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UNIVERSITY OF SWAZILAND

FINAL EXAMINATION 2008/09

TITLE OF PAPER: INTRODUCTORY CHEMISTRY I

COURSE NUMBER: C111

TIME: THREE (3) HOURS

INSTRUCTIONS:
There are six questions. Each question is worth 25 marks. Answer any
four questions.

Non-programmable electronic calculators may be used.

A data sheet and a periodic table are attached

DO NOT OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS BEEN
GRANTED BY THE CHIEF INVIGILATOR.



uestion 1 (25marks
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@) Calculate the smallest increment of energy that can be emitted or
absorbed at a wavelength of 10.8 mm.

(ii) Calculate the energy of a photon from an FM radio station at a
frequency of 101.1 MHz.

(iii) For what frequency of radiation will a mole of photons have energy

24.7kJ? 18]
Use the de Broglie relationship to determine the wavelengths of the following
objects:
@) A 10.0-g bullet fired at 250 m/s,
(i) A lithium atom moving at 2.5 x 10° m/s. [7]

The electron in the H atom is described by four quantum numbers.
(i) Define the four quantum numbers, give their possible values and explain
- the physical significance of each.

(ii) What does the Pauli Exclusion Principle say about the possible values
of the four quantum numbers? [10]

Question 2 (25marks)
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How many possible values for / and m; are there when n =3 [2]

Give the values for n, I, and m; for
(i) each orbital in the 2p subshell, (ii) each orbital in the 54 subshell. [4]

Which of the following are permissible sets of quantum numbers for an
electron in a hydrogen atom? For those combinations that are permissible,
write the appropriate designation for the subshell to which the orbital belongs
(e.g. 1s, and so on). For those that are not permissible briefly explain why they
are not permissible.

(i) n=2)1=1,m1 =1; (ii) n=1,]=0’ }n1=—1;
(i) n=4,1=2,m=-2; (iv) n=3,1=3,m = 0? (8]

Write the condensed electron configurations for the following atoms, using the

-appropriate noble-gas core abbreviations and indicate how many unpaired

electrons each has:
@) Cs (ii) Ni (i) S (iv) Ga [8]

Explain why a 2s and 2p subshells have the same energy in the H atom but
have different energies in many electron atoms e.g. in Li. [3]



uestion 3 (25marks

Gy

(b)

©

@

®

®

How do the sizes of atoms change as we move from left to right across a row
in the periodic table and from top to bottom in a group in the periodic table?.
Arrange the following atoms in order of increasing atomic radius: F, P, S, As
(3]
Why are monatomic cations smaller than their corresponding neutral atoms?
Why are monatomic anions larger than their corresponding neutral atoms? [4]

Arrange the following ions in order of increasing radius. [4]
(i) Co™, Fe**, Fe**; (i) 8%, Cr, K", Ca**

Why does F have a larger first ionization energy than O? [3]
Why does Li have a much larger second ionization energy than Be? [3]

Write a Lewis formula for each of the following ionic salts

() Na,0O (i) NHCl [4]

Use Lewis symbols and Lewis structures to diagram the formation of PF; from
P and F atoms. [4]

Question 4 (25marks)
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Write one or more appropriate Lewis structures for the nitrite ion, NO, and
predict its shape. » [5]

Write the Lewis structure and predict the shape and polarity of SF4[5]

A fluoride of xenon is prepared by reacting 0.2045 g of Xe with excess F to
form 0.3229 g of product.

@) Determine the molecular formula of the product.

(i)  What is the Lewis structure of the product?

(iii)  Predict the shape of the molecule and its polarity 9]

What type of intermolecular force accounts for the following differences in
each case?

@ CH;0H boils at 65°C, CH;3SH boils at 6°C.

(i1)) Xeisliquid at 1 atmosphere and 120 K, whereas Ar is a gas. [6]



uestion 5 (25 marks

(@) Name each of the following oxides, assuming that the compounds are ionic,
@  MnO; (i)  Va0s i) AbLOs (3]

(b)  Convert these descriptions into balanced equations:

@) Boron sulphide, B,S;(s), reacts violently with water to form dissolved
boric acid, H;BOs, and hydrogen sulphide gas. )

(ii))  Phosphine, PH3(g), combusts in oxygen gas to form gaseous water and
solid tetraphosphorus decoxide.

(iii) When liquid phosphorous trichloride is added to water, it reacts to
form aqueous phosphorous acid, H3POs(aq), and aqueous hydrochloric
acid. [6}

(c) Identify the following reactions as redox, precipitation or acid-base
neutralization reaction. For the redox reactions identify the oxidizing and

reducing agents. For the precipitation reactions, write the net ionic equation
and for the neutralization reaction identify the acid and the base. (8]

(i) Cu(OH)x(s) + 2 HNOs(aq) —~ Cu(NOs)(aq) + 2 H20(1)

(ii) Fe;Os(s) + 3 CO(g) ~ 2Fe(s)+ 3 COxg)

(iif) St(NOs); (aq) + HySO4(aq) — SrSOu(s) + 2 HNOs(ag)

(iv) 4 Zn(s) + 10 H'(ag) + 2 NOjs(ag) — 4 Zn’*(aq) + N20(g) + 5 H,O(Q)

(d  You have a stock solution of 14.8 M NH;. How many millilitres of this
solution should you dilute to make 100.0 mL of 0.250 M NH3? [3]

(e) In a titration, 3.25 g sample of an acid, HX, requires 68.8 mL of a 0.750 M
NaOH(aq) solution for complete reaction. What is the molar mass of the
acid? [5]

Question 6 (25 marks)

(@) Several brands of antacids use AI(OH); to react with stomach acid, which
contains primarily HCI:

Al(OH)3(s) + HClaq) — AlCly(aq) + HO(1)

® Balance this equation.

@ii))  Calculate the number of grams of HCI that can react with 0.500 g of
Al(OH);.

(iii)) Calculate the number of grams of AICl; and the number of grams of
H,O formed when 0.500 g of AI(OH); reacts.

(iv)  Show that your calculations in parts (ii) and (iii) are consistent with the
law of conservation of mass. [8]
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A sample of 1.50 g of lead(Il) nitrate is mixed with 125 mL of 0.100 M
sodium sulphate solution.

@)
(i)
(iii)

Write the chemical equation for the reaction that occurs.

Determine the limiting reactant in the reaction.

What are the concentrations of all the ions that remain in solution
after the reaction is complete? [9]

You are given a cube of silver metal that measures 1.000 cm on each side.
The density of silver is 0.49 g cm™.

()
(ii)

(iif)

How many silver atoms are in this cube?

Because atoms are spherical, they cannot occupy all the space of the
cube. The silver atoms pack in the solid in such a way that 74% of
the volume of the solid is actually occupied by silver atoms. Calculate

the volume of a single silver atom.

4nr’

Given that the volume of a sphere is V =

, calculate the radius

in pm of a silver atom. _ [8]

THE END



General data and fundamental constants

Quantity

Speed of light
Elementary charge
Faraday constant
Boltzmann constant
Gas constant

Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neutron
Vacuum permittivity

Vacuum permeability

Magneton
Bohr

nuclear
g value
Bohr radius

Fine-structure constant

Rydberg constant R. =m,e"/8h’ce,?
Standard acceleration .

of free fall g

Gravitational constant G

Conversion factors

lcal =  4184joules(l)  1lerg

lev = 1.6022X 1077 1 eV/molecule
Prefixes f ‘n m m -

femto pico. nano

10-!5

pg = eh/2m,

By = eN/2m,
ge

a, = 4ne n/m e’
a=peic/2h

micro milli
10°  10¢ 107

VYalue

2.99792458 X 10*  m s
1.602 177X 10" C

9.6485 X 10* C mol*!

1.380 66 X 102 J K

8.314 51 JX* mol*

8.205 78 X 10? dm® atm K! mol”
6.2364 X 10 L Torr X' mol!
6.626 08 X 10™J s

1.054 57X 107 s

6.022 14 X 10* mol

1.660 54 X 107 Kg

9.109 39 X 10" Kg
1.672 62X 107 Kg
1.674 93 X 107 Kg
8.854 19X 102 ' C* m?!
1.112 65X 10" J! C* m™
47X 10718 C'm?
X 10T m?

927402X 10#JT!

505079 X 10V 1T
2.002 32

529177X 10" m

7297 35X 10°
1.09737X 10"{11'1'l

9.806 65 ms™
6.672 59 X 10" N m* Kg?

[

1X1077
96 485 kJ mol”

c d k M G
centi deci kilo mega giga
10 100 10° 108 10°
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