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What is the sum of coefficients when the following equation is balanced using the
smallest whole number?

LFe?+ ...Crn0% + ... H" - ...Fe**+...Cr** + ... H.,0

A 26
B 28
c. 3
D. 36

What is the final concentration, in mol dm=, of hydrochloric acid when 200 cm? of
0.100 mol dm™ hydrochloric acid is mixed with 300 cm?® 0.200 mol dm™ hydrochloric
acid?

A.  0.140
B. 0.150
C. 0.160
D. 0.190

2.00 g of an alcohol, when vaporized, has a volume of 426 cm® at 400 K and 100 kPa.
Which equation shows its molar mass in g mol”?

A. 2.00x8.31x400
100 x 426

B.  2.00x8.31x400 x 10°
100 x 426

C. 2.00x8.31x400
108 x 426 x 100

D. 2.00x8.31x400x 10°
100 x 10° x 426

Turn Over



Which of these statements cannot be deduced from the periodic table on page 27?

A. Each chromium atom has 28 neutrons.

B. There are a few isotopes of neon in nature.

C. There are 15 lanthanoids and 15 actinoids.

D. The oxides of chlorine are acidic.
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The first six ionization energies, in kJ mol™, of an element are given below.

IE4

IE2

IE3

IE4

IEs

1=

578

1816

2744

11 576

14 829

18 375

Which group in the periodic table is this element found?

A. Group 2

B. Group 13
C. Group 15
D. Group 16

The graph shows a set of data for the elements in period 3.

Na Mg A Si P S ClI Ar
What is the label on the vertical axis of this graph?
A. First ionization energy
B. Electrical conductivity
C.  Electronegativity

D. Melting point



10.
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Which oxide does not dissolve in water but reacts with an alkali?

A. MgO
B. SiO2
C. P4Oq0
D. SOs

What is the overall charge, x, of this iron(lll) complex?

[Fe(H20)4(OH)2J*
A 3+
B. 1+
c. 1-
D. 2-

Which combination leads to a strong metallic bond?

Charge on the metal ion Radius of ion
A. high large
B. high small
C. low small
D. low large

Which series shows molecules in order of increasing bond angles?
A.  NH3<CH4s<CO;
B. NH3<CH4<H0
C. CHs4<BF3<NH3

D. H.O < CO; < BF3

Turn Over
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11.  Diamond, graphite and buckminsterfullerene are three allotropes of carbon.
Which statement is correct for all three allotropes?

A. o bonds are present in all of them.
B.  Bond angles of 120° are present in all of them.
C. Delocalized electrons are present in all of them.

D.  All of them have giant covalent lattice structures.

12. The diagram shows the structure of ice.

@ Oxygen
(e} Hydrogen

Hydrogen bonds

[Source: https://johncarlosbaez.wordpress.com/2012/04/15/ice/]
Which statement is correct?

A. Two electron pairs from each oxygen atom are involved in forming hydrogen
bonds.

B. London (dispersion) forces and dipole-dipole forces are absent in ice.
C. All bond angles surrounding each oxygen atom is 120°.

D. The structure makes ice denser than water.
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13.  Which diagram represents the shape of a sp hybridized orbital?

A. IA\ B. Kl>(

= A

14. Which processes are exothermic?

I. Freezing
II. Melting

I1l. Condensation

A. landllonly
B. landlll only
C. Iland lll only

D. L llandlll

15. Which equation represents the average bond enthalpy of a O—H bond?
A ;H0(g)~H(@)+30(9)
B.  H:0 (g) - Hz(9) +502(9)
C.  Ha(g) +302(g) » HO (1)

D.  2H(g)+;02(g) » H:0 (1

Turn Over
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16. Consider the following enthalpy of combustion data.

C (s) + O2(g) — CO2(9) AH = x kJ mol™
Hz (g) + 502 (9) = HzO () AH =y kJ mol™!
CzHs (g) + 202 (g) — 2C02 (g) + 3Hz0 (1) AH =z kJ mol™

What is the enthalpy of formation of ethane in kJ mol™?

2C (s) + 3Hz (9) — C2Hs (9)

X+y—2z

17. Which reaction shows the largest increase in entropy?

18.

A

2KOH (aq) + FeS0O4 (aq) — KzSO4 (aq) + Fe(OH). (s)
C2H4(g) +302(g) — 2CO2(g) + 2H20 (9)

MgSOs (s) — MgO (s) + SO2(9)

(NH4)2CF207 (S) — Cr203 (S) + N2 (g) + 4H,0 (g)

Which statements describe the effects of adding a catalyst and increasing the
temperature on the rate of a reaction?

Adding a catalyst Increasing the temperature

collision frequency increases | collision frequency increases

activation energy decreases collision frequency increases

collision frequency increases activation energy increases

OO0 W »

activation energy increases activation energy decreases




19.

20.

21.

The rate expression for the reaction P + Q > R + S is rate = K[Q] .
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Which statement is correct for the reaction?

A

B.

Q is a catalyst in this reaction.
The concentration of P does not change during the reaction.

The rate of reaction is not affected by the concentration of P.

The concentration of Q decreases linearly as the reaction progresses.

Consider the following reaction.

NO2(g) + CO(g) = NO(g) + CO(g)

At T < 227 °C, the rate expression is rate = k [NO2]2. Which of these mechanisms is
consistent with the rate expression?

A

NO2 + NO2 = N2Oq4
N2O4 + 2CO = 2NO + 2CO;

NO2 + CO = NO + CO2

NO, > NO+ O
CO+0 > CO,

NO2 + NO2; 2 NO3 + NO
NOs; + CO = NO, + CO2

fast
slow

slow

slow
fast

slow
fast

The exothermic reaction I> (g) + 3Cl2 (g) = 2ICl3 (g) is at equilibrium. Which is correct
of the equilibrium constant, K., and the position of the equilibrium when temperature
is raised at constant volume?

OO0 W »

Equilibrium constant, K.

Position of equilibrium

decrease shift towards products
decrease shift towards reactants
increase shift towards products
increase shift towards reactants

Turn Over
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23.
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The equilibrium constant for N2(g) + 3H2(g) = 2NHas(g) is K. What is the equilibrium
constant for this equation 4NHs (g) = 2N2(g) + 6H2(g)?

A1
K
B. 1
2K
C. 1
K?
D. 1
2K?

Which of the following would shift the equilibrium to the right?
[Cu(H20)s]""(aq) + 4Cl (aq) = [CUCly]* (aq) + 6H.0(l)  AH >0

I. Increasing the temperature of the solution
Il. Adding concentrated HCl

Ill. Removing water by evaporation

A I and Il only
B [ and Il only
C. lland lll only
D. I llandlll

Equal volumes of 0.10 mol dm™ butanoic acid and hydrochloric acid were titrated with
0.10 mol dm™ sodium hydroxide solution. Which of the following is the same for both
titrations?

A. Initial pH
B. Initial electrical conductivity
C.  Volume of NaOH for complete neutralization

D. Heat evolved in the neutralization
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Which substance would form the strongest conjugate base?

A.  CH;COOH
B HCl

C. H20

D. H2SO4

What is the order of increasing pH of these bases with the same concentration?

Base pKb
CeHsNH> 9.13
(CH3):NH 3.27

NH3 4.75

A. NH; < (CH3)2NH < CgHsNH2
B. CeHsNH; < (CH3)2NH < NH;
C. (CH3)2NH < NH3; < CgHsNH2

D. CsHsNH2 < NH3 < (CH3)2NH

A solution HX has pH = 2 and a solution HY has pH = 3. Which statement is correct?
A. HX is a stronger acid than HY.

B. HY is a stronger acid than HX.

C. The concentration of H" in HX is % times greater than the concentration of H*
in HY.

D. The concentration of H" in HX is 10 times greater than the concentration of
H* in HY.

Turn Over
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Disproportionation reaction is a redox reaction in which the same substance is both
reduced and oxidized. Which reaction is not a disproportionation reaction?

A. 4H" + 3|V|I"IO42' - MnO, + 2MnO4 + 2H,0
B. 2NO,; + H,O —» HNO:; + HNOs3

C. MgSO3 + H2SO4 - MgSOs + SOz + H.0

O

Cu20 + H,SO4 - Cu + CuSO4 + H0O

The cell notation of a voltaic cell is as shown.

Mg(s) | Mg**(aq) || Fe**(aq), Fe*"(aq) | Pt(s)
Which statement is correct?
A. Mg? | Mg half-cell is the positive terminal of the cell.
B. Electrons flow from Mg electrode to Pt electrode.
C. Oxidation occurs in the Fe**| Fe?* half-cell.

D. The Mg®'| Mg half-cell is the cathode of the voltaic cell.
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30. The same amount of current is passed through both electrolytic cells as shown.
Graphite electrodes are used in both electrolytic cells.

—q |+
1
crucible ‘ '
MgCL (1) jij
t
Heat NaOH (aq)
[Source: International Baccalaureate Organization]
Which observation can be made from this set-up?
A. The volume ratio of gases collected at both cathodes is 1:1.
B. The volume ratio of gases collected at both anodes is 1:1.

C. The pH of the NaOH (aq) electrolyte will decrease.

D. Electron flows from the MgCl: (1) cell to the NaOH (aq) cell.

31. Which statement is correct using this data?

Zn* (aq) + 2e” = 2Zn (s) E®=-0.76V
Cr*(aq)+ e = Cr*(aq) E°=-041V
Sn?* (aq) + 2e"= Sn (s) E®=-0.14V
Sn** (aq) + 2e" = Sn?'(aq) E°=+0.15V

A. Znis a stronger reducing agent than Sn?*.
B. Cr® can reduce Zn?".
C. Cr®* can oxidize Sn*.

D. Sn?is a stronger oxidizing agent than Sn*".

Turn Over



32.

33.
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What is the index of hydrogen deficiency (IHD) of this molecule?

S

AN

A. 8
B. 9
cC. 12
D. 14

Which pairs of molecules are isomers?

. HCCCHsand H.CCHCHjs
lI. HOCH2CH2CHs;and CH3CH(OH)CHjs
[1l. HCOOCH2CH; and CH3COOCHj3

A. landllonly
B. landlll only
C. lland lll only

D. I llandlll
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35.

36.
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Which functional groups are present in this compound?

OH O HOHO

~
~
\

/\

Amine, carbonyl, carboxamide
Amine, ester, hydroxyl
Amine, carboxyl, carboxamide

Alkenyl, ester, hydroxyl

When 2-bromobutane reacts with sodium hydroxide, approximately 75% of the
product molecules show inversion of configuration. Which statement best explains
this observation?

A

B
C.
D

The rate determining step is unimolecular.
The rate determining step is bimolecular.
The reaction undergoes both Sy1 and Sn2 mechanisms.

2-bromobutane is a chiral molecule.

What is the product of the reduction of 2-methylbutanoic acid by lithium aluminium
hydride?

A

B
C.
D

2-methylbutane
2-methylbutan-1-ol
2-methylbut-1-ene
2-methylbutanal

Turn Over
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37. Excess dry hydrogen bromide is warmed with compound Y.

OH

Compound Y

What is the major product of this reaction?

A.
HO
N\ /\[ Br
B. HO
N\ /[: Br
Br
\ /[: Br
Br
D. Br

%9

Br
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38. Which molecule is optically inactive?

A.  1-bromo-2-chloroethane
B 2-bromobutane

C.  3-bromobut-1-yne
D

2-hydroxypropanoic acid

39. Which molecule shows configurational isomerism?
A. CH2BrCH-Cl
B. CHBr=CCl,

C. CHBr=CHCl
D. if

40. A student obtained the following data to calculate g, using g = mcAT.

m=200g+0.2g
AT =20°C+2°C
c=4.18Jg"'K"

What is the percentage uncertainty in the calculated value of g?

A. 02
B. 22
c. 1
D. 20

-End of Paper-



