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1. The mass spectrum of the isotopes of element X is shown in the diagram.
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(a) Define the term relative atomic mass.
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(b) Use data from the diagram to calculate the relative atomic mass of X.
Give your answer to one decimal place

(c) ldentify the ion responsible for the peak at 72.
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.........................................................



(d) In a mass spectrometer, the relative abundance of each isotope is proportional to the
current generated by that isotope at the detector.

Explain how this current is generated.
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(e) X and Zn are different elements.

Explain why the chemical properties of 79X and 79Zn are different.
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2. A laboratory technician discovered four badly—labelled bottles, each containing one pure
white solid. Each bottle contained a compound of a different Group 2 metal (magnesium,
calcium, strontium and barium). e

Some tests were carried out on the solids or if the compound was soluble, on the
aqueous solution. The results are given in Table 1.

solution forms

Table 1

Test Compound 1 Compound 2 | Compound 3 | Compound 4
agf:rd o Dissolves Insoluble Dissolves Insoluble

. Gives off Solution
Solution or Solution carbon dioxide Solution Wil
solid added to remains gas and a remains

colourless and

HCLl(aq) colourless colourless colourless

heat released

Solution or

Solution gives

Solid remains

Solution gives

Solution has no

Solution or
solid added to
H2S04(aq)

Solution has no
visible change

carbon dioxide
gas and a white
solid remains

forms a slight
white
precipitate

solid added to a white A a slight white NS b
NaOH(aq) precipitate precipitate g
Gives off Solution slowly

Solution forms
a white
precipitate

(a) One of the bottles has a very faint label that could be read as ‘Magnesium suljate’.

Use the information in Table 1 to deduce which one of the four compounds is magnesium
sulfate and explain your answer.

Compound ....... (oo el /
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.........................................................................................................................................



(b) The bottle containing compound 2 has a ‘Toxic’ hazard symbol.

C——

Use the information in Table 1 to identify compound 2.

Explain both observations in the reaction with H2SO4(aq)
7o /
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(c) Identify the compound that is strontium hydroxide.

Give an equation for the reaction of strontium hydroxide with sulfuric acid.
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(2 marks)



3. Calcium hydroxide is slightly soluble in water at room temperature. As the temperature
rises, the solubility decreases. When the maximum amount of solid has dissolved ata
“particular temperature the solution is said to be saturated.

In an experiment, the solubility of calcium hydroxide was measured over a range of
temperatures. Figure 1 shows the results.

Figure 1

oefE e e
0.16 aEe
0.15 = —

I

~ EERETHLNES
0.144— X
Solubility of o TR RRE R o
calcium BN T
hydroxide 0131 o b :
g/100cm3

: P N
R B B 5 wwwoas ot mwmt i s W

oAOTEE e e N

- L N ————
0.09+4— e e
. — — N

0.08 | Ij I 1 vl I I‘ i |
0 10 20 30 40 50 60 70 80 90 100

Temperature/°C

(a) Use data from Figure 1b to calculate the concentration, in mol dm, of a saturated
solution of calcium hydroxide at 30 °C. Give your answer to 3 significant figures.

Show your working.



(b) You are given a sample of saturated calcium hydroxide solution. Outline the practical
steps that you would take to determine the solubility of calcium hydroxide in this solution.
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(3 marks)



4. In 2009 a new material called graphane was discovered. The diagram shows part of a
model of the structure of graphane. Each carbon atom is bonded to three other carbon
atoms and to one hydrogen atom.

(b) State how two carbon atoms form a carbon—carbon bond in graphane.

..... CNIE... BT, f7AP7. LA, . 2wy, DU

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

(1 mark)
(c) Suggest why graphane does not conduct electricity.
......... ... AT 02 RS, TS
A
............................................................................................................................. ( 1mark)
(d) Deduce the empirical formula of graphane.
............... CAY.... (P Loatema. atrs. £ K )
(1 mark)



5. Fritz Haber, a German chemist, first manufactured ammonia in 1909.
Ammonia is very soluble in water.

(a) State the strongest type of intermolecular force between one molecule of ammonia and
one molecule of water.

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

(b) Draw a diagram to show how one molecule of ammonia is attracted to one molecule of
water. Include all partial charges and all lone pairs of electrons in your diagram.

(/73
& e . s
MH—=Nz )10 I — O3
/7 /

N
RS

. s s BT v
ALl LovE Azes p P
Logezies scwp Ay N g X

(3 marks)
(c) Phosphine (PHs) has a structure similar to ammonia.

In terms of the intermolecular forces, suggest the main reason why phosphine is almost
insoluble in water.

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



6. Aluminium and thallium are elements in Group 3 of the Periodic Table.
Both elements form compounds and ions containing chlorine and bromine.

(a) Write an equation for the formation of aluminium chloride from its elements.

24///4 ......... . - 5 ZZZ&/__PZJZ.Cljg;) ............ /[yZ//ﬁy

(b) An aluminium chloride molecule reacts with a chloride ion to form the ALCL4™ ion.
o -l o br's S —

Name the type of bond formed in this reaction. Explain how this type of bond is formed
in the ALCL4™ ion.

Type of bond i L LR 2= Vi oSO

(2 marks)

(c) Aluminium chloride has a relative molecular mass of 267 in the gas phase.

Deduce the formula of the aluminium compound that has a relative molecular mass of

267.
26F

(d) Deduce the name or formula of a compound that has the same number of atoms, the
same number of electrons and the same shape as the ALCL4™ ion. 7Z77Z242/29C St
) ‘ - 1 ;/4
S Qq- ........................................................................... + /o L1t AL 5

7C 15 428 ° 3es /v oviez M2l

(e) Draw and name the shape of the TLB
7 *2e =Se = SCh, O

Shape:
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(2 marks)




(f) Draw the shape of the TLCID VL mlfE = &5

=l = 23;.72% D ep?

< &+
[ at—gp—cr |
(1 mark)
(9) Explain why the TLCL2" ion has the shape you have drawn in part (f)
WA Y W AWAEN. e
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7. The elements in Period 2 show periodic trends.

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

(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.

Trond . IS . M A5T. NPNGHY U, LU .. .
Element that deviates ...... D3 2 4V A ‘/
Explanation......... ... 5@7/24?1//”/&%744‘/
R r ) o VAN = /
........................................................................................................................... (4marks)

(c) Write an equation, including state symbols, 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.
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8. Zinc forms many different salts including zinc sulfate, zinc chloride and zinc fluoride.

(a) People who have a zinc deficiency can take hydrated zinc sulfate (ZnSO4.xH20) as a
dietary supplement.

sulfate.

A student heated 4.38 g of hydrated zinc sulfate and obtained 2.46 g of anhydrous zinc

Use these data to calculate the value of the integer x in ZnSO4.xH20
Show your working.
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(3 marks)
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(b) Zinc chloride can be prepared in the laboratory by the reaction between zinc oxide and
hydrochloric acid.
The equation for the reaction is

ZnO + 2HCL — ZnCl2 + H0

A 0.0830 mol sample of pure zinc oxide was added to 100 cm?® of 1.20 moldm=3
hydrochloric acid.

Calculate the maximum mass of anhydrous zinc chloride that could be obtained from the
products of this reaction.

iz (3 marks)

IVISS = K x r
= 0-06x/36 4

- 8/%g >
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(c) Zinc chloride can also be prepared in the laboratory by the reaction between zinc and
hydrogen chloride gas.

Zn + 2HCL — ZnClz + H2
‘ ERY gf
Asample of zinc powder with a mass of 5.68 g was reacted with hydrogen

chloride gas until the reaction was complete. The zinc chloride produced had a mass of
10.7 g.

Calculate the percentage purity of the zinc metal.
Give your answer to 3 significant figures.

,}7 / N (3 marks)
(d) Predict the type of crystal structure in solid zinc fluoride and explain why its melting point
is high. —
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(3 marks)
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9. Chlorine displaces iodine from aqueous potassium iodide.

e g—

(a) Write the simplesuation for th\is\reaction.
\
B £ R " & A 00 S

L (1 mark)
Q
(b) Give one observation that you would make wh\efn this reaction occurs.
o Vv
......... SR L7 LT, TIPS MO oo
(1 mark)

. y
(c) In bright sunlight, chlorine reacts with water to form oxygen as one of the products.
Write an equation for this reaction.

(d) Explain why chlorine has a lower boiling point than bromine.

............... P D e | S B T i

(2 marks)
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10. Which one of the ionisations of thallium produces an ion with the electron configuration
[Xe]5d'%s!

A. first

B. second
C. third
D. fourth

ANSwer............. @ ..............................

(1 mark)
11.Which of the following elements has the highest melting point.
A. Argon 4r
B. Chlorine ¢/, i
C. Phosphorus /7, #et- V2
D. Sulfur §3 &—— #2057 es
PATEWET s zvmm s s rvigdlnged s ween s s swsav s
(1 mark)
12. Which is a list of elements in order of increasing first ionisation energy?
A. F Ne Na
B. §r Ca Mg v~
c. &b,
i 2
D. CL,Br, T
ANSWET......covvvvieiiiieeeeeenee e N2 A
(1 mark)
13. Which description of electron configuration applies to atoms of potassium, chromium and
copper?
A. only one halffilled orbital x &~ c7vs ¥
B. only one filled sublevel x
C. only nine filled orbitals /
D. only five filled sublevels. x
ANSWET......ovviiiiie e @
(1 mark)
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14.The most abundant isotopes of hydrogen and oxygen are H, 2H, *0 and 'O,

respectively. Using these isotopes only, what is the number of different possible values
for the molar mass of water?

il O
e /\ ° J/’é/ N\
B. 4 — LL
C.5 g T T LA
D. 6 : h2=3 1? /2@/ (@37 777775
Z; / '.'u
ANSWET..ovneeeeee Aot g 2|
(1 mark)
15.Which pair of atoms represents nuclei that have the same number of neutrons.
A. 5Co and %8 Co X
B. %Niand %"Co 20 20 > i
C. 58Niand *Fe
D. %Ni and %Fe
ANBWEL... scxneionrras cuahens iz nwnnnss smmpums rmos vaes
(1 mark)

16.Which of the following metal oxides has the greatest percentage by mass of oxygen?

A. barium oxide PO PGP0 Spmles o2 IVETL SIVES

B. beryllium oxide MISHEST % L= Oxsss
C. calcium oxide

D. magnesium oxide

ANSWET.....ooeevivereeeen KNIl
(1 mark)

17.Which pair of samples contains the same number of oxygen atoms in each compound?

A. 0.10 mol Al203 and 0.50 mol BaO 63" 65

B. 0.20 mol SnO and 0.20 mol SnO2 6-Z. oY
C. 0.10 mol Na20 and 0.10 mol Na2SO4  ©° |t O ¢
D. 0.20 mol Ca(OH)2 and 0.10 mol H2C20s  © & 'Oy

(1 mark)
18.Which pair of compounds produces a white precipitate when mixed?

A. MgO and H2S04
B. AgNOs and KBr
C. Na2C03 and HNO3
D. NaCl and AgNOs

ANSWET....coviirrenniernienen e\l

(1 mark)



19. Which of the following statements is true across Period 3 of the Periodic Table?

A. As atomic number increases atomic radius decreases /

B. As atomic number increases atomic radius increases x

C. As atomic number increases the atomic radius remains the same x~
D

. As atomic number increases the atomic radius increases to a maximum and then
decreases. x

ANSWEE.. .L.. ot Lzeid @ ......................

(1 mark)
20.Which has the smallest bond angle?
A. CH4 075
B. CO2 /80
"C.NHs ,ox%
D. SFse 4o
Answer.......cooevevveeen i e
(1 mark)
21.Which is the most likely formula for hydrogen arsenide?
A. HAs Do S 7057 cova N
B. HAs2 N :
C. HoAs N NHs o i
D. HsAs
ANSWET.......ooovvvvcen i,
(1 mark)

22.A 20 cm?® sample of solution is to be added to a reaction mixture. Which piece of
equipment would provide the most precise measurement of the solution?

A. A 25 cm? volumetric flask X
B. A 25 cm?® bulb pipette x

C. A 25 cm?® measuring cylinder e ) g . - . P
D. A 50 cm? burette. } SOPUATED Bz BUZBT7E LS SIIHLEPZ PIV/SISS

ANSWEr.....ccoveevvi @ ......................

(1 mark)
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23.Why is chlorine used to treat local water supplies?

A. to make water suitable for swimming

B. to kill micro—organisms living in the water

C. to promote sedimentation of finely suspended solids

D. to precipitate heavy metal ions such as lead and mercury.

ANSWEN.....cviiiieiiennnn. @ ....................

(1 mark)

24.In a titration of a sodium hydroxide with hydrochloric acid the following procedure was

used:

A burette was rinsed with water and then filled with hydrochloric acid of known
concentration. L ML paedZE DLOTE .. jnas 4eE . (oA
A pipette was rinsed with some sodium hydroxide solution .~ /72 OCESHC(

A conical flask was rinsed with some sodium hydroxide soluton.,~ - " #7876 27265
the pipette was used to transfer a measured volume of the sodium hyc/i%)?i e Ay
solution to the conical flask. .~ e o Lo/

Indicator was added to the conical flask and the sodium hydroxide was titrated to
the endpoint with the acid. .~

Which statement is correct?

A. the calculated base concentration will be correct
B. the calculated base concentration will be too low

@the calculated base concentration will be too high

D. No definite conclusion can be reached about the base concentration.

(1 mark)
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