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INSTRUCTIONS

Answer THREE questions. [Candidates are advised to spend FORTY minutes on
each question. Use diagrams and chemical reactions to support written answers
wherever possible]

ALL QUESTIONS CARRY EQUAL MARKS

[Candidates will be provided with a Periodic Table of the Elements and an
Equation bank]
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1. Explain, using diagrams and examples, the differences between ionic,
covalent, metallic and van der Waals bonds.

2. Using diagrams, describe silicate polymers. Explain how isolated, dimer and
single chain silicate mineral classes are formed from the silicate tetrahedron.

3. Explain the first and second laws of thermodynamics. Define the terms
‘change in enthalpy’, ‘entropy’ and ‘Gibb’s Free Energy’. Given data for standard
entropy and enthalpy values, how would you determine whether a reaction might
occur spontaneously?

4. Write down the Condensed Phase Rule and explain what is meant by the
terms ‘component’ and ‘phase’. Draw a sketch of the diopside-anorthite T-X
diagram and use it to explain how a liquid with an initial composition of 20%
anorthite and 80% diopside changes as it cools from 1500°C to 1200°C.

5. Sketch an X-Y plot with 8’Sr/ #Sr on the y-axis and 8’Rb / #Sr on the x-axis,
and draw an isochron for a hypothetical granite intrusion on this plot. Explain how
this plot can be used to determine the age and petrogenesis of the granite
intrusion.

6. Summarise the differences between the chemical compositions of sea water
and rain water. Explain why the composition of sea water is relatively constant,
whereas composition of rain water is more variable.
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Equation Bank

AH = Hproducts - Hreactants
G=H-TS

AG = AH - TAS

k =A e-Ea/RT

o+F=C+2

p+F=C+1

Ji = -D; dci/dx

N = Noe™

SPIST = ASIAV

SCproduct / OT = SCreactant / ST
Ji = -Didc; / 6%

K = [CI° [DI" [E] [A]* [B]°

| =% T m; z

D=P (e"-1)+ Do
t,=1In2/ A

87Sr = 8'Rp * (e - 1) + ®'Sry
87Sr/85Sr = 8'Rb/°Sr * At + 8/Sr/°Sr,
Jy/dx =ht

8sample = (Rsample - Rstandard / Rsample) *1000
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= WebElements: the periodic table on the world-wide web
http://www.webelements.com/
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
hydrogen
Kay:
beryllium eiamant name boron nirQQen nxygen fluorine
4 atomic number 5 7 8 9
Be symbol B N O F
6,941 9.0122 atomic welght (mean relative mass) 10.811 14.007 15.9499 18.998 20.180
sodium magnesium atuminium phosphorus sulfur phlorine Qo
11 13 15 16 17 18
Na Al P S |Cl|Ar
22.990 26.982 28,086 30.974 32085 35453 38948
PRiassIm scandium titanium chromum | manganase wrpn coball nicket coppar zine gallium aarmanmm arsenic selenium bromine kryoton
19 21 24 25 26 27 28 29 30 31 32 33 34 35 36
K Sc Cr|Mn| Fe |Co| Ni [Cu| Zn | Ga As | Se | Br | Kr
39.098 44 856 50.842 51,896 54,939 55845 58.933 58.663 53 546 8539 69.723 74922 78.98 79.904 83.80
rubidium yttaum nisoivm | molyedanum| tachnetum | rutfienun roadium paladium silver cadmumm indwm antirmany I um iodine xenon
37 39 41 42 43 44 45 46 47 48 51 52 53 54
Rb Y Nb Mo| Tc Ru| Rh|Pd Ag | Cd Sb| Te| | | Xe
85468 88906 91.224 92908 95.94 (98] 101,07 10291 106,42 107 .87 11241 121.76 12760 126.90 13129
caesium lutetivm hafnium tantalum ungsten rhenium O5Mium Indium platinum gold meroury bismyth polonum asiating radon
55 57-70 7 72 73 74 77 78 79 80 83 84 85 86
* .
Cs Lu|  Hf [ Ta| W Ir | Pt | Au| Hg Bi | Po| At | Rn
132,91 137.33 174.97 178.49 18085 183.84 182.22 195.08 196.97 20059 208.98 1208] [210] (222]
francium radium fawrencium |rutherfordiom| — dubnium | seaborgium metnenum n ununbim
87 88 89-102 103 104 105 106 109 110 11 112
*%
Fr | Ra Lr | Rf Db | Sg Mt | Ds |Uuu|Uub
[223) 1228 (2621 ey | guez) 1266] [268] [271] [272) 1277] 28]
[ cenum y naodyrium | promethium | samanum europium gadolinum terbyum dysprosium holmw erbium thulium yliesbium
57 58 59 60 61 62 63 64 65 66 67 68 69 70
*lanthanoids | La | Ce | Pr | Nd |[Pm |Sm | Eu Gd| Tb | Dy | Ho| Er |Tm| Yb
138.81 140.12 140,91 144.24 150.36 151.96 15725 158:93 162.50 164.93 187.26 188 93 173.04
actnium thorlum protactingm urankum plutonium amernicium curium barkelum | calfornium | ansteinium fermium | mendelevium| nobelum
92 100 101 102
**actinoids ] Fm Md| No
23803 (257] [256] [259]
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