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Question 1
(a) A compound has the empirical formula of C2H4O, and its formula mass is 88 u. What is its molecular formula?

2(12.01) + 4(1.01) + 16.00 = 44.06 u

Multiple = 88/44.06 = 2

Molecular formula = C4H8O2

(b) A compound is made up of the following percent composition: 22.1% Al, 25.4% P, and 52.5% O. Calculate the empirical formula of the compound.

Assume 100.0 g sample

Mass: 		Al = 22.1 g		P = 25.4 g 		O = 52.5 g

Moles:	    	    = 22.1/26.98 	   = 25.4/30.97	    	    = 52.5/16.00
	  	    = 0.819 mol	               = 0.820 mol		    = 3.28 mol			

Mole ratios:	    = 0.819/0.819	   = 0.820/0.819	    = 3.28/0.819
		    = 1.00		   = 1.00		    = 4.00	
 

Empirical formula = AlPO4


Question 2
Iron(III) oxide reacts with carbon monoxide to produce iron and carbon dioxide.
Fe2O3(s)  +  3CO(g)   →   2Fe(s)  +  3CO2(g)
If an iron producing company reacts 65.0 g of iron(III) oxide with 186.2 g of carbon monoxide, which is limiting?

MM Fe2O3 = 2(55.85) + 3(16.00) = 159.7 g/mol
MM CO = 12.01 + 16.00 = 28.01 g/mol








Fe2O3 is the limiting reactant

Question 3
(a) Briefly explain oxidation and reduction.

Oxidation is loss of electrons and reduction is gain of electrons.

(b) Assign oxidation numbers to all species in the following.

(i) Cr2O3

O = -2 and Cr = +3 
2x + 3(-2) = 0, x = +3

(ii) Cr2O72-

0 = -2 and Cr = +6
2x + 7(-2) = -2, x = +6

(c) In the redox reaction below, identify the oxidizing agent and the reducing agent.
     BrO3-(aq)  +  2MnO2(s)  +  H2O(l)   →   Br-(aq)  +  2MnO4-(aq)  +  2H+(aq) 

O = -2		O = -2		O = -2		Br = -1	        O = -2	      H = +1
Br = +5	Mn = +4	H = +1			        Mn = +7	

BrO3-(aq) is reduced hence oxidizing agent; MnO2(s) is oxidized hence reducing agent.

Question 4
Balance the following redox reaction in basic medium, indicating all charges and physical states.
CN-(aq) + CrO42-(aq)  →  OCN-(aq)  +  Cr(OH)4-(aq)

CN-(aq) + H2O(l)  →  OCN-(aq)  +  2H+(aq)  +  2e-
C and N are balanced; balance O with H2O; H with 2H+; electrons with 2e-

CrO42-(aq)  +  4H+(aq)  +   3e-   →  Cr(OH)4-(aq)
Cr is balanced; O is balanced; balance H with 4H+; electrons with 3e-

Multiply first half reaction by 3 and second by 2 to equalize electron count
3CN-(aq) + 3H2O(l)  →  3OCN-(aq)  +  6H+(aq)  +  6e-
2CrO42-(aq)  +  8H+(aq)  +   6e-   →  2Cr(OH)4-(aq)

Combine equations
3CN-(aq) + 3H2O(l)  +  2CrO42-(aq)  +  2H+(aq)  →  3OCN-(aq)  +  2Cr(OH)4-(aq)
Add 2OH- to both sides to eliminate 2H+ (2OH- + 2H+ = 2H2O on the left side)

3CN-(aq) + 5H2O(l)  +  2CrO42-(aq)  →  3OCN-(aq)  +  2Cr(OH)4-(aq)  +  2OH-(aq)

Question 5
(a) Write the complete and net ionic equation for each of the following.
     3KOH(aq)  +  H3PO4(aq)    →   K3PO4(aq)  +  3H2O(l)

3K+(aq)  +  3OH-(aq)  +  3H+(aq)  +  PO43-(aq) →  3K+(aq)  PO43-(aq)  +  3H2O(l)
OH-(aq)  +  H+(aq)  →  H2O(l)

     Cu(s)  +  4HNO3(aq)   →   Cu(NO3)2(aq)  +  2NO2(g)  +  2H2O(l)

Cu(s)  +  4H+(aq)  +  4NO3-(aq)  → Cu2+(aq)  +  2NO3-(aq)  +  2NO2(g)  +  2H2O(l)
Cu(s)  +  4H+(aq)  +  2NO3-(aq)  → Cu2+(aq)  +  2NO2(g)  +  2H2O(l)


(b) A blood level of 400.0 mg of alcohol per 100 mL of blood can cause coma and possibly be fatal. At this level, how many moles of alcohol (C2H6O) are present in 10.0 mL of blood?


MM C2H6O = 24.02 + 6.06 + 16.00 = 46.08 g/mol







Question 6
Acetylene gas (C2H2) burns in oxygen to produce carbon dioxide and water. If 62.0 g of CO2 are produced when 22.5 g of C2H2 react with sufficient oxygen, what is the percent yield of the reaction? The balanced equation is
2C2H2  +  5O2   →   4CO2  +  2H2O

MM C2H2 = 24.02 + 2.02 = 26.04 g/mol
MM CO2 = 12.01 + 2(16.00) = 44.01 g/mol













Question 7
(a) What is(are) the difference(s) between the following?

(i) Endothermic process and exothermic process?

Endothermic process: energy is absorbed
Exothermic process: energy is released

(ii) Open system and closed system

Open system: both matter and energy are exchanged with the surroundings
Closed system: energy but not matter is exchanged with the surroundings

(b) A system undergoes a process consisting of the following three steps:
Step 1: The system absorbs 78 J of heat while 58 J of work is done on it.
Step 2: The system absorbs 56 J of heat while performing 42 J of work.
Step 3: The system releases 28 J of heat while performing 78 J of work.
Calculate ΔE for the overall process and state whether it is an endothermic or exothermic process.

+78 + 58 = + 136 J
+ 56 - 42 = + 14 J
- 28 -78   = - 106 J
Overall ΔE = (+ 136 + 14 - 106) J = + 44 J (endothermic)


Question 8
A sample of 0.6760 g of an unknown compound containing barium ions (Ba2+) is dissolved in water and treated with an excess of Na2SO4. If the mass of the precipitated barium sulfate (BaSO4) formed is 0.4105 g, what is the percent by mass of Ba in the original unknown compound?

MM BaSO4 = 137.3 + 32.07 + 4(16.00) = 233.37 g/mol











Question 9
(a) The combination of coke and steam produces a mixture called synthesis gas, which can be used as a fuel or as a starting material for other reactions. The equation for the production of coal is
		C(s)  +  2H2O(g)  →  2H2(g)  +  CO2(g)
Determine the standard enthalpy change (ΔHorxn) for this reaction. 
(ΔHfo of H2O(g) = -241.818 kJ/mol, ΔHfo of CO2(g) = -393.509 kJ/mol)

ΔHorxn = [(-393.509 + 2(0)] – [2(-241.818) + 0] = + 90.127 kJ/mol


(b) One way to cool a cup of coffee is to plunge an ice-cold piece of aluminum into it. Suppose a 20.0-g piece of aluminum is stored in the refrigerator at 32.0 oF and then put into a cup of coffee. The coffee’s temperature drops from 90.0 oC to 72.0 oC. How much energy (in cal) did the coffee transfer to the piece of aluminum? (The specific heat capacity of aluminum is 0.902 J/g-oC)

Initial aluminum temperature = 32.0 oF = 0.0 oC
Final aluminum temperature = 72.0 oC
Change in temperature (ΔT) = 72.0 oC - 0.0 oC  = 72.0 oC

Heat absorbed by aluminum = (20.0 g)(0.902 J/g-oC)( 72.0 oC) = 1298.88 J




Heat released by coffee = - 3.10 x 102 cal


Question 10
A 325-mL sample of an aqueous solution contains 25.3 g of CaCl2. Calculate the molarity of Cl- in this solution. How many grams of Cl- are there in 0.100 liter of this solution?

MM CaCl2 = 40.08 + 2(35.45) = 110.98 g/mol
CaCl2(aq)   →  Ca2+(aq)  +  2Cl-(aq)










Bonus 
Calculate H for the synthesis of propane, C3H8, directly from elemental carbon and hydrogen gas, as shown below:
3C(s)  +  4H2(g)  →  C3H8(g)					H = ?

Given that
C3H8(g)  +  5O2(g)  →  4H2O(g)  +  3CO2(g)			H = -2220 kJ
C(s)  +  O2(g)  →  CO2(g)					H = -394 kJ
H2(g)  +  1/2O2(g)  →  H2O(g)				H = -286 kJ


Second equation for C
Third equation for H2
Reverse third equation for C3H8
Multiply second equation by 3
Multiply third equation by 4
Combine and cancel

3C(s)  +  3O2(g)  →  3CO2(g)					H = 3(-394 kJ)
4H2(g)  +  2O2(g)  →  4H2O(g)				H = 4(-286 kJ)
4H2O(g)  +  3CO2(g)   →  C3H8(g)  +  5O2(g)  		H = +2220 kJ

3C(s)  +  4H2(g)  →  C3H8(g)					H = - 106 kJ
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