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Thermochemistry #1



Chemistry 3202



Name:



1. a) b) c)



Classify the following systems as open or closed glass of cold water __________ d) a gel filled freezer pack __________ e) a burning candle __________ f)



2.



What is a measure of the average kinetic energy of particles? (A) heat capacity (B) molar enthalpy (C) specific heat (D) temperature



3.



Which phase change is endothermic? (A) gas to liquid (B) gas to solid



a fluorescent lightbulb __________ hot water in a sink __________ coffee-cup with no lid __________



(C) liquid to gas



(D) liquid to solid



4.



Samples of two compounds X and Y have identical masses and initial temperatures. They are placed in an insulated container and a quantity of heat is added. What can be concluded if the final temperature of X is lower than that of Y? (A) The molar mass of X is greater than that of Y. (B) The molar mass of X is less than that of Y. (C) The specific heat capacity of X is greater than that of Y. (D) The specific heat capacity of X is less than that of Y.



5.



When the contents of a cold pack are reacted, a cooling effect is observed. How does the energy of the pack and the energy of the surroundings change to get this cooling effect? Energy of the pack(system)? º increases OR decreases Energy of the surroundings? º increases OR decreases



6.



Which has the highest average kinetic energy? (A) 125 mL of water at 95 °C (C) 463 mL of apple juice at 25 °C (B) 341 mL of ethanol at 78 °C (D) 515 mL of orange juice at 15 °C



7.



What is heat? (A) average kinetic energy of the particles of a system (B) energy change for a compound produced from its elements (C) energy contained in a chemical bond (D) transfer of energy between a system and its surroundings



8.



Initially a large candle is lit at one end. A student decides to light the other end so that she is “burning the candle at both ends.” What has doubled in this system? (A) amount of energy released (C) molar enthalpy of combustion (B) fuel value of the candle (D) temperature of the candle



9.



Which best describes the chemical and phase changes that occur in a burning candle? Chemical Change (burning) º endothermic OR exothermic Phase Change (melting) º endothermic OR exothermic



Thermochemistry #2



Chemistry 3202



Name:



Specific Heat Capacity (c) •



the quantity of energy , in Joules (J), needed to change the temperature of one gram (g) of a substance by one degree Celsius (/C).



•



c values are on p. 632 (will be provided on the public exam) eg. c for water is 4.184 J/g C°C



Formula: q = mc)T



•



q = heat lost or gained m = mass of object heated/cooled c = specific heat capacity



)T = change in temperature )T = T2 - T1



You will be given all but one of the above variables and asked to find the missing variable.



Examples: 1.



A student must use 225 mL of hot water in a lab procedure. Calculate the amount of heat required to raise the temperature of 225 mL of water from 20.0 /C to 100.0 /C.



Solution: - since the density of water is 1.00 g /mL, the mass of 225 mL of water is 225 g - c for water is 4.184 J/g C°C



3.



A 40.0 g sample of ethanol releases 2952 J as it cools from 50.0 °C. Calculate the final temperature of the ethanol.



Solution: Use 2 steps: - First solve for )T m = 40.0 g q = - 2952 J



T1 = 50.0 /C c = 2.46 J/g C/C



q = mc)T q = (225 g)(4.184 J/gC°C)(100.0°C - 20.0 °C)



q = mc)T



= 755312 J



-2952 J = (40.0 g)(2.46 J/g C/C)()T)



= 75.5 kJ



-2952 J = (98.4 J//C)()T) )T = - 30 /C



2.



Calculate the specific heat capacity of a new alloy if a 15.4 g sample absorbs 393 J when it is heated from 0.0/C to 37.6 /C.



Solution: m = 15.4 g q = 393 J



T2 = 37.6 /C T1 = 0.0 /C



- Next find the final temperature )T = T2 - T1 -30/C = T2 - 50/C T2 = 20 /C



q = mc)T 393 J = (15.4 g) (c) (37.6 /C - 0.0 /C) 393 J = (579.04 g C/C) x (c) c = 0.679 J/g C/C



Exercises: (Be careful with positive and negative signs!!) 1.



Calculate the heat change involved when 2.00 L of water is heated from 20.0/C to 99.7/C in an electric kettle. (667 kJ)



Thermochemistry #2



2.



Chemistry 3202



Calculate the heat change associated with cooling a 350.0 g aluminum bar from 70.0/C to 25.0/C. Is the change endothermic or exothermic? Why?



5.



A 175 g piece of iron and a 175 g piece of aluminum are placed in a hot water bath so that they are warmed to 99.7/C. The metal samples are removed and cooled to 21.5/C. Which sample undergoes the greater heat change?



Calculate the specific heat capacity of titanium if a 43.56 g sample absorbs 0.476 kJ as its temperature changes from 20.13/C to 41.06/C. (0.522 J/g C/C)



(-14.2 kJ)



3.



Name:



6.



The burning of a sample of propane generated 104.6 kJ of heat. All of this heat was use to heat 500.0 g of water that had an initial temperature of 20.0/C. What was the final temperature of the water? (70.0/C)



7.



750.0 g of water that was just boiled (heated to 100.0 /C) loses 78.45 kJ of heat as it cools. What is the final temperature of the water? (75.0 /C)



(Al; -12.3 kJ Fe; - 6.08 kJ)



4.



A 63.5 g sample of an unidentified metal absorbs 355 J of heat when its temperature changes by 4.56/C. Calculate the specific heat capacity of the metal. (1.23 J/g C/C)



Thermochemistry #3



Chemistry 3202



Name:



Heat Capacity (C) •



the quantity of energy , in Joules (J), needed to change the temperature of a substance by one degree Celsius (/C).



•



unit is J//C or kJ//C



•



Formulas:



C = mc



q = C)T



Examples: 2. 1.



A frying pan with a heat capacity of 1.20 kJ//C is heated from 22.0 /C to 198.0 /C. Calculate the heat change.



Solution: C = 1.20 kJ//C



T1 = 22.0 /C T2 = 198.0 /C



q = C)T q = (1.20 kJ//C )(198.0 /C - 22.0 /C) q = 211 kJ



A tub of water has a heat capacity of 418.4 kJ//C. If the water in the tub starts at 45.0 /C and loses 6276 kJ of heat, what will be the resulting temperature of the tub of water?



Solution: ( In 2 steps) C = 418.4 kJ//C T1 = 45.0 /C



q = - 6276 kJ



Step 1 q = C)T -6276 kJ = (418.4 kJ//C)()T) )T = -15.0 /C Step 2



)T = T2 - T1 -15 /C = T2 - 45.0 /C T2 = 30.0 /C



Exercises: 1.



The temperature of a copper statue rose from 25.0 /C to 50.0 /C when the statue absorbed 456 kJ of heat energy. a) Calculate the heat capacity of the statue. (18.2 kJ/°C)



b) The specific heat capacity of copper is 0.385 J/g C/C. What is the mass of copper contained in the statue. (47.4 kg)



2.



An iron bar contains 2.50 kg of iron. The specific heat capacity for iron Is 0.444 J/g C/C. a) Calculate the heat capacity of the iron bar. (1.11 kJ/°C)



b) How much energy is needed to heat the iron bar from 20.0 /C to 150.0 /C. (144 kJ )



c) If the 2.50 kg iron bar is at 80.0 /C and loses 38.85 kJ, what will be the final temperature of the bar? (45 °C )



Thermochemistry #3



Chemistry 3202



Name:



3.



Which best defines the specific heat capacity of a substance? (A) the energy required to raise the temperature of 1.0 g of a substance by 1.0 °C (B) the energy required to raise the temperature of a substance by 1.0 °C



4.



Which best defines the heat capacity of a substance? (A) the energy required to raise the temperature of 1.0 g of a substance by 1.0 °C (B) the energy required to raise the temperature of a substance by 1.0 °C



5.



A bathtub and a teacup are both full of water at 80.0 °C. Use , or = to show the relationship between the heat capacity and the specific heat capacity of the water in each.



ccup



O



cbathtub



6.



A freezer pack has a heat capacity of 9.67 kJ//C. Calculate the heat change of the freezer pack when it is warmed from -18.4/C to 0.0/C. (178 kJ)



7.



a) A 23.9 g silver spoon is put in a cup of hot chocolate. It takes 0.343 kJ of energy to change the temperature of the spoon from 24.5/C to 85.0/C. What is the specific heat capacity of solid silver? (0.237)



(b) What is the heat capacity, C, of the silver spoon? (5.66)



8.



When iron nails are hammered into wood, friction causes the nails to heat up. (a) Calculate the heat that is gained by a 5.2 g iron nail as it changes from 22.0/C to 38.5/C. (See Table 16.1.) (38 J)



Ccup



O



Cbathtub



8.



(b) Calculate the heat that is gained by a 10.4 g iron nail as it changes from 22.0/C to 38.5/C. (76.2 J)



8.



(c) Calculate the heat that is gained by the 5.2 g nail if its temperature changes from 22.0/C to 55.0/C. (76 J)



9.



The specific heat capacity of aluminum is 0.902 J/g/C. The specific heat capacity of copper is 0.389 J/g/C. The same amount of heat is transferred to equal masses of these two metals. Which metal increases more in temperature? Explain your answer.



Thermochemistry #4



Chemistry 3202



Name:



Enthalpy Diagrams and Equations 1. Classify each enthalpy change as endothermic or exothermic: (a) methanol condensing ______________ (c) aluminum melting ______________ (b) water freezing ______________ (d) octane evaporating ______________ 2.



Which process is shown in this enthalpy diagram? a) H2O(l) + 40.7 kJ º H2O(g) b) H2O(g) + 40.7 kJ º H2O(l) c) H2O(l) º H2O(g) + 40.7 kJ d) H2O(g) º H2O(l) + 40.7 kJ



3.



Sketch an enthalpy diagram for each of the following:



a) CO2 (s) + 20.3 kJ º CO2 (g)



b)



2 Ag (s) + Cl2 (g) º 2 AgCl (s) + 127 kJ



c) CaCl2 (s) º CaCl2 (aq)



)H = -82.8 kJ



d) C(s) + 3 H2(g) º C6H6 (g) )H = + 49.0 kJ



4.



Write a thermochemical equation for the formation of one mole of sulfur hexafluoride from its elements. )Hf = - 1220.5 kJ/mol



5.



Write a thermochemical equation for the formation of one mole of potassium bromide from its elements. )Hf = - 393.8 kJ/mol



Thermochemistry #4



Chemistry 3202



Name:



6.



Use the equation below to determine the molar enthalpy of formation of HgS(s)? 8 HgS(s) + 465.6 kJ º 8 Hg(l) + S8(s)



7.



Use the equation below to determine the molar enthalpy of formation of H2O(g)? 2 H2 (g) + O2 (g) º 2 H2O(g) + 483.6 kJ



8.



A cold pack consists of an inner pouch containing ammonium nitrate crystals and an outer pouch of water. Bending the pack breaks the inner pouch allowing the water and solute to mix. As the ammonium nitrate crystals dissolve, the temperature of their surroundings decreases. (a) Draw an enthalpy diagram to show the (b) Classify the energy change as dissolving of ammonium nitrate. The endothermic or exothermic. energy change per mole of ammonium nitrate dissociated is 25.7 kJ. (c)



Write a thermochemical equation for the dissolving of ammonium nitrate showing the energy term within the equation.



9.



Write a thermochemical equation for the formation of one mole of PH3 from its elements. )Hf = + 4.4 kJ/mol



10.



The molar heat of combustion of ethyne, C2H2, is -1300 kJ/mol. Write a thermochemical chemical equation for the combustion of ethyne.



11.



Write a thermochemical equation for the vaporization of CH3Cl. ()Hvap = +239.2 kJ/mol)



12.



Nitrogen gas reacts with oxygen gas to produce dinitrogen monoxide gas. 2 N2 (g) + O2 (g) + 163.2 kJ º 2 N2O (g)



(a) Is this reaction endothermic or exothermic?



(b) Draw an Enthalpy diagram for this reaction.



Thermochemistry #5



Chemistry 3202



Enthalpy Calculations: and



1.



q = n)H



Name:



p. 643 #’s 15 - 18 p. 645 #’s 19 - 23 p. 648, 649 #’s 24 - 29



A puncture in the tubing of a refrigerator can cause severe frostbite as chloroethane, C2H5Cl, vaporizes. Use this thermochemical equation to calculate the heat absorbed when 23.6 g of chloroethane vaporizes at its boiling point. (9.66 kJ) C2H5Cl (l) + 26.4 kJ º C2H5Cl (g)



2.



This reaction occurs in the catalytic converter of an automobile. 2 CO (g) + 2 NO (g) º N2 (g) + CO2 (g) + 746 kJ a) How much energy is released per mole of carbon dioxide gas produced? (-746 kJ/mol)



b) How much energy is released when 945 g of CO2 (g) is produced? (-16000 kJ)



3.



Given that )Hvap for ammonia, NH3, is +23.4 kJ/mol, calculate the heat change for condensing 10.0 g of ammonia? (-13.7 kJ)



4.



Calculate mass of sodium hydroxide will cause the release of 11.13 kJ of heat when dissolved in water. ()Hsoln = -44.51 kJ/mol ) (10.0 g)



5.



Calculate the molar enthalpy of vaporization of ammonia if 34.25 kJ of heat is absorbed to vaporize 25.0 g of ammonia. (23.3 kJ/mol)



Thermochemistry #6



Chemistry 3202



1.



The melting and boiling points for HCl are -115 °C and -84 °C respectively.



•



Draw and label a cooling curve to show the energy changes that occur as hydrogen chloride gas is cooled from -75 °C to -145 °C.



•



Show regions of changing kinetic and potential energy on the graph.



2.



Chloroethane, C2H5Cl, melts at -136.4 °C and boils at 12.3 °C.



•



Sketch and label a heating curve for chloroethane being heated from -150 °C to 50 °C.



•



Indicate the changes in KE and PE occurring in the different regions of the graph.



•



List the forces of attraction overcome as chloroethane evaporates at 12.3 °C.



3.



Use the information provided to calculate the total energy change that occurs when 6.75 g of solid lead at -35.0 °C is heated to liquid lead at 500.0 °C. (634 J) c solid = 0.130 J/g.°C c liquid = 0.138 J/g.°C melting point = 328.°C )Hfus = 4.77 kJ/mol (Sketching a heating curve may be useful).



Name:



Thermochemistry #6



Chemistry 3202



Name:



4.



For each item, sketch a heating or a cooling curve, and calculate the total energy change. Use a 10.0 g sample of each element.



a)



Solid aluminum metal at 25 °C is heated to a liquid at 660 °C. (9.68 kJ) csolid = 0.90 J/g.°C )Hfus = 10.7 kJ/mol )Hvap = 290.8 kJ/mol



mp = 660 °C



b)



Krypton gas at 0.0°/C is cooled and condenses to a liquid at -157 °C. (-1.47 kJ) c = 0.248 J/g.°C bp = -157 °C )Hvap = 9.029 kJ/mol



c)



Titanium metal at 1700°/C and standard pressure is cooled to 25 °C. (-12.6 kJ) csolid = 0.523 J/g.°C cliquid = 0.439 J/g.°C mp = 1660 °C )Hfus = 18.6 kJ/mol )Hvap = 425.2 kJ/mol



Thermochemistry #7



Use: qsys = -qcal



Chemistry 3202



AND



q = mc)T



Name:



OR



q = C)T



OR



q = n)H



1.



A 1.23 g sample of ethyne, C2H2, undergoes complete combustion in a calorimeter resulting in a temperature increase of 9.50 °C. The heat capacity of the calorimeter is 6.49 kJ/°C. Calculate the molar heat of combustion for ethyne. (-1306 kJ/mol)



2.



A 1.53 g sample of sucrose, C12H22O11(s), undergoes combustion with excess oxygen gas in a calorimeter causing a temperature change from 25.00°C to 27.88°C. The heat capacity of the calorimeter is 8.57 kJ/°C. Calculate the molar heat of combustion for sucrose. (-5523 kJ/mol)



3.



In order to obtain calibration data for a calorimeter, three 2.50 g samples of methanol, CH3OH, were burned. The average temperature increase was 4.23°C was recorded. The molar heat of combustion of methanol is -726 kJ/mol. Calculate the heat capacity of the bomb calorimeter. (13.4 kJ/°C)



4.



A very cold piece of silver with a mass of 78.41 g is added to a simple calorimeter that contains 150.0 g of water. The temperature of the calorimeter water changes from 19.73°C to 16.11°C. What was the initial temperature of the silver? (cAg = 0.240 J/g°CC) (-105°C)



Thermochemistry #7



Chemistry 3202



Name:



5.



A new ceramic material underwent for use as an insulator. Part of the analysis involved determining its specific heat capacity. A 20.00 g sample was heated to 200.00°C and added to a simple calorimeter with a heat capacity of 1.46 kJ/°C. The temperature in the calorimeter changed from 24.87°C to 27.15°C. Calculate the specific heat of the ceramic material. (0.963 J/g.°C)



6.



A volume of 50.0 mL of 0.50 mol/L hydrochloric acid at 22.5°C was mixed with 50.0 mL of 0.50 mol/L sodium hydroxide solution also at 22.5°C in a simple calorimeter. The highest temperature reached after mixing was 26.0°C. Calculate the molar heat of reaction for sodium hydroxide. (-58.6 kJ/mol)



Text: p. 664 p. 665



# 1.b) #’s 2.b), 3, & 4



Thermochemistry #8



Chemistry 3202



Name:



Hess’s Law 1.



Use the equations provided to determine the missing heat of reaction.



a)



C2H4(g) + 6 F2(g) º 2 CF4(g) + 4 HF(g)



H2(g) + F2(g) º 2 HF(g) C(s) + 2 F2(g) º CF4(g) 2 C(s) + 2 H2(g) º C2H4(g)



b)



)H = -537 kJ )H = -680 kJ )H = +52.3 kJ



2 C2H2(g) + 5 O2(g) º 4 CO2(g) + 2 H2O(l)



H2(g) + ½ O2(g) º H2O(l) 2 C(s) + H2(g) º C2H2(g) C(s) + O2(g) º CO2(g)



c)



)H = ?



)H = -285.8 kJ )H = +226.7 kJ )H = -393.5 kJ



Fe2O3(s) + 3 CO(g) º 2 Fe(s) + 3 CO2(g)



3 Fe2O3(s) + CO(g) º 2 Fe3O4(s) + CO2(g) FeO(s) + CO(g) º Fe(s) + CO2(g) Fe3O4(s) + CO(g) º 3 FeO(s) + CO2(g)



1.a) -2486.3 kJ



b) -2599 kJ



)H = ?



)H = ?



)H = -46.4 kJ )H = +9.0 kJ )H = -41.0 kJ



c) -24.8 kJ



Thermochemistry #8



2.



Chemistry 3202



Name:



Use standard molar heats of formation on p. 848 to calculate the enthalpy change for: a)



2 SO2 (g) + O2 (g) º 2 SO3 (g)



b)



H2S(g) + 4 H2O2(l) º SO3(g) + 5 H2O(l)



c)



4 NH3(g) + 5 O2(g) º 4 NO(g) + 6 H2O(g)



2.a) -197.8 kJ



b) -1052.9 kJ



c) -902 kJ



Thermochemistry #9



Chemistry 3202



Name:



Hess’s Law, )Hf , and Bond Energy 1.



Which compound is more stable - KBr(s) or KCl (s)? Explain.



__________________________________________________________________________ __________________________________________________________________________ __________________________________________________________________________ 2.



From the equation below determine the molar enthalpy of formation for benzene(C6H6). C6H6(g) + 7½ O2(g) º 6 CO2(g) + 3 H2O(g)



3.



)Hrxn = -3267.4 kJ



Use the average bond energies from p. 847 to estimate the heat of reaction for : C5H12(g) + 8 O2(g) º 5 CO2(g) + 6 H2O(g)



Thermochemistry #9



4.



Chemistry 3202



Use the average bond energies from p. 847 to estimate the heat of reaction for : C3H6(g) +



5.



Name:



O2(g) º 3 CO2(g) + 3 H2O(g)



Arrange the following in order of increasing )H. (lowest first) KCl(l) º KCl(g)



2. +181 kJ



3. -3542 kJ



KCl(s) º KCl(l)



4. -2007 kJ



KCl(s) º K(s) + Cl2(g)
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