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5. 		e
15. 		Postulate 3

20.	Molecules in the condensed phases (liquids and solids) are very close together.  Molecules in the gaseous phase are very far apart.  A sample of gas is mostly empty space.  Therefore, one would expect 1 mole of H2O(g) to occupy a huge volume as compared to 1 mole of  H2O(l).

25.	d = (molar mass)P/RT; density is directly proportional to the molar mass of a gas. Helium, with the smallest molar mass of all the noble gases, will have the smallest density.

30.	a.	Containers ii, iv, vi, and viii have volumes twice those of containers i, iii, v, and vii.  Containers iii, iv, vii, and viii have twice the number of molecules present than  containers i, ii, v, and vi.  The container with the lowest pressure will be the one that has the fewest moles of gas present in the largest volume (containers ii and vi both have the lowest P).  The smallest container with the most moles of gas present will have the highest pressure (containers iii and vii both have the highest P).  All the other containers (i, iv, v, and viii) will have the same pressure between the two extremes.  The order is ii = vi < i = iv = v = viii < iii = vii.

b.	All have the same average kinetic energy because the temperature is the same in each container. Only temperature determines the average kinetic energy.
c.	The least dense gas will be in container ii because it has the fewest of the lighter Ne atoms present in the largest volume.  Container vii has the most dense gas because the largest number of the heavier Ar atoms are present in the smallest volume.  To determine the ordering for the other containers, we will calculate the relative density of each.  In the table below, m1 equals the mass of Ne in container i, V1 equals the volume of container i, and d1 equals the density of the gas in container i.

	Container
	i
	ii
	iii
	iv
	v
	vi
	vii
	viii

	mass,
volume
	m1, V1
	m1, 2V1
	2m1, V1
	2m1, 2V1
	2m1, V1
	2m1, 2V1
	4m1, V1
	4m1, 2V1

	
 density


	

= d1
	


	

= 2d1
	

= d1
	

= 2d1
	

= d1
	

= 4d1
	

= 2d1



From the table, the order of gas density is ii < i = iv = vi < iii = v = viii < vii.
d.	µrms = (3RT/M)1/2; the root mean square velocity only depends on the temperature and the molar mass.  Because T is constant, the heavier argon molecules will have a slower root mean square velocity than the neon molecules.  The order is v = vi = vii = viii < i = ii = iii = iv.	

35.	PV = nRT;  Figure 5.6 is illustrating how well Boyle’s law works.  Boyle’s law studies the pressure-volume relationship for a gas at constant moles of gas (n) and constant temperature (T).  At constant n and T, the PV product for an ideal gas equals a constant value of nRT, no matter what the pressure of the gas.  Figure 5.6 plots the PV product versus P for three different gases.  The ideal value for the PV product is shown with a dotted line at about a value of 22.41 L atm.  From the plot, it looks like the plot for Ne is closest to the dotted line, so we can conclude that of the three gases in the plot, Ne behaves most ideally.  The O2 plot is also fairly close to the dotted line, so O2 also behaves fairly ideally.  CO2, on the other hand, has a plot farthest from the ideal plot;  hence CO2 behaves least ideally.



40.	20.0 in Hg ×  = 508 mm Hg = 508 torr;  508 torr ×  = 0.668 atm																			= 0.668 atm

45.	At constant T and P, Avogadro’s law holds (V  n).
		

	 = 0.89 mol
	As expected, as V increases, n increases.


50.	a.	

	b.	

	c.	

	Air is indeed “thinner” at high elevations.


55.	For a gas at two conditions:   


	Because V is constant:  ,   n2  = 


	n2 =   = 2.77 mol

	Moles of gas added = n2 – n1 = 2.77 – 1.50 = 1.27 mol
		
For two-condition problems, units for P and V just need to be the same units for both con-ditions, not necessarily atm and L. The unit conversions from other P or V units would cancel when applied to both conditions. However, temperature always must be converted to the Kelvin scale. The temperature conversions between other units and Kelvin will not cancel each other.
60.	Because the container is flexible, P is assumed constant. The moles of gas present are also constant.


	;  Vsphere = 4/3 r3	

	V2 = 


	 =  = 1.29,  r2 = (1.29)1/3 = 1.09 cm = radius of sphere after heating

65.	STP:  T = 273 K and P = 1.00 atm;  at  STP, the molar volume of a gas is 22.42 L.


	2.00 L O2  ×  = 3.21 g Al


Note:  We could also solve this problem using PV = nRT, where  = PV/RT.  You don’t have to memorize 22.42 L/mol at STP.


70.	5.00 g  S ×  = 0.156 mol S
0.156 mol S will react with 0.156 mol O2 to produce 0.156 mol SO2. More O2 is required to convert SO2  into SO3.


0.156 mol SO2  ×  = 0.0780 mol O2

Total mol O2 reacted = 0.156 + 0.0780 = 0.234 mol O2



V =  =  = 2.28 L O2

75.	a.	CH4(g) + NH3(g) + O2(g) → HCN(g) + H2O(g);  balancing H first, then O, gives:

			CH4 + NH3 + → HCN + 3 H2O  or  2 CH4(g) + 2 NH3(g) + 3 O2(g)  
																		    2 HCN(g) + 6 H2O(g)


	b.	PV = nRT, T and P constant;  ,   
The volumes are all measured at constant T and P, so the volumes of gas present are directly proportional to the moles of gas present (Avogadro’s law).  Because Avogadro’s law applies, the balanced reaction gives mole relationships as well as volume relationships. 


	If CH4 is limiting:  	20.0 L CH4   = 20.0 L HCN

	If NH3 is limiting:  	20.0 L NH3   = 20.0 L HCN

	If O2 is limiting:  20.0 L O2 ×  = 13.3 L HCN
O2 produces the smallest quantity of product, so O2 is limiting and 13.3 L HCN can be produced.

80.	d = P × (molar mass)/RT;  we need to determine the average molar mass of air. We get this by using the mole fraction information to determine the weighted value for the molar mass. If we have 1.000 mol of air:



		average molar mass = 0.78 mol N2 ×  + 0.21 mol O2 ×  

												      + 0.010 mol Ar ×  = 28.98 = 29 g

	dair =  = 1.3 g/L
85.	Treat each gas separately and determine how the partial pressure of each gas changes when the container volume increases. Once the partial pressures of H2 and N2 are determined, the total pressure will be the sum of these two partial pressures. At constant n and T, the relationship P1V1 = P2V2 holds for each gas. 



		For H2:  P2 =   = 475 torr ×   = 317 torr


	For N2:  P2 = 0.200 atm ×  = 0.0667 atm;  0.0667 atm ×  =  50.7 torr

	Ptotal = = 317 + 50.7 = 368 torr


90.	52.5 g O2   = 1.64 mol O2;  65.1 g CO2   = 1.48 mol CO2

	

	 = 0.526  9.21 atm = 4.84 atm

	= 9.21 – 4.84 = 4.37 atm
95.	Because P and T are constant, V and n are directly proportional.  The balanced equation requires 2 L of H2 to react with 1 L of CO (2 : 1 volume ratio due to 2 : 1 mole ratio in the balanced equation).  If in 1 minute all 16.0 L of H2 react, only 8.0 L of CO are required to react with it.  Because we have 25.0 L of CO present in that 1 minute, CO is in excess and H2 is the limiting reactant.  The volume of CH3OH produced at STP will be one-half the volume of H2 reacted due to the 1 : 2 mole ratio in the balanced equation.  In 1 minute,  16.0 L/2 = 8.00 L CH3OH is produced (theoretical yield).




	 =  =  = 0.357 mol CH3OH  in 1 minute

	0.357 mol CH3OH ×  = 11.4 g CH3OH (theoretical yield per minute)


	Percent yield = × 100 =   100 = 46.5% yield

100.	The partial pressure of CO2 that reacted is 740. − 390. = 350. torr.  Thus the number of moles of CO2 that react is given by:


			n =   = 5.75 ×  102 mol CO2

	5.75 × 102 mol CO2 ×  = 2.32 g MgO

	Mass % MgO = × 100 = 81.4% MgO

105.	The number of gas particles is constant, so at constant moles of gas, either a temperature change or a pressure change results in the smaller volume.  If the temperature is constant, an increase in the external pressure would cause the volume to decrease.  Gases are mostly empty space so gases are easily compressible.

	If the pressure is constant, a decrease in temperature would cause the volume to decrease.  As the temperature is lowered, the gas particles move with a slower average velocity and don’t collide with the container walls as frequently and as forcefully.  As a result, the internal pressure decreases.  In order to keep the pressure constant, the volume of the container must decrease in order to increase the gas particle collisions per unit area.
110. 	a.	All the gases have the same average kinetic energy since they are all at the same temperature [KEavg = (3/2)RT].

	b.	At constant T, the lighter the gas molecule, the faster the average velocity [avg  rms  (1/M)1/2].

		Xe (131.3 g/mol) < Cl2 (70.90 g/mol) < O2 (32.00 g/mol) < H2 (2.016 g/mol)
		slowest													    fastest

	c.	At constant T, the lighter H2 molecules have a faster average velocity than the heavier O2 molecules.  As temperature increases, the average velocity of the gas molecules increases.  Separate samples of H2 and O2 can only have the same average velocities if the temperature of the O2 sample is greater than the temperature of the H2 sample.

115.	a.	PV = nRT

		P = = 12.24 atm

	b.	(V  nb) = nRT;  for N2:  a = 1.39 atm L2/mol2 and b = 0.0391 L/mol


			(1.0000 L  0.5000 × 0.0391 L) = 12.24 L atm

		(P + 0.348 atm)(0.9805 L) = 12.24 L atm


		P =   0.348 atm = 12.48  0.348 = 12.13 atm

	c.	The ideal gas law is high by 0.11 atm,  or × 100 = 0.91%. 
120.	H2SO4(aq) + CaCO3(s)  CaSO4(aq) + H2O(l) + CO2(g)

125.	14.1 × 102 in Hg•in3 × 
																				 = 0.772 atm•L

Boyle’s law:  PV = k, where k = nRT;  from Example 5.3, the k values are around 22 atm•L.  Because k = nRT, we can assume that Boyle’s data and the Example 5.3 data were taken at different temperatures and/or had different sample sizes (different moles).



130.	33.5 mg CO2 ×  = 9.14 mg C;  % C = × 100 = 26.1% C


	41.1 mg H2O ×  = 4.60 mg H;  % H = × 100 = 13.1% H

		  = 1.42 × 103 mol N2

	1.42 × 10-3 mol N2 ×  = 3.98 × 102 g nitrogen = 39.8 mg nitrogen

	Mass % N = × 100 = 61.0% N
	Or we can get % N by difference:  % N = 100.0  (26.1 + 13.1) = 60.8%

	Out of 100.0 g:


		26.1 g C ×  = 2.17 mol C;    = 1.00


		13.1 g H ×  = 13.0 mol H;   = 5.99


		60.8 g N ×  = 4.34 mol N;   = 2.00;  empirical formula is CH6N2.


	 = 1.07,  M = (1.07)2 × 39.95 = 45.7 g/mol

Empirical formula mass of CH6N2  12 + 6 + 28 = 46 g/mol.  Thus the molecular formula is also CH6N2.


135.	1.00 × 103 kg Mo ×  = 1.04 × 104 mol Mo

	1.04 × 104 mol Mo × = 3.64 × 104 mol O2



	   =  =  = 8.66 × 105 L of O2

	8.66 × 105 L O2 × = 4.1 × 106 L air

	1.04 × 104 mol Mo × = 3.12 × 104 mol H2


	=  = 7.42 × 105 L of H2

140.	At constant T, the lighter the gas molecules, the faster the average velocity.  Therefore, the pressure will increase initially because the lighter H2 molecules will effuse into container A faster than air will escape.  However, the pressures will eventually equalize once the gases have had time to mix thoroughly.

145. 	Initial conditions: V=855 L, T=298 K, P=730 torr; final conditions: T=288 K, P=605 torr.
	n=(PV/RT)=constant = (730 torr)(855 L)/(R*(298 K) = (605 torr)V/(R*288 K)
· [bookmark: _GoBack]V = (730 torr)(855 L)(288 K)/{(605 torr)(298 K)} = 977 L

150.	Cr(s) + 3 HCl(aq)  CrCl3(aq) + 3/2 H2(g);  Zn(s) + 2 HCl(aq)  ZnCl2(aq) + H2(g)

		Mol H2 produced = n  9.02 × 103 mol H2
		9.02 × 103 mol H2 = mol H2 from Cr reaction  +  mol H2 from Zn reaction

		From the balanced equation:  9.02 × 103 mol  H2 = mol Cr × (3/2)  +  mol Zn × 1

		Let x = mass of Cr and y = mass of Zn, then:

			x + y = 0.362 g and 9.02 × 103 = 
We have two equations and two unknowns.  Solving by simultaneous equations:

	    	          9.02 × 103 =   (0.02885)x + (0.01530)y
		                   0.01530 × 0.362 = (0.01530)x  (0.01530)y

		                            3.48 × 103   =   (0.01355)x,    		x = mass of Cr =  = 0.257 g


			y = mass of Zn = 0.362 g  0.257 g = 0.105 g Zn;  mass % Zn =  × 100 
= 29.0% Zn

155.	a.	Volume of hot air:  V = = 65.4 m3

		(Note:  Radius = diameter/2 = 5.00/2 = 2.50 m)

		65.4 m3 ×  = 6.54 × 104 L

		n =  = 2.31 × 103 mol air

		Mass of hot air = 2.31 × 103 mol ×  = 6.70 × 104 g

			Air displaced:  n =   = 2.66 × 103 mol air

		Mass of air displaced = 2.66 × 103 mol ×  = 7.71 × 104 g
		Lift = 7.71 × 104 g  6.70 × 104 g =  1.01 × 104 g

	b.	Mass of air displaced is the same, 7.71 × 104 g.  Moles of He in balloon will be the same as moles of air displaced, 2.66 × 103 mol, because P, V, and T are the same.


		Mass of He = 2.66 × 103 mol ×  = 1.06 × 104 g
		Lift = 7.71 × 104 g  1.06 × 104 g = 6.65 × 104 g

		c.	Hot air:  n =   = 1.95 × 103 mol air

			1.95 × 103 mol ×  = 5.66 × 104 g of hot air

		Air displaced:  	n =  = 2.25 × 103 mol air

			2.25 × 103 mol ×  = 6.53 × 104 g of air displaced
		Lift = 6.53 × 104 g  5.66 × 104 g = 8.7 × 103 g


160.	a.	Initially= 1.00 atm, and the total pressure is 2.00 atm (Ptotal =  The total pressure after reaction will also be 2.00 atm because we have a constant-pressure container.  Because V and T are constant before the reaction takes place, there must be equal moles of N2 and H2 present initially.  Let x = mol N2 = mol H2 that are present initially.  From the balanced equation,  N2(g) + 3 H2(g)  → 2 NH3(g), H2 will be limiting because three times as many moles of H2 are required to react as compared to moles of N2.  After the reaction occurs, none of the H2 remains (it is the limiting reagent).

Mol NH3 produced = x mol H2 ×  = 2x/3


Mol N2 reacted = x mol H2 ×  = x/3

Mol N2 remaining = x  mol N2 present initially  x/3 mol N2 reacted = 2x/3 mol N2 


After the reaction goes to completion, equal moles of  N2(g) and NH3(g) are present (2x/3).  Because equal moles are present, the partial pressure of each gas must be equal 



Ptotal = 2.00 atm = ;  solving:  

b. 	V  n because P and T are constant.  The moles of gas present initially are:


= x  + x = 2x mol 

		After reaction, the moles of gas present are:


 	=   = 4x/3 mol


	      

The volume of the container will be two-thirds the original volume, so:  

	V = 2/3(15.0 L) = 10.0 L

165.	a.	The formula of the compound AxBy depends on which gas is limiting, A2 or B2.  We need
to determine both possible products.  The procedure we will use is to assume one reactant is limiting, and then determine what happens to the initial total moles of gas as it is converted into the product. Because P and T are constant, volume  n. Because mass is conserved in a chemical reaction, any change in density must be due to a change in volume of the container as the reaction goes to completion.



Density = d   and  V n,   so:  
			Assume the molecular formula of the product is AxBy where x and y are whole numbers.
First, let’s consider when A2 is limiting with x moles each of A2 and B2 in our equimolar mixture.  Note that the coefficient in front of AxBy in the equation must be 2 for a balanced reaction.

						x A2(g)     +	  y B2(g)	 	    2 AxBy(g)

Initial		   x mol		     x mol			  0 mol
Change	        x mol	          y mol		       +2 mol
Final		   0			 (x  y) mol		        2 mol



(1.50)x  (1.50)y + 3.00 = 2x,  3.00  (1.50)y = (0.50)x

Because x and y are whole numbers,  y must be 1 because the above equation does not allow y to be 2 or greater.  When y = 1, x = 3 giving a formula of A3B if A2 is limiting.  

Assuming B2 is limiting with y moles in the equimolar mixture:

   	  		x A2(g)     +	  y B2(g) 		  2 AxBy(g)
Initial		    y			      y				 0	
Change		  x			    y			      +2
After		 y  x		      0			        2


			
			Solving gives x = 1 and y = 3 for a molecular formula of AB3 when B2 is limiting.

b.	In both possible products, the equations dictated that only one mole of either A or B had to be present in the formula.  Any number larger than 1 would not fit the data given in the problem.  Thus the two formulas determined are both molecular formulas and not just empirical formulas.
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