ENERGETICS(A & AS LEVEL)
NOTE-

FOLLOW THE NUMBERING GIVEN IN THE QUESTIONS
DON’T DO YOUR OWN NUMBERING.

TRY ATTEMPTING IN ORDER.



Study the following energy cycle.

AH™
2C(s) + 3H,(g) + 3%0,g)

C,Hg(g) + 3%0,(g)

LY /

2C0,(g) + 3H,0()

Use the values in the table below to calculate the enthalpy change of reaction, AH™=

Substance Enthalpy change of combustion, AHZ kJ mol™’
carbon -394

hydrogen -286
ethane -1560

(2]

AH® = kJ mol™



(a) Ethanol, C;HsOH, Is aliquid atroomtemperature. Itis beingincreasingly used as afuel

(I) Write the equation that represents the standard molar enthalpy change of formation
(aH,) of ethanol. )

W W W W W W W W W W W W W -

(o) Enthalpy changes of Combuston can often be measured arecty. |he equaton 1or the
reacion which represents the enthalpy change of combustion (AH.) of ethand is as
toliows.

CHsOH() + 304(9) — 20045 + 3H,00)

2&?009'0( usedthe apparatus below to determine the enthalpy change of combustion of
ano

calorimeter _ water
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The student obtainedthe following results.

Mass of spint burner + ethanol at start = 72279
Mass of spint burner + ethanol after combustion = 71469
Temperature of water at start = 215°C
Temperature of water after combustion = 755°C
Volume of water in calorimeter = 100am?

The energy releasedin the experiment can be calculated using the fonmula

energyreleased = mcatm

where m = mass of the waterin grams (assume 1cm® has amass of 1g)
c = 42Jg77°C™
= change intemperature of the water



(i) Calculate the energy released in the experimeant

(1]
Energy released =. ... ... crcaaccssaaccssassasaanannaas J
(li) The enthalpy change of combustion of ethanal is defined as the energy change per mol of
ethanol burned.
Usze your answer to (i) to calculate the enthalpy change of combustion of ethanol.
Give your answer in kJ mol-" and comect to 3 significant figures. Include the sign.
(3]

() Another studernt did not carry out an experiment to find aH_of ethancl. He lcoked up the literature
value on a respected internet site.

How would you expect the numerical values obtained by the two students to differ? Explain your
aAnSWer.

You may assume that both values were found under the same conditions of temperature and
PrESSUre.

[2]




The reaction of an acid with a base to give a salt is an exothermic reaction. In an experiment to
determine the enthalpy of neutralisation of hydrochloric acid with sodium hydroxide, 50.0cnt
of 1.00 mol dm~ HCl was mixed with 50.0 e’ of 1.10 mol dmi~* NaOH. The temperature rise

obtained was 6.90 °C.
{a)  Define the term enthalpy of neutralisation.

(1)

(k)  Assuming that the density of the final solution is 1.00 g cm  and that its heat capacity is
418 JK ' g, calculate the heat evolved during the reaction.

(3)

ic)  0.0500 mol of acid was neutralised in this reaction; calculate AN wmbiction TN
kJ mol .

(2)



8. {a) (1)  Define the term standard enthalpy of combustion.

(3)

{ti}  The values for the standard enthalpy of combustion of graphite and carbon
monoxide are given below:

AH. % mol™

C (graphite) 394
CO(g) 283

Use these data to find the standard enthalpy change of formation of carbon
monoxide using a Hess's law cycle.

Cigraphite) + é':"z{g:l -+ CO(g)

(3)



17.

(1) Suggest why it is not possible to find the enthalpy of formation of carbon
monoxide directly.

(1)

{iv)  Draw an enthalpy level diagram below for the formation of carbon monoxide from
graphite.

(1)

This question is about a self-heating can of coffee.
The bottom of the can has a compartment containing copper(Il) nitrate solution. When a button

on the bottom of the can is pressed, magnesium powder isreleased into the compartment where
it reacts with the copper(ll) nitrate solution.

(a) (i) Write an ionic equation for the reaction between magnesium powder and copper(Il)
ions. Include state symbols, but omit any spectator ions.

(2)



(ii)  Show how the standard enthalpy change for this reaction could be calculated from
the standard enthalpies of formation of copper(ll) ions and magnesium ions. You
should include a Hess cycle in your answer.

(3)
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. AH, z
MgS0,. 7H,0(s) excess H,0 MgS0,(aq) + TH,O(1)
AH; AH,=-85.2 kJ mol™
excess H.O
MgS0y(s) + TH,O(1)

(i)  Use the cycle to write an expression for AH; using AH| and AH,.

(1)
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(e)  Methane is the feedstock in the manufacture of hydrogen according to the equation:
CHy(g) + 2ZH,0(g) — CO1(g) +4H1(g)

Given the enthalpy of formation data below, draw a labelled Hess’s law cycle and use it
to calculate the enthalpy change of this reaction.

Substance | Enthalpy of formation/k] mol '
CHa(g) =75
COa(g) -394
H,0(g) —242

4)



