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Instructions:

* WRITE ALL ANSWERS ON THIS QUESTION PAPER

* The Paper has Three Parts

* For Multiple Choice Questions (Section A & B), circle the letter for the
correct answer for each question.

* For questions in Section C, use the space provided to write your answers.
If you need additional space, write on the back of the printed pages.

Important: It is the student’s responsibility to check that no page
is missing in this paper!

Data:
Avogadro constant = 6.022 x 10* mol*
R = 8.314 J. K. mol = 0.08206 L. atm. K**. mol’.
latm = 760 mm Hg. Im = 10° nm
Ry, = 1.097 x 10" m™; c = 3.00 x 10° m/s.
h = 6.63x 10 Js = 6.63 x 10 kg m%/s
Rydberg Cont (R) = 3.29x 10 Hz
= 329x 10%s’

Do not write in this table.

MCA |MCB |1 2 3 4 5 6 Total
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SECTION A: Multiple Choice [30 %, 2 Marks Each]

Circle the letter for the correct answer in each question.

Write the nuclear symbol for the species that has 36 neutrons and 28 electrons.

a) 66Gez+

b) 66Ni2+

) 662n2+

d) 66pc2*

€) 66Kr6Jr

‘Which one of the following Name-Formula combinations is NOT CORRECT? (Which
answer is FALSE?)

a) Lithium aluminum sulfate, LiAISO,

b) Chloric acid, HCIO, (aq)

c) Cobalt (IT) bromide tetrahydrate, CoBr,.4H,0
d) Dinitrogen pentoxide, N,O;

€) Potassium hydrogen phosphate, K,HPO,

A student carries out an oxidation reaction with element Z, which is in Group 13. What
is the general formula of the expected oxide?

a)
b)
c)
d)
€)

z0
Z,0

zZ,0,
Z,0,
Z,0,
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The maximum driving speed limit in Botswana is 120 km/hr. What is this speed in m/s?

a)
b)
c)
d)
€)

200 m/s
0.0333 m/s
200 m/fs
333 m/s
100 m/s

How many oxygen (O) atoms are there in 175 g of Na;S,0;.2H,0? The molar mass is
194.13 g/mol

a)
b)
<)
d
e)

5.43 x 10%
1.63 x 10%
2.71 x 10%
1.09 x 10*
1.20x 10%

A sample of a compound of chlorine and oxygen contains 59.63 % Cl by mass.
Determine the empirical formula.

a)
b)
©)
d
e)

CLO
CLO,
clo,
CL0;
CL,0,
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When the equation
HPO, +  CaOH), =  CayPOy, +

is balanced, the proper sequence of stoichiometric coefficients is

a)  3,2,1,6
b))  2,3,1,6
c) 2,3,6,1
d 2,331
e)  3,2,61

In the following reaction
Zn (s) + CuSO, (aq) = ZnSO, (aq) +

identify the reducing and oxidising agent, respectively

a) Zn® and Cu*'
b) Zn and CuSO,
c) Zn and Cu

d) ZnSO, and CuSO,
e) Zn* and CuSO,

Calculate the oxidation numbers for the S atoms in the two species:

HSO; and Na,S,
a) +4 and -2
b) +6 and -1
c) +4 and -0.5
d) +6 and +0.5

e) +4 and -1

Cu (s)
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Magnesium carbonate reacts with phosphoric acid according to the equation
2H;PO, (aq) + 3MgCO;(s) = Mg,(PO ,),+3CO, (g)+3H,0 ()

How many gram of carbon dioxide will be produced when 50.0 g of MgCO, (Molar mass

11.

12.

a)
b)
©
d)

e)

= 84.31 g/mol) reacts completely with H;PO,?

a) 522¢g
b) 13.1g
c) 26.1g
d) 50.0g
e) 333g

A given mass of hydrogen occupies 40.0 L at 700 torr. What volume will it occupy at

5.00 atm pressure and at the same temperature? (1 atm = 760 torr)

a) 737L
b) 183 L
) 217L
d 153 L
e) 768 1L

Which of the following sets of quantum numbers are acceptable (allowed) in a ground

state atom?

i) =3, [=-2, m; =0, m=+%;
ii) n=2, [=2, m;=-1, m,=-"%;
iii) n=6, I=2, m =+2, m=+%;
iv) n=4, /=0, m, 0, = -1
v) n=3, /=2, m =-3, m=+%

i) and  ii)

iii) and V)

i) and iv)

iv) and V)

ii) and iv)




13.

14.

15.
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How many unpaired electrons are in the electron structure of ,,Cr?

a)
b)
<)
d
e)

L% - NV e N

Which one of the following statements is FALSE?

a)
b)
c)
d)
°)

Which one of the following compounds is expected to have the most favourable (largest)

Expanded octet requires a large atom with nd orbitals
Electronegativity decreases down the group

Formal charge can be used to evaluate stability of resonance structures
Ionic radius of cations decrease down the group

Electronegativity affects the polarity of a chemical bond

lattice energy?

a)
b)
©)
d)
e

LiF
KF
Li,0
NaCl
Li;N



Page 7 of 15 pages

SECTION B: Multiple Choice [30 %, 3 Marks Each]

At 25 °C the average speed for molecules of an unknown gas is 2.77 times that for Xe
(g). What could be the formula of this unknown gas?

a)
b)
©)
d
€)

SFy
BeF,
UF,
NO,
NH,

If 250 mL of 0.150 M CaCl, (aq) solution is mixed with 250 mL of 0.150 M AICl, (aq)
solution, what is the molarity of Cl-, in the resulting mixed solution?

a)
b)
<)
d
€)

0.150 M
0375M
0.250 M
0.188 M
0.225M

Which of the following is TRUE regarding the number of un-paired electrons in

a)
b)
<)
d)
¢)

165 1As 25M“2+
2 3 5
3 2 5
2 5 3
4 3 7
5 2 3
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An impure sample of CuSO, weighing 5.52 g was dissolved in water and allowed to react
with excess zinc according to equation to the equation:

CuSO, (aq) + Zn(s) - ZnSO,(aq) + Cu(s)

What is the percent CuSO, (molar mass = 159.61 g/mol) in the sample if 1.49 g of Cu
was produced?

a)  71.8%
b)) 67.8%
©)  834%
d  593%
e)  90.6%

Calculate the energy, in kJ/mol, for the photon emission associated with the second
Balmer line of hydrogen (H).

a) 246 kJ/mol

b) 312 kJ/mol

c) 433 kJ/mol

d) 381 kJ/mol

€) 345 kJ/mol

Given the following Lewis dot structure, calculate the Formal Charge on the F, S, and N
atoms, respectively:

ay 0, 0, 0
b -1, +, 0

¢ 0, 4, -1
d -1, 42, -
e 0, -1, +1




10.
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The geometry of the IF4+ cation is best described as:

a) Tetrahedral

b) See saw molecule
c) Square planar

d) Octahedral

e) Square pyramidal

Which one of the following molecules is polar (has a dipole moment, p # 0)?

a) Cs,
b)  BF,
c) PCl,
d CF,
€) SF¢

Give the number of sigma (G) bonds, pi () bonds, and unshared/lone pairs of valence

electrons in the CNO™ anion.

a) 20, 271, and 4 lone pairs
b) 10, 3w, and 4 lone pairs
c) 40, Om, and 8 lone pairs
d) 0o, 4w, and 4 lone pairs
e) 20, ° ° 0w, and O lone pairs

What is the hydridization of the Br atom in the BrF; molecule?

a)  sp

2
b) sp
c) sp3
d  spd

e) spad2
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SECTION C:[40 %]

Answer each question in the space provided. Ifyou require more space use the back of the

page. You may do your rough work on the back of the printed page, but cross it out before

submitting your paper.

1.

Write the, i) Balanced chemical equation, ii) Complete ionic equation,

iii) Net ionic equation; for each of the following reactions (a & b):

a) Hydrochloric acid added to an aqueous solution of silver nitrate
[3 marks]
b) Aqueous acetic acid reacted with a solution of barium hydroxide

[3 marks]
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Use the method of half-reactions to balance the following ionic equation in basic

solution:

Clo, (ag) +  SO,"(ag) = Clag+ SO (aq)
[6 marks]




3a,

3b.
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Write the ground state electron configuration of the following atoms or ions. Use the

[rare gas configuration] abbreviation for completely filled electron shells

[4 marks]
2Mo, 345€, 5osn4+, 45Rh+
Arrange the following in order of increasing electronegativity:
P, Se, Si, C1, S
[T mark]

Arrange the following in order of decreasing metallic character:
Sb, Ba, F, Sr
[1 mark]
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For the following molecules and ions:
i) Write the Lewis dot structures;
ii) Describe by name the overall geometry of valence electron pairs;
1it) Describe by name the geometry of the molecule or ion;
iv) Describe the bond angles expected in the structures.

[8 marks]

b)  NO,



5.
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Write three different non-equivalent resonance structures for H,PO,"as (HO),PO, with
a central P atom. Determine the most reasonable structure by calculating the formal
charges on each of the differently bonded atoms.
[8 marks]
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A piece of Cumetal 3.31 cmx 1.84 cm x 1.0 cm reacts with 157 mL of 1.35 M nitric acid

solution. The density of copper is 8.92 g/cmz. From the following equation:
4HNO; (aq) + Cu(s) - Cu(NO;), (aq) + 2NO,(g) + 2H,0 ()

What volume of NO, at 1.01 atm and 297 K will be formed?
[7 marks]
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