PROGRAMME DU DIPLOME DU BI
A iR DPLoMADEL B IR THI
22076101
CHEMISTRY
HIGHER LEVEL
PAPER 1

Thursday 10 May 2007 (afternoon)

1 hour

INSTRUCTIONS TO CANDIDATES

« Do not open this examination paper until instructed to do so.

« Answer all the questions.

 For each question, choose the answer you consider to be the best and indicate your choice on the
answer sheet provided.

* The periodic table is provided for reference on page 2 of this examination paper.

2207-6101 16 pages
© IBO 2007



MO07/4/CHEMI/HPM/ENG/TZ0/XX

092) | (650 | (8sD) | (Ls?) | (s | (s | Ly | (v | (¢v2) | (2pbo) | (LED) | €O'SET | +O'1€T | ¥0OTET
| oN PIN wy s o) g w) wy ng dN n ed 4L
€01 201 101 001 66 86 L6 96 6 6 €6 26 16 06 | 4
LOEYLT | $O'ELT | €6'89T | 9TLIT | €649T | 0S°TIT | TE'SST | STLST| 96 1ST | SEOST | 2691 | vTH¥l | 16°0v1 | TI'OVI
n qx wy, 1q OH Aa qL PO nyg wg wg PN id )
1L 0L 69 89 L9 99 $9 9 €9 29 19 09 6S 8s | |
(Lzo) | (9zo) | (¢20)
v ey 1y
I68 88 L8
(zzo) | (012 | (012) | 86807 | 61°LOT | LEVOT | 6500T | L6961 | 60°S6T | TTTO6L | 12061 | 17981 | SS€8T | S6°081 | 6V 8LI | 16'SET | ¥ELET | 16TET
wy W od 1q ad IL 3H ny d 21| SO N | M el JH 48| eq O
98 S8 ¥ €8 8 I8 08 6L 8L LL 9L SL YL €L 7L LIS 96 qs
0STIEL | 06°9T1 | 09°LT1 | SLITI | 69°STT | Z8FIT | OF'TIT| LSLOT | TH90T | 167201 | LOTTOT | 1686 | +6'S6 166 | TT16 | 1688 | T9LS | LV'SS
X I AL qs us ug PD 3v pd Ll | ny oL O aN 1z A IS Qi
S €S 43 IS 0S 6t 8P Ly 9 Sy 4% 97 w It ov 6€ 8¢ LE
08°€8 | 066L | 96'8L | TOYL | 6STL | TL'6Y | LESY | SS€9 | T1L'8S | €6'8S | S8SS | ¥6+S | 00TS | #60S | 06Ly | 96FF | 80°0F | 01°6€
) | ig S sy e €D uz n)H IN ) X | LA 1 A IL 3 €) .|
9¢ S¢ € €¢ 43 I€ 0€ 6C 8T LT 97 ST T €T 144 1T (114 61
S6'6E | Stse | 90TE | L60E | 60°8T | 869C 1€YC | 66°CT
1y D S d IS v SN eN
81 LT 91 SI 1 €l 1 I
81°0Z | 0061 | 0091 | TOFI | 10CI | 180T SSEIA] JIWO}Y 106 | ¥69
N A 0 N o) qd g 1]
01 6 8 L 9 S 14 ¢
JUWI[H
00'¥ 10°T
dH H
[4 IoquinyN JIuoly I
0 L 9 S v € (4 I
dlqe], JIPOLIdJ Iy [,

2207-6101



-3- MO07/4/CHEMI/HPM/ENG/TZ0/XX

1.  On complete combustion, a sample of a hydrocarbon compound produces 1.5 mol of carbon dioxide
and 2.0 mol of water. What is the molecular formula of this hydrocarbon?

A. GC,H,
B. GC,H,
C. CH,
D. CH,

2. When excess BaCl,(aq) was added to a sample of Fe(NH,),(SO,),(aq) to determine the amount in
moles of sulfate present, 5.02x10~> mol of BaSO, was obtained. How many moles of sulfate ions and
iron ions were in the sample of Fe(NH,),(S0O,),?

Amount of sulfate ions / moles Amount of iron ions / moles
A. 5.02 %107 2.51x107°
B. 10.04 x 10~ 5.02x107
C. 2.51 %107 5.02 %107
D. 10.04 x107° 2.51 %107

3. What volume of 0.500 mol dm™ sulfuric acid solution is required to react completely with 10.0 g of
calcium carbonate according to the equation below?

CaCO,(s)+H,SO,(aq) = CaSO,(aq)+H,0 (1) + CO,(g)

A. 100 cm’
B. 200 cm’
C. 300cm’
D. 400 cm’
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4.  Atransition metal ion X** has the electronic configuration [Ar]3d’. What is the atomic number of the

element?
A, 27
B. 28
C. 29
D. 30

5. Which statements are correct for the emission spectrum of the hydrogen atom?

L. The lines converge at lower energies.

II.  Electron transitions to n =1 are responsible for lines in the UV region.

III. Lines are produced when electrons move from higher to lower energy levels.
I and IT only

I and IIT only

II and III only

I, I and 111

6.  Which statement is correct for the halogen group?

A.

B.

2207-6101

Halide ions are all reducing agents, with iodide ions being the weakest.
Halogens are all oxidizing agents, with chlorine being the strongest.
Chloride ions can be oxidized to chlorine by bromine.

Iodide ions can be oxidized to iodine by chlorine.
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7. Which of the following statements are correct?
L The melting points decrease from Li — Cs for the alkali metals.
II.  The melting points increase from F — I for the halogens.
II. The melting points decrease from Na — Ar for the period 3 elements.
A. TandIIonly
B. TandIII only

C. I and I only

D. L Iand Il

8.  The compound [Co(NH,),Br]|SO, is isomeric with the compound [Co(NH,),SO, |Br. What is the
oxidation state of cobalt in these compounds?

[Co(NH,),Br]SO, [Co(NH,),SO, |Br
A. +3 +3
B. +2 +1
C. +3 +2
D. +2 +3

9. When C,H,, C,H, and C,H, are arranged in order of increasing C—C bond length, what is the correct
order?

A. C,H,, C,H,, CH,
B. C,H,, C,H,, C,H,
C. C,H,,CH,,C,H,

D. C,H, CH,, CH,
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10. Which compound contains both ionic and covalent bonds?

A.  MgCl,
B. HCI

C. H,CO

D. NH,CI

11. When the species BE;, BF, and BEF, are arranged in order of increasing F— B —F bond angle, what is
the correct order?

A. BF,,BF,,BF
B. BF,,BE,BE
C. BF',BF,,BF

D. BF;,BF,BF,

12.  Which molecule is square planar in shape?

A, XeO,
B. XeF,
C. SF
D. SiF,

2207-6101
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13.  What is the hybridization of nitrogen atoms I, II, III and IV in the following molecules?

H,NNH, HNNH

I/‘ \II /‘\

m 1v

I 11 111 v
sp sp sp’ sp’
sp’ | sp’ | sp® | sp
sp sp sp sp
sp’ sp’ sp sp

14. 1 mole of hydrogen, 2 moles of oxygen and 3 moles of carbon dioxide are placed in a closed container
at 298 K. What is the ratio of average kinetic energies of each gas under these conditions?

A.

B.

15. Consider the following reactions.

What is the AH ®value (in kJ mol™) for the following reaction?

2207-6101

1:2:

—297

+297

—493

+493

S(s)+130,(2) = SO,(2)

50,(g)+30,(2) > SO,(g)

S(s)+0,(8) = S0,(g)

AH® =-395kJ mol™

AH® =-98 kJ mol™

Turn over
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16. Which statement is correct for an endothermic reaction?
A. Bonds in the products are stronger than the bonds in the reactants.
B.  Bonds in the reactants are stronger than the bonds in the products.
C.  The enthalpy of the products is less than that of the reactants.

D. The reaction is spontaneous at low temperatures but becomes non-spontaneous at high
temperatures.

17. Consider the following information.

Compound CH.() | CO,(g) | H,O(0)
AH,® / kJ mol™ +49 -394 —286

CH,D)+7 % 0,(g) = 6CO,(g)+3H,0(])

Which expression gives the correct value of the standard enthalpy change of combustion for
benzene (1), in kJ mol™'?

A, 12(=394)+6(-286)—2(49)
B. 12(394)+6(286)—2(~49)
C.  6(-394)+3(-286)—(49)

D. 6(394)+3(286)—(-49)

18. Which equation represents the lattice enthalpy of magnesium oxide?
A, Mg(s)+40,(g) > MgO(s)
B. Mg (g)+0" (g) > MgO(g)
C. Mg"(g)+10,(g) > MgO(s)

D.  Mg*(g)+0* (g) > MgO(s)

2207-6101
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19. At25°C, 100 cm’ of 1.0 mol dm™ hydrochloric acid is added to 3.5 g of magnesium carbonate. If the
sample of magnesium carbonate is kept constant, which conditions will not increase the initial rate of

reaction?
Volume of HC1/cm® | Concentration of HCl / mol dm™ Temperature / °C
A. 200 1.0 25
B. 100 2.0 25
C. 100 1.0 35
D. 200 2.0 25

20. Consider the reaction

21" (aq)+H,0,(aq)+2H" (aq) — 1,(aq) + 2H,0(1)

In the presence of S,05 (aq) and starch solution, the time taken for a blue colour to form was observed
at various reactant concentrations.

Experiment | [I']/moldm™ | [H,0,]/moldm™ | [H']/moldm™ | Time/s
1 0.10 0.12 0.01 25
2 0.05 0.12 0.01 50
3 0.10 0.06 0.01 100
What is the correct order with respect to I" and H,0,?
I H,0,
A. 1 2
B. 3 g
C. 2 1
D. 2 4
2207-6101 Turn over
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21. Which statement is correct with regard to the catalysed and uncatalysed pathways for a given
reaction?

A.

The enthalpy change of the catalysed reaction is less than the enthalpy change for the uncatalysed
reaction.

The enthalpy change of the catalysed reaction is greater than the enthalpy change for the
uncatalysed reaction.

The enthalpy change of the catalysed reaction is equal to the enthalpy change for the uncatalysed
reaction.

The activation energy of the catalysed reaction is greater than the activation energy for the
uncatalysed reaction.

22. Consider the following equilibrium reaction in a closed container at 350 °C.

SO,(g)+CL(g) =S0,Cl,(g) AH®=-85kJ

Which statement is correct?

A.

B.

Decreasing the temperature will increase the amount of SO,Cl, (g).
Increasing the volume of the container will increase the amount of SO,Cl, (g).
Increasing the temperature will increase the amount of SO,Cl, (g).

Adding a catalyst will increase the amount of SO,Cl, (g).

23. A 1.0 dm’reaction vessel initially contains 6.0 mol of P and 6.0 mol of Q. At equilibrium 4.0 mol of
R is present. What is the value of K_ for the following reaction?

2207-6101

P(g)+Q(g) =R (g)+S(g)

0.11
0.25
0.44

4.00
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24. Solutions of hydrochloric acid (HCI (aq)) and ethanoic acid (CH,COOH (aq)) of the same
concentration reacted completely with 5.0 g of calcium carbonate in separate containers.
Which statement is correct?

A.

B.

CH,COOH (aq) reacted slower because it has a lower pH than HCI (aq).
A smaller volume of CO, (g) was produced with CH;COOH (aq) than with HCl(aq).
A greater volume of CO, (g) was produced with CH,COOH (aq) than with HCI(aq).

The same volume of CO, (g) was produced with both CH,COOH (aq) and HCl(aq).

25. Ammonia (NH,) is a weak base in aqueous solution with an ionization constant K,. What expression
is equal to the ionization constant for the following reaction?

NH,"(aq) +H,0 (1) = NH,(aq) + H,0" (aq)

|7

)

~

o

ollclilie

>4

Ialte

26. The pK, values of four acids are as follows.

4.87
4.82
4.86
4.85

SIS

What is the correct order when these acids are arranged in order of increasing acid strength?

A.

B.

C.

D.

2207-6101

X, Z,Y,W
X, Y,Z, W
W,Z,Y, X

W, Y, Z, X

Turn over



27. 10 cm’ of 0.01 mol dm™ nitric acid (HNO,) is diluted with 90 cm® of water. What is the pH of the

resulting solution?

A.

B.

28. A base of concentration 0.10 mol dm™ is titrated with 25 c¢cm’ of an acid of concentration
0.10 mol dm™. Which base-acid pair would have the highest pH at the equivalence point?

A.

B.

1

NaOH (aq) and CH,COOH (aq)

NaOH (aq) and HNO,(aq)

NH, (aq) and HNO, (aq)

NH, (aq) and CH,COOH (aq)

— 12—

29. Consider the following spontaneous reactions.

Which is the correct combination of strongest oxidizing agent and strongest reducing agent?

2207-6101

Fe(s)+Cu’" (aq) = Fe** (aq)+ Cu(s)
Cu(s)+2Ag" (aq) = Cu’* (aq) +2Ag(s)
Zn (s)+Fe™ (aq) = Zn** (aq) + Fe(s)

Strongest oxidizing agent Strongest reducing agent
Ag(s) Zn(s)
Ag'(aq) Zn(s)
Zn** (aq) Ag(s)
Zn(s) Ag’(aq)
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30. Which statement is correct?
A.  Spontaneous redox reactions produce electricity in an electrolytic cell.
B.  Electricity is used to carry out a non-spontaneous redox reaction in a voltaic cell.

C. Ogxidation takes place at the negative electrode in a voltaic cell and the positive electrode in an
electrolytic cell.

D. Oxidation takes place at the negative electrode in a voltaic cell and reduction takes place at the
positive electrode in an electrolytic cell.

31. Consider the standard electrode potentials of the following reactions:

Sn*(aq)+2e¢” = Sn’"(aq)  +0.15V

Fe’*(aq)+e” — Fe*'(aq) +0.77V

What is the value of the cell potential (in volts) for the spontaneous reaction?

A, +1.69
B. +1.39
C. +0.92
D. +0.62

32. In the electrolysis of acidified water, if 8.4 cm’ of hydrogen gas is evolved, what volume of oxygen
gas is evolved?

A, 42cm’
B. 84cm’
C. 126cm’
D. 168cm’

2207-6101 Turn over
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33.  Which factors affect the amount of metal formed during electrolysis?

L. Charge on the metal ion
II.  Current
II. Time

A. TandIIonly
B. TandIII only
C. I and I only

D. L IandIlI

34. Nylon is a condensation polymer made up of hexanedioic acid and 1,6-diaminohexane.
Which type of linkage is present in nylon?

A. Amide
B.  Ester

C. Amine
D.  Carboxyl

35.  What is the [IUPAC name of the following compound?

CH3; CHj
CH3_C_CH_CH2—CH3
CH,
CH;
A.  3,34-trimethylhexane
B.  3,44-trimethylhexane
C.  4-ethyl-3,4-dimethylpentane

D.  2-ethyl-2,3-dimethylpentane

2207-6101
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36. How many chiral carbon atoms are present in a molecule of glucose?

CHO

CHOH

CHOH

CHOH

CHOH

CH,OH

37. An organic compound X reacts with excess acidified potassium dichromate(VI) to form compound Y,

which reacts with sodium carbonate to produce CO, (g).

What is a possible formula for compound X?

A.

B.

2207-6101

CH,CH,COOH
CH,CH,CH,OH
CH,CH(OH)CH,

(CH,),COH
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38. What is the ratio of peak areas in the 'H NMR spectrum of the following compound?

CH,CH (CH,)CH,CH,

39. Which statement is correct with regard to a nucleophilic substitution reaction?
A. Tertiary halogenoalkanes react slower than primary halogenoalkanes.
B.  The rate of hydrolysis is faster for CH,CH,CH,CI than for CH,CH,CH,1.

C. Doubling the concentration of OH™ doubles the rate of the S 2 reaction but not the S 1
reaction.

D. Primary halogenoalkanes usually follow an S;1 mechanism while tertiary halogenoalkanes
follow an S 2 mechanism.

40. The mass spectrum of a molecule C;H,O shows major peaks at m/z values of 58, 43 and 15.
Which is the most likely structural formula of this compound?

A. CH,CH,CHO
B. CH,COCH,
C. CH,CH,OCH,

D. CH,CH,CH,0H
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