 5.00 1

(i) The best value for the mean titre of this reaction is

O O O

O N W >

27.00cm’®
27.15cm’
27.25¢cm’

27.30cm’

A 0 R
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(iii) Calculate the concentration, in moldm™, of the potassium hydroxide solution,
giving your answer to an appropriate number of significant figures.

WSO« + Jkon — kySoe a0

27.00cm? of l<ou .

2560cad oF K250, of O-0800matdm™3

C ¥V & ol 0-0% x G?_i = Z*{O’Smo‘ef of
{Ooo HLJDQ
me's xL > %1073 moles of
lco y
C: Mo‘ - |0’3 ’ . )
vol €T mie 0148 moldm™3
7271-00 e
/w/oc;s)) —

(Total for Question 3 = 8 marks)
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4 An ionic compound contains a metal cation and a non-metal anion in a 1:1 ratio, and
water of crystallisation. The compound can be represented as MN.xH,O, where x is
the number of moles of water of crystallisation per mole of MN.

A sample of MN.xH,O was dissolved in distilled water to produce a colourless
solution, with a concentration of about 0.5mol dm™. 2cm? of the resulting solution
was transferred to each of two test tubes.

The following tests were carried out to identify the ions present.
(a) Test1

(i) Addition of a few drops of a solution of barium chloride to one of the test
tubes gave a white precipitate. » NEgGtive

—

) =
Identify, by name or formula, two possible anions that would give this result.

(i) Addition of 1cm? of dilute hydrochloric acid to the test tube in (a)(i) resulted
in no further change. _nnegative

Give the formula of the'énion.!

(iii) What is the charge on the cation?

1 A +1

1 B -1

C +2

0 D -2
10

R A 0



(b) Test 2
A flame test on a sample of solid MN.xH,0 gave no change in the flame colour.

Give a possible identity of the cation, M.

() Heating the hydrated compound results in the formation of the anhydrous ionic
solid MN by the following reaction:

MN.xH,0(s) — MN(s) + xH,0(q)

Heating a sample of the hydrated compound reduced the mass to 48.9% of its
original value.

Use this information and your answer to (a)(ii) and (b) to calculate the value of x.

CoCl,.yH,0 in which the sample reduced in mass to 54.6% of jts original value.

Note: Ifyou have been unable to identify MN, you may use this hydrated compound,
Use this information to calculate the value of y.

/‘/10 S0 H20
MgS§0q =

M E
1203
459

4.5 9

( Heo = 51| %

\V;
m g

St gse

/‘:O-%O( [8

(1104

e r L%ﬁ < 6‘?61 o ?
O, | 0 408

0 606

A 0 0 00 OO0 umaver >
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5 A student made crystals of a metal chloride, JClz@ZO, by reacting the
metal carbonate, JCO;, with hydrochloric acid, HCl(aq). The product was purified.
—_—
Procedure

Step 1 150cm’ of hydrochloric acid, concentration 0.80 mol dm™, was transferred to a
400 cm?® conical flask. The flask was warmed gently using a Bunsen burner.
A spatula measure (about 1.0g) of metal carbonate was added to the acid.

Step 2 When the reaction in Step 1 was finished, more metal carbonate was added
until the metal carbonate was in excess.

Step 3 The resulting mixture was filtered into an evaporating basin.

Step 4 The evaporating basin was heated using a Bunsen burner to concentrate the
solution. The concentrated solution was allowed to cool and crystallise.

Step 5 Once crystal formation was complete, the resulting mixture was filtered for a
second time.

Step 6 The resulting white crystals were rinsed with a small volume of ice-cold water.

The equation for the reaction between the metal carbonate and hydrochloric acid is
JCO4(s) + 2HCl(ag) — JCl(aq) + HO(l) + CO,(9)

(@) (i) Describe two observations that the student might make which show that the
reaction in Step 1 has finished.

D = 4 A E a A n 4 2 ')Alll



(i) Explain the use of a small volume of ice-cold water in Step 6.

%rcmoverobb‘t'myw*ff

.................... "Ao.enrle et as iffle prabet as pesiivt Jolres

(b) The student obtained a mass of 14.26 g of hydrated crystals.

Assuming that the percentage yield is 100%, use the information in the procedure
to give a possible identity of J.

C=mMm
Vv

\ : f
, O. (SO - 0-0 des o
, %é): O(Lmdes ot - b

{
(000 "'..Z“ N H20 |

(4 x1§: 10§ x€ = K-

426 - 646 = FHf o6 T

i et o PR g - 7
Mme malec

OO( = SJ C ]
Naf/ = Mesmol O/K —r?

N

0 0 O 0 .
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(c) The student was surprised by the white colour of the crystals of JCl,.6H,0 in Step 6.
This did not agree with the possible identity for J from the calculation in (b).
The student decided to perform a flame test on the crystals.

(i) Explain why the student was surprised and decided to carry out a flame test.

{(Q@(\S}*{QQ '\\61'0«(5 Oﬁ)q\bw - Ca(wrcrj wm/mdS

barium
calcium
lithium

strontium

(iii) Calculate the actual percentage yield of the reaction, which produced 14.269
of crystals.

Give your answer to two significant figures.

" , H20
Mc~ Sir-éciq;ﬂ-uozs o-0éx Ube = 15:99(

128
TS99

(Total for Question 5 = 15 marks)
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6 Chlorine and iodine are in the same group in the Periodic Table.

(@ () Complete the electronic configuration of chlorine using the s, p, d notation.

(b) Members of the same group sometimes react in different ways.

lodine and chlorine react differently with thiosulfate ions, S,07".
lodine gives 5,07, whilst chlorine gives SO;".

() Complete the table by identifying the oxidation numbers of sulfur in the three
- sulfur-containing ions.

lon Oxidation number of sulfur
5,08 +7
=0y +6

ol +2.S

(i) The equation for the reaction of iodine with thiosulfate ions is

2505 + L — " + S,0F

State, in terms of electrons, wh

y iodine is classified as an oxidising agent in
this reaction.

A0 00 A =
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(i) Use your answer to b(i) to show that chlorine is a stronger oxidising agent
than iodine.

o +2 -1 +6

n %
(iv) Chlorine reacts in aqueous solution with 5,02 to give SO; .
The ionic half-equation for the reaction of chlorine is

ClL, + 2" — 2CU°

Write the ionic half-equation for the reaction of aqueous S,03 to give SO; .
State symbols are not required.

SPho 4 520327 — L8027 xbcTx (oH*

(v) Use your answer to (b)(iv) and the half-equation for chlorine, to write the
overall ionic equation for the reaction between chlorine and thiosulfate ions.

State symbols are not required.

5H20 4 S103%" — L5047
* 4Cly kg{’,——a 3cc”

+ 847 & tor?

- + -
SHqp + y1032' F4Cl, — 1 50¢* + loHt +&CC

(Total for Question 6 = 10 marks)

) OO0 0 A
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*7  The compounds hydrogen fluoride, water and methane, all have simple molecular
structures, but they have significantly different boiling temperatures.

Discuss the reasons for the differences in the boiling temperatures of the three

compounds, using the data in the table and the Pauling electronegativity values in
the Data Booklet.

Boiling temperature

Compound e Number of electrons
CH, -161.5 10
H,O 100.0 10
HF 19.5 10

AAAAAAAAAAAA



8 This question is about ionic bonding.

(@) The elements sodium and fluorine react together to form an ionic compound.

(i) Select the correct equation for this reaction.

xX O

A
B
C
D

O o

Na(s) + F(g) — NaF(s)
2Na(s) + F,(g) — 2NaF(s)
Na(s) + F,(g) — NaF(s)
2Na(s) + F(g) — Na,F(s)

(i) Draw dot-and-cross diagrams of the ions in sodium fluoride, showing all the electrons.

Use your diagram to explain why the ions are described as isoelectronic.

AAAAAAAAAAAA



(iii) Which diagram shows the trend in ionic radius for the isoelectronic ions N>~ to Al**?

KA OB

| \\‘ \\‘
lonic lonic

radius radius

] | | 1 I T | [ [ | [ I
N3~ OZ'\ F~ (Ne) Na* Mg* A" N O F (Ne) Na* Mg> Al*

lonic lonic
radius radius

T I I ‘I I I I I 1 I I I
N" 0¥ F (Ne) Na* Mg> Al* N O F (Ne) Na* Mg Al*

(iv) Explain your answer to (a)(iii) in terms of the structure of the ions.

AAAAAAAAAAAA



(b) The strength of ionic bonding in different compounds can be compared by using
the amount of energy required to separate the ions. Some values for this energy

are given in the table.

Amount of energy required to separate the ions

Compound /K mol™!
LiF 1031
KF 817
CaF, 2957

Using the data provided, explain how changes in the cation affect the bond
strength in an ionic compound.

(Total for Question 8 = 9 marks)

TOTAL FOR PAPER = 80 MARKS
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