	PRIVATE 
1.
	A 3.31-g sample of lead nitrate, Pb(NO3)2, (M = 331 g/mol), is heated in an evacuated cylinder with a volume of 1.62 L. 

The salt completely decomposes when heated, according to the equation


2Pb(NO3)2(s) ( 2PbO(s) + 4NO2(g) + O2(g)


What is the total gas pressure in the cylinder after decomposition and cooling to a temperature of 300. K? 

	PRIVATE 
A)
	0.380 atm

	B)
	0.228 atm

	C)
	0.0342 atm

	D)
	1.28 atm

	E)
	5.00 atm


Solution: number of moles of Pb(NO3)2:
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with the mole fraction for gases all together from the equation we get the number of moles of gases:
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In the reaction 4 NO2(g) + O2(g) are produced and thus 5 mol gas per 2 mol Pb(NO3)2. This is inserted into the ideal equation to get the pressure:
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choice A)
2.
Which of the following statement(s) is/are correct?

        I.  Root mean square velocity of gas molecules is directly proportional to molar mass.

II. Real gases do not behave ideally because the molecules occupy significant volume relative to the container volume.

III.  Real gases will behave ideally if their molecules experience intermolecular forces of attraction at low temperatures.

	PRIVATE 
A)
	II is correct

	B)
	I is correct

	C)
	III is correct

	D)
	All are correct

	E)
	II and III are correct


Solution: 

I. That is incorrect because
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20
II. correctchoice A)
III. incorrect, because exactly at all low T, ideal gases will behave as real gases (not the opposite) because their molecules are at low temperature to slow to escape their attractions.

	PRIVATE 
3.
	A sample of ammonia (NH3) gas is completely decomposed to nitrogen and hydrogen gases at constant T and V. The total pressure is 867mm Hg at the end of the reaction. The partial pressures of N2 and H2  respectively at the end of the reaction are:

	PRIVATE 
A)
	217 mmHg and 650. mmHg

	B)
	108 mmHg and 325 mmHg

	C)
	183 mmHg and 247 mmHg

	D)
	108 mmHg and 434 mmHg

	E)
	98.4 mmHg and 560. mmHg


Solution: complete decomposition: 2 NH3(g) ( N2(g) + 3 H2
thus the remaining gas mixture will contain 75 % by moles hydrogen and 25 % by moles nitrogen. Thus we have since PtotalVtotal = [n(H2) + n(N2)]RT. Thus the partial pressures are given by fractional mole composition times total pressure:
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choice A)
	PRIVATE 
4.
	Which one of the following statements represent Avogadro’s law for gases?

	PRIVATE 
A)
	The volume of a sample of gas at constant pressure and temperature is directly proportional to the number of moles.

	B)
	The volume of a sample of gas at constant pressure is directly proportional to its absolute temperature.

	C)
	The volume of a sample of gas at constant  temperature is inversely proportional to its pressure.

	D)
	The volume of a sample of gas at constant  temperature is directly proportional to its molar mass.

	E)
	The volume of a sample of gas at constant pressure and temperature is directly proportional to the atmospheric pressure.


Solution: A) is just a formulation of Avogadro's law: V = b n, at P,T = const (included in constant b = RT/P)                 choice A)
B) is Charles's law not Avogadro's

C) Boyle's law, not Avogadro's

D) incorrect: M = d RT/P = mRT/PV, thus V is inversely proportional to its molar mass M

E) obvious nonsense

5. Helium is collected over water at 25 oC and 1 atm pressure. What volume of gas must be collected to obtain 0.0586 g He? (The vapor pressure of water at 25 oC is 23.8 torr)

A
310 mL
B
3.58 mL
C
358 mL
D
370 mL

E
1.91 mL

PHe + PH2O = 1 atm = 760 torr

PHe = (760 - 23.8) torr = 736.2 torr
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With nt being the total number of gas moles:
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Now the ideal gas equation gives the total volume, Vt, that must be collected to obtain 0.0586 g He:
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6. When 25.0 mL of gas A is completely converted to gas B according to the following reaction, what will be the volume of gas B produced at the same temperature and pressure?

2 A(g) ( B(g)

A
12.5 mL
B
25.0 mL
C
1.00 mL
D
0.50 mL

E
50.0 mL

2 mol A ( 1 mol B

T, P same, Avogadro's law: 25.0 mL A ( 12.5 mL B, answer A
7. In a nitrogen-oxygen gas mixture the mole fraction of nitrogen is 0.76. If the total pressure of the mixture is 1.44 atm at 325 K, what is the molarity of oxygen in the gas mixture?

A
0.017 M

B
0.069 M

C
0.54 M

D
0.013 M

E
0.041 M

PO2 = xO2 P = (1 - xN2) P = (1 - 0.76) x 1.44 atm

 = 0.3456 atm

This can be obtained from the ideal gas equation, using nO2, the number of moles of oxygen, and V, the total volume of the mixture, and MO2 = nO2/V:

PO2 = nO2RT/V = MO2RT

MO2 = PO2/(RT)
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correct answer: D

8. Consider the following reaction and identify the false statement.

C2H2(g) + N2(g) ( 2 HCN(g)

A) To produce exactly 22.4 L of HCN at STP requires the complete reaction of 28 g of N2.

This is FALSE, because 22.4 L HCN at STP is 1 mole of HCN, which requires 1/2 mol of N2 to react, which is 1/2 x 2 x 14 g = 14 g of N2, not 28 g, choice A)

B) 1 mol of C2H2 reacts with 1 mol N2 to produce 2 mol of HCN: exactly the reaction equation

C) 26 g of C2H2 reacts to yield 44.8 L HCN at STP: 1 mol C2H2 gives 2 mol HCN, correct

D) At STP, 22.4 L of C2H2 react to yield 44.8 L HCN: 1 mol C2H2 gives 2 mol HCN, correct

E) At STP, 22.4 L of N2 react to yield 44.8 L HCN: 1 mol N2 gives 2 mol HCN, correct

9. How many oxygen atoms are contained in a sample of O2 that occupies 1500. mL at 50.0oC and 1.00 atm pressure?

A) 6.81 x 1022                      B) 1.75 x 1023                      C) 3.87 x 1023
D) 3.40 x 1022                       E) 8.91 x 1022
n= PV/RT = (1.500 L x 1.00 atm)/[0.0821 L atm/(K mol) x 323.15 K] = 0.05654 mol

NO2 = 0.05654 mol x 6.022 x 1023 = 3.4047 x 1022
NO = 2 x NO2 = 6.809 x 1022 = 6.81 x 1022, choice A)

10. Which of the following statements is false:

An increase in temperature will,

A) increase the molecular weight of a gas. 

FALSE: molar weight, Mm, is independent of T, choice A)

B) increase the velocity of the gas molecules. 

Correct: Since the average speed increases with in​creasing T, also the individual speeds will.

C) increase the number of collisions per second. 

Correct: Larger speeds lead to more frequent col​lisions

D) increase the average kinetic energy of the molecules. 

Correct: It is proportional to RT

E) increase the root mean square velocity of the molecules. 

Correct: this is proportional to T1/2
11. Calculate the density, in g/L, of chlorine (Cl2) gas at STP.

A)
3.16 g/L

B)
2.13 x 10-2 g/L

C)
46.9 g/L

D)
1.58 g/L

E)
6.32 g/L

From the ideal gas equation follows:
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MM denotes molar mass. STP means 1 atm and 0oC, and thus
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choice A
12. Calculate the volume of H2(g) at 273 K and 2.00 atm that will be formed when 275 mL of 0.725 M HCl solution reacts with excess Mg to give hydrogen gas and aqueous magnesium chloride.

A)
0.560 L

B)
2.23 L

C)
4.47 L

D)
3.54 L

E)
1.12 L

equation:

Mg(s) + 2 HCl(aq) ( MgCl2(aq) + H2(g)

number of moles of H+ ions
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14
which yields
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15
The ideal gas equation gives then the volume of H2 formed:
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choice E
13. Deviations from the ideal gas law are greater at:

A) low temperatures and low pressures

B) high temperatures and high pressures

C) low temperatures and high pressures

D) high temperatures and low pressures

E) STP

Gases are most ideal when the pressure is low (large volume, thus large distances between molecules) and the temperature is high (large speeds, molecules can escape their attractions best).

least ideal at the opposite conditions: high pressure and low temperature

choice C
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