1. An organic compound was found to contain only C, H, and Cl.  When a 1.499 g sample of the compound was completely combusted in air, 2.06 L of  CO2 (g) was collected over water at 25°C and 700 mm Hg.  In a separate experiment the chlorine in a 1.00 g sample of the compound was converted to 1.414 g of AgCl.  Determine the empirical formula of the compound.  (Vapour pressure of water at 25°C is 23.76 torr). 

Answer:

For C:

n = PV/RT = 0.07495 moles CO2 = 0.07495 moles of C

0.07495 moles C x 12.01 g C/mol = 0.9001 g C in the sample or 0.9001/1.499 g sample = 0.60005 = 60.05%

For Cl:

1.414 g AgCl x 1mol/143.32 g AgCl = 0.009866 moles AgCl = 0.009866 mol Cl

0.009866 mol Cl x 35.45 gCl/mol = 0.34976 g of Cl in the sample or 0.34976 gCl/1.00 g sample = 0.3498 = 34.98%

Since the only other component is H, there must be 100-64.1-31.4 %H = 4.97%

For a 100 g sample there would be

60.05 g C

4.97 g H

34.98 g Cl

or

60.05 x 1mol/12.01 g = 5.0 mol C

4.97 g x 1mol/1.01 g = 4.92 mol H

34.98 g x x 1mol/35.45 g = 0.987 mol Cl

Formula C5.0H4.92Cl0.987

Dividing by 0.987: 5.0/0.987 = 5.06 4.97/.0.98786 = 4.98 0.987/0.987 = 1

Formula = C5H5Cl

2. Gaseous iodine pentafluoride, IF5, can be prepared by the reaction of solid iodine and gaseous fluorine:  Balance the chemical reaction:    

             I2(s)     +              F2(g)       (((               IF5 (g)   

A 5.00 L flask containing 8.00 g I2 is charged with 10.00 g F2, and the reaction proceeds until one of the reagents is completely consumed.  After the reaction is complete, the temperature of the flask is 125°C.  

What is the pressure of IF5 in the flask?       

What is the mole fraction of IF5 in the flask?        
   
Answer:
1/2 I2(s) + 5/2 F2(g) ((( 1 IF5 (g)

10.0 g F2 x 1mol/38.0g = 0.263 mol F2

8.0g I2 x 1mol/253.8g = 0.0315 mol I2

How much F2 is needed to react with all of the I2?

0.0315 mole I2 x 5mole F2/mole I2 = 0.1576 moles of F2

This means that there is an excess of 0.1054 moles of F2

Since I2 is limiting:

0.0315 moles I2 x 2 moles IF5/mol I2 = 0.0630 moles of IF5 is produced

P = n R T/V = 0.412 atm IF5

The mole fraction = moles IF5/total moles

= moles IF5/ (moles IF5 + moles F2) = 0.0630/(0.0630+0.1054) = 0.374
3. Calculate the volume of Cl2(g) produced at 815 torr and 15°C if 5.75 grams of KMnO4 are added to 355mL of 0.115 M HCl. The unbalanced equation for the reaction is 

KMnO4(s) + HCl (aq)  → MnCl2(aq) + KCl(aq) +Cl2(g) + H2O(l)

Answer:

This is a redox reaction and the two half-reactions are:

MnO4(s) + 8H+ (aq) + 5e-  → Mn2+(aq) + 4 H2O(l)

 2Cl- (aq)  → Cl2(g) + 2e=

Multiplying by 2 and 5 respectively allows cancellation of the electrons. 

Adding:

2MnO4- + 16H+ + 10Cl-   → 2Mn2+ + 5 Cl2 + 8H2O

Now we can add in the 2K+ and 6Cl- ions (this is not really needed)

2KMnO4(s) + 16HCl (aq)  → 2MnCl2(aq) + 2KCl(aq) + 5Cl2(g) + 8H2O(l)

Reagents for the reaction:
5.75 g KMnO4 x (1mole/158.04g) = 0.0364 moles KMnO4
0.355mL x 0.115M HCl = 0.04083 moles HCl = 0.04083 moles Cl-
The stoichiometric ratio of Cl-/KMnO4 = 5
The actual ratio of Cl-/KMnO4 = 0.04083/0.0364 = 1.1 Cl- is the limiting reagent
0.04083 moles Cl- x 5 moles Cl2/10mole Cl- = 0.02042 moles

V =nRT/P = 0.02042 (0.0821)(273+15)/(815/760)  

=  0.02042 (0.0821)(288)/1.072 = 0.450 L 
4. Using the following information:

H2(g) + F2(g) → 2HF(g)
H = -537 kJ

C(s) + 2F2(g) → CF4(g)
H = -680. kJ
2 H2(g) + 2C(s) → C2H4(g)
H = 52. kJ
Calculate the enthalpy for the reaction of ethylene, C2H4, with F2 according to the equation:

C2H4(g) + 6F2(g) → 2CF4(g) + 4HF(g)

Answer:

2(H2(g) + F2(g) → 2HF(g))
H = 2(-537 kJ)

2(C(s) + 2F2(g) → CF4(g))
H = 2(-680. kJ)
C2H4(g) → 2 H2(g) + 2C(s)
H = -52. kJ
H = -2486 kJ
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