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Worksheet 9 Notes






Dr. Richard L Nafshun
1.
What is the root-mean-square speed of H2 (use a molar mass of 2.0 g/mol or 0.0020 kg/mol) at 296 K and 1.00 atm (around room temperature and pressure)?
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What is the root-mean-square speed of He (use a molar mass of 4.0 g/mol or 0.0040 kg/mol) at 296 K and 1.00 atm (around room temperature and pressure)?
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Which gas is traveling faster?  Why?  H2 is traveling faster because it is less massive.


The mass you used for He was twice as great as that used for H2.  Is He traveling twice as slow as H2?  Why?  He is traveling slower, but not twice as slow due to the square root function.

2.
Consider the following six gases:  CO (g)   
CO2 (g)     Xe (g)     He (g)     F2 (g)
SF6 (g)


Of these, which gas molecule has the greatest velocity at room temperature?  Explain.


The gas molecule that has the greatest velocity is the lightest molecule (He).


Of these, which gas molecule has the lowest velocity at room temperature?  Explain.

The gas molecule that has the lowest velocity is the heaviest (SF6 at 146 g/mol).

3.
What is the mass of a 3.000 liter balloon that contains SF6 (g) at 1.01 atm and 296.0 K?

We are asked to determine the mass of gas present.  Our equation of state (PV = nRT) 

will enlighten us to the amount (in moles):

PV = nRT
n = PV/RT
n = (1.01 atm)(3.000 L)/(0.0821 L·atm/mol·K)(296.0 K)

n = 0.125 moles SF6 (g)

mass SF6 (g) = (moles)(g/mol) = (0.125 moles)(146.06 g/mol) = 18.2 grams SF6 (g)

4.
Consider a sealed balloon containing nitrogen gas. Which of the following is false? Why?


(A)
When the temperature is decreased, the velocity of the gas molecules decreases.


(B)
When the temperature is decreased, the volume of the balloon decreases.


(C)
When the temperature is decreased, the moles of gas inside the balloon decrease.


(D)
When the temperature is decreased, the pressure inside the balloon stays constant.


(E)
A 22.4-L balloon, at 1.00 atm, and 273.15 K contains one mole of nitrogen gas.


(C) is not correct because when the temperature is decreased the balloon is not compromised—no gas inside the balloon escaped.  The other selections are true.  When the temperature is decreased the gas molecules slow down, the balloon shrinks, the pressure inside the balloon continues to be the same as the pressure outside the balloon, and one mole of gas occupies 22.4 liters at 1.00 atm and 273 K.

5.
A student burns 30.00 grams of hydrogen gas (H2) in oxygen to produce steam at 1.05 atm and 296 K.  How many liters of steam are produced?


2 H2 (g) + O2 (g) → 2 H2O (g)


Step 1:  The mass of hydrogen is given, change this into moles of hydrogen:


30.00 g H2 (g) 
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Step 2:  Using the balanced chemical equation, determine the moles of steam produced from the moles of propane that will be consumed:


14.88 mol H2 (g) 
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 = 14.88 mol H2O (g)


Step 3:  Using our equation of state (PV = nRT), determine the volume of steam from the other data (moles, pressure, temperature):


PV = nRT
V = nRT/P = (14.88 mol)(0.0821 L·atm/mol·K)(296 K)/(1.05 atm)


V = 344.4 L

6.
Identify the following processes as endothermic or exothermic.  Explain.  Write out each change as a balanced chemical reaction, including phases (see first example).

(A)
Water boils
H2O (l) (  H2O (g)


Endothermic:
Heat is supplied to system.  Think of this process as boiling water in a pot on the stovetop.  You need to supply heat from the burner to the system (the water is the system).  Heat is entering the system.

(B)
Ice melts
H2O (s) (  H2O (l)


Endothermic:
Heat is supplied to system.  Think of this process as an ice cube melting in your hand.  The sensation you feel is cold.  Heat is being transferred from your hand to the system.  You need to supply heat from your hand to the system (the ice cube is the system).  Heat is entering the system.

(C)
Steam condenses
H2O (g) (  H2O (l)


Exothermic:
Heat is given off from the system.  Think of this process as steam from a kettle coming in contact with your hand.  The sensation you feel is hot (very hot...  steam burns are most uncomfortable due to the tremendous amount of energy given by the system).  Heat is being transferred from the steam condensing to your hand.  Heat is released from the system.

(D)
Water freezes

H2O (l) (  H2O (s)


Exothermic:
Heat is given off from the system.  Think of this process as placing water in the freezer and having it freeze into ice cubes.  Heat was removed from the system (the water) and transferred outside your freezer (this is what a freezer does—exchanges heat).  Heat is released from the system.

(E)
Alcohol boils
CH3CHOHCH3 (l) (  CH3CHOHCH3 (g)


(This happens to be rubbing alcohol—isopropyl alcohol).


Endothermic:
Heat is supplied to system.  Think of this process as rubbing alcohol smeared on a table.  It evaporates because heat is transferred from the table and the air to the system (the alcohol).  Heat is entering the system.

(F)
Combustion of methane (CH4) with diatomic oxygen


[Combustion is the burning in oxygen to produce carbon dioxide and water].


CH4 (g) + 2 O2 (g) → CO2 (g) + 2 H2O (g)


Exothermic:  Methane is a major component in natural gas.  We burn this and other hydrocarbon fuels (carbon and hydrogen containing compounds) for heat and energy.  Heat is released from the system.

(G)
Dissolution of ammonium nitrate in water (as demonstrated in lecture)


NH4NO3 (s) → NH4NO3 (aq)

Endothermic:
Heat is supplied to system.  When solid ammonium nitrate was placed in water and dissolved, the temperature of the water decreased.  Think of this process as heat being transferred from the surroundings (water, beaker, room) to the system (NH4NO3 (s) → NH4NO3 (aq)).  Heat is entering the system.

(H)
Detonation of dynamite


Exothermic:  Dynamite releases a tremendous amount of heat upon detonation and is used for heavy construction purposes.  Heat is released from the system.


[Dynamite is nitroglycerine in a silica medium].

(I)
Metabolism of glucose


[Glucose is the unit from which starch, cellulose and glycogen are made up.  Glucose is a ready source of energy.  It is oxidized (combusted) to produce carbon dioxide and water, releasing energy in the process.  However, unlike other hydrocarbon fuels, which are insoluble in water, the numerous OH groups in glucose allow it to readily hydrogen-bond with water molecules, so making it highly soluble in water.  This allows the glucose fuel to be transported easily within biological systems, for example in the bloodstream of animals or the sap of plants. An adult has 5-6 grams of glucose in the blood (about 1 teaspoon), which will supply the body's energy needs for only about 15 minutes, thereafter the levels must be replenished from compounds stored in the liver.  Because glucose is found in ripe fruits, the nectar of flowers, leaves, sap, and blood, it has been given various common names, such as starch sugar, blood sugar, grape sugar and corn sugar.].


C6H12O6 (g) + 6 O2 (g) → 6 CO2 (g) + 6 H2O (g)


Exothermic:  We burn this fuel and heat is released from the system.

7.
For each system below, give the signs (positive or negative) for w, q, and E:


E 
= 
q
+ 
w


Energy

heat

work

(A)
A system does 10 kJ of work and gives off 220 kJ of heat.


E = (-220 kJ) + (-10 kJ) = -230 kJ


The heat (-220 kJ) is negative because the system is giving off heat (exothermic).  The system now has 220 kJ less energy than it had before.


The work (-10 kJ) is negative because the system did work (it no longer has the ability to do that work—it give it away).


E is calculated to be negative (although a calculation was not needed—both the heat and work were negative leading to E being negative).

(B)
A system does 50 kJ of work and absorbs 65 kJ of heat.


E = (+65 kJ) + (-50 kJ) = +15 kJ


The heat (+65 kJ) is positive because the system is received heat (endothermic).  The system now has 65 kJ more energy than it had before.


The work (-50 kJ) is negative because the system did work (it no longer has the ability to do that work—it give it away).


E is calculated to be positive (the system gained energy overall because it gained a greater amount of heat than the work it output).

(C)
A system does 10 kJ of work and gives off 220 kJ of heat.


[Accidentally the same question as Part A].

(D)
A system has 120 kJ of work done on it and gives off 50 kJ of heat.


E = (-50 kJ) + (+120 kJ) = +70 kJ


The heat (-50 kJ) is negative because the system is giving off heat (exothermic).  The system now has 50 kJ less energy than it had before.


The work (+120 kJ) is positive because the system received work (it now has the ability to do that work—it received work and can give it away later).


E is calculated to be positive (the system gained energy).

(E)
A system has 70 kJ of work and gives off 85 kJ of heat.


I took this question to mean that the system has 70 kJ of work done on it (it should be worded a bit clearer)



E = (-85 kJ) + (+70 kJ) = -15 kJ


The heat (-85 kJ) is negative because the system is giving off heat (exothermic).  


The work (+70 kJ) is positive because the system received work (it now has the ability to do that work—it received work and can give it away later).


E is calculated to be negative (the system lost energy).

	Substance
	J/gּ˚C
	
	Substance
	J/gּ˚C

	Water
	4.186
	
	Soil (typical)
	1.046

	Methyl Alcohol
	2.549
	
	Air
	1.046

	Ice
	2.093
	
	Aluminum
	0.9

	Steam
	2.009
	
	Mercury
	0.138

	Benzene
	1.75
	
	Gold
	0.13

	Wood (typical)
	1.674
	
	Lead
	0.128


8.
A student obtains 5400 grams of water (approximately 6 quarts) at 23.0 ˚C.  Calculate the heat required to increase the temperature of the water to 100.0 ˚C.


heat = mcΔT = (5400 g)(4.18 J/gּ˚C)(100.0 ˚C – 23.0 ˚C) = 1738044 J or 1738 kJ

      (Tfinal – Tinitial)


Note the positive energy (+1738 kJ) denotes the process is endothermic (energy was taken in to heat the water.)

9.
A student obtains 5400 grams of water at 100.0 ˚C.  Calculate the heat released when temperature of the water decreases to 23.0 ˚C.


heat = mcΔT = (5400 g)(4.18 J/gּ˚C)(23.0 ˚C – 100.0 ˚C) = -1738 kJ

      (Tfinal – Tinitial)


Note the negative energy (-1738 kJ) denotes the process is exothermic (energy was given off by the system.)


If a 10,000 gram sample of gold absorbed all of this heat released from the water, what would be the change in temperature of the gold sample?


The water gave off energy and the gold took in the energy.


heat = 1738044 J = (10,000 g)(0.13 J/gּ˚C)(ΔT)


ΔT = 1337 ˚C

10.
Steam comes in contact with your arm.  What is the sensation?  Why?


Hot!  The process is releasing energy when the steam condenses to water.  This is an exothermic process and you are the recipient of the heat.



H2O (g) → H2O (l)
ΔH = (-)

11.
The heat of formation of urea, CO(NH2)2 (s) is –333.19 kJ/mol.  Write the chemical equation associated with this reaction (include phases—s, l, g, or aq).

C (graphite) + 2 H2 (g) + ½ O2 (g) + N2 (g) → CO(NH2)2 (s)   ΔHºf = –333.19 kJ

12.
(A Table will be helpful)  How much energy is given off when 8.00 moles of

CO (g) is formed from the elements (at 25 ˚C and 1 atm).

C (graphite) + ½ O2 (g) → CO (g)   ΔHºf = –110.5 kJ

110.5 kJ of energy is given off when one mole of CO (g) is formed.  So, when 8 moles of CO (g) is formed:

8.00 moles CO 
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884.0 kJ of heat energy is given off when 8 moles of CO is formed.

How much energy is given off when 500.0 g CO (g) is formed from the elements (at 25 ˚C and 1 atm).

500.0 g CO 
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17.85 moles CO 
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1973 kJ of heat energy is given off when 500.0 g of CO is formed.

13.
Consider:

2 C8H18 (l) + 25 O2 (g) → 16 CO2 (g) + 18 H2O (l) ΔH˚reaction = -10900 kJ


How much energy is released when one mole of octane, C8H18, is combusted?

10900 kJ of heat energy is released when two moles of octane are combusted (this is what the balanced equation says).

When one mole of octane is combusted:

1 mole 
[image: image10.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

(l)

 

H

C

 

moles

 

2

10900

18

8

kJ

 = -5450 kJ

5450 kJ of heat energy are released.


What is ΔH˚ when 9 moles of water are formed?

9 moles H2O (l) 
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14.
(Table 6.2 will be helpful)  Calculate ΔH˚ for  the following reaction:



CH4 (g) + 2 O2 (g) → CO2 (g) + 2 H2O (l) ΔH˚reaction = ?



CH4 (g) 
+
2 O2 (g) → 
CO2 (g) 
+
2 H2O (l)


ΔHºf = -74.85 kJ/mol

0 kJ/mol
-393.5 kJ/mol

-285.9 kJ/mol


ΔH˚reaction = Σ ΔH˚products - Σ ΔH˚reactants

ΔH˚reaction = [(1mol CO2)(-393.5 kJ/mol) + (2 mol H2O)(-285.9 kJ/mol)] –

[(1 mol CH4)(-74.85 kJ/mol) + (2 mol O2)(0 kJ/mol)]

ΔH˚reaction = [-965.3 kJ] – [-74.85 kJ] = -890.45 kJ

(Exothermic—energy is released; of course it is!  This is the combustion of methane—natural gas.  We do this reaction to cook and heat our living spaces.]

15.
(Table 6.2 will be helpful)  Calculate ΔH˚ for  the following reaction:



C2H2 (g) + 5/2 O2 (g) → 2 CO2 (g) + H2O (l) ΔH˚reaction = ?

C2H2 (g) 
+ 
5/2 O2 (g) → 
2 CO2 (g) 
+ 
H2O (l)


ΔHºf = 226.75 kJ/mol

0 kJ/mol
-393.5 kJ/mol

-285.9 kJ/mol


ΔH˚reaction = Σ ΔH˚products - Σ ΔH˚reactants

ΔH˚reaction = [(2 mol CO2)(-393.5 kJ/mol) + (1 mol H2O)(-285.9 kJ/mol)] –

[(1 mol C2H4)( 226.75 kJ/mol) + (5/2 mol O2)(0 kJ/mol)]


ΔH˚reaction = -1300 kJ

(Exothermic—energy is released; of course it is!  This is the combustion of another hydrocarbon; this one is acetylene—used in torches.  We do this reaction to wield and cut holes in metal.]
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16.
The heat of formation of NH4Cl (s) is –315.4 kJ/mol.  Write the chemical equation associated with this reaction (include phases—s, l, g, or aq).

½ N2 (g) + 2 H2 (g) + ½ Cl2 (g) + → NH4Cl (s)   ΔHºf = –315.4 kJ

17.
From the following heats of reaction

2 SO2(g) + O2(g)  2 SO3(g)
H   = 
– 196 kJ
(1)

2 S(s) + 3 O2(g)  2 SO3(g)

H   =  – 790 kJ
(2)

calculate the heat of reaction for


S(s) +  O2(g)   SO2(g)

H   =  ? kJ

(3)


[Flipped equation 1 and divided it by 2; we divided equation 2 by 2.  H   =  -297 kJ for (3)]

18.
Calculate the standard reaction enthalpy for the photosynthesis reaction,


6 CO2(g)  +  6 H2O(l)    C6H12O6(s)  +  6 O2(g)


 =  ? kJ


The heat of formation of glucose, C6H12O6(s), is – 1274.5 kJ/mol; other values are listed in the text.

ΔH˚reaction = Σ ΔH˚f (products) – Σ ΔH˚f (reactacnts)

ΔH˚reaction = [(1 mol C6H12O6(s))(-1274.5 kJ/mol) + (6 mol O2 (g))(0 kJ/mol)] –

[(6 mol CO2(g))(-393.5 kJ/mol) + (6 mol H2O(l))(-285.8 kJ/mol)]

19.
Given the following reactions and their enthalpy changes, calculate the enthalpy change for 

2 NO2(g) ----> N2O4(g) 

	Equations
	Change in Heat Energy 

	N2(g) + 2 O2(g) ---> 2 NO2(g)
	67.8 kJ 

	N2(g) + 2 O2(g) ---> N2O4(g)
	9.67 kJ



Leave the bottom reaction and flip the first:


N2(g) + 2 O2(g) ---> N2O4(g)
2 NO2(g) ---> N2(g) + 2 O2(g)

The nitrogen and oxygen cancel leaving:


2 NO2(g) ----> N2O4(g)

ΔH˚reaction = (-67.8 kJ) + (9.67 kJ) = -58.13 kJ
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