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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

The following information may be useful:
1 atm = 101 000 Pa = 760 torr
The molar volume of any gas at s.t.p. is 22.4 L.mol
R =831 Jmol" K™ =0.0821 L.atm .mol" K" = 62.4 L.torr.mol " X,
Avogadro's number = 6.02 x 10%

PERIODIC TABLE OF THE ELEMENTS

showing atomic numbers and relative atomic masses

I II

1

H

1.0

3 4

Li Be

69 9.0

112

Na Mg

230 243

19 20 21 2 23 24 25 26

K Ca S¢c T1 V Cr Mn Fe

390 401 450 479 509 520 549 558

37 38 39 40 41 42 43 44

Rb Sr Y Zr Nb Mo Tc Ru

855  87.6 889 912 929 959 989 1011

5 56 57 72 73 147576

Cs Ba La Hf Ta W Re, Os

132.9 1373 1389 1785 180.9 183.85 1862 1902

87 88 89

Fr Ra Ac
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Ce Pr Nd Pm Sm Eu Gd
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Th Pa U Np Pu Am Cm
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SECTION I: Multiple Choice Questions

Select the SINGLE best alternative in each of the following cases and mark the appropriate letter on the
separate answer sheet by shading with a soft pencil. Answer ALL questions in this section.

Questions 1 - 5 refer to the ground state electronic
configurations of five elements A to E. Each
configuration may be used once, more than once,
or not at all. ‘
1525°2p%3s%3p°

15°25°2p°3s*3p%4s’
15°25°2p°3¢°3p 3d 4>

1 522s22p63 s23p63 (1104sz4p4

1 822822p63 s23p63 d104sz4p6

mgOwpy

Select from A to E the element which:

1) isanoble gas.

2) isatransition metal.

3) forms an ion of charge +2.

4)  forms an ion of charge -2.

5)  forms a chloride of formula XCl4

Questions 6 - 10 refer to the five graphs labelled
A, B, C, D, E in the diagram below.

C D E

PN

X X X X X

For each graph, a quantity Y is plotted against a
quantity X for a fixed mass of an ideal gas. Select
from A to E the graph which best represents the
relationship between the quantities Y and X, under
the stated conditions. Each graph may be used
once, more than once, or not at all.

QUANTITY Y QUANTITY X CONDITIONS
6) density RMM constant T & P
7) (rate of effusion)? density constant T & P
8) ‘2? T:cfleex;irl%z pressure constant temperature

9) pressure temperature in °C constant volume

10)  volume temperature in K constant pressure

®orokok sk dokokok kR kok kR kok ok %
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Questions 11 - 13 refer to two flasks of volume
1 L containing 32 g each of oxygen and sulfur

dioxide respectively, at the same temperature.
(0=16,S=32)

11) The ratio

number of number of
molecules.of molecules of
oxyger}% sulfur dioxide

is: ‘

A 1

B 1.2

C 14

D 21

E 41
12) The ratio _

density of density of
oxygen. sulfur dioxide

is:

A 11

B 12

Cc 14

D 21

E 41
13) The ratio

averagekinetic averagekinetic
energy per oxygen energy per sulfur
molecule dioxidemolecule

is:

A 11

B 12

C 14

D 21

E 41

o ok s sk e o s ok ok sk ok ok ok ok ook skok skook

14) According to the kinetic theory of gases, the

molecules of an ideal gas

all have the same velocity.

are tiny charged particles.

do not attract each other.

are of appreciable volume.
sometimes stick together when they
collide. -

mg O w
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

15)

16)

17)

18)

19)

20)

21)

10 em’ of a hydrocarbon react with exeess
oxygen to produce 10 em’. of carbon dioxide.
Which of the following is the most likely
formula of the hydrocarbon?

A CHs
B CHs
C CsH4
D C4Hj
B CsHio

Which one of the following particles is
expected to be the smallest?

A Na
B M %2+
cC A
D s*
E (I

A molecule of the compound XCl3 has zero
dipole moment. What is its shape?

A linear

B trigonal planar

C  tetrahedral

D triangular pyramidal
E  square planar

Which one of the following molecules is
expected to have the highest dipole moment?

A F

B IBr
C BrCl
D IF

E BrCl

Which one of the following molecules is
electron deficient?

A HO
B SiF4
C BF3
D HF
E  H»S

In any one group of the periodic table, the
atomic radius increases with increasing
atomic number. Which one of the following
factors is most responsible for this?
The increasing number of electron
shells.
The increasing number of neutrons in
the nucleus.
The decreasing ionization energy.
~ The increasing nuclear charge.
The increasing atomic mass.

moaQ w >

The diagram below shows the logarithm of
the first seven ionization energies of the
element Q.
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22)

23)

24)

25)

Tonization x
Energy - X
logarithrnic X
scale X

X

| I 1 I ] ]

1st 2nd 3rd 4th Sth 6th 7th
Electron removed

Element Q is most likely to be:

A fluorine

B lithium

C  aluminium
D chlorine

E  sodium

Which one of the following does not have the
same electronic structure as the argon atom?

A Ca2+
B CI
c A
D s*
E K

Which one of the following alkanes is
expected to have the highest boiling point?

HHHHHH c H |
DLl IR Al
Hofmgmpgmt-g-H h_|
HHHHHH T
H |
H
C H D l? E H
; [
Hebon H-C-H H-C-H
HH e mn
H_?_F_F_}:_'C_H H~C-C-C-H H=C=0-C-C-H
[
HHHHH H { H H | HH
HeG-H H-C-H
b "

Which one of the following statements about

electron affinities is correct?

A They are always negative.

B They are always positive.

C  Electron affinity increases down any
group.

D Electron affinity decreases across any
period.

E  Electron affinity represents the energy
change when an extra electron is added
to an atom.

Which one of the following rules best

explains why calcium has two electrons in its

4s orbital, but none in its 3d orbitals?

A All orbitals with a given value of n
have the same energy.

FBB NASC Thursday Sth March 2006 C135
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26)

27)

28)

29)

B Electrons may only occupy the same
orbital if their spins are paired.

C  Orbitals with the same energy are
described as degenerate orbitals.

D A set of orbitals of equal energy will
each be occupied by one electron
before any pairing occurs.

E  Inmany-electron atoms 3d orbitals are
of higher energy than 4s orbitals.

Which sentence best relates to molecular

substances?

A A metal atom donates an electron to fill
the octet of a non-metal atom.

B lons of opposite charge are attracted to
one another. '

C  Cations are present in a sea of mobile
valence electrons.

D A non-metal atom donates a pair of
electrons to an empty outer shell of a

- metal ion,

E  Atoms form small groups in which the
atoms are strongly bonded together, but
with only weak forces holding one
group to the next.

The average bond energy for Clz is

245 kJ.mol”. The energy required to break
one bond between a pair of individual
chlorine atoms is therefore:

A 245Kk]

6.02x10% G
245

245

6.0x10% K

D (245%x6.02x10%)kJ

E None of the above

Which of the following sets of elements has
atomic radii which change only slightly with
increasing atomic number?
~ the noble gases

the halogens

the transition elements

the alkali metals

the alkaline earth metals

eyl w N @ vee

How many moles of nitrate ions are there in
200 cm’ of 1.5 M iron(Il) nitrate?

A 0200 x 1.5 x 6.02 x 10”mol

B 0.200 x 1.5 x 2 mol
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30)

31)

32)

C 0200 x 1% x 3 mol
D  200x1.5x2mol
E 200x2

1.5

mol

When 0.01 mol of HCI solution is mixed
with 0.01 mol of NaOH solution in a
container to make 200 cm’ of mixture, the
temperature of the mixture rises from
24.50°C to 31.00°C. If the container has
negligible heat capacity, and the speciﬁc heat
capacity of the mixture is 4.2 J K cm”,
what is the molar enthalpy change for the

reaction
HCl(aq) + NaOH(aq) —» NaCl(aq) + H,0(1)?

L 65x42x200x10%
0.0100 o
B 6.5%200%10° . 1’_1
42x0.0100 O

42%x200%x107

-1
C 00100 Kmol
b 6.5x4.2x200x10° Jmop
0.0100 o
6.5x4.2x1 ¥
E kJ.mol

200x107* x0.0100

A balloon filled with air deflates in 56 hours
as air escapes by effusion. How long (to 2
sig. figs.) does it take for a similar balloon
filled with helium to deflate? (RMM of air =
28 and of helium = 4.0, temperature and
pressure are constant.)

A 1.1 hoursz-
B 8.0 hours
C 21 hours
D 39 hours
E 150 hours

Ammonia burns in oxygen in the presence of
a catalyst according to the equation

4NHs(g) + 502(g) -~ 4N0(g) + 6H20(1)

If 60 cm’ of ammonia is burned completely
in oxygen (all volumes being measured at the
same temperature and pressure) then the
volume of oxygen consumed is

A 4 cm3
B 5cm’
C 48cm’
D 60cm’
E 75cm’
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33)

34)

35)

36)

What volume of water must be added to
500 cm> of 2 0.12 M solution of sodium
carbonate to give a 0.040 M solution?

A 20em’

B 200cm’

C 1000 cm’
D 1500 cm’
E 12500 cm’

300 em’ of a 2.00 M solution of KNOs is
mixed with 200 ¢cm® of a 3.00 M solution of
KNOs. The concentration of the resulting
solution is

A 2.00M
B 240M
C 250M
D 3.00M
E 5.00M

Which one of the following processes is
exothermic?

Al(g) - Al (g) + 3¢

Og+e -0fg)
- 0(@+e - 07(g)

Al(s) - Al(g)

O2(g) - 20(g)

moOwy

A colourless solution gives a dense white
precipitate when a little silver nitrate solution
is added. The precipitate does not dissolve
on the addition of dilute nitric acid. Which
one of the following ions must be present?

A sodium

B calcium
C  carbonate
D sulfite

E  chloride
PAGE 6 OF 12

37)

38)

39)

40)

A colourless solution gives a brown
precipitate when treated with sodium
hydroxide solution. The precipitate is
insoluble in excess. Which one of the
following ions is most likely to be present?

A silver

B iron(ll)

C  dichromate
D copper(ID)
E  sulfite

Half the distance between neighbouring
atoms in solid neon is known as the
bonding radius of a neon atom.
non-bonding radius of a neon atom.
metallic radius of a neon atom.
ionic radius of a neon atom.

bond length of a neon molecule.

BHoOWe

full d-subshell can hold a maximum of
1 electron
2 electrons
5 electrons
6 electrons
10 electrons

moawe >

In which of the following substances would
you LEAST expect hydrogen bonding to be
present when the substance is liquid?

A NH;

B HO

C HF

D CHs

E  CHsCHOH
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER: 01-2006 CONTINUED

SECTION II: Structured Questions

Answer ALL of the following questions in the spaces provided on the question paper.

NB: marks will only be awarded to answers supported by logical argument, mentioning principles and

laws wherever used. Numerical answers must carry units where appropnate, and must be expressed to

the correct number of significant figures.

1)  Draw Lewis structures for each of the following molecules. Indicate the shape of each molecule in
words AND with a stereochemical diagram, according to VSEPR theory. Show ALL valence

electrons for the central atom in your Lewis structures. %)
MOLECULE LEWIS STRUCTURE SHAPE
a) SiFs
b) - BrFs
o
¢) HO

2) a) Dalton's law of Partial Pressures states that the total pressure exerted by a mixture of gases is
equal to the sum of the partial pressures of the constituent gases.

i)  Explain what is meant by the partial pressure of a gas. (2)

T
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

ii) A flask of volume 400 cm’ contains a gas X at a pressure of 120 torr. Another flask, of
volume 200 em’ contains gas Y at 300 torr. The two flasks are connected. Find the
total pressure in the system when it has reached a steady state. All pressures are
measured at the same temperature. 3)

b) 2.12 L of a gasis collected at 25°C and a pressure of 734.5 torr.
i)  Find the number of moles of the gas. (5)

ii)  If the mass of the gas is 4.04 g, find the molar mass of the gas. (2)

3)  Give explanations for ANY THREE of the following observations in terms of intermolecular
forces, including diagrams if you wish.

a)  H20 has a higher boiling point than H,S, even though the RMM of H>S is larger. 4)

PAGE 8§ OF 12 FBB NASC Thursday 9th February 1995 C135



CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

b)  Pentanc has a higher boiling point than neopentane (2,2-dimethylpropane) even though they

have the same RMM. 4)
B
H~C~H
H HHHH }‘1 i ;.‘{
TRy L
Penlane H
Naopentane
{2, 2-dimethyipropanea)
c)  Ethanol is soluble in water, whereas propane is not. 4)
" i
Hogeen T
H H
H HH
Propane CH4CHZ0H
Ethanol

e
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

d)  Water expands on freezing. 4)

e) NaClis soluble in water but not in hexane. 4)

4) a) Some average bond energies at 298K are:

C=C 835 kJ mol

C-C 346 kJ mol”

C-H 413 kJ mol”!

H-H 436 kJ mol™

Calculate the enthalpy change (AH) for the reaction

2Hx(g) + HC=CH(g) — CH3CHs(g) (3)
b) i)  Write a balanced equation for the combustion of propane, C3Hs. (2)
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTEINUED

i1)  Given that the standard enthalpies of formation of propane (CsHg), carbon dioxide
(CO3) and water (H20) are -1040kJ amol™, -3930KkJ omol™, and -2860kJomol respectively,
calculate the standard enthalpy of combustion of propane. 3)

5)  Explain each of the following statements about the periodic table by reference to electronic

structure.,
a)  The second period has eight elements in it. “4)
b)  There are fourteen lanthanides in the sixth period, and fourteen actinides in the 7th. (4)
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CHEMISTRY 135 FINAL EXAMINATION SEMESTER 01-2006 CONTINUED

¢)  The atoms of the elements show an increase in size going down a group and a decrease in
size across a period. A 4

6) The following question concerns solutions and titrations.
a) 1)  Whatis meant by "making up to the mark" in a volumetric flask? (2)

B R R T T LT T T T T T T LT T T LT T T T R LR T PP P PP PP

iii) What is meant by the term "deliquescent"? Give one example of a deliquescent substance
and explain why a solution of known molarity cannot be made from it by weighing it out
and making up to the mark in a volumetric flask. 3)

P

b)  25.0 mL aliquots of 0.102 M sodium hydroxide solution were titrated with dilute sulfuric
acid. The mean of three concordant titres was 23.06 mL. Write the chemical equation for the
reaction and calculate the molarity of the sulfuric acid. %)
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