THERMOCHEMISTRY WORKSHEET

Thermochemistry 1. Introduction to Delta H

1.	Which process is endothermic?

(A)  vaporisation	(B)  solidification	(C)  condensation	(D)  freezing


2. 	The combustion of 1.00 mole of methane, CH4, produces carbon dioxide and water and releases 802 kJ/mol. When 3.00 mol of oxygen react with a stoichiometric quantity of methane, what is ΔH for the reaction?

(A)  -2406 kJ		(B)  -1203 kJ		(C)  802 kJ		(D)  2406 kJ


3.	When 25.0 g of ethane are burned in oxygen, 1.30 × 103 kJ of heat is released.  Using this information, determine the enthalpy change for the reaction,

2 C2H6(g) + 7 O2(g) → 4 CO2(g) + 6 H2O(l).

(A)  542 kJ		(B)  -542 kJ		(C)  -3120 kJ		(D)  -1610 kJ


Thermochemistry 2. Special Delta H’s and Hess’s Law

4.	For which reaction is ΔH equal to ΔHf° for CuSO4(s)?

(A)  Cu(s) + S(s) + 2 O2(g) → CuSO4(s) 
(B)  CuS(s) + 2 O2(g) → CuSO4(s)
(C)  CuO(s) + SO3(g) → CuSO4(s)
(D)  Cu2+(aq) + SO42-(aq) → CuSO4(s)
(E)  CuSO4(aq) → CuSO4(s)


5.	For which of the following substances is the standard enthalpy of formation not zero under standard conditions?

(A)  Hg(l)	(B)  H2O(l)	(C)  Na(s)	(D)  H2(g)	(E)  Fe(s)

6.	Consider the thermochemical equation below.  Based on this equation. what is the standard enthalpy of formation of Fe2O3(s): 2 Fe2O3(s) → 4 Fe(s) + 3 O2(g), ΔH° = 1644 kJ

(A)  822 kJ		(B)  3288 kJ		(C)  -3288 kJ		(D)  -822 kJ

7.	During an experiment 10.00 g of ethanol is completely burned in air to release CO2(g) and H2O(g). During the combustion, 296.6 kJ of heat energy is released. What is the molar enthalpy of combustion, ∆H˚comb?

(A)  -296.6 kJ mol-1	(B)  -1362 kJ mol-1	(C)  -64.5 kJ mol-1	(D)  -2966 kJ mol-1


8.	Which relationship is correct given: 

NO(g) → 1/2 N2(g) + 1/2 O2(g) ΔH1º
2 NO(g) → N2O(g) + 1/2 O2(g) ΔH2º

(A)  ΔHf° for NO(g) = ΔH1°			(B)  ΔHf° for N2O(g) = ΔH2°
(C)  ΔH2° = 2 x ΔH1°				(D)  ΔHf° for N2O(g) = ΔH2º - 2 ΔH1°
(E)  ΔH1° = ΔH2°


9.	Given the reactions and values of ΔH below, determine ΔH for D + A → 4 C

	A → 2B   ΔH = 40 kJ
B → C   ΔH = -50 kJ
2C → D   ΔH = -20 kJ

(A)  40 kJ		(B)  -30kJ		(C)  -40 kJ		(D)  50 kJ


10.	Two nasty pollutants that are present in car exhaust are CO and NO.  A important area of research is to find ways to convert them to less harmful gases, according to:
CO(g)  + NO(g) → CO2(g) + 1/2 N2(g)

Given the following information, calculate ΔHrxn for this reaction.

CO(g)  + 1/2 O2(g) → CO2(g)   ΔH = -283 kJ
N2(g) + O2(g) → 2 NO(g)  ΔH = 180.6 kJ

(A)  -373.3 kJ		(B)  -102.5 kJ		(C)  463.6		(D)  -193.3 kJ


11.	Given the following thermochemical equations, what is the standard enthalpy of formation for propane, C3H8

C(s) + O2(g) → CO2(g) 		∆Hº = -393 kJ mol-1 
H2(g) + 1/2 O2(g) → H2O(l) 		∆Hº = -286 kJ mol-1 
C3H8 + 5 O2 → 3 CO2(g) + 4 H2O(l) 	∆Hº = -2452 kJ mol-1

(A)  -3131 kJ mol-1	(B)  22 kJ mol-1	(C)  -129 kJ mol-1	(D)  129 kJ mol-1

12.	Calculate the ∆H˚ value for the reaction HNO2(l) + NaCl(s) → HCl(g) + NaNO2(s) using the information below:

NO(g) + NO2(g) + Na2O(s) → 2NaNO2(s) 	∆H˚ = -427.0 kJ
NO(g) + NO2(g) → N2O(g) + O2(g) 		∆H˚ = –43.0 kJ
2NaCl(s) + H2O(l) → 2HCl(g) + Na2O(s) 	∆H˚ = 507. kJ
2HNO2(l) → N2O(g) + O2(g) + H2O(l) 		∆H˚ = 34.0 kJ

(A)  -71 kJ mol-1	(B)  78.5 kJ mol-1	(C)  35.5 kJ mol-1	(D)  71 kJ mol-1


13.	The standard enthalpy of formation of ammonia (NH3) is -46.1 kJ/mol. Calculate the value of ΔH in kJ for the reaction: 2 NH3 → N2 + 3 H2.

(A)  -46.1		(B)  -92.2		(C)  92.2		(D)  41.1


14.	Use the data in the table below to calculate the standard enthalpy change, ∆H˚, for the reaction CH4(g) + 2 Cl2(g) → CH2Cl2(g) + 2  HCl(g)

	Substance
	CH4(g)
	CH2Cl2(g)
	HCl(g)

	∆Hf˚, kJ mol-1
	-74.6
	-95.4
	-92.3



(A)  205.4 kJ		(B)  -205.4 kJ		(C)  -113.1 kJ		(D)  -262.3


15.	Given the standard formation enthalpies below, calculate ΔHrxn for

2 FeS2(s) + 8 HCl(g) → 2 FeCl3(s) + 4 H2S(g) + Cl2(g).

FeCl2(s) = -341.8 kJ mol-1 	 HCl(aq) = -167.1 kJ mol-1	FeCl3(s) = -399.5 kJ mol-1
HCl(g) = -92.3 kJ mol-1	FeS2(s) = -178.2 kJ mol-1  	H2O(g) = -271.8 kJ mol-1
H2S(g) = -20.6 kJ mol-1

(A)  213.4 kJ		(B)  -385 kJ		(C)  811.8 kJ		(D)  -149.6 kJ


16.	What is ΔH˚ for this reaction in kJ, PCl5(s) + 4H2O(l) → H3PO4(aq) + 5HCl(aq), given the following heats of formation (ΔHf˚):

PCl5(s) = –443.5 kJ mol-1
H2O(l) = –285.8 kJ mol-1
H3PO4(aq) = –1284.4 kJ mol-1
HCl(aq) = –167.1 kJ mol-1

(A)  -732.2 kJ		(B)  +732.3 kJ		(C)  +533.2 kJ		(D)  -533.2 kJ

17.	The ΔHf° value for H2O(g) is -242 kJ mol-1. Calculate the heat change for the combustion of 11.2 L of hydrogen gas, measured at 273 K and 1 atm pressure to form H2O(g). (R = 0.0821 L atm mol-1 K-1)

(A)  -484 kJ		(B)  -242 kJ		(C)  -121 kJ		(D)  242 kJ


Thermochemistry 3. Delta H and Bond Energies

18.	Hydrogenation of double and triple bonds is an important industrial process. Calculate the standard enthalpy change (ΔH° in kJ) for the hydrogenation of acetylene to ethane: H-C≡C-H(g) + 2 H2(g) → H3C-CH3? 

	Bond
	C-C
	C≡C
	C-H
	H-H

	BE (kJ mol-1)
	 347
	839
	413
	432



(A)  -296 kJ		(B)  -728 kJ		(C)  196 kJ		(D)  788 kJ


19.	Hydrazine, N2H4, contains an N-N single bond and 4 N-H bonds. Use the bond energies below to calculate ΔH in kJ for the reaction: N2 + 2 H2  → N2H4.

	Bond
	Energy kJ mol-1

	N-N
	159

	N=N
	418

	N≡N
	941

	H-H
	436

	N-H
	389




(A)  1265 kJ		(B)  -1265 kJ		(C)  -161 kJ		(D)  98 kJ


20.	Given the reactions below, what is the estimated N=N bond energy in kJ mol-1?

NH3(g) → N(g) + 3H(g) ΔH° = 1173 kJ mol-1
N2H2(g) → 2N(g) + 2H(g) ΔH° = 1200 kJ mol-1

(A)  418 kJ		(B)  -418 KJ		(C)  27 kJ		(D)  795.5 kJ




	Question
	Answer 

	1
	A

	2
	b

	3
	c

	4
	A

	5
	B

	6
	d

	7
	B

	8
	D

	9
	c

	10
	a

	11
	d

	12
	B

	13
	c

	14
	b

	15
	a

	16
	D

	17
	C

	18
	a

	19
	d

	20
	a



