1. Which could be the molecular formula for an alkyne?  
A. C5H8	B.  C5H10	C.  C5H12		 D.  C6H12		E. C6H14

2. Which alcohol below is  classified as tertiary?  
A. pentan-2-ol		B.  pentan-1-ol		C. pentan-3-ol		
D. 2-methylbutan-2-ol		E. 2,2-dimethylpropan-1-ol	

3. Which compound can be distinguished from the others using water and red litmus paper? 
A. CH3CH = CHCH3		 B. CH3CH2CH2OH	C. CH3CH2CO2H
D. CH3CH2CH2Cl			E.  CH3CH2NH2

4. Choose the haloalkane that can react by elimination to give two different alkene products, one of which can exist as cis-trans isomers.  



A.		B.   	C.   
D. 

		E.  

5. 
Choose the IUPAC name for the molecule having the structure shown. 


A. Heptane		B.  3-methylhexane	C.  2-ethylpentane    
D.  4-ethylpentane  		E. 4-methylhexane

6. Consider the reaction of the alkane below with Br2 in the presence of light.  


How many different mono-bromoalkanes could be produced?
A  1		B  2		C  3		D  4		E  5

7.  Compounds containing which functional group may react by substitution, elimination or oxidation? 
A.  alkanes	B.  alcohols	C.  alkenes	D.  haloalkanes	E . carboxylic acids

8. Which sequence of reaction steps could convert 2-chlorobutane to butanoic acid? 
A. elimination followed by two oxidation reactions 
B. substitution, oxidation and then acid-base
C.  substitution then oxidation 
D.  elimination, addition and then oxidation 
E. addition, elimination and then substitution


9. Choose the molecule which has a total of eight lone pairs of electrons on its atoms.  
A. ClBr		B. HOCl	C.  CO		D. CO2		E. SCl2

10. Which series shows molecules in order of increasing bond angle? 
A. CH4 → BF3 → NH3		B.  SH2 → SO2 → H2O		C.  H2S → SO2 → HCN
D.  NH3 → SiH4 → H2O		E.  BF3 → H2S → CO2 

11. Which describes the shape of the HN=C=O molecule and the H-N-C bond angle? 
A. bent, 106°		B.  tetrahedral, 109°		C.  bent, 120°   
D.  linear, 180°			E. trigonal planar, 120°

12. Which molecule is most polar?  
A. CO2		B.  H2S		C.  BF3		D. PH3		E. SiO2

13. 1 mol of each of the following compounds was added to 1 L of water. Rank the solutions in order of their conductivity (highest to lowest).
1 (NH4)2CO3 	2  MgCl2 	3   MgCO3 

A. 1 = 2 > 3		B.  1 > 2 = 3   	C.  2 > 1 = 3        D.  3 = 2  >  1     E.  2 > 3 >1       

14. A shiny crystal of iodine produces a purple vapour when gently heated.  Which statement correctly describes this process ?  
A. Covalent bond broken to give I atoms
B. Covalent bond broken to give I2 molecules
C. Intermolecular attractive force broken between I2 molecules
D. Metallic bond broken to give I2  molecules
E. Ionic bond broken to give I– ions

15. 	Which glassware is most suitable for preparing a 0.1500 mol L-1 solution of silver nitrate? 
A. 50 mL volumetric flask		B. 50 mL round bottom flask
C. 	50 mL conical flask		D. 50 mL graduated cylinder             E.  50 mL beaker

16. Which compound contains two different elements with identical oxidation states? 
A.   HClO	B.  Mg(OH)2		C.  Na2SO4		D. NH4Cl	E. N2O4
17. Which is the best procedure for dispensing liquids using a pipette? 
A. Submerge the pipette in the liquid to be dispensed.  Lift the pipette from the liquid.
Allow the liquid to drain to the mark. Remove the finger from the top and let contents drain into the desired container.
B. Submerge the pipette in the liquid to be dispensed. Lift the pipette from the liquid.
Allow the liquid to drain to the mark. . Remove the finger from the top and let contents drain into the desired container. Use a pipette bulb to gently blow out any residual droplets.
C. Submerge the tip of the pipette below the surface of the liquid. Apply suction using a pipette bulb until the liquid rises above the level of the mark.  Allow the liquid to drain to the mark.  
The remaining contents are then allowed to drain into the desired container.
D. Submerge the tip of the pipette below the surface of the liquid.  Apply suction by mouth until the liquid rises to the level of the mark.  Allow the contents to drain into the desired container.
E. Submerge the tip of the pipette below the surface of the liquid.  Apply suction by mouth until the liquid rises to the level of the mark.  Allow the contents to drain into the desired container.  Use a pipette bulb to gently blow out any residual droplets.

18.  When the equation below is balanced, what is the ratio of the coefficient of Ag(s) to the coefficient of NO(g)?								
           __Ag(s) + __NO3–(aq) + __ H+  __Ag+(aq) + __NO(g) + H2O((l)

A. 1:1		B. 3:1		C.  3:2		D.  2:1		E. 1:3
19. What are the oxidation states of oxygen in H2O2, O2F2 and OF2? 
A. H2O2 (-1),  O2F2 (-2), OF2 (-2)		B.  H2O2 (-1), O2F2 (+2), OF2 (+2) 
 C. H2O2 (-2), O2F2 (-2), OF2 (-2)		D.  H2O2 (-2), O2F2 (-2), OF2 (-1)
E. H2O2 (-1), O2F2 (+1), OF2 (+2)
20. Use the given bond dissociation enthalpies, E, to calculate ΔrHo for the reaction of ethene and HCl to form chloroethane.  
C2H4(g)    +     HCl(g)         C2H5Cl(g)
	Bond
	E/kJ mol-1
	Bond
	E/kJ mol-1

	C-H
	415
	C=C
	611

	C-C
	345
	C-Cl
	837

	H-Cl
	431
	
	



A. -555 kJ mol-1	 B. +821 kJ mol-1   C. -821 kJ mol-1    D. +555 kJ mol-1  	E. -210 kJ mol-1


21. Complete combustion of 1.00 mol of methane, CH4, produces carbon dioxide and water and releases 802 kJ of heat. When 3.00 mol of dioxygen gas (O2) react with a stoichiometric quantity of methane, what is ∆rH for the reaction?   

A. -2406 kJ	B.  -1200 kJ	C.  -802  kJ	D.  +802 kJ	E.  +1200 kJ

22. How much energy is released or absorbed when 5 g of KOH and 60 g of NaCl are mixed and then dissolved in 10 L of water.	 M(KOH) = 56.1 g mol-1      M(NaCl) = 58.4 g mol-1    		
KOH  K+ + OH– 	ΔH = -57.6 kJ mol-1 
NaCl  Na+ + Cl– 	ΔH = 3.9 kJ mol-1
A. 9.14 kJ released		B. 9.10 kJ absorbed	C.  1.13 kJ released
D.  0.76 kJ released		E.  0.76 kJ absorbed

23. SO42- reacts with water to accept a proton.  Which product of this reaction would be described as the conjugate acid? 

A. OH–		B.  H2O		C. H3O+ 	D. HSO4–	E.  H2SO4


24. 0.10 mol L-1 solutions of substances A, B and C have the pH shown below. 
pH(A) = 4.9	pH(B) = 1.9	pH(C) = 10.2
Choose the statement that is correct.
A. Substance C is a strong base		B.  [H3O+] is highest in the solution of C
C.   Substance B is a strong acid.		D.  The solution of C turns blue litmus red. 
E.   Substance A is a weak acid.

25. 30 mL of 0.10 mol L-1 HCl is mixed with 20 mL of 0.10 mol L-1 Ca(OH)2. What is the pH of the mixture? 
A. 1.0		B.  1.7		C.  -1.7			D.  7.0		E.  12.3

26. Solutions P, Q, R and S have the following properties:
        P:  pH = 9  			Q:  [H3O+] = 1 × 10-6 mol L-1	
       R:  pH = 3  	 		S:  [H3O+] = 4 × 10-9 mol L-1 

Which of the following shows these in order of decreasing acidity (most acidic first)? 
A.  P > S >R >Q.		B.   S > P > R > Q		C.  S > R > P > Q 
D.     R > P >Q > S			E.  R > Q > S > P
27.           N2(g) + 3H2(g)   ⇌  2NH3(g)		Kc = 4 × 10-3 at 250 oC    
Which statement is true if [N2] = 0.05 mol L-1, [H2] = 1.5 mol L-1 and [NH3] = 0.06 mol L-1? 
Note that Qc is known as the ion product or reaction quotient.
A. Qc < Kc so the forward direction is favoured.
B. Qc > Kc so the forward direction is favoured.
C. Qc = Kc  so neither direction is favoured.
D. Qc > Kc so the reverse direction is favoured.
E. Qc < Kc so the reverse direction is favoured.


28. Concentrated hydrochloric acid is typically 11 mol L-1.  What is the pH of a solution prepared by mixing 10 mL of concentrated HCl and 40 mL of water?  

A. – 0.34 	 B.  – 1.0   	 C.  1.0		D.  + 0.34		E.  + 0.6





29. The Haber process produces ammonia from nitrogen and hydrogen:
                      N2(g) + 3H2(g) ⇌ 2NH3(g).   
	The graph shows changes in the concentration of species at equilibrium in response to different stresses applied at times t1, t2 and t3.  
[image: Image result for concentration time graphs equilibrium systems]What can be concluded from this information?  

A. The volume of the reaction vessel has decreased at t1
B. The volume of hydrogen added to the reaction vessel was decreased at t1
C. The volume of the reaction vessel is decreased at t2
D. A catalyst was added to the reaction vessel at t2
E. The volume of the reaction vessel is increased at t1
30. For an exothermic reaction, which statement below describes the effect of increasing the temperature on the forward and reverse reaction rates?  
A. Rates of both forward and backward reactions  increase.
B. There is no change in rate as it is an exothermic reaction.
C. The forward reaction rate increases but the reverse reaction rate decreases
D. The reverse reaction rate increases while the forward reaction rate decreases
E. Both rates decrease to the same extent.

31. Which statement(s) about the effect of adding a catalyst to a system at equilibrium is (are) correct? 									
I.  The rate of the forward reaction increases
II. The rate of the reverse reaction increases
III. The yield of the products increases
A.  I only 	B.  II only 	C.  III only 	D.  I and II only   	E.  I, II and III
32. 
NH3(g)   +  H2O(l)     NH4+(aq)    +     OH(aq)   		H >0		

Which change increases the amount of NH4+ ions in the above reaction? 
A.  decreasing the temperature		B. decreasing the pressure  
C.  removing water				D.  adding an acid
E. adding hydroxide ions 
33. River water in a chalky agricultural area may contain Ca2+, Mg2+, CO32-, HCO3-, Cl-, and NO3- ions.  In waterworks such water is treated by adding a calculated quantity of calcium hydroxide.  What will be precipitated after adding the calcium hydroxide? 
A.  CaCl2	  B.  CaCO3	C.  Ca(NO3)2	D.  Mg(NO3)2	E.  MgCl2

34.                      2NaHCO3(s) Na2CO3 (s) + CO2(g) + H2O (g)

NaHCO3 (M = 84 g mol-1) decomposes on heating as shown above.  70 g of impure NaHCO3 gives 0.30 moles of CO2. What is the percentage purity of the NaHCO3?  
Assume that none of the impurities produce CO2 on heating. 

A. 80%	     B.  72% 	C.  62%		D.   36%	E.  18%

35. 1.000 g of a metal hydroxide, M(OH)2, is heated to produce 0.691g of the metal oxide.  What is the identity of the metal M? 
A. Ca		B.  Mn		C.  Ni		D.   Mg		E.  Zn

36. One method used to inflate airbags in cars is to use nitrogen produced from the decomposition of sodium azide, which forms sodium that reacts with potassium nitrate to produce more nitrogen.										
                   2NaN3(s) → 2Na(s) + 3N2(g)				reaction 1
                   10Na(s) + 2KNO3(s) → K2O(s) + 5Na2O + N2(g)	reaction 2
Which amount in moles of nitrogen is produced if 1 mole of sodium azide (NaN3) is used? 
`A. 4		B.  2		C . 1.6		D.  3		E.  2.5
37. How many fluorine atoms are in 135 g CF2Cl2? 
  	M(CF2Cl2) = 121 g mol-1   	Avogadro’s number = 6.02 x 1023 mol-1	 

A. 3.36 × 1023	      B..  6.72 × 1023	C.  1.34 × 1024	     D.  2.69 × 1024        E.  4.28 × 1024        


38. What is the empirical formula of a compound that is 50% S and 50% O by mass? 

A. SO		B.  SO2		C.  S2O		D.  S2O3		E.   SO3

39. What mass of molecular chlorine, Cl2, is required to completely consume 13.5 g aluminium to form aluminium chloride, AlCl3? 	M(Cl2) = 71.0 g mol-1   		M(Al) = 27.0 g mol-1   
A. 13.5 g		B.  40.5	 g	C.  26.6	 g	D.  53.3 g	E. 106.4 g

40. The mass spectrum of boron shows two isotopes, 10B and 11B, with the abundances shown.
	Isotope
	Isotopic abundance

	10B
11B
	19.9 %
80.1%


What is the relative atomic mass of this sample of boron? 
A. 10.2		B.  10.3		C.  10.4		D.  10.6		E.  10.8
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