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Question One 

, 

a) 	 Radiation of a certain v\'avelength (Al a hydrogen atom originally 
in its ground state to the quantum 

(i) 	 Calculate the wavelength of 
(ii) 	 Hoy".' many emission lines \vould Use a suitable diagram 

to illustrate your ansv\'er. 
[10] 

b) 	 Write a complete set of (n, f, md that quantum theory 
allows for each of the orbitals: (i) 2p (ii) 4f. 

[5) 

c) 	 Write all the sets of quantum that quantum theory allows for 
an electron in a 3d 

[5] 
d) 	 Sketch orbital correspond to the angular parts of the 

following orbitals, location of nodal planes, if any: 

(i) 3dx2-y 2 (ii) 

[5] 
Question Two 

(al 	Using orbital box depict a valence shell electron configuration 
for each of following ions: (i) Mg2-i-, (ii) Ga2+, (iii) CI-, and (iv) 0 2 ­

[8] 

(bl an orbital box diagram and noble gas notation, show 
of gallium, Ga. Give the set of quantum 

electron. 
[5] 

(c) 	 following questions: 

i) 	 Why is the radius of Li-i- so much smaller than 

Why is the radius of F- so much larger than the 


ionization energies increase from left to on 
proceeding across the period, but this is not true on from 
magne sium (738 kJ / mol] to aluminium (578 kJ / mol). Explain this 
observation. 

[6} 
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(d) One compound found in alkaline batteries is NiO(OH). When the 
battery is discharged NiO(OH) is transformed into Ni(OH)2 . 

., 

(i) 	 Determine oxidation states of nickel in NiO(OH) and Ni(OH)2. 

(ii) 	 Using orbital box diagrams, and the noble gas notation, 
show electron configurations of the nickel ions. 

(iii) 	 Are any of the ions paramagnetic? Explain your answer. 
[6] 

Question Three 

a) 	 For each of the molecules or ions below, where S is the 
central atom, draw a Lewis structure and determine the 
formal charge on each atom. 

[6] 
i) OSCb ii) [FSOP­

b) 	 Draw Lewis structures for each of the following molecules or 
ions. Describe the electron pair geometry and molecular 
geometry around the central atom. 

i) 	 SF4 (S is the central atom) 

ii) 	 XeF4 (Xe is the central atom) 
[7] 

c) 	 Calcium carbide, CaC2, contains the acetylide ion, C22-. Sketch the 
molecular orbital energy level diagram for the ion. i) Give the 
electron configuration for the ion and for C24-; ii) determine the 
bond order for the two ions; iii) Which functional group has the 
same bond order as C22-? And \vhich functional group has the 
same bond order as C24-? 

[12] 
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Question Four 

a) 	 Give a of the Born-Haber cycle for formation of MgO(s) from 
the elements in their standard states. From the following data, 
calculate the electron affinity of an oxygen atom gaining two 
electrons to give the oxide ion, 02-: 

Standard of formation of MgO(s) ......... -600 kJ mole- 1 


Lattice energy of MgO(s) .............................. -3860 kJ mole- 1 


Ionization energy of Mg(g) to give l\1g2~ ...... +21 

Dissociation of 02(9) .......................... . 


of sublimation of Mg(s) ..................... + 1 

[12] 

c) 	 Tungsten has a body-centered cubic Y\Tith atoms at lattice 
points. The edge length of the unit is 316.5 pm. 

i) Calculate the volume of the unit cell 
ii) Determine the number of tungsten atoms per cell 
iii) Calculate the density of tungsten 

[13] 

Question Five 

a) 	 Consider following oxoacids: HCIO, HCl02, HCI03, HCl04 , B(OHb, 
and H3P03. 
i) Give the name of of the acids 
ii) Give the formula of the anhydride of of the acids 

[9] 
b) 	 Complete balance the following reactions: 

i) B2H6 -+- H20(1) ....... 

ii) S + 02(g) ....... 

iii) Na(s) -+- 02(g) ....... 


PCb(s) + Cb(g) 

v) N2(g) + 02(g) 

vi) In(s) -+- Br2(1) ....... 

vii) Sn(s) + (g) ....... 

viii) Si02(s) + HF(l) ....... 


[16] 
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Question Six 
< 

a) 	 Give examples of two basic oxides. Write equations illustrating the 
formation each oxide from its component elements. Write another 
chemical equation that illustrates the basic character of each oxide. 

[5] 

b) 	 Place the following oxides in order of increasing basicity: C02, Si02, 
Sn02. Explain your answer. 

[3] 

c) 	 Write balanced chemical equations for the reaction of hydrogen gas with 
oxygen, chlorine and nitrogen gases. [3] 

d) 	 Elemental silicon is oxidized by 02 to give an unknown A. The compound 
A dissolves in molten Na2C03 giving B. When B is treated with aqueous 
hydrochloric acid, C is produced. Identify A, B and C. Give balanced 
chemical equations that lead to the formation of A, Band C. 

[6] 

e) 	 The electrolysis of aqueous NaCl gives NaOH, Cb and H2 .. Write balanced 
half reactions taking place at the anode and at the cathode. and use the 
two reactions to write the net ionic equation. 

[3] 

f) 	 Aluminium dissolves readily in hot aqueous NaOH to give the aluminate 
[Al(OH)4]- , and H2. Write a balanced equation for this reaction. [5] 
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PERIODIC TABLE OF THE ELEMENTS 

GROUPS 
1 3 4 5 G 7 G 9 

-­

PERIODS 1/\ IIA 11113 IVB VB VI[) VIIB VIII 

1000 

1 H 
1 

6,941 9,012 

2 Li Be 
3 -t
'­

;'2.990 24.305 

3 Na Mg 
TRANSITION ELEMENTS11 '12 

--­
11{83 

40.078 ~4,9!i6 47,88 50,9415 ::;199G 54.9:10 55.847 51l.0:.n 
4 Ca Sc Ti V Cr Mn Fe Co 

19 20 21 22 23 24 25 26 27
1­ - ----'­

85A68 076;:: 88.906 91.224 92.9054 95,94 98.907 10107 10;>,906 

5 Hb 51' Y Zr Nb 1\10 Tc Ru Rh 
37 3!l 39 t'!O 41 42 43 44~ 45 ----, 

1:12,905 137.33 138,90G 178,49 180,948 U):]05 186.207 190.2 19222 

6 Cs Ba 'I:La Hf Ta W Re Os lr 
!IS 56 57 72 "13:. '. ~74<. 75 76 rrf--. --­

(22:1) 225.025 (227) (261 ) (2fi2) (263) (262) (2G5) (266) 

7 Fr Ra **Ac Hf Ha Unh UIlS Uno One 
87 88 fl9 104 105 106 107 108 109 

-

10 11 12 13 14 15 16 
.­

1[-1 liB IliA IVA V/\ VIA 
--­

10011 12,011 14 001 15,999 

n C N a 
5 (j 7 8 

2698? 2(1,0(155 :10.')7:'18 32,013 

AI Si P 
13 14 15 16 

-----------­

58,139 RJ.!)4G 65,39 69.723 72.61 '14 $322 '10,% 

Ni ClI Zn Ga Ge As Se 
213 29 30 31 32 33 34 

106.42 1O],061J 112,41 114.02 118.71 1? 1.75 127,GO 

Pd Ag Cd In Sn Sb Te 
46 47 48 49 5(}. 51 52 

-195 on 196.967 204.383 20tf!": 208.980 109 
)Pt All I~~g TI_ . Ph. ' Hi )0 

78 79 lll' i .02" 83 04 
---~-

" 

----------­

------­

17 18 
~----- ------------­ , 

VilA VillA 
I 

'1.003 

He 
2 

la.!lD8 20,180 

F Nc 
9 10 

3!;'453 39.9411 

CI A.' 
17 III 

---­ i-----­
19.904 IHflO 

HI' Kr 
35 36 

-­
126,904 131.;'[) 

J Xc 
53 54 

(210) }'22)
At. {n 

Wi 06 

L­_______L. 

67• Lanlhanlde selies 

(252) 
H Ac\inl<:le .serles Es 

99 

40,115 140.908 144.24 (145) 

PI' Nd Pm (;:1 11;I~l;51 y)~6"'llfl~O 
59 60 61 

231.036 238.029 231,048 

Th Pa U ~p90 91 92 

IJAlow the symbol 0' !h~ elmnenl 'ndlca'~;5 tfle fI!OITIIC SOURC[: Inlclnalional Union of I'll'" ami Applied Chcmislry, 
of the ek:menl. ;Jre Ullits, "lid SYlI!lw/s ill f'ilY-lieal ell"mi.>{r\'. Blackwell Scir.nlific 

exncily 12 pp 86-9R. 
wilh Ihe longcsl 

I G7.2G 

E.' 
GD 

(251)

Fm 
100 

168,934

Tm 
69 

(250) 

Md 
101 

11J.()4 

Yb 
r{J 

(25g) 

No 
102 

174.06 l 

Lll 
71 

(2fiO) 

Lr 
103 



Fundamenta' Physlcai Cons:ants sign:ficant figures) 

r:Uffioer 

mass of the 

rnass ~:rl-e pro:on 
Planck's constant 

of 

universal constant 

Rydberg constant - 1.097 x 107 m- l 

SI Unit Prefixes 

n k M G 
mega­Dano­
l06I 

Conversions and Re!ationships 

"Pressure 
SI unit: meter, m 

Length 
51 unit: pascal, Fa 

1000 m lPa IN/m2 

0,62 mile (mi) = 1 
1 arm = L01325XI0 5 Fa 

1m 
1 pIn 

Mass Energy < , Math relationships 
51 unit: kilogram, kg 

== 10" g 
== 2.205 1b 

1 oer:-ic ton (l) 1 

Temperature 

OK 

bp 


