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PHYSICAL CONSTANTS:
C = 3.0 x 108 m/s (speed of light)
h = 6.6 x 10-34 Js (Plank’s constant)
e = 1.602 x 10-19 C (charge of electron)
1 amu = 1.66 x 10-24 kg (atomic mass unit)
6.02 x 1023 Avogadro’s number
R = 0.0821 L-atm/mol-K
0 degC = 273 K
1 atm = 101.3 kPa = 101,325 Pa = 760 mm Hg = 760 torr = 14.7 lb/in2 (psi)

Kistiakowsky-Wilson rules
	Rule
	Conditions

	1
	C atoms converted to CO                                       

	2
	Remaining O oxidizes H to H2O

	3
	Still remaining O, oxidizes CO to CO2

	4
	All N converted to N2 
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1. (6 points) Indicate whether each of the following statements is true or false: 
     T        F
 __x__   ____	 Toxic gases are liberated when the oxygen balance for a give nexplosive substance is large and negative.
___x_   ____ 	Supercritical fluid is a highly compressed fluid that combines the properties of gases and liquids.  
____   __x__	Dipole-dipole forces are stronger than network covalent bonds 
____   _x___	0.5 mol of nitrogen gas N2 will occupy less space than 0.5 mol of methane gas CH4 at the same temperature and pressure. 
____   _x___	According to Boyle’s law, the volume of a gas is directly proportional to the temperature .
____   __x__	Heavier gas molecules have higher kinetic energy than lighter gases at the same temperature and pressure.

2. (4 points) Explain in terms of intermolecular forces why does ice float in water? Support your answer with a drawing.
[image: ]In ice, there are 4 hydrogen bonds that provide a more rigid structure and keep the water molecules further apart resulting in lower density.




3. a) (4 points)	How many moles of oxygen gas will react with 0.5 mole of C4H10O in incomplete combustion to carbon monoxide and water?  

C4H10O + 4 O2  4 CO  +  5 H2O
(mol O2 / C4H10O) = (coefficient O2 / coefficient KClO3)
(mol O2 / 0.5 mol C4H10O) = 4/1
mol O2 = 2




b) (6 points) 		Calculate the volume occupied by the moles of oxygen gas calculated in a) at a pressure 220.0 kPa and a temperature of 21.0 deg C.
PV = nRT 	P: kPa  atm, 220.0 kPa x (1 atm / 101.3 kPa) = 2.17 atm
T: deg C  K, 21.0 deg C + 273 = 294.0 K
V = nRT / P = (2 mol O2 x 0.0821 atm-L/mol-K x 294 K) / 2.17 atm
= 22.2 L O2




c) (6 points)      	What will be the volume occupied by the moles of oxygen gas calculated in a)  if the pressure decreased to 100.0 kPa and temperature increased to 50.0 deg C. DO NOT use the ideal gas equation!
	P down, V up (Boyle’s law)
	T up, V up (Charles’s law)
T: deg C  K, 50.0 deg C + 273 = 323.0 K
	22.2 L O2 x (220.0 kPa / 100.0 kPa) x (323 K / 294 K) = 53.7 L O2




4. a) (4 points) 	For a high explosive substance HMX (C4H8N8O8, 296.5 g/mol) calculate the oxygen balance. 

d = 8, a = 4, b = 8

OB = -21.61










b) (4 points) 	Using Kistiakowsky-Wilson rules determine the decomposition products of HMX.


C4H8N8O8  4 CO  +  4 H2O  +  4 N2










c) (2 points) 	What is the volume of all gaseous products of decomposition of 1 mol of HMX at STP?

1 mol of HMX produces 12 moles of gas. 
At STP (0 deg C, 1 atm), 1 mol of gas occupies volume of 22.4 L
12 mol x 22.4 L / mol = 288 L  
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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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