g

Univcrsityof Fort Hare
Together in Excellence

Degree Examinations: November 2017
Subject: DESCRIPTIVE CHEMISTRY

Time: 3 hours Marks: 100

This question paper consists of SEVEN pages

ANSWER ALL QUESTIONS

Each question carries 25 marks

ALL COMPUTATIONS MUST BE ROUNDED-OFF TO THE CORRECT
NUMBER OF SIGNIFICANT FIGURES

Examiners:
Mr. S. M. Soyaya
Ms. S. Mselana



Question 1
Spontaneity, Entropy & Free Energy

. The element cesium (Cs) freezes at 28.4 ° C, and its molar enthalpy of fusion 1s AHfus =

2.09 kJ/mol.

a. When liquid cesium solidifies to Cs (s) at its normal melting point, is AS positive or
negative?

b. Calculate the value of AS when 1.00 mol of Cs solidifies at 28.4 ° C. [5]

. Hydrogen cyanide is produced industrially by the following exothermic reaction

1000°C
2NH; (g) + 30, (8) + 2CH, (gy————> 2HCN (g} + 6H,0 (g)

Is the high temperature needed for thermodynamic or kinetic reasons? (4]

. For a certain chemical reaction, AH® = 19.5kJ, and AS®=42.7 J/K.

a. Is the reaction exothermic or endothermic?

b. Does the reaction lead to an increase or decrease in the disorder of the system?

c. Calculate AG® for the reaction at 298 K

d. Is this reaction spontaneous at 298 K? [5]

. Use the following plot to determine AH® and AS® for the following process.
2CIO (g) = ChO: (g)
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At what temperatures is this reactionwsmi)gﬁtaneous? - [5]

. If wet silver carbonate is dried in a stream of hot air, the air must have a certain

concentration level of carbon dioxide to prevent silver carbonate from decomposing by the
reaction

AgaCOs (5) = Age0 (s) + CO2(g)
AHP for this reaction is 79.14 kJ/mol in the temperature range of 25 to 125 ° C. Given that
the partial pressure of carbon dioxide in equilibrium with pure Ag2CO3 18 6.23 x 10~ 3 torr
at 25 ° C, calculate the partial pressure of CO2 necessary to prevent decomposition of
AgoCOs3at 110°C. (6]



Question 2

Electrochemistry
1. Consider the following galvanic cell:
Voltmeter
--—-—:-:—-%5
e
©) Salt bridge
1MFe**
1MAg™
Give the balanced cell reaction, the standard line notation, and determine EC.i. 5]
2. 'The standard electrode potentials at 298 K for Ni**(aq) | Ni(s) and Hg**(aq) | Hg({) are —
0.25 and 0.85 V, respectively. Calculate the equilibrium constant at 298 K for the reaction
Ni** (aq) + Hg (¥) — Ni (s) + Hg** (ag)
(5]
3. Magnesium metal is used as a sacrificial anode to protect underground pipes from
corrosion. Why is magnesium metal referred to as a “sacrificial anode”? Using the given
Table, suggest what metal the underground pipes could be made from in order for
magnesium to be successful as a sacrificial anode. 4]
4.
a. What is electrolysis?
b. Are electrolysis reactions thermodynamically spontaneous?
c. What are the expected half reactions at each electrode in the electrolysis of molten
AlBr3?
d. Give a balanced reaction for the electrolysis of molten A/Br3 [6]
5. How many hours will it take to deposit 35.3 g of Cr from a solution of Cr2(S04)3 at a current

of 6.00 A? [5]



Question 3
Representative Elements

. The electrolysis of aqueous sodium chloride (brine) is an important industrial process for
the production of chlorine and sodium hydroxide. Write the balanced equations for the
electrolysis of brine (hydrogen gas is also produced) and for the electrolysis of molten
sodium chloride. [5]

. Each of the following compounds is a basic, acidic, or amphoteric oxide:

a. MgO b. AhO3
For each substance write the equation for the reaction with water, and if possible, with an
acid or base. (4]

. Calculate the pH of a 0.050 M AI(NOs)3 solution The Ka value for AI(H20)s * i51.4x 10
-3, [5]

. Write the Lewis structure of each of the following species, and predict the molecular
structure of each

a. SeQs3?-
b. S:ChL
‘What is the hybridization of the central atom in each case? (6]

. For the molecule XeO:F,, write Lewis structure, predict the molecular structure (including
bond angles), and give the expected hybridization of the central atom. [5]
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Question 4
Transition Elements and Coordination Compounds

What type of isomers are depicted in the following diagram

2+

L NHB . L NH3 |
(a) (b)
Name these complex ions. (4]
The Co(NHs)s >* ion is diamagnetic, but Fe(H20)s 2* is paramagnetic. Explain. [6]

One of the most famous species in coordination chemistry is the Creutz-Taube complex,
5+

(NH3)5RUN.©N Ru(NH3)s

It is named after the two scientists who discovered it and initially studied its properties. The
central ligand is pyrazine, a planar six-membered ring with nitrogen at opposite sides.

a. How can you account for the fact that the complex, which has only neutral ligands, has
an odd overall charge?

b. The metal is in low-spin configurations in both cases. Assuming octahedral
coordination, draw the d-orbital energy-level diagram for each metal.

c. In many experiments, the two metal ions appear to be in exactly equivalent states. Can
you think of a reason that this might appear to be so, recognizing that the electrons
move rapidly compared to nuclei? [6]

What is lanthanide contraction? How does the lanthanide contraction affect the properties
of the 4d and 5d transition metals? 4]

Pb is recovered from its ore galena (PbS) by roasting of PbS with Oz to form PbO: followed
by reduction with carbon to form CO; and metallic Pb. Write the balanced equations for
both these steps. (5]



PERIODIC TABLE OF ELEMENTS
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Important constants
R = 8.314 J/mol - K = 0.08206 L - atm/mol - K

F = 96485 C/mol

Important Formulas

AG® = —RTInK
AG® = AH® — TAS®

ES, = [E°(cathode) — E°(anode)]

RT
Ecen = Eent — 'r"l"l;in(Q)

aM
M= TF



i:'.Siandard Reduction Potentials at 25°C (298 K) for Many Comton Half-Reactions




