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QUESTION ONE
a. The element X has three naturally occurring isotopes. The masses (amu) and %
abundances of the isotopes are given in the table below. The average atomic mass

of the element is amu.

Isotope | Abundance (%) | Mass (amu)

15x 28.60 1533
17x 1330 17.26
16x 58.10 18.11
_ [6 Marks]
b. State the first law of thermodynamics. [3 Marks]

¢. Osmium has a density of 22.6 g/em3. The mass of a block of osmium that
measures 1,01 cm % 0.233 cm % 0.648 cm is g2 [4 Marks]

d. An iron mine produces 1.67 x 104 tons of raw ore per day. If the ore is 26.39%
elemental iron, the mine produces pounds of elemental iron per year.
{Assume the mine operates 365 days per year.) [6 Marks]

e. Given the following reactions

CaCO3 (s) — CaO(s) + COy (®) AH=178.1k]
C (s, graphite) + 05 (g) — CO3 (g) AH =-393,5kJ

the enthalpy of the reaction;
CaCO3 (s) — CaO (s) + C (s, graphite) + O2 (g}

is kl. ' _ [6 Marks]

QUESTION TWO

a.
(i) A reaction that is spontaneous has a

(ii) When a system is at equilibrium, the
(iif) The thermodynamic quantity that expresses the degree of disorder in a
system is

(iv) The phrase "like dissolves like" refers to the fact that
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(v) The halogens, alkali metals, and alkaline earth metals have __, __ and

valence electrons, respectively.

(vi) Of all the groups in the periodic table, only group _ contains

examples of elements that are gas, liquid, and solid at room temperature.

(vii) Chlorine is much more apt to exist as an anion than is sodium. This is
because _
(viii} A nonpolar bond will form between two atoms of

electronegativity

(ix) A coordinate covalent bond is

(x) Brontsed-Lowry baseisa and has a

[2 x 10 Marks]

b. The K, of hypochlorous acid (HCIO) is 3.0 x 10-8 at 25.0°C. Calculate the pH
of a 0.0335 M hypochlorous acid solution.

[5 Marks)
QUESTION THREE
a. Write the full electron configuration of the following ions
i  Mnh
iy I
(i)  §2- [ 2% 3 Marks]

b. For each of the following redox reaction equations, identify oxidizing and
reducing agents and assign oxidation numbers of all atoms involved in the redox

reaction.

() MnO4~ + Br — Mn2* + Bry
(i) CN- + Fe3* — CNO- + Fe2+
(iii))Cr,04* + Fe** — Cr** + Fe™* [3 x 4 Marks]
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c. Silver nitrate and aluminum chloride react with each other by exchanging anions:
3AgNO3 (aq)+ AICI3 (aq) — AI(NO3)3 (aq) + 3AgCl (s)

What mass in grams of AgCl is produced when 4.22 g of AgNO43 react with 7.73

g of AlCI3? [7 Marks]
QUESTION FOUR
a.A compound was found to contain 90.6% lead (Pb) and 9.4% oxygen. The
empirical formula for this compound is . [7 Marks}
b.The pH of a 0.60 M aqueous solution of formic acid, HCHO?, at 25.0°C is 1.98.
What is the value of K for formic acid? [6 Marks]

¢.A certain alcohol contains only three elements, ‘carbon, hydrogen, and oxygen.

Combustion of a 30.00 gram sample of the alcohol produced 57.30 grams of CO2
and 35.22 grams of H20O. What is the empirical formula of the alcohol? [9 Marks]

3

d. With reference to enthalpy changes, what does the term “standard conditions’
mean? [3 Marks]

QUESTION FIVE

a. Solid aluminum and gaseous oxygen react in a combination reaction to produce
aluminum oxide: :

4A1(s) + 302(g) — 2A1203(s)

In a particular experiment, the reaction of 2.5 g of Al with 2.5 g of O3 produced
3.5 g of Al2O3. What is the % yield of the reaction?

[9 Marks]
b. Use the table below to answer the questions that follow.

Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C)
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Substance AH°f (kJ/mol) AG®s (kJ/mol) S (J/K-mol}

Calcium
Ca(s) 0 0 41.4
CaCly (s) -795.8 -748.1 104.6
Capt (aq) 226.7 209.2 200.8
Chlorine
Ci2 () 0 0 222.96
Cl- (aq) -167.2 -131.2 56.5
Oxygen ,
02 (g) 0 0 205.0
H20 () -285.83 -237.13 69.91
Phosphorus
P2 (g) 144.3 103.7 218.1
PCl3 (g) -288.1 . -269.6 311.7
POCi3(g) -542.2 -502.5 325
Suifur
S (s, thombic) 0 0 31.88
SO2(g) -269.9 -300.4 248.5
SO3(g) -395.2 -370.4 256.2

(i) The value of AS® for the oxidation of solid elemental sulfur to gaseous sulfur
trioxide,

28 (s, thombic) + 302(g) — 28503 (g)

is J/K" mol.

(ii)The value of AS® for the decomposition of gaseous sulfur dioxide to solid
elemental sulfur and gaseous oxygen,

S02 (g) — S (s, thombic) + O2 (g)

is J/K- mol.
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(iii) The value of AS® for the formation of POCI3 from its constituent elements,

P2 (g) + O2(g) + 3Cl2 (g) — 2POCI3 (g)
is J/K- mol.

(iv) The value of AS® for the formation of phosphorous trichloride from its
constituent elements,

P2 (g) + 3CI2 (g) — 2PCI3 (g)
is JIK- mol.

[4%4 Marks]
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General data and fundamental constants

Quantity Symbol Value
Speed of light c 299792458 X 10*m s
Elementary charge e 1602177 X10%C
Faraday constant F=N,e 9.6485 X 10" C mol™
Boltzmann constant k 1.380 66 X 10* T K
Gas constant R =N,k 2.314 51 J X' mol”
8.205 78 X 10? dm® atm X! mol™
62364 X 10 L Torr X' mol”?
Planck constant h 6.626 08 X 10* J 5
h=W2n 1.054 57 X.10*J s
Avogadro constant N, 6.022 14 X 10” mol"
Atomic mass unit u 1.660 54 X 107 Kg
Mass
electron m, 9,109 39 X 107 Kg
proton m, 1.67262X 107 Kg
neutron m, 1.674 93 X 107 Kg
Vacuum permittivity £, = /6%y, 885419X10)' C*
- 4ng, 111265 X 10 ) C* m?
Vacuum permeability Ho 4nX 1071 CP*m?
. 4 X107 T ' m?
Magneton ,
Bohr o = ehf2m, 927402 X 10 T
nuclear . My = eNV2m, 505079 X107 1T
. g value ge B 1200232
Bohr radius a, = 4ne,him, & 5291 77X 10" m
Fine-structure constant o = pefe/2h " 7.297 35 X 167
Rydberg constant R.=me"/8ce*  1.09737X10'm?
Standard acceleration
of free fall g 9.806 65 m s*
Gravitational constant . G 6.672 59 X 10" Nm® Kg™
Conversion factors
lcal =  4.184joules (9 lerg = 1X1073
leV = 1.6022X 1077 1 éV/molecule = 96 485 kY mol’
Prefixes £ p n W m- < d k M G
femto pico pano micro milli centi deci kilo mega giga
0% 107 107 10 107 10* 10

100 10% . 10°
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