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Formulas and Data
Kinetic energy = ½ mv2
w = -P(V

Ptotal = P1+P2+P3+…

u = (3RT/MW)½
(G = (H - T(S

PV = nRT

P1=X1*Ptotal  

C = q/(T 

K = oC + 273.16
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1 kcal = 4.184 kJ 
NA = 6.02 x 1023 /mol 
R = 0.0821 L atm/mol K = 62.4 L torr/mol K = 8.31 kJ/mol K
760 torr = 760 mm Hg = 1.00 atm = 101 kPa = 14.6 psi = 30 in Hg

	substance
	Heat of formation (kJ/mol)
	
	Bond
	Dissociation energy (kJ/mol)

	C10H8(s)
	+76.8
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	436

	CO2(g)
	-393.5 
	
	
	

	H2O(l)
	-285.8
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	390

	H2O(g)
	-241.8
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	Specific Heat (J/g oC)
	
	
	

	H2O(l)
	4.184
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	695

	H2O(s)
	2.0
	
	
	

	Al(s)
	0.902
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	Heat of fusion (J/g)
	
	
	

	H2O
	333.9
	
	
	


Grossmont College
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Lanthanide series

Actinide series

Multiple choice questions

______1. Water has an unusually high 

	a. molar heat capacity
	b. heat of formation 

	c. heat of combustion
	d. specific heat


______2. For which should the standard heat of formation Hof, be zero at 25oC? 

	a. O (g)
	b. O3(g)  
	c. O2 (g)  
	d. all the above 


______3. The values of Hof for the three states of benzene are approximately -22 kcal/mol, -11 kcal/mol, and 20kcal/mol.  Which is the value for liquid benzene? 

a. -22 kcal/mol 

b. -11 kcal/mol 

c. +20 kcal/mol 

d. cannot be determined without additional information 

______4. Which equation represents the reaction whose H, represents the standard enthalpy of formation of CHCl3(l) at 25oC? (i.e., for which  is H = Hof of CHCl3) 

a. C(s) + H(g) + 3 Cl(g) ( CHCl3(l) 

b. C(s) + 1/2 H2(g) + 3/2 Cl2(g) ( CHCl3(l) 

c. CHCl3(l) ( C(s) + H(g) + 3 Cl(g) 

d. 2 C(s) + H2(g) + 3 Cl2(g) ( 2 CHCl3(l) 

______5. At a given temperature and pressure, which of the following would be expected to have the greatest molar entropy? 

a. Br2(g) 

b. Br2(s) 

c. Br2(l) 

d. All of these would be expected to have the same molar entropy. 

e. Which combination always results in a process being non-spontaneous? 

f. H is negative and S is negative. 

g. H is positive and S is positive. 

h. H is positive and S is negative. 

i. H is negative and S is positive. 

______6. The following drawing is a representation of a reaction of the type A(B, where different shaded spheres represent different molecular structures. For this reaction Ho = +30 kJ.  This reaction is likely to be
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a. spontaneous at low temperatures and non spontaneous at high temperatures
b. nonspontaneous at low temperatures and spontaneous at high temperatures
c. nonspontaneous at all temperatures
d. spontaneous at all temperatures
______7. Which of the following instruments directly measures the pressure of a gas? 

	a. polarimeter
	b. gas chromatograph

	c. manometer
	d. spectrometer


______8. Pressure is defined as 

	a. mass times acceleration
	b. force divided by unit area

	c. mass divided by acceleration
	d. force times unit area


______9. Suppose you needed to closely monitor small changes in pressure inside a container using an open end manometer. For the best accuracy, the substance in the manometer should  

	a. be mercury
	b. be a solid

	c. have a low density
	d. have a high density


______10. Three identical flasks contain three different gases at standard temperature and pressure. Flask A contains C4H10, flask B contains SO2, and flask C contains He[image: image8.wmf]. Which flask contains the largest number of molecules?  

a. flask A 

b. flask B 

c. [image: image9.png]PN



flask C 

d. All contain same number of molecules. 

______11. What is the pressure (in mm Hg) of the gas inside the above apparatus if the outside pressure, Patm, is,745 mm Hg and the difference in mercury levels, h, is 25 mm Hg? 
	a. 745 mm Hg
	b. 25 mm Hg
	c. 720 mm Hg
	d. 770 mm Hg


______12. Which of the following gases has the highest average speed at 400K? 

	a. UF6
	b. CO2

	c. SF6
	d. N2O4
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Assume that you have a sample of gas in a cylinder with a moveable piston, as shown in diagram (1). The initial pressure, number of moles, and temperature of the gas are noted on the diagram. Which diagram (2)-(4) most closely represents the result of doubling the pressure while keeping the temperature and number of moles of gas constant?

	a. diagram (2)
	b. diagram (3)
	c. diagram (4)


In the diagram at the right, nitrogen molecules are represented by unshaded spheres, oxygen molecules by gray spheres, and chlorine molecules by black spheres.
[image: image11.png]Vacuum





______14. If the total pressure in the container is 900 mm Hg, what is the partial pressure of chlorine? 
	a. 180 mm Hg
	b. 270 mm Hg
	c. 90 mm Hg
	d. 450 mm Hg


Problems
1. (10 points) An aluminum block with a mass of 81.26 g was immersed in liquid nitrogen to cool it to a temperature of –196.0oC and then dropped into a beaker containing 58.25 g of water with a temperature of 21.2oC.    How many grams of ice are formed?
2. (6 points) Using bond energies calculate the heat of the reaction below:

N2    +    3 H2    (   2 NH3
3.  (25 points) A student sets up an experiment to determine the heat of combustion of an unknown compound.  A 0.539 g sample of naphthalene (C10H8) was burned in a calorimeter.  The temperature of the calorimeter and its contents increased by 1.977oC.  A 1.77 g sample of the unknown compound was burned in the same way in the same calorimeter with a temperature increase of 2.030oC.  (This problem is worth a lot of points, if you get stuck on one part make up a number and use it to work on subsequent parts.  You may check your equation with me.)
a. (3 points) Write the equation for the combustion of C10H8(s) in oxygen gas.  

b. (6 points) Calculate the molar heat of combustion for naphthalene using heats of formation.

c. (4 points) Calculate the amount of heat released by the combustion of the naphthalene sample.
d. (4 points) Calculate the value of the calorimeter constant (Note that there is no water in the calorimeter to worry about!)

e. (4 points) Calculate the amount of heat liberated by the combustion of the unknown sample.

f. (4 points) In another experiment the molar mass of the unknown compound was determined to be 176 g/mol.  Calculate the molar heat of combustion for the substance.
4. (8 points) Both acetylene (C2H2) and ethylene (C2H4) yield ethane (C2H6) on hydrogenation, according to the following reactions:

C2H2(g)  +  2 H2(g)  (  C2H6(g)

H = -311 kJ

C2H4(g)  +  H2(g)  (  C2H6(g)

H = -136 kJ

Calculate H for the formation of ethylene from acetylene and hydrogen, and write the equation for this process.
5. (6 points) It has been estimated that in every cubic kilometer of seawater there are about 6 g of gold in ions.  At current gold prices of about $433/ounce, that would suggest a sizable fortune for anyone clever enough to mine it successfully.  Should you try to exploit this gold mine or not?  Use thermodynamic arguments to make your case.

6. (6 points) Determine the pressure exerted by a column of water that is 14.0 m high in units of mm Hg and atmospheres.  (density of mercury = 13.6 g/ml)
7. (7 points) A vacuum pump exhausts a heavy-walled 1.20-L round-bottomed flask to a pressure of 1.04 x 10-6torr.  How many particles are present if the temperature is 273 K?

8. (6 points) An unknown gas has a density of 8.06 g/L at a pressure of 1.50 atm and 295K.  Calculate the molar mass of the gas.

9. (5 points) 10.0 L of an ideal gas at 75oC exerts a pressure of 0.785 atm.  At what temperature (oC) would the same amount of gas occupy 15.0 L at 0.656 atm?
10. (10 points) A mixture of the gases CO and CH3COCH3 (acetone) is trapped in a 1.0 L flask at 305K.  The pressure in the flask registers 100. torr initially, but the pressure increases to 266. torr after the all of the acetone in the flask decomposes according to the reaction below: 
CH3COCH3 (g) (  C2H4(g)  +  CO(g)  +  H2(g)

If all substances are present in the gas phase, determine the initial and final pressures of all gases in the mixture.  (Use an IE diagram using pressures.)

	
	Initial Pressure (torr)
	Final Pressure (torr)

	CH3COCH3
	
	

	C2H4
	
	

	CO
	
	

	H2
	
	


11. (6 points) Calculate the rate of effusion of phosphine (PH3) molecules through a small opening if ammonia (NH3) molecules pass through the same opening at a rate of 8.02 ml/sec under the same conditions.  
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