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QUESTION 1: [20]

a) The frequency of radiation used in all microwave ovens sold in the US is 2.45 GHz. What is
the wavelength (in meters) of this radiation? How much longer or shorter is this than the
wavelength of orange light (625 nm)? (3)

b) Calculate the energies of the n = 1 and n = 2 states of the hydrogen atom in joules per atom
and in kJ per mole. (8)

c) Calculate the de Broglie wavelength of the “particle” in the following two cases:

i) A 25.0 g bullet traveling at 612 m/s (2)
i) An electron (mass = 9.109 x 103! kg) moving at 63.0 m/s (2)
d) Identify the subshell in which electrons with the following quantum numbers are found: (2)
i) n=4,1=2
ii) n=6,/=0
e) Write a set of quantum numbers for each of the electrons with an n of 4 in a Se atom. (3)
QUESTION 2: [30]
2.1. For the following compounds: (20)
i) PFs
ii) SF4
iii) BHCI;
iv) I3

a) Draw the LEWIS structures below the molecular formula.
b) Determine both electron-domain (ED) and molecular geometry.
c) Determine whether bond angles are ideal (90°, 109.5°, 120°, 180°) or distorted due to lone
pair — bonding pair repulsion.
d) From the overall molecular geometry and the presence and arrangement of polar bonds (if any),
determine if a molecule is polar.

2.2 Predict the geometries of the following species: (4)
a) AICl3
b) ZnCl;
c) [ZnCl2)*
d) SO,

2.3 Determine the hybridization state of the central (underlined) atom in each of the following: (6)
a) BeH.
b) PF3
c) aluminium iodide
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QUESTION 3: [40]
3.1 Give the formulas of the following coordination complexes: (6)

a) A Ni?* jon is bound to two water molecules and two bidentate oxalate ions.

b) A Co®* ion is bound to one chloride ion, one ammonia molecule, and two bidentate
ethylenediamine (en) molecules.

c) Pentaamminechlorocobalt(1l) chloride

3.2 In each of the following coordination complexes, determine the metals oxidation number
and coordination number. (8)
a) [Co(en)2(NO,);]CI
b) Pt(NHs)2(C204)
c) Pt(NH3)2Clg
d) [Co(NH3)sCl]SO4

3.3 Name the following compounds: (8)
a) [Cu(NH3)4]SO4
b) K2[CoCl4]
c) Co(phen),Cl>
d)[Co(en)2(H20)Cl]Cl,

3.4 For which of the following compounds or complex do isomers exist? If isomers are possible,
identify the type of isomerism (structural, geometric or optical). (8)
a) [Co(NH3)4Cl]*
b) Pt(NHs)2C(N)2 (square-planar)
c) K3[Fe(C204)3]
d) Zn(NHs).Cl, (tetrahedral)

3.5 For each of the following complex ions give the oxidation number of metal ion, depict low-
spin or high-spin configurations, give the number of unpaired electrons in each state and tell
whether or not its paramagnetic or diamagnetic. (6)
a) [Ru(H20)e)**
b) [Ni(NHs)s]?*

3.6 An aqueous solution of [Fe(H20)s]?* is light blue-green. Do you expect the d Fe2* ion to
ave a high- or low-spin configuration? How would you test your prediction experimentally? (4)

QUESTION 4: [20]

4.1 What type of intermolecular forces exist between the following pairs: (2)
a) HBr and HzS
b) Cl, and CBr

4.2 Gold crystallizes in a cubic close-packed structure (fcc unit cell) and has a density of
19.3 g/cm3. Calculate the atomic radius of gold in picometers. (10)

4.3 You put 925 mL of water in a pan at 100 °C, and the water slowly evaporates. How much
energy is transferred as heat to vaporize all the water?

(Density of water at 100 °C = 0.958 g/mL; AHyap? for water = +40 kJ/mol) (4)
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4.4 Diethyl ether is a volatile, highly flammable organic liquid that is used mainly as a solvent.
The vapour pressure of diethyl ether is 401 mmHg at 18 °C. Calculate the vapour pressure
at 32 °C (AHvap = 26.0 ki/mol). (4)

END OF EXAMINATION

USEFUL CONSTANTS:

Gas constant, R =8.3145 ) -mol?!- K?=0.083145 dm3- bar - mol*- K= 0.08206 L atm mol?- K1
1Pa-m3=1kPal =1N'm =1

1 atm =101 325 Pa = 760 mmHg = 760 torr

Avogadro’s Number, Na = 6.022 x 102 mol?

Planck’s constant, h = 6.626 x 1034 Js

Speed of light, c = 2.998 x 108 ms™!
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