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CHAPTER 6
5.	Heat is not state function. The lost heat can be converted to heat and other forms of energy. Therefore, the surroundings receive the energy from the system in the form only, then heat is conserved. But that is a special case.
10. 	When the system does work on the surroundings by expanding its volume, the volume difference is positive. Then work takes negative sign which is consistent with the definition of work. When the surroundings does work on the system by reducing the system’s volume, the volume change takes negative sign, work then takes positive sign, which is also consistent with the definition of work.
15.	a.	The H value for a reaction is specific to the coefficients in the balanced equation.  Be-
cause the coefficient in front of H2O is a 2, 891 kJ of heat is released when 2 mol of  H2O is produced.  For 1 mol of H2O formed, 891/2 = 446 kJ of heat is released.

		b.	891/2 = 446 kJ of heat released for each mol of O2 reacted.

20.		a.	CH4(g) + 2 O2(g)    CO2(g) + 2 H2O(l)		H = ?

Utilizing Hess’s law: 

 Reactants    Standard State Elements	H = Ha + Hb = 75 + 0 = 75 kJ
Standard State Elements   Products     H = Hc + Hd = –394 – 572 = –966 kJ

						   	  Reactants    Products	H = 75 – 966 = –891 kJ

b.	The standard enthalpy of formation for an element in its standard state is given a value of zero.  To assign standard enthalpy of formation values for all other substances, there needs to be a reference point from which all enthalpy changes are determined.   This reference point is the elements in their standard state which is defined as the zero point.  So when using standard enthalpy values, a reaction is broken up into two steps.  The first step is to calculate the enthalpy change necessary to convert the reactants to the elements in their standard state.  The second step is to determine the enthalpy change that occurs when the elements in their standard state go to form the products.  When these two steps are added together, the reference point (the elements in their standard state) cancels out and we are left with the enthalpy change for the reaction.
c.	This overall reaction is just the reverse of all the steps in the part a answer.  So H = +966 – 75 = 891 kJ.  Products are first converted to the elements in their standard state which requires 966 kJ of heat.  Next, the elements in the standard states go to form the original reactants [CH4(g) + 2 O2(g)] which has an enthalpy change of 75 kJ.  All of the signs are reversed because the entire process is reversed.




25.	KE = mv2;  convert mass and velocity to SI units.  1 J = 

	Mass = 5.25 oz ×  = 0.149 kg


	Velocity = 




	KE =  mv2 =   × 0.149 kg × = 150 J												
30.		ΔE = q + w = 125 + 104 = 21 kJ

35.	w = PΔV; we need the final volume of the gas.  Because T and n are constant,  P1V1 = P2V2.


	 = 75.0 L

	w = PΔV = 2.00 atm(75.0 L  10.0 L) = 130. L atm  × 
																			= 13.2 kJ = work
40.	H2O(g)  H2O(l);  ΔE = q + w;  q = 40.66 kJ;  w = PΔV

	Volume of 1 mol H2O(l) = 1.000 mol H2O(l) ×  = 18.1 cm3 = 18.1 mL
	w = PΔV = 1.00 atm × (0.0181 L  30.6 L) = 30.6 L atm × [image: ] = 3.10 × 103 J 
																					= 3.10 kJ
	ΔE = q + w = 40.66 kJ + 3.10 kJ = 37.56 kJ
45.	4 Fe(s) + 3 O2(g)  2 Fe2O3(s)  ΔH = −1652 kJ;  note that 1652 kJ of heat is released when 
	4 mol Fe reacts with 3 mol O2 to produce 2 mol Fe2O3.

	a.	4.00 mol Fe × [image: ] = 1650 kJ; 1650 kJ of  heat released
	b.	1.00 mol Fe2O3 × [image: ] = 826 kJ;  826 kJ of  heat released
	c.	1.00 g Fe × [image: ] = 7.39 kJ;  7.39 kJ of heat released

	d.	10.0 g Fe ×  = 73.9 kJ

		 2.00 g O2 ×  = 34.4 kJ
Because 2.00 g O2 releases the smaller quantity of heat, O2 is the limiting reactant and 34.4 kJ of heat can be released from this mixture.
		
50.	H = E + PV;  from this equation, H > E when V > 0, H < E when V < 0, and H = E when V = 0. Concentrate on the moles of gaseous products versus the moles of gaseous reactants to predict V for a reaction.

	a.	There are 2 moles of gaseous reactants converting to 2 moles of gaseous products, so 
		V = 0.  For this reaction,  H = E.

	b.	There are 4 moles of gaseous reactants converting to 2 moles of gaseous products, so 
		V < 0 and H < E.

	c.	There are 9 moles of gaseous reactants converting to 10 moles of gaseous products, so 
		V > 0 and 	H > E.

55.	| Heat loss by hot water | = | heat gain by cooler water |

The magnitudes of heat loss and heat gain are equal in calorimetry problems.  The only difference is the sign (positive or negative).  To avoid sign errors, keep all quantities positive and, if necessary, deduce the correct signs at the end of the problem.  Water has a specific heat capacity = s = 4.18 J/°C•g = 4.18 J/K•g (ΔT in °C = ΔT in K).


	Heat loss by hot water = s × m × ΔT = × 50.0 g × (330. K  Tf)

	Heat gain by cooler water = × 30.0 g × (Tf  280. K);  heat loss = heat gain, so:


		× (330. K    Tf) = × (Tf   280. K)
 
		6.90 × 104  209Tf  = 125Tf   3.50 × 104,  334Tf  = 1.040 × 105,  Tf  = 311 K

Note that the final temperature is closer to the temperature of the more massive hot water, which is as it should be.
60.	Heat gain by water = heat loss by Cu;  keeping all quantities positive helps to avoid sign errors:



	× mass × (24.9°C  22.3°C) = × 110. g Cu × (82.4°C  24.9°C)
	11(mass) = 1300,  mass = 120 g H2O

65.	Because ΔH is exothermic, the temperature of the solution will increase as CaCl2(s) dissolves.  	Keeping all quantities positive:


		heat loss as CaCl2 dissolves = 11.0 g CaCl2 	= 8.08 kJ	
							 

		heat gained by solution = 8.08 × 103 J =  × (125 + 11.0) g × (Tf  25.0°C)

		Tf   25.0°C =  = 14.2°C,  Tf = 14.2°C + 25.0°C = 39.2°C

70.	Given:

		C4H4(g) + 5 O2(g)  4 CO2(g) + 2 H2O(l) 			ΔHcomb = 2341 kJ
		C4H8(g) + 6 O2(g)  4 CO2(g) + 4 H2O(l) 			ΔHcomb = 2755 kJ
		H2(g) + 1/2 O2(g)  H2O(l)							ΔHcomb =   286 kJ

By convention, H2O(l) is produced when enthalpies of combustion are given, and because 
per-mole quantities are given, the combustion reaction refers to 1 mole of that quantity reacting with O2(g).

	 Using Hess’s law to solve:
		    C4H4(g) + 5 O2(g)  4 CO2(g) + 2 H2O(l) 		ΔH1 = 2341 kJ
		4 CO2(g) + 4 H2O(l)  C4H8(g) + 6 O2(g) 			ΔH2 =  (2755 kJ)
			 2 H2(g) + O2(g)  2 H2O(l)						ΔH3 =  2(286 kJ) 
		   C4H4(g) + 2 H2(g)  C4H8(g)						ΔH = ΔH1 + ΔH2 + ΔH3 = 158 kJ

75.	                        CaC2   Ca + 2 C							ΔH =  (62.8 kJ)
	             CaO + H2O    Ca(OH)2							ΔH = 653.1 kJ
	          2 CO2 + H2O    C2H2 + 5/2 O2						ΔH =  (1300. kJ)
	            Ca + 1/2 O2    CaO								ΔH = 635.5 kJ
	              2 C + 2 O2    2 CO2								ΔH = 2(393.5 kJ)

	CaC2(s) + 2 H2O(l)    Ca(OH)2(aq) + C2H2(g)				ΔH = 713 kJ
								

80.	a.	The balanced equation is  C2H5OH(l) + 3 O2(g) → 2 CO2(g) + 3 H2O(g).

		ΔH°  = 

		ΔH°  = 1513 kJ  (278 kJ) = 1235 kJ

	b.	SiCl4(l) + 2 H2O(l) → SiO2(s) + 4 HCl(aq)


		Because HCl(aq) is H+(aq) + Cl(aq),  = 0  167 = 167 kJ/mol.

		ΔH° = 

		ΔH° = 1579 kJ  (1259 kJ) = 320. kJ

	c.	MgO(s) + H2O(l) → Mg(OH)2(s)

		ΔH° = 
		ΔH° = 925 kJ  (888 kJ) = 37 kJ
85.	2 ClF3(g) + 2 NH3(g)  N2(g) + 6 HF(g) + Cl2(g)	ΔH° = 1196 kJ
	


	ΔH° = (6)  (2



	1196 kJ = 6 mol  2 2 mol




	1196 kJ = 1626 kJ  2 + 92 kJ,  = = 
90.	CH3OH(l) + 3/2 O2(g) →  CO2(g) + 2 H2O(l)
	
	ΔH° =  [393.5 kJ + 2(286 kJ)]  (239 kJ) = 727 kJ/mol CH3OH

	 =  22.7 kJ/g versus 29.67 kJ/g for ethanol  (from Exercise 89)
	Ethanol has a slightly higher fuel value per gram than methanol.



95.	2.0 h = 4900 g  = 4.9 kg H2O
100.	w = PΔV;  Δn = moles of gaseous products  moles of gaseous reactants.  Only gases can do PV work (we ignore solids and liquids).  When a balanced reaction has more moles of product gases than moles of reactant gases (Δn positive), the reaction will expand in volume (ΔV positive), and the system will do work on the surroundings.  For example, in reaction c, Δn = 2  0 = 2 moles, and this reaction would do expansion work against the surroundings.  When a balanced reaction has a decrease in the moles of gas from reactants to products (Δn negative), the reaction will contract in volume (ΔV negative), and the surroundings will do compression work on the system, e.g., reaction a, where Δn = 0  1 = 1.  When there is no change in the moles of gas from reactants to products, ΔV = 0 and w = 0, e.g., reaction b, where Δn = 2  2 = 0.

When ΔV > 0 (Δn > 0), then w < 0, and the system does work on the surroundings (c and e).

When ΔV < 0 (Δn < 0), then w > 0, and the surroundings do work on the system (a and d).

	When ΔV = 0 (Δn = 0), then w = 0 (b).

105.	|qsurr| =  |qsolution + qcal|;  we normally assume that qcal is zero (no heat gain/loss by the calori-meter). However, if the calorimeter has a nonzero heat capacity, then some of the heat absorbed by the endothermic reaction came from the calorimeter. If we ignore qcal, then qsurr is too small, giving a calculated H value that is less positive (smaller) than it should be.

110.	To avoid fractions, let's first calculate ΔH for the reaction:

		6 FeO(s) + 6 CO(g)  6 Fe(s) + 6 CO2(g)

		        6 FeO + 2 CO2  2 Fe3O4 + 2 CO			ΔH° = 2(18 kJ)
		         2 Fe3O4 + CO2  3 Fe2O3 + CO			ΔH° =  (39 kJ)
		       3 Fe2O3 + 9 CO  6 Fe + 9 CO2			ΔH° =   3(23 kJ)
			
		6 FeO(s) + 6 CO(g)  6 Fe(s) + 6 CO2(g)		ΔH° = 66 kJ

	So for  FeO(s) + CO(g)  Fe(s) + CO2(g),   ΔH° = = 11 kJ.

115.	a.	C2H4(g) + O3(g)  CH3CHO(g) + O2(g)   ΔH° = 166 kJ  [143 kJ + 52 kJ] = 361 kJ

	b.	O3(g) + NO(g)  NO2(g) + O2(g)   ΔH° = 34 kJ  [90. kJ + 143 kJ] = 199 kJ

	c.	SO3(g) + H2O(l)  H2SO4(aq)	ΔH° = 909 kJ   [396 kJ + (286 kJ)] = 227 kJ

	d.	2 NO(g) + O2(g)  2 NO2(g)  	ΔH° = 2(34) kJ  2(90.) kJ = 112 kJ
120.	Volume of water = 10 x 4 x 3 = 120 m3 = 120 x (100 cm)3 = 1.2 x 108 mL
	Assume water density = 1.0 g/mL
	Energy required = 1.2 x 108 g x (24.6 – 20.2 oC) x 4.184 J/oC g = 2.21 x 109 J.
125.	A(l)  A(g)	ΔHvap = 30.7 kJ;  at constant pressure, ΔH = qp = 30.7 kJ

Because PV = nRT, at constant pressure and temperature:  w = PΔV = RTΔn, where:

 	Δn = moles of gaseous products   moles of gaseous reactants  = 1  0 = 1

w = RTΔn = 8.3145 J/K•mol(80. + 273 K)(1 mol) = 2940 J = 2.94 kJ  

ΔE = q + w = 30.7 kJ + (2.94 kJ) = 27.8 kJ


130.	H2(g) + 1/2 O2(g)  H2O(l)	 ΔH° = = 285.8 kJ;  we want the reverse reaction:
			H2O(l)  H2(g) + 1/2 O2(g)   ΔH° = 285.8 kJ

w = PV;  because PV = nRT, at constant T and P, PV = RTn, where n = moles of gaseous products – moles of  gaseous reactants. Here,  Δn = (1 mol H2 + 0.5 mol O2) – (0) = 1.50 mol.

		ΔE° = ΔH°  PΔV = ΔH°  RTΔn  

ΔE° =  285.8 kJ  
		ΔE° = 285.8 kJ  3.72 kJ = 282.1 kJ

135.	Heat loss by U = heat gain by heavy water;  volume of cube = (cube edge)3


		Mass of heavy water = 1.00 × 103 mL ×  = 1110 g

		Heat gain by heavy water = × 1110 g × (28.5 – 25.5)C = 1.4 × 104 J

		Heat loss by U = 1.4 × 104 J =  ×  mass × (200.0 – 28.5)C,   mass = 7.0 × 102 g U

		7.0 × 102 g U ×  = 37 cm3;  cube edge = (37 cm3)1/3 = 3.3 cm
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