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PHYSICAL CONSTANTS:
C = 3.0 x 108 m/s (speed of light)
RH = 3.29 x 1015 s-1 (Rydberg constant)
h = 6.6 x 10-34 Js (Plank’s constant)
1 amu = 1.66 x 10-24 kg (atomic mass unit)
NA = 6.02 x 1023 Avogadro’s number
R = 0.0821 L-atm/mol-K gas constant
R = 8.314 J-mol/K
0 degC = 273 K
1 atm = 101.3 kPa = 101,325 Pa = 760 mm Hg = 760 torr = 14.7 lb/in2 (psi)


ACDA4011 CHEMISTRY OME (HNC) FINAL EXAM

NAME_____________________________________ DATE_______________

SHOW ALL WORK.  USE CORRECT UNITS AND SIGNIFICANT DIGITS. YOU MAY SHOW YOUR WORK ON THE BACK OF THE SHEET BUT INDICATE YOUR ANSWER ON THE FRONT.
PERIODIC TABLE AND REFERENCE DATA CAN BE TORN OFF OF THE EXAM
THERE ARE 10 QUESTIONS, 100 POINTS TOTAL (PLUS ANY EXTRA CREDIT EARNED IN THE CLASS). TIME 120 min

QUESTION 1:
For each of the following statements determine if it is TRUE or FALSE.
   T        F
____   ____     (2p) Multiple bonds are shorter and stronger than single bonds between the same atoms.
____   ____     (2p) The elements in the periodic table are arranged in the order of increasing number of electrons.
____   ____     (2p) In 1 mole of water there are 6.02 x 1023  atoms of oxygen.
____   ____    (2p) Ideal gas equation describes well the behaviour of gases when the pressure and temperature of this gas tend to 0 atm and 0 K, respectively.
____   ____    (2p) Activation energy of nitrocellulose and RDX is 86 kJ/mol and 199 kJ/mol, respectively. RDX is less stable than nitrocellulose.
____   ____    (2p) The C2H4 molecule has six bonding electron pairs and no lone pairs.
____   ____    (2p) For a hypothetical reaction A + B  C that is a second order in A, doubling the concentration of A will double the rate of the overall reaction.
____   ____    (2p) All combustion reactions are exothermic. 
____   ____    (2p) Volume of gas produced in the detonation process decreases when the oxygen balance becomes less negative.
____   ____    (2p) The formula of potassium perchlorate is KClO3.

QUESTION 2:
a) (4p) Draw the Bohr model for a chlorine atom. Specify the number of orbits and indicate the position of all subatomic particles within the atom and their charges. 












b) (3p) Give the definition of the term Mass Number and explain why for Cl atom the average atomic mass is 35.453. 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
c) (2p) How many protons and neutrons are there in chlorine-37?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
d) (2p) What will be the charge on chlorine atom when the outer shell is a complete octet?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….

QUESTION 3:
Many fireworks contain metal compounds that emit visible light. The colour given by calcium species at the wavelength of 616 nm is orange-red.  
a) (3p) Calculate the energy of one photon of orange-red light emitted by calcium atom. Show your calculations.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

b) (3p) Write the full and shorthand electron configuration for calcium and show ALL the electrons in orbitals. 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
c) (3p) The colours seen in fireworks are a result of the emission of visible light. State how these colours are produced. 
[bookmark: _Hlk118499602]…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

QUESTION 4:
(4p) Consider only the three elements: S, Se, Cl.
a) Which one is most metallic?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
b) Which one has the greatest electronegativity?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
c) Which one has the highest ionisation energy?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
d) Which one has the smallest atomic radius?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




QUESTION 5:
When ammonium nitrate and magnesium metal are mixed in a stoichiometric ratio, they form a pyrotechnic composition that decomposes to form magnesium oxide, water vapour and nitrogen gas. 
a) (2p) Write a balanced equation showing all products for the decomposition of this mixture. 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
b) (2p) What percentage of magnesium, by mass, is contained in the stoichiometric mixture?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
c) (3p) Using the standard heats of formation listed below, calculate the heat of reaction for molar quantities of the reactants. Is this process exothermic or endothermic? Explain
Ammonium nitrate (solid) -365 kJ/mol
Magnesium oxide (solid) -601 kJ/mol
Water (gas) - 242 kJ/mol
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… d) (3p) How does the heat of reaction from this reaction compare with 2.8 kJg-1 provided by one gram of TNT. 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….

QUESTION 6:
Some high explosives have the general formula Ca Hb Nc Od. The oxidiser (O) and the fuel (C, H) are present in the same molecule. Nitrogen atoms are present, so there is a highly exothermic production of hot N2 gas. 
a) (4p) For an unknown explosive of general formula Ca Hb Nc Od and a molar mass of 152 g/mol, determine the coefficients a, b c  and d  if 152 g of this material decomposes to form 44.8 dm3 of CO2, 44.8 dm3 of H2O, and 22.4 dm3 of N2.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….

b)  (2p) Which of the produced gases will move fastest and explain why?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
c) (3p) The oxygen balance of an explosive is the mass of oxygen either in excess (the balance is positive) or in deficit (the balance is negative) of that required for complete oxidation of C and H. The oxygen balance is expressed as a percentage of the oxygen weight over the molar mass of the explosive. Calculate the oxygen balance for explosive with the formula determined in part a). 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….





QUESTION 7:
A simple chemical equation for the combustion of gun powder can be written as: 
2 KNO3  +  S  +  3 C    K2S  +  3 CO2  +  N2
a) (4p) Assuming that the reaction above can be carried out at STP, how many grams of CO2 are formed from the decomposition of 45 g of KNO3?  
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………. 
b) (4p) How many litres of gas products would form from the decomposition of 45 g of potassium nitrate at STP?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………. 



c) (4p) 45 g KNO3 at STP is heated to 100 degC and the pressure is reduced to 700 mmHg. What is the new volume of the gases? Use the appropriate gas laws to support your answer.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
















QUESTION 8:
The phase diagram of an unknown compound X, is shown below: 
           [image: ]
a) [bookmark: _Hlk118728872](2p) What is the value of temperature and pressure at a critical point? What is the term used to describe the state of substance X above this point?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
b) (2p) If you stored a bottle containing compound X on the work desk in the lab, what phase would it most likely be in?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
c) (2p) If a sample of pure X is to be a mixture of liquid and gas, which point marks the sample's lowest possible temperature and pressure? Name all transitions occurring at this specific temperature and pressure.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
d) (2p) Can compound X be boiled at 200 deg C? Why?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
e) (2p) What is the vapour pressure of substance X at 700 deg C? 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
f) Does the melting point of X increase, decrease or stay the same as the pressure is increased?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………





QUESTION 9:
a) (4p) The normal boiling point is 100°C for H2O and –33.3°C for NH3, even though the two molecules have almost identical atomic weights. Explain this difference in terms of intermolecular forces, using words or pictures, or both.








b) (3p) Give ONE specific example of how might water react to give undesirable performance from OME devices? Explain why. To answer this question, refer to your assignment.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….




QUESTION 10:
An explosive, RDX has an enthalpy of detonation of -1106 kJ mol-1.
a) (3p) Sketch the reaction profile (“energy” vs. “progress of reaction”) showing the reactants, products, activated complex, enthalpy of detonation and the activation energy









b) (3p) (3p) Using the Arrhenius equation k = A exp(-Ea / RT) to support your answer, explain the relationship between activation energy, Ea, and the fraction of colliding molecules that result in a reaction.  
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
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PERIODIC CHART OF THE ELEMENTS

INERT
1A 1A 1B 1¥B ¥B VYIB YIIB Yiu 1B 1B A IYA YA VYIA VYIIA GASES
1 1 2

He

1.00797 1.007974.0026
3 4 S5 [ 7 8 9 10
Li [Be Ne
6.939 |9.0122 10.811 |12.0112|14.0067 [15.9994 |18.9984 ] 20.183
11 12 13 14_ 15 16 17 18

aM Si|P | S |CI|Ar

22.9898 [ 24.5° 26.9815 ] 28.086 |30.9738 [ 32.064 | 35.453 ] 39.948
19 20 21 22_ 23 24 25 26 27 28_ 29 30 31 32 33 34 35 36

Ca|Sc|Ti |V [Cr Mn(Fe|Co|[Ni |Cu|Zn|Ga|Ge|As|Se|Br |Kr

39.102 | 40.08 |44.956 | 47.90 | 50.942 | 51.996 [54.9380 | 55.847 [58.9332| 58.71 | 63.54 | 65.37 | 69.72 | 72.59 |74.9216| 78.96 [79.909 ] 83.80
37 38 39 40 M 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb|Sr Zr INb|Mo|Tc |[Ru (Rh |Pd Ag Cd|In |Sn|Sb|Te Xe
8547 §7.62 [88.905 | 91.22 [92.906 | 95.94 (99) 101.07 [102.905| 1064 [107.870| 11240 [ 114.82 | 118.69 | 121.75 § 127.60 [126.904 ] 131.30
55 56 |57 72 73 74 75 76 77 78 79 80 81 82 83 85 86

Ba|lLa Re |Os|Ir g Pb|Bi [Po|At [Rn

132.905| 137.34 | 138.91 | 178.49 [180.948| 183.85 | 186.2 190.2 192.2 | 195.09 |196.967 | 200 204.37 [ 207.19 |208.980 (210) (210) (222)
87 88 *B!I 104 [ 105 [ 106 107 | 108 | 109 110 | 111 112
Fr |Ra|Ac |Rf |Db Sg Bh{HsMt|? |? |?

(223) | (226) (227) (261) (262) (26 (262) (265) (266) (271) (272) (277)

Numbers in parenthesis sremass ¥ Lanthanide Series

e Sonop sk orost 58 [ 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | A

oricweghs comctadto Ce|Pr |INdPm|Sm|Eu (Gd|(Tb Dy Ho |Er Tm|Yb|Lu

conforn to the 1963 velues of the | 14012 [140.807 | 144.24 | (147) [ 150.35 [ 151.96 | 157.25 [156.924 [ 162.50 [164.930| 167.26 |168.934 | 173.04 | 174.97

Commission on Atomic Weights. ¥ Actinide Series

‘The group designations used

90 92 93 94 95 96

a1 97 98 99 100 101 102 [ 103
reeaereomercenicd | Th |Pa| U [Np [Pu|Am|Cm|Bk |Cf |Es [Fm|Md|No

232.038| (231) [238.03 | (237) | (242) [ (243) | (247) | (247) | (249) | (254) | (253) | (256) | (256) [ (257)

PHYSICAL CONSTANTS

¢=2.998x10® m/s (speed of light)
e=1.602x10" C (charge of one electron)
R=8.3145 J/(mol K) = 0.08206 L atm/(mol K)

F=96,485.

C/mol

For T=298K: 2.303RT/F =0.0592 V
In(2)=0.693
1 atomic mass unit = 1.66x10%* kg
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