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SECTION A

Which one of the following is often easily separated into its components by simple
techniques such as filtering or decanting?

A) heterogeneous mixture

B) compounds

C) homogeneous mixture

D) elements

E) solutions

Which states of matter are significantly compressible?

A) gases only

B) liquids only

C) solids only

D) liquids and gases .
E) solids and liquids

For which of the following can the composition vary?
A) pure substance

B) element

C) both homogeneous and heterogeneous mixtures
D) homogeneous mixture

E) heterogeneous mixture

If matter is uniform throughout and cannot be separated into other substances by physical
means, it is

A) a compound

B) either an element or a compound

C) a homogeneous mixture

D) a heterogeneous mixture

E) an element

An element cannot .

A) be part of a heterogeneous mixture

B) be part of a homogeneous mixture

C) be separated into other substances by chemical means.
D) interact with other elements to form compounds

E) be a pure substance

Homogeneous mixtures are also known as
A) solids

B) compounds

C) elements

D) substances

E) solutions
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There are electrons, protons, and

132
atom of 3 4Xe .

A) 132,132, 54
B) 54, 54, 132
C) 78,78, 54
D) 54, 54, 78
E) 78,78, 132

An atom of the most common isotope of gold, 197 Au, has
neutrons, and electrons.

A)197,79,118

B) 118, 79, 39

) 79,197,197

D) 79,118,118

E)79,118,79

-~

Which combination of protons, neutrons, and electrons is correct for the isotope of

copper, ggCu ?

A)29pt,34n° 29 e
B)29 p*,29n°, 63 e
C)63pt,29n°, 63 e
D) 34 p*,29n° 34 ¢
E) 34 p*, 34 1°,29 -

Which isotope has 45 neutrons?

A) 30k

B) $2Br

C) I8se

D) 3¢l

E) 193Rn

The formula weight of a substance is

A) identical to the molar mass

B) the same as the percent by mass weight
C) determined by combustion analysis

D) the sum of the atomic weights of each atom in its chemical formula
E) the weight of a sample of the substance

neutrons in an
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The formula weight of calcium nitrate (Ca(NO3)3), rounded to one decimal place, is

amau,
A) 1021
B) 164.0
C)204.2
D) 150.1
E) 116.1

The formula weight of magnesium fluoride (MgF?7), rounded to one decimal place, is

g/mol.
A) 86.6
B)43.3
C)62.3
D) 67.6
E)92.9 -

The formula weight of lead nitrate (Pb(NQO3)2) is g/mol.
A)269.2
B) 285.2
C)317.2
D) 331.2
E) 5384

The mass % of C in methane (CHy) is

A)25.13
B) 133.6
C) 74.87
D) 92.26
E) 7.743

The mass % of F in the binary compound KrF is

A) 18.48
B) 45.38
C) 68.80
D) 81.52
E) 31.20

Calculate the percentage by mass of nitrogen in PtClo(NH3)2.

A)4.67
B)9.34
€)9.90
D) 4.95
E) 12.67



18)  Calculate the percentage by mass of lead in Pb(NO3)2.

A) 38.6
B) 44.5
C) 62.6
D) 65.3
E)71.2

19)  Calculate the percentage by mass of nitrogen in Pb(NO3)2.
A)4.2
B)5.2
C)85
D) 10.4
E)12.6

20)  Calculate the percentage by mass of lead in PbCO3. -

A)17.96
B) 22.46
C) 73.05
D) 77.54
E) 89.22

21)  Calculate the percentage by mass of oxygen in Pb(NO3)2.
A)9.7
B) 14.5
C) 193
D) 29.0
E) 334

22)  Which one of the following is a triprotic acid?
A) nitric acid
B) chloric acid
C) phosphoric acid
D) hydrofluoric acid
E) sulfuric acid

23)  Which one of the following solutions will have the greatest concentration of hydroxide
ions?
A) 0.100 M rubidium hydroxide
B) 0.100 M sodium hydroxide
C) 0.100 M ammonia
D) 0.100 M barium hydroxide
E) 0.100 M hydrochloric acid
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Which one of the following is a weak acid?
A) HNO3

B) HCI

C)Hi

D) HF

E) HCIO4

Which of the following are weak acids?
A)HCI, HBr

B) HI, HBr

C) HI, H,S04

D) HNO3, HCIO4

E) none of the above

A compound was found to be soluble in water. It was also found that addition of acid to
an aqueous solution of this compound resulted in the formation“of carbon dioxide.
Which one of the following cations would form a precipitate when added to an aqueous
solution of this compound?

A)NH4t
B) K+

C) Ba2t
D) Rb*
E) Na*t

Which hydroxides are weak bases?
A) KOH, Ba(OH),

B) Sr(OH);, KOH, NaOH, Ba(OH)>
C) KOH, NaOH

D) KOH, NaOH, Ba(OH)>

E) None of these is a weak base.

The balanced reaction between aqueous potassium hydroxide and aqueous acetic acid is

A)KOH (aq) + HCaH30 (aq) — OH- (1) + H CH305% (aq) + K (5)
B) KOH (aq) + HCpH307 (aq) — H20 (1) + KCoH307 (aq)

C)KOH (aq) + HCoH307 (aq) — H2C2H303 (aq) + K (s)

D) KOH (aq) + HC2H307 (aq) — KCoH303 (aq) + Hj (g)

E) KOH (aq) + HCoH307 (aq) — HpKCH30 (aq) + 02 (g)
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The balanced reaction between aqueous nitric acid and aqueous strontium hydroxide is

A) HNO3 (aq) + Sr(OH)7 (aq) — Sr(NO3); (aq) + Ha (g)

B) HNO3 (aq) + Sr(OH); (aq) — H20 (1) + Sr(NO3)7 (aq)
C)HNO3 (aq) + SrOH (aq) — HO (I) + StNO3 (aq)

D) 2HNO3 (aq) + Sr(OH)p (aq) — 2HpO0 (1) + St(NO3); (aq)
E) 2HNO3 (ag) + Sr(OH)p (aq) — Sr(NO3)2 (aq) + 2 Hp (g)

In which reaction does the oxidation number of oxygen increase?
A) Ba(NO3)2 (aq) + K2S04 (aq) — BaSO4 (s) + 2KNO3 (aq)

B) HCI (aq) + NaOH (aq) — NaCl (aq) + H0 ())
C) MgO (s) + HaO (7)) — Mg(OH); (s)

D)2 803 (g) + 02 (8) = 2503 (g)

E)2H0() —»2H(g) + 02 ()

L4

In which reaction does the oxidation number of hydrogen change?

A) HCI (aq) + NaOH (aq) — NaCl (aq) + HpO (/)

B) 2 Na(s) + 2 HyO (/) — 2 NaOH (aq) + Hy (g)

C) Ca0 (s) + HyO (/) — Ca(OH) (s)

D) 2 HCIO4 (aq) + CaCOj3 (s) — Ca(ClO4)> (aq) + HyO () + CO2 (g)
E) 802 (g) + H20 (J) — H803 (aq)

Which one of the following is not a valid value for the magnetic quantum number of an
electron in a 5d subshell?

A)?2

B)-3

o

D)1

E)-1

Which of the subshell below does not exist due to the constraints upon the angular
momentum quantum number?

A)2d

B)2s

C)2p

D) all of the above

E) none of the above
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Which of the subshells below do not exist due to the constraints upon the angular
momentum quantum number?

A) 4f

B) 4d

O 4p

D) 4s

E) All of the above do exist

An electron cannot have the quantum numbers n = , b= ,
m, =

A)2,0,0

B)2,1,-1

0)3,1,-1

D)L 11

E)3,2,1

An electron cannot have the quantum numbers n = LE=

Which one of the following is an incorrect subshell notation?
A) 4f
B) 2e
C)3s
D) 2p
E)3d

Which one of the following is an incorrect orbital notation?
A) 2s

B) 3py

C) 3f

D) 4dyy

E) 4s

Which quantum number determines the energy of an electron in a hydrogen atom?
A)n

B)E

C)my

D)l

E)nandl
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Which one of the quantum numbers does not result from the solution of the Schrodinger
equation?

A) principal

B) azimuthal

C) magnetic

D) spin

E) angular momentum

Which quantum numbers must be the same for the orbitals that they designate to be
degenerate in a one-electron system (such as hydrogen)?

A)n, 1, and my

B) nand [ only

C)land my

D) my only

E) n only

-

In a py orbital, the subscript x denotes the of the electron.
A) energy

B) spin of the electrons

C) probability of the shell

D) size of the orbital

E) axis along which the orbital is aligned

The orbital is degenerate with Spy in a many-electron atom.
A) 5s

B) 5px

C) 4py

D) 5dxy

E) 5d2

At maximum, an f-subshell can hold electrons, a d-subshell can hold
electrons, and a p-subshell can hold electrons.
A)14,10,6 '
B)2,8,18
C)14,8,2
D)2, 12,21
E)2,6,10

If an electron has a principal quantum number (n) of 3 and an angular momentum
quantum number (1) of 2, the subshell designation is

A)3p

B)3d

C)4s

D) 4p

E) 4d
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Which one of the following represents an acceptable set of quantum numbers for an
electron in an atom? (arranged as n, |, my, and mg)

A)2,2,-1,-12

B)1,0,0,12

C)3,3,3,12

D)5,4,-5,172

E)3,3,3,-172 s

Which one of the following represents an acceptable possible set of quantum numbers (in
the order n, 1, my, mg) for an electron in an atom?

A)2,1,-1,172

B)2,1,0,0

C)2,2,0,12

D)2,0,1,-1/2

E)2,0,2,+172 y
Which one of the following orbitals can hold two electrons?

A) 2py

B) 3s

O 4dXy

D) all of the above

E) none of the above

Which quantum numbers must be the same for the orbitals that they designate to be
degenerate in a many-electron system?

A)n, ], and my

B) n only

O n, |, my, and mg

D) mg only

E) nand 1 only

The effective nuclear charge of an atom is primarily affected by
A) inner electrons ’

B) outer electrons

C) nuclear charge

D) electron distribution

E) orbital radial probability

10
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SECTION B: Answer any TWO of the three questions
Question One

Consider solutions in which 0.1 mol of each of the following compounds is dissolved in 1 L
of water Ca(NOs); (calcium nitrate), C¢H;206 (glucose), AI(NO3); (aluminium nitrate), and
NaNO; (sodium nitrate). Rank the solutions in order of increasing electrical conductivity,
based on the fact that the greater the number of ions in solution, the greater the conductivity.

4]

For the reaction between aqueous solutions of sodium sulphate, Na,SO,, and barium
chloride, BaCl,, write (a) the balanced molecular equation, (b) the complete ionic equation,
(¢) the net ionic equation. [6]

-

Determine the oxidation state of the boldfaced element in (a) NaHSO,, (b) BaO-,
(C) SS: [3]

Calculate the molarity of a solution made by dissolving 23.4 g of sodium sulfate
(Na»SOy) in enough water to form 125 mL of solution. [4]

Complete and balance the following equation for an oxidation-reduction reaction that
occurs in basic solution:

Cr(OH)s(s) + ClO(ag) — CrO,>(aq) + Clx(g)
[8]

Question Two

Predict the number of subshells in the fourth shell, that is, for n» = 4. (b) Give the label for
each of these subshells. (¢) Give the orbitals that are in each of these subshells.

(81

Write the electron configuration of a chromium atom, atomic number 24. How many
unpaired electrons does an chromium atom possess? : [5]

What is the characteristic valence electron configuration of the group 17 elements, the
halogens? Illustrate your answer with two examples. 71

Write the electron configuration for (a) Ga, (b) Cu, and (c) As®. ) [6]

11
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Question Three

In the isoelectronic series Rb™, Sr**, Y**, which ion is largest? 2]
Referring to a periodic table, arrange the atoms Ne, Na, P, Ar, K in order of increasing first
ionization energy. 31 .
Write the balanced chemical equation for the reaction of solid selenium dioxide,
SeO;(s), with water 2]
Write a balanced equation for the reaction of cesium metal with O,(g). [2]
Arrange the ionic compounds NaF, CsI, and CaO in order of increasing lattice energy.

. 3]
Predict the ion generally formed by (a) Sr, (b) S, (¢) Al [31
Write the Lewis structure of XeF,. Give the overall geometry of the molecule.

131
Three possible Lewis structures for the thiocyanate ion, NCS™, are
EN—c=s:]- [N=C==8§]- [N=C—§]
I I I

Determine the formal charges in each structure. Based on the formal charges, suggest which
Lewis structure is the best. [51

12
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Useful relations

At 298.15 K, RT = 2.4790 kJ mol~! and RT/F = 25.693 mV
1 atm = 101.325 kPa = 760 Torr (exactly)

1 bar = 10° Pa

1eV = 1.602 18 x 107! J = 96.485 kJ mol~! = 8065.5 cm™!
lem™! = 1.986x 1073 J = 11.96 J mol~! = 0.1240 meV

1 cal = 4.184 J {exactly)

1D (debye) =3.33564x 107 Cm

1T=10°G

14 (&ngstrém) = 100 pm
1M = 1 mol dm™?

General data and fundamental constants

Quantity Symbol Value
Speed of light ¢ 2997925 x 108 m s™!
Elementary charge e 1.602177x 107 C
Faraday constant F = eN, 9.6485 x 10* € mot™!
Boltzmann constant k 1.380 66 x 10-2 JK~!
8.6174x 1075 eV K~!
Gas constant R=IN, 8.314 51 JX-! mol™!
8.205 78 x 10~% dm® atm K~! mot™!
Planck constant h 6.626 08 x 107 J 5
B=h/2n 1.054 57 x107% J 5
Avogadro constant Na 6.022 14 x 10* mol~!
Atomic mass unit u 1.660 54 x 107% kg
% Mass of electron m, . 9.109 39 x 10~% kg
% Vacuum permittivity 5 8.854 19 x 10~12 J=1 C2 !
4Ane, 1.11265x 10710 J71 C2 m™!
Bohr magneton pp = eh/2m, 9274 02x 107 J T~}

& Bohr radius ag = 4neph’ m e 5.29177x 10" m

*# Rydberg constant Ry = m.e* [8Rcel BT = 09737 X ¢ 07 !
Prefixes
f ] n n m 4 d k M G
femto pico nano - micro milli centi deci kilo mega giga
10-13 1012 10-° 1076 . 10°

1073 10-2 107! 108 106




A 5 B 1 - O i =

Atomic number

2
! 2A Atomic mass
3 4
Li Be
Lithiees
6.941 9012
11 12
Na
Na | v | s 4 5 6 7 8 9 L 12
2299 4.3 3B 4B 5B 6B 7B 8B ] 1B 2B
19 20 21 22 23 24 25 26 27 28 29 30
K Ca Sc Ti Y Cr Mn Fe Co Ni Cun Zn
Potasiu Colim Scady Tomim | Vmafwr | Cromim | Maopeee Inn Cobat Nickel Copper T
39.10 40.08 44.96 47.88 50.94 52.00 5494 5585 58.93 58.69 63.55 65.39
37 38 39 40 41 42 43 44 45 46 47 48
Rb Sr Y Zr Nb Mo Te Ru Rh pPd Ag Cd
Fubidim | Stontem Yiriom Trowiw | Notm | Mojidow | Teohsetin | Boteim | Roodn | Pilslim | S Cadien
85.47 87.62 8891 . | 912 9291 95.94 (98) 10L1 102.9 106.4 1079 1124
55 56 57 72 73 74 75 76 77 78 79 80
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg
Cesiom Basiom Lethanem | | Hafuves Taahm Tougsien Rhesium Oomium idiun Platimm Gold Moy
1329 1373 138.9 1785 1809 183.9 186.2 190.2 1922 195.1 197.0 2006
87 88 89 104 105 106 107 108 109 110 111 112
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg
Francinm Radiv Aiien | | Robefordom | Dubsiom | Seabogiun | Bokrivw Hussn | Meweon | Damsidion | Rocstpeian
(223) (226) (227 @57 (260}, (263) (262) (265) (266) (269) @72)
Metals ? _
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce. Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
, Coin | Pacodmims | Mewymim | Pomebin | Sawwin | Eaogom .| Gabigen | Tebom | Dyposim | Holmim Exbiom Thodiom Yeerbiom Lateiem
Metalloids 140.1 1409 144.2 (147} 150.4 1520 157.3 1589 162.5 164.9 1673 168.9 1730 175.0
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Nonmetals Tem | Poisun | Unn | Mepuon | P | Aneriu Cur Bt | Cobfowim | Encenim | Femion | Meodceviom | Nobelbes [ Laweaciom
2320 (231 238.0 (237) (242 243) (247 247 (249) (254) (253) (256) (254) (257
The 1-18 group designation has been recommended by the International Union of Pure and Applied Chemistry (TUPAC) but is not yel in wide use. In this text we use the

. standard U.S. notation for group numbers {1A~8A and 1B—~8B). No names h

yet been s

ynthesized.

ave been assigned for elements 112, 114, and 116. Elements 113, 115. 117, and 118 have not
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UNIVERSITY OF SWAZILAND

C111 MAIN EXAMINATION DATE: December 2014
Course Ti;le: Introductory Chemistry Stud.
ANSWER SHEET FOR SECTION A OF EXAM ID No.
INSTRUCTION: Place an X over the "box" corresponding to the correct answer
Q. No. Q. No.
1|a JB Ic b [ _ 26la s jc Il 2
2la B Ic b [ 271 I8 c o [
— 3 B Ic P e 28 B Ic 0 [E
ala B fc b [ 29 I8 [c o [
s~ I8 Ic b [t i 30]a JB c b [
e~ I8 Ic Ip 3Mla B Ic b |
72 s Ik o 320 B Ic b [
sl B [t b [ 338)a I8 Ic b [
9lx b |c o [ 34p I8 Jc |o e
100 8 |[c T [ 35]a JB Ic b [k
11 B Jc b [ 36~ I8 Ic Ib [t
12l I8 [c o [ 37lh., B Ic b kE
13]a I8 Ic b [t 3~ I8 Ic b [t
14 |8 fc P I  39a B Ic b [
154 B c b [ 40la I8 Ic b [
16j]a |8 -Ic o [t ala B c b [
17 B & o [t a2lr B Ic b &
18|a I8 Ic o [k 43 I8 |Ic b [t
19]a I8 Ic b [ 4r B Ic b [
20 I8 |c .]2_ E EA B Ic b [
21~ BB Ic P [ 46n I8 Ic b [
22l B Ic P [ a7l B I P I
23 B |c o e 48| |8 b |t
24]n I8 [c Ib [ A E
rmr_]r}z—sjr-'— - 1T




