AP Chemistry






Name:__________________

Thermo Practice Test

1.  A 4.0 g sample of iron was heated from 0˚C to 20.˚C. It absorbed 35.2 J of energy as heat.  What is the specific heat of this piece of iron?

This is a plug-and-chug, using the equation from the lab:
q = mCT
q = 35.2 J
m = 4.0 g

T = 20ºC
We’re looking for C
35.2 = 4.0(C)(20ºC)

C = .44 J/gºC
2.  Use the information:

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

H = -796.50 kJ

C(graphite) + O2(g) (  CO2(g)


H = -393.51 kJ

2H2(g) + O2(g) ( 2H2O(g)


H = -477.84 kJ

to calculate H for the reaction where methane dissociates into its elements in their most stable states.  

First we need to write the equation for the reaction we want:
CH4 ( C(graphite) + 2H2(g)
Now we need to finagle the given reactions until they add up to the one we want:
My first thought is we need graphite in the products, so we’ll need to switch the 2nd equation around, changing the sign of H. We’ll also want 2H2 in the products, so we’ll switch the 3rd equation around, changing the sign of its H. That might just do it. Let’s check. We cancel out anything that’s on both sides of the equal sign – remember we can only cross out whole compounds – we can’t cross the oxygen out of CO2, for example, and leave us with C. 
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(g) 

H = -796.50 kJ

CO2(g)       (  
C(graphite) + O2(g)

H = +393.51 kJ
2H2O(g)   (
2H2(g) + O2(g)


H = +477.84 kJ

______________________________________________________

Look, we’re left with our original equation:
CH4 ( C(graphite) + 2H2(g)
Now let’s add up the H’s: -796.50 + 393.51 + 477.84 = 74.85 kJ
We’re allowed to do this because H is a state function. The path by which we go from CH4 to its elements in their most stable state doesn’t matter. 
3.  If 41.2 g of water at 18.7ºC are mixed with 27.6 g of water at 38.4ºC, what will be the temperature of the mixture?  (The specific heat of water is 4.18 J/gºC)

This is also related to the lab. It’s a “q = -q” problem. When I mix together the 2 waters, some heat will leave the hotter water and go into the colder water, and some of the colder water will get heated up, just like the energy leaving the food and heating up the water in the lab. On a molecular level, the hotter (faster moving) molecules will collide with the colder (slower moving) molecules and slow down. The slower molecules will pick up some of that energy from the collision and speed up. The final temperature of the water, therefore, will be between the two temperatures of 17.7ºC and 38.4ºC. It won’t be exactly in the middle though, because the amounts of water are not the same. 
So we know for the cold water:

q = (41.2g)(4.18 J/gºC)(Tf – 18.7ºC), where Tf is the final temperature of the water, that we don’t know yet. 

For the hot water:

q = (27.6 g)(4.18 J/gºC)(Tf -38.4ºC), where Tf is the same final temperature we had in the cold water equation. 

Now we have 2 unknowns in each equation, which is a problem. But we know how to relate these equations: q = - q. The heat being lost from the hot water equals the heat being given to the cold water. So (be careful with your signs):

(41.2)(4.18)(Tf-18.7)= -[(27.6)(4.18)(Tf -38.4)]

multiplying throughy, we get:

168.92Tf -3158.804 = -113.712Tf + 4366.5408
combine like terms:

282.632Tf = 7525.3448
solve for Tf::


Tf = 26.6ºC, which makes perfect sense as an answer.

4.  Write the formation reaction for one mole of each of the following compounds.  

a.  C2H6 (g)
2C(graphite) + 3H2(g) ( C2H6(g)
b.  H3PO4(s)
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P4 + 2O2(g) ( H3PO4(s)
5.  Based on the relationship of entropy to the degree of disorder of a system, which response includes all the occurrences listed that represent a decrease in entropy?

  I. The freezing of water decrease - what was able to move freely cannot anymore 
 II. The vaporization of water increase – making a gas from a liquid
III. Sublimation (vaporization) of dry ice, solid CO2 increase – making a gas from a solid
IV. The extraction of Mg and pure water from seawater decrease - what was able to move freely cannot anymore 
a.  I and II

b. II and IV
c.  I and IV

d.  III

e.  II and III

6.  Each of two solutions are mixed separately, and both solutions are found to be the same temperature.  The two solutions are mixed, and a thermometer shows the mixture’s temperature has decreased.  Which of the following statements is true?

a.  The chemical reaction is exothermic No – then the T would have increased
b.  The chemical reaction is absorbing energy. Yes – the energy was absorbed from the water, making the solution colder
c.  The chemical reaction is releasing energy. No – that would be exothermic
d.  The energy released could be found by multiplying the temperatures together. Nope – not the way it works
e.  The energy absorbed by the solution is equal to the difference in temperature of the solutions. No – there are other factors involved, like specific heat. 
7.  If G for a certain reaction has a negative value at 298 K, which of the following must be true?

I.  The reaction is exothermic not necessarily
II.  The reaction occurs spontaneously at 298 K yes
III.  The rate of the reaction is fast at 298 K. not necessarily – kinetics and thermo are not the same thing. 
A.  I only

B.  II only

C.  I and II only

D.  II and III only

E.  I, II, and III
8.  

2H2S(g) + SO2(g) ( 3S(s) + 2H2O(g)
At 298 K, the standard enthalpy change, Hº, for the reaction represented above is 

–145 kJ.

a.  Predict the sign of the standard entropy change, Sº for the reaction.  Explain the basis for your prediction.

3 moles of gas are making 3 moles of solid and 2 moles of gas – decrease in disorder. So S is negative.
b.  At 298 K, the forward reaction is spontaneous.  What change, if any, would occur in the value of Gº for this reaction as the temperature is increased?  Explain your reasoning using thermodynamic principles.

G = H - TS
If S is negative, then TS is also negative, and -TS is positive. 

H, we are told, is negative. At 298 K, we are told, G is negative.

That means, at 298K, the negative H is prevailing, and -TS is not a big enough positive number to overcome the enthalpy. As the temperature increases, eventually the -TS term would become the more important term in the equation, and overwhelm the H, causing the sign of G to change to positive, and the reaction to become nonspontaneous. 
c.  What change, if any, would occur in the value of the equilibrium constant, Keq, for the situation described in b?  Explain your reasoning.

G = -RTlnK
If G is negative, then K must be greater than 1 (because the ln of a number greater than 1 is positive). If G is positive, then K must be less than 1 (because the ln of a number between 0 and 1 is negative). So as G goes from negative to positive, K must be decreasing. 
d.  The absolute temperature at which the forward reaction becomes nonspontaneous can be predicted.  Write the equation that is used to make the prediction.  Why does this equation only predict an approximate value for the temperature?

Gº = Hº - TSº
When the reaction becomes nonspontaneous, then G goes from negative to positive, so it must go through zero. If Gº is zero, then:

Hº = TSº

Finding values for enthalpy and entropy and solving for T would give the temperature at which the reaction becomes nonspontaneous. This is only an approximate temperature value because we have to assume that H and S do not depend on temperature, but they do. 
9.  


C2H2(g) + 2H2(g) ( C2H6(g)
Information about the substances involved in the reaction represented above is summarized in the following tables:

	Substance
	Sº (J/molK)
	Hºf (kJ/mol)

	C2H2 (g)
	100.9
	226.7

	H2(g)
	130.7
	0

	C2H6(g)
	-----
	-84.7


	Bond
	Bond Energy (kJ/mol)

	C-C
	347

	C=C
	611

	C-H
	414

	H-H
	436


a.  If the value of the standard entropy change, Sº, for the reaction is –232.7 J/mol K, calculate the standard molar entropy, Sº, for C2H6 gas.

This is one of those “add up all the values for the products and add up all the values for the reactants and subtract” questions:

Sº (C2H6) – [100.9 + 2(130.7)] = -232.7

Sº = 129.6 J/mol K

b.  Calculate the value of the standard free-energy change, Gº, for the reaction.  What does the sign of Gº indicate about the reaction above?

We can use the same idea from part a to find H for the reaction, then use Gº = Hº - TSº to find Gº:
-84.7 – 226.7 = -311.4 kJ (NOTE: this is kJ and S was in J) Also note that standard temperature is 298 K.
Gº = -311.4 – 298 (-0.2327) 

Gº = -242.1 kJ
c.  Calculate the value of the equilibrium constant, K, for the reaction at 298 K.

Gº = -RT ln(K)
Again, watch the units. R is in Joules
-242100 = (-8.3144)(298)ln(K)
97.7 = ln(K)
K = 2.73  X 1042
d.  Calculate the value of the C(C bond energy in C2H2 in kJ/mol.

This one is H = bonds broken minus bonds formed
All the bonds broken in the reaction are:

C2H2: C(C and 2 C-H bonds
2H2: 2 H-H bonds

All the bonds formed in this reaction are:

One C-C bond, and 6 C-H bonds 
H we know from part b is -311.4 kJ

So:
 -311.4 = [x + 2(414)+2(436)]-[347+6(414)]

-311.4 = x -1131
x =  819.6 kJ

10.  


C6H5OH(s) + 7O2(g) ( 6CO2(g) + 3H2O(l)
When a 2.000 gram sample of pure phenol, C6H5OH(s) is completely burned according to the equation above, 64.98 kJ of heat is released.  Use the information in the table below to answer the questions that follow.

	Substance
	Standard Heat of Formation Hºf, at 25ºC (kJ/mol)
	Absolute Entropy, Sº at 25ºC, (J/mol K)

	C (graphite)
	0.00
	5.69

	CO2(g)
	-393.5
	213.6

	H2(g)
	0.00
	130.6

	H2O(l)
	-285.85
	69.91

	O2(g)
	0.00
	205.0

	C6H5OH(s)
	?
	144.0


a.  Calculate the molar heat of combustion of phenol in kJ/mol at 25ºC.

We know that 2.000 grams sample gives off 64.98 kJ of heat, so we can do a proportion:
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 = 3057 kJ

2.000 g


So the molar heat of combustion is -3057 kJ/mole (heat is given off, so negative)
b.  Calculate the standard heat of formation Hfº of phenol in kJ/mol at 25ºC.

-3056 = 6(-393.5)+3(-285.85) - x
x = -162.55 kJ
c.  Calculate the value of the standard free-energy change, Gº, for the combustion of phenol at 25ºC.

Gº = Hº-TS
First we have to find S:
6(213.6) + 3(69.91) – 7(205.0) – 144.0 = -87.67 J = -0.08767 kJ

 Now: 

Gº = -3057 – 298(-0.08767)

Gº = -3031 kJ

d.  If the volume of the combustion container is 10.0 L, calculate the final pressure in the container when the temperature is changed to 110. ºC.  (assume no oxygen remains unreacted and that all products are gaseous.)

This is a gas law/stoich problem:
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6 moles CO

2.000 g phenol1 mole

 = 0.1276 moles CO

94.066 g phenol1 mole phenol
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3 moles HO

2.000 g phenol1 mole

 = 0.06389 moles HO

94.066 g phenol1 mole phenol


Total moles of product: 0.1276 + 0.06389 = 0.1915 moles product

PV = nRT

P (10.0 L) = 0.1915 moles (0.0821)(383)

P = 0.602 atm
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