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Question One 

a) 	 State the relationship between the Bohr orbit with n=1 and the wave mechanical 
orbital with n=1 for the hydrogen atom. Illustrate your answer with suitable 
diagrams. [4] 

b) 	 For the orbitals 4pz and 5dx, sketch the diagrams, in two dimensions, corresponding 
to the following: 

i) The radial probability function P(r) 
ii) The angular function A(9, cp) 

[6] 

c) 	 What does the term penetration mean, and why is it important in understanding the 
energies of the s, p, d, and f orbitals (or electrons) with the same principal quantum 
number? [4] 

d) 	 Give the valence shell electron configuration, e.g. []nsxnpY, etc, of ,. 

i) 
ii) 
iii) 
iv) 
v) 

Alkaline earth metals 
Halogens 
p-Block elements 
d-Block elements 
Lanthanides 

[11 ] 

Question Two 

a) What are the two main contributions to the cohesive energy of an ionic 
compound? 

[3] 

b) What is a Madelung constant? [2] 

c) Prepare simple drawings of the following structures: 

i) Two tetrahedra sharing an edge 
ii) Two octahedra sharing a an edge 
iii) Two octahedra sharing a vertex 

[6] 
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d) Give an outline the Born·Haber cycle for the formation of Mg3Nz(s) starting with 
constituent elements in their standard states. Then calculate the electron affinity 
of the nitrogen atom in gaining three electrons to give the oxide N3-, from the 
following data: 

Standard enthalpy offormation of Mg3Nz(s) .............................. -461 kJmor' 

Heat of sublimation of M~(s) ................................................+150 kJmor' 

Ionization of Mg(g) to Mg +(g) ..........................................+2170 kJmor' 

Dissociation energy of Nz(g) ............................................. +473 kJmor' 

Lattice energy of Mg3Nz(s) .................................................-12600 kJmor' 


[14] 

Question Three 

a) 	 Consider the series of diatomics Oz, Oz+, Oz-, and ol-. SKetch a suitable molecular 
orbital energy-level diagram and use it to determine 

i) Electronic configuration for each of the species 

ii) How bond lengths and bond strength will vary among the species 

iii) Magnetic properties of each of the species 


[20] 

b) Although the molecule OPCI3 is electronically saturated, the P-O bond length found 
in the compound is shorter than would be expected for a purely single bond. Draw 
Lewis structure of the molecule and explain how the P-O double bond character 
can arise {in the molecule}. [5] 

Question Four 

a) 	 With the help of appropriate structures, suggest the nature of hydrogen bonding present 
in the following species: 

i) Hydrogen fluoride, HF 

ii} 1 A-benzene dicarboxylic acid: 


H-O~O 

O~O-H 
1,4-benzene dicarboxylic acid 

[6] 
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b) Use balanced equations to illustrate what happens when the following species are 
dissolved in water: 

[7] 

c) 	 For each of the following, draw the Lewis structure and determine the hybridization for 
the central atom: 

ii) 	 OSF4 , where S is central atom iii) 

[12] 

Question Five 

a) 	 For each of the groups (of the periodic table) given below, state the common oxidation 
state(s) which occur in oxides, and give the formula, MxOy, of each of such oxides: 

i) group 1 ii) group 2 iii) group 13 iv) group 14 v) group 15 [6] 

b) Give a balanced equation for a reaction that is expected to take place when each of the 
following chlorides is added to water: 

i) SiCI4 ii) PCIs iii) HCI(g) [6] 

c) Give one example of an oxide and write a balanced reaction equation to illustrate its 
property as indicated below. 

i) An acidic oxide that is soluble in water and show how it reacts with water 
ii) A basic oxide that is soluble in water and show how it reacts with water 
iii) An amphoteriC oxide and show how it reacts with an acid and a base 

[9] 
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Question Six 

a) 	 Identfy the species A, B, C, 0, E, F, G, H, I, J and K: 


i) AI4C3 + A AI(OHh + B 
• 

ii) 	 C + CI20 7 HCI04• 
iii) 	 D + heat • BaO+ E 

iv) 	 CI2(aq) + F G + Br2(aq) • 
v) 	 SiCI4 + H2O • H+I 

vi) 	 N20 S + J 2H+ + K • 
 ,. [11] 


b) Draw Lewis structures for the following: 


i) [Si20l-, ii) [SiOl-]n 

[4] 

c) 	 Use Slater's rules to estimate values of Zeff for a valence electron in a) N atom and b) F 
atom. If the two values are different, explain why. 

[10 
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Useful relations 

At 298.15 K. RT =2.4790 kJ mol-I and RTjF =25.693 mV 

1 atm =101.325 kPa = 760 Torr (exactly) 

1 bar = lOS Pa 

1eV = 1.60218 x 10-19 1 = 96.485 k1 mol-I = 8065..5 em-I 

1 em-I = 1.986 x 10-23 1 =11.961 mol-J = 0.1240 MeV 

1 cal = 4.1841 (exactly) 

1 D (debye) = 3.335 64 x 10-30 C m 

IT=HtO 

1J... (angstrom) = 100 pm 

1 M :=: 1 mol dm-3 

General data and fundamental constants 
.. 

Quantity Symbol Value .. S~d of light c 2.997925 x 10& m S-I 

Elementary charge e 1.602 177 x lO-19 C*' Faraday constant F=eNA 9.6485 x 10" C mol-I 

Boltzmann constant k 1.38066 x 10-23 ] K- 1 

8.6174 x lO-~ eV K- 1 

.- Gas constant R=kNA 8.31451] K-I mol-I 
8.20578 x lO-2 dm! atm K-I mol-1 .. Planck constant h 6.626 08 x lO-34 ] S 

11 =h/2n 1.054 57 x lO-34 ] S 

~ Avogadro constant NA 6.022 14 x 1()23 mol-I 

Atomic mass unit u 1.660 54 x lO-27 kg

* Mass of electron me ' 9.109 39 x lO-31 kg 


.. Vacuum permittivity £0 8.854 19 x lO-12 r l C2 m- I 


4n£o 1.11265 x lO-IO r l C2 m-I 


Bohr magneton 9.27402 x 10-24 ] 1"""1
148 - ell/2m. 
• Bohr radius flo =41t£o1l 2/m.t? 5.291 77 x lO-1I m*Rydberg constant Rcc - m.,e4 j8Jfc,; J I:Ul2 ~:% I IDI IIF!I =1-0 273)X 107 ,..,-' 

Prefixes 

f p n m d k M GIi 

ftmto pito nanD micro milli centi deci kilo mega giga 
10-1.5 10-12 10-9 10-6 10-3 10-2 10-1 103 1()6 1()9 
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18 
8A 

lA 

3 
U 
'* 
6.941 

II 
Na 
SoB 
22.99 

19 
K,..... 

39,10 

37 
Rb.... 
85.47 

2 
2A 

4 
Be... 

9.012 

12 
Mg...... 
24.31 

20 
Ca 
c.a. 
40.08 

38 
Sr-87.62 

3 
3B 

21 
Sc: 
~ 

44.96 

4 
4B 

22 
Ti 

liIIIiIII 
47,88 

5 
5B 

23 
Vy...,. 

50.94 

~:::::~?t;':~ Atomic number 

;~;~,,; 
:'I9(UI/'{' Atomic mass 
, -",'i!'",'::;"';"!"'t 

6 
6B 

7 

7B 
8 9 10 

24 
Cr 
~ 
!l2.00 

25 
Mn ....... 
54,94 

43 
Tc 

I 8B 

26 
Fe ... 

55.SS 

44 
Ru..... 
101.1 

27 
Co 
c.. 
58.93 

45 
Rh.... 
102.9 

28 
Ni 
IIiIIII 

SS.69 

46 
Pd,.... 
106.4 

II 
lB 

29 
Cu

•63.55 

47 
Ag 
h 

107.9 

12 
2B 

30 
Zn 
Ziw 

6539 

48 
Cd 

CIiIIiIa 
112.4 

13 
3A 

5 
B... 

10.81 

13 
AI 
~ 
26.98 

31 
Ga.... 

69.72 

49 
In,.. 

114.8 

:,:,?~< 
14 15 16 17 lihl'c, 
4A 5A 6A 7 A ',:~:~;i~i

"""J~"!- • 

:..•~... ,.' £' .~·;:I1~itl!' 
i:;'l~>l'/!'l'! ··1':":;'
28.09,.,~./n :;; ~?m, I,.J$r~~.. ,;~?~~ 
32 
Ge ........ 

72.59 

50 
So 
T. 

1J8.7 

f:·!'::i··';:!.
74.927i.!1!5.,19.~ .: _3.1!i) 

51 
Sb 

AIIia! 
121.8 

., ".".';:;" ;.\ ...... , I:,., 

.1:. ··.;:'~i.i.:.';;j'.I~lj.i
12U; . ; IU.Cj,. ),\3U' 

''''.~ "-"~"'I'.·~ 

T... 
(98) 

39 
Y 
y
88.91 

57 72 73 74 75 76 77 78 79 80 81 82 83 84" 85 ' 'o:./~" 

40 
Zr 
~ 
91.22 

41 
Nb 
~ 
92.91 

42 
Mo 

"..,.... 
95.94 

55 
Cs 
<-. 
132,9 

56 
Ba... 

137.3 

~ m fi W ~ ~ k " b ~ TI ft m h M .:~, 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.. ~~ 
138.9 178.5 180.9 183.9 186.2 190.2 192.2 195,1 197.0 200.6 204.4 207.2 209.0 (210) (210) ;:i~r

1--~~I------11-- - "'''''''1.. , 

89 104 105 106 107 lOS 109 110 III 112 (113) 114 (115) 116 (117) "(liS)
87 
Fr-(223) 

88 
Ra... 
(226) 

~ m ~ _ ~ lli ~ ~ ~ ., 
lftIiIa ............ o.w.~BtWiIII ........... ~ ..... 
(227) (257) (260), (263) (262) (26S) (266) (269) (272) 

70 
Yb 

YIIIIIIiIII 

71 
Lu ..... 

17,5.0 

.: 

..-Metals 666564636261605958 DyTbGdEu8mPmNdPrCe .,....
~ ~,."... fIIntioIICaiIIII ~I'nmf!aia 162,S158.91S7.3152.0IS0.4(147)144.2140.9140.1Meralloids -

.989796959492 939190 CfBkCmAmPoNpUPaTh CtIIniIIII1aUiwIen.~........... !mIm ,."...'IIIIIiIIINonmetals (249)(2471(2471(243)(242)(237)238.0(231)232.0 

.. 

67 68 69 
Ho Er Tm';I"II'''~ &lila 11IIIia 

173.0 

102 

H,4.9 167.3 168.9 

10110099 
NoMdFmEs 
~FmIiIII ........
~ 
(254)(256)(253)(254) 

103 
Lr 

I.-ioII 
(2m 

The 1-18 group desigllation has been recommended by the International Union of Pure and Applied Chemistry (lUPAC) but is not yet in wide use. In this text we use the 
standard U.S. notation for group numbers (IA-8A and IB-88), No names have been assigned for elements 112, 114, and 116. Elements 113, 115. 117, and 118 have not 

yet been synthesized. 
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Slater's Rules: 

1) Write the correct electron configuration for the atom and organize the orbitals into 
groupings as follows: 

(ls)(2s,2p)(3s,3p) (3d) (4s,4p) (4d) (4j) (5s,5p), etc 

2) Any electrons to the right of the electron of interest contributes zero to shielding. 

3) All other electrons in the same grouping (or same principal quantum nwnber, n) as the 
electron of interest shield to an extent of 0.35 nuclear charge units 

4) If the electron of interest is an s or p electron: 

All electrons with one less value (n-l)of the principal quantum number shield to an.. 
extent of 0.85 units of nuclear charge. All electrons with two less values (n-2) of the 
principal quantum number shield to an extent of1.00 units. 

5) If the electron of interest is an d orf electron: 

All electrons to the left shield to an extent of 1.00 units ofnuclear charge. 

6) Swn the shielding amounts from steps 2 through 5 and subtract from the nuclear charge 
value to obtain the effective nuclear charge: 

Zeff=Z-S 

where 

Zeff =effective nuclear charge 

Z = atomic nwnber 

S = shilelding constant 


