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1. Propane can be formed by the hydrogenation of propene.
CH3CH=CHy(g) + Ha(g) — CH3;CH,CHs(g)
(i)  State the conditions necessary for the hydrogenation reaction to occur.
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(i)  Enthalpy changes can be determined using average bond enthalpies. Define the term average bond
enthalpy.
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(iii) Determine a value for the hydrogenation of propene using information from Table 10 of the Data
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(iv) Explain why the enthalpy of hydrogenation of propene is an exothermic process.
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2. In an experiment to measure the enthalpy change of combustion of ethanol, a student heated a copper calo-
rimeter containin ;@ m? of water with a spirit lamp and collected the following data.

P af y [nitial temperature of water: ~ 20.0 °C‘? A= 8550~ 20.0= 53‘0 ‘t')

7 7ed Final temperature of water: 55.0°C
| Poa ﬁb" o Mass of ethanol burned: 1.78 g

Density of water: .__—-? 1.00 gem™ ('- /C’”J/z’ 0= /3 bé (/] /)

(1) Use the data to calculate the heat evolved when the ethanol was combusted.
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(if)  Calculate the enthalpy change of combustion per mole of ethanol.
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(iii)  Suggest two reasons why the result is not the same as the value in the Data Booklet.
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3. An experiment was designed to investigate how the enthalpy change for a displacement reaction relates to the
reactivities of the metals involved. The following metals in order of decreasing reactivity were available.

Magnesium most reactive
Uranium
Zinc
Iron

Copper v

Silver least reactive

Excess amounts of each metal were added to 1.00 mol dm™ copper(Il) sulfate solution.
The temperature change was measured and the enthalpy change calculated.

(i)  Suggest a possible hypothesis for the relationship between the enthalpy change of the reaction and the
reactivity of the metal.
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(cont.)

(if) ~ Sketch a graph on the diagram below to illustrate your hypothesis.
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Hydrazine is a valuable rocket fuel. > Ze("// fAe )%A/% pat
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The equation for the reaction between hydrazine and oxygen is given below. | A ¢ ‘ /
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Use the bond enthalpy values from Table 10 of the Data Booklet to determine the enthalpy“change for this
reaction ”—N—”"‘H + 0:‘-0 ’> A/:'-” f- g #—0—#— (Total 3 marks)
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In some countries, ethanol is mixed with gasoline (petrol) to produce a fuel for cars called gasohol.

NzHy(g) + Ox(g) — Na(g) + 2H,0(g)

(i)  Use the information from Table 10 of the Data Booklet to determine the standard enthalpy change for
the complete combustion of ethanol.
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(cont.)

(i)  The standard enthalpy change for th

is burned completely in air.
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(iii)  Ethanol can be oxidized using acidified potassium dichromate, K,Cr,09, to form two
products.
0. Cr,0--
CH;CH,OH B A~ H B
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State the structural formulas of the organic products A and B and describe the con
obtain a high yield obach of them. &
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(iv) Deduce and explain whether ethanol or A has the higher boiling point.
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Ethene can be converted into ethanol by direct hydration in the presence of a cataly
following equation.
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C,Hy(g) + Hy0(g) = CH;CH,0H(g)
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For this reaction identify th sed and state one use of the ethanol formed pther than as a fuel.
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1. Some words used in chemistry can have a specific meaning which is different to their meaning in everyday

English. State what the term spontaneous means when used in a chemistry context.
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2. Propene can be hydrogenated in the presence of a nickel catalyst to form propane.
Use the data below to answer the questions that follow.

Compound Formula AHgf/ kJmol! | $%JK! mol!
hydrogen Hy(g) 0 + 131
propane C;3Hg(g) - 104 +270
propene C3Hg(g) +20.4 +267

(Total 1 mark)
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(i)  Calculate the standard enthalpy change for the hydrogenation of propene.
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(iii)  Calculate the standard entropy ¢Qange for the hydrogenation of prqpene.
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(iv) Determine the value of AG® for the hydrogengti

..... AE = BH-TBLL ..y

S 1AM = A9 (~0. 178 I )

......................................................................................... = /— Y{.:S/»rﬂ o




(cont.)

(v)  At298 K the hydrogenation of propene is a spontaneous process. Determine the temperatur
whlchzropane will spontaneously decompose into propene and hydrogen.

...................................................................................................................................... -
(Total 9 marks)

3. The lattice enthalpy of magnesium chloride can be calculated from the Born-Haber cycle shown below.
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(i)  Identify the enthalpy changes labelled by I and V in the cycle
I AH _

(if)  Use the ionization energies given in the cycle above(and further data from the Data Bookletdo calcu-
late a value for the lattice enthalpy of magnesium chloride.
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(cont.)

(iii)  The theoretically calculated value for the lattice enthalpy of magnesium chloride is +2326 kJ. Explain
the difference between the theoretically calculated value and the experimental value.
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(iv) The experimental lattice enthalpy of magnesium oxide is given in Table 13 of the Data Booklet. Ex-
plain why magnesium oxide has a higher lattice enthalpy than magnesium chloride.
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Consider the following reaction:

Na(g) + 3Hy(g) =< 2NHs(g)

(i)  Suggest why this reaction is important for humanity.
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(ii)  Using the average bond enthalpy values in Table 10 of the Data Booklet, calculate the standard en-

thalpy change for this reaction. =N + 3 #.bl ? 2 y-fv-—l-/- @
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(iii) The absolute entropy values, S, at 238 K for Na(g), Ha(g) and NH;(g) are 192, 131 and 193 J K™ mol™’
respectively. Calculate AS® for the reaction and explain the sign of AS®.
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(cont.)

(iv) Calculate AG® for the reaction at 238 K. State and explain whether the reaction is spontaneous.
AF= 4K -TAS

= —76.0K)-RITH(~0.1997Yjc) =|—18.747 |
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(v)  If ammonia was produced as a liquid and not as a gas, state and explain the effect this would have on
the value of AH® for the reaction.
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(1)  The standard enthalpy change of three combustion reactions is given below in kJ.
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Based on the above information, calculate the standard change in enthalpy, AHP , for the following re-
action.
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(if)  Predict, stating a reason, whether the sign of AS® for the above reaction would be positive or negative.
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(iii) Discuss why the above reaction is non-spontaneous at low temperature but becomes spontaneous at
high temperatures.
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(iv) Using bond enthalpy values, calculate AH® for the following reaction.

CoHg(g) — CoHa(g) + Ha(g)

CH-CH = ch=cky +He @

C-i c-¢

(v)  Suggest with a reason, why the values obtained in parts (i) and (iv) are different.
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