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1. a)Write the noble gas core electron configuration of the following atoms or ions.  Identify the atom/ion as paramaganetic or diamagnetic ?
I) (2 points) 47Ag
						



II) (2 points) 25Mn2+


			
  
  b) (2 points)  The noble gas core electron configuration of Sc is [Ar]4s23d1 and that of Y, which lies immediately below it on the periodic table, is [Kr]5s24d1.  Explain why a similar pattern is not observed for Fe (noble gas core electron configuration of [Ar]4s23d6) and  Ru (noble gas core  electron configuration of [Kr] 5s1 4d7). 













c. (2 points) Illustrate and explain, using an orbital energy level diagram how the Pauli Exclusion principle, Hund’s Rule and the Aufbau principle apply for vanadium, 23V. 














2.  a) (2 points)  Draw the Lewis structure and assign formal charges to each atom in cyanogen, C2N2. 











  
Is C2N2 Polar  Explain, briefly ?


b) (6 points) Draw the Lewis structure and determine the Valence Shell Electron Pair Repulsion (VSEPR) molecular geometries of SOF2 and COF2. Include resonance structures and formal charges where appropriate.





















  
Molecular Geometry (Shape): of SOCl2_________________________

Molecular Geometry (Shape) of COCl2:______________________________
3. The rate of the reaction:
2CO(g)  CO2(g) + C(s)
Was studied by injecting CO(g) into a reaction vessel and measuring the total pressure at constant volume.
	Time (s)
	Ptotal (bar)

	0
	0.3331

	398
	0.3173

	1002
	0.2986

	1801
	0.2800


a) (2.5 points) Determine the partial pressure of CO at each time.











b) (4.5 point) Determine the order of the reaction and the average value for the rate constant (with the correct units).







4 a) (6 points) In the 1960’s the following mechanism for reaction of H2(g) with I2(g)  to form HI(g) was proposed.  
				I2(g) ⇌ 2I(g)			fast			RXN 1
				H2(g) + I(g) ⇌ H2I(g)		fast			RXN 2
				H2I(g)	+I(g)  2HI(g)	slow			RXN 3
The experimental rate law was determined to be rate = k [H2][I2].  Is this mechanism correct?




















b) (4 points) Using the above mechanism,  and the activation energies of 1, 0.5  and 75 kJ mol-1, for steps 1, 2 and 3 respectively, determine the temperature required to increase the rate of the reaction by  a factor of  10 relative to the rate at 298 K.















5. An ice calorimeter measures exothermic heat of reaction by the quantity of ice that can be melted.  A teaching assistant acquires 0.100 L sample of methane gas, CH4(g), at 25 oC and 744 mm Hg and burns it at constant pressure in air.  The heat liberated is captured and used to melt 9.53 g ice at 0oC.
Given following thermodynamic data:
	
	∆fHo (kJ mol-1)

	H2O (g)
	-241.8

	H2O (l)
	-285.8

	CO2(g)
	-393.5

	CO(g)
	-110.5

	CH4(g)
	-74.8


∆vapHo (H2O) = 40.6 kJ mol-1
∆fusionHo (H2O) = 6.01 kJ mol-1

Specific heat of H2O 4.18 J g-1 oC-1
Specific heat of ice 2.108 J g-1 oC-1
Specific heat of steam 1.1996 J g-1 oC-1

a) (1 point) Write the equation for complete combustion of methane.



b) (1 point) Calculate the enthalpy for complete combustion of one mole methane.




c) (4 points) Use the above information to determine if the combustion was compete or incomplete.














d) (2 points) Would ∆U for complete combustion of methane be greater than, less than or equal to the enthalpy , ∆H, of combustion.  Explain


6. a) (4 points) Ethanol reacts with dichromate to form acetic acid and chromium cations.  Balance the following reaction in acid:
C2H5OH(aq) + Cr2O72-(aq)  Cr+3 (aq)+  CH3COOH (aq)

















b) (4 points) After addition of 39.2 ml of 0.75 M K2Cr2O7 to a 5 ml sample of brandy, all of the ethanol in the brandy was converted to acetic acid.  Assuming the brandy has a density of 1 g/ml, calculate the percent weight of ethanol in the brandy. 





















7.  (6 points) A mixture of 0.94 g of H2 and 3.59 moles of HCl is heated to 2800 oC.  Calculate the mole fraction of all species given that Kp = 193 at 2800 oC for:
H2(g) + Cl2(g)   2 HCl(g)


































b) ( 2 points) If the partial pressure of Cl2, at equilibrium is 0.102 bar, what is the total pressure of the gas mixture at equilibrium?

8.  Wastewater resulting from metal processing is polluted with cadmium ions, Cd2+, which must be removed from the water. In one method, the water is treated with a solution of concentrated sodium hydroxide.  Suppose 1.00 x 102 L of wastewater containing 1.2 x 10–5 M Cd2+ is treated with 1.0 L of 6.0 M NaOH solution.   The Ksp of Cd(OH)2 is 7.2 x 10-15

a) (6 pts) What is the residual concentration of aqueous cadmium ion after treatment?
























b) (3 pts) What is the mass of the solid that precipitates out?










9. a)(5 points) Determine the pH at the equivalence point when 0.05 M KOH is titrated with 50.0 ml of 0.01 M benzoic acid HC7H5O2.  The Ka for benzoic acid is 6.3 x10-5.


















b) (5 points) What volume of KOH would you need to add to 25.0 ml of 0.01 M benzoic acid so that the resulting solution was pH 5.50?















 Bonus: Someone spilled concentrated sulphuric acid on the floor in the chemistry laboratory.  You want to neutralize the acid, would it be better to pour concentrated NaOH solution or to sprinkle solid sodium bicarbonate over the acid?  Explain your choice.




[bookmark: _GoBack]
10. (8 points) Explain briefly
a) How an ideal gas differs from a real gas.









b) The concept of activity as it applies to equilibrium calculations.









c) The difference between the endpoint and the equivalence point of a titration and how you would select an appropriate indicator.









d) Why the molar mass of carbon on your periodic table is 12.011 g mol-1 when the molar mass of 12C is exactly 12 g mol-1.



11. (8 points) Dimethylhydrazine contains only carbon, hydrogen and nitrogen and is a compound used in rocket fuels.  When it undergoes complete combustion, a 0.312 g sample yields CO2 and 0.3751 ml of H2O (at 25 oC, dH2O = 0.9970 g ml-1).  The nitrogen content of a 0.486 g sample is converted to 0.200 L of N2(g) at 25 oC and 1 bar.   Determine the weight percent of H, N and C in the compound then find the empirical formula of dimethylhydrazine? 








































12.  (4 points) Identify, as acidic, basic or neutral, the solution formed when each of the following salts is added to water.  Explain with appropriate chemical reactions. 

KClO4









Na3PO4











Bonus: What was your favourite lab experiment (in chemistry) and why?


EQUATIONS SHEET
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Gas Law
PV = nRT
PT = P1 + P2 + P3 + ....
d = m/V = P(MW) / RT
KE = ½ m vav2




PA = XAPT
Acid/Base
pOH = -log [OH-]
pH = - log[H+]
pH + pOH = 14
Ka x Kb = Kw 
pH = pKa + log [A-]/[HA]

pH = 
Kw = 10-14
Kinetics
ln[A]t = -kt + ln[A]o
[A]t = -kt + [A]o
1/[A]t = kt + 1/[A]o
k = A e –Ea/RT
t1/2 = 0.693/k
t1/2 = [A]o /2k
t1/2 = 1/ k[A]o 
ln(k1/k2) = Ea/R (1/T2 – 1/T1)
Thermodynamics
	U = q + w
	H = U + (PV)
	w = -PV = -n RT
	H = qp
	Horxn = nHof (prod) – mHof (react)
	q = mCsT       q = nCm	
	q = CT
ln(K1/K2) = Ho/R (1/T2 – 1/T1)
Equilibrium
KP = KC(RT)n



Constants:			
Avogadro’s Number  (NA)	6.02 x 1023
Faraday’s constant (F)          96,500 C/mol e-	

Universal Gas Constant (R) 	
		8.314 J mol-1 K-1                           		8.314 kg m2 mol-1 K-1 s-2
		0.08206 L atm mol-1 K-1
		0.08314 L bar mol-1 K-1          

Planck’s constant (h) 	6.626 x 10-34 J s		 
Rydberg Constant (RH)	2.18 x 10-18 J			          
Speed of light(c)                 3.00 x 108 m/s                               


Conversion Factors :
1 atm = 760 torr
            = 760 mm Hg 
            = 101.3 kPa  
            = 1.013 bar
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