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Amore reactive meatal will dispiace a less reactive metal from a sciudion of its salt. This reaction s
axothermic. If the same reaction is set up in an electrechamical cell then, Instuad of an mllﬁﬁr

-lh‘u_rw_“g' glactrical anaray = 'r_u-ga;h_u;\url and g rall u—\kuru_; can ha meaeimad,
You are to plan an Irrmsl]na'uan of the reaction of three different retals (magnesium, iron and zinc)
with agueous copper(ll) sulfate. You will plan to investigate whather therais & relatlmshlﬁ betwesh
their cell potential values, EZ,;, and their enthalpy changes of reaction, AH,

Mﬂiﬂ-} + Cu™(ag) = Mg™(aq} + Culs)
P Eals) 1 Cut(ae) — Fe(aa) + Cufs) o woe pust -
Znis) + Cu™(ag) — Zn*(aq) + Cyls)

Copper(ll) suifate solution iz claszfied as a moderate h:l:_:rd
Zinc sulfate solution is classified as corrosive.
Iron(Tl) sulfate nnlulim is clzssified 85 2 health hazard.

“£

{a) Predict how AN, may change as EY,, increases. Give a reason for your predlcum
w'hnn E—f}...d.r pasenarse  dha  mers feles fhe M&_

ﬂﬂ.l‘.m'.? FRaT n._.r CE

(‘h.mr_gea Pactn 1 mae [ikaly o dato place_dhamfre
Ceetr higher o (mm‘ SWHM) o

wmmmumwm o

(b} The first part of the investigation is to determine tha enthalpy changa, AH, for the reaction of
the same number of moles of three powdered metals with 0.500moldn? copper(l]) sulfste.

When determining the AH, for fie reaction of the metals isted above with aquecus copper{ll)
sullate,

the Indepandant variahle |z fFFEH!Ii"af‘—MW mmbw#—W‘aF

dw}ja afm&bfﬂ#

the dependent variable is. Tﬂ“
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(e)

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
COMMENTS SCHEME
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]

(d)

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(e)

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
COMMENTS SCHEME




i

{iv} Forthe reacton with magnesium, calculas the Mass of magnesium, in g, you would use
=0 that it is in a amall excess. .

drof woles of Cugey preweunds 52X ©°F

| e
= g.caswael.

s To Mgﬁw = 0.035 %2y
cq) -

= o.eﬂ

(v} Explain why the mstal used should be in powdared form rathar fhan in strips.
..Hignes gutfeee area So reaptun mde Te Wigher ("dive

swall) uhen poudered waetul wted. Also enture reacton

T eempiediin..”
{vi) The agueous coppen(ll) sulfaie and metal mixture should be stired confinuousty.
Explain wiy. )

 Qo_tiew sebdtawd fo v welt ond alew even

{d} In one experiment, the increasss in tamparators whan sxcass magnesiim powdar is added to
50,0em? of 0.500moldm aqueous copper{ll) sulfate is 58.5°C.

Caleulate the anthalpy change for this reaction, AR inkdmol™,

Aszsume the specific heat capacity, ¢, of the reaction mixture is 4. 18Jg K-,
Assume 1,0cm® of 0L500 moldm™ aquscus copperll) suitate has a mass of 1.Ug.
Include a slgn In your answer.

= 5
s ,ag.  MoS)* CUT(e0) — Mglen) + Cuts AL
foea == 137 , : ;
m = glj_‘i a 0 mi — 11_1
AG %5 Lwel = =
{p = m cAS M= ?ﬁ

. s0x 4. 1ex 585
= 12,2807

aH = F2 —UER (2]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(e)

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]

(d)

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(e)

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
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< sz';‘e’t } MIDDLE LoW

9] Accepisd 25 VaIUSs ang S0 TOT INS Cal neacinois.

el reastion BV AH,

i T UPE Your

Mals} + Cu*(ea) —» Mg*(ag) + Cufs) 4272 |~ |- G‘i‘: Mark Q1 Mark scheme

: . 3 -2
2 Zn(s) + Cu*(ag) —» Zr™(aq) + Culs) +1.10 Expected answer
} : = n : —g | 130
4 rels) “‘_!-:'-" (2q) —» Feiag) + Cuis) [ YO.78 l 1(a) (a) (As the E° cell value increases) AH decreases or AH becomes more
. negative or AHr becomes more exothermic.
Usa your prediction in (a), your answer o {d} and data from the table to predict Af |l valusas for AND
seactions 2 and. 3, The more reactive the metal then the greater the energy release will be.
Campilate tha tabla with thess valuss, - . [ 1(b) OR
Energy output of both reactions is dependent upon the difference in
[Total: 18] reactivity (of metals). [1]

1(c)(i) (b) Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

1(e)(ii) (c)(i) Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

1(e)(iii) (e)(ii) Mass of metal before and after
Initial temperature (before metal added)
AND

Highest temperature (after metal added) [1]

1(c)(iv)

(c)(iii) | Wear gloves [

(c)(iv) Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

1(c)(v) AND

mass required value is greater than 0.6075 g [1]

(c)(v) Larger surface area

1(c)(vi) AND

causes increased rate of reaction [11

(c)(vi) Ensure uniformity of heating (of solution) [1]

1(d) (d) 50.0 x 4.18 x 58,5 = 12 226.5 (J)
AHr = 12 226.5 /0.025 = 489 000 = — 489
1000 (1

1(e) (e) Complete circuit involving

labelled voltmeter;
labelled salt bridge;
two separate solutions;
1(f) (Sglutions are) magnesium sulfate or MgSO4 with magnesium or Mg

ro

and
copper(ll) sulfate CuSO4 with copper or Cu rod
Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

1(g)

(f) So that values can be compared [1]

(9) Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
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A more reactive matal will displace a less reactive metal from a solution of Its alt. This reaction is
exothermic. If the same reaction is set up in an electrochemical cell then, instead of an enthalpy
change, electrical energy is produced and a call voltage can be measurad,

Yo are to plan an investigation ef the reaction of three different metals (magnesium, iron and zinc)
with agueanus coppar(l]) sulfate. You will plan to invesfigate whether there is a relationship between
their cell potential values, E%,, and their enthalpy changes of reaction, AH|

Mg(s) + Cu™{aq} - Mg™(ag) + Cu(s)
Fe(s) + Cu™{aq) - Fe™{aq) + Cu(s) .
Zn(g) + Cu¥'(aq) = In*{ag) + Culs)

Copper(lT) sulfate solution is classified as a moderate hazard.

Zine sulfate solution is classified as corrosive.

-

Iron(Il} sulfate solution 1'-_5 ciassified as a health hazard,

(a) Pradict how AH, may change as E°, increases, Give a reason:for your prediction.
: &
LBHe incremen ot Blad ancene pewmne mone

fmohu&rpdﬁlﬁ*‘"“*“ﬁwgmdmndﬁaﬁ%—mm

reocHon L . ,

(b} The first part of the investigation is to determine the enthalpy change, AH, for the reaction of
the same number of moles of three powderad metals with 0.500 meldm copper(ll) sulfate.

When deterinining the AH, for the reaction of the metals listed abeve with aguecus copper(ll)
sulfate,

the indepandent varable |5Tmmcﬁw;¢ﬁ F"""M

the dependant variable [s. ..
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK

SCHEME

COMMENTS
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]

(d)

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
COMMENTS SCHEME




{iv) Forthe reaction with magnesium, calculate the mass of magnesium, in g, you would use
so that it is in a small excess,

82, oem SO agE SO

Highex coclate ofe Prorfore €03 reochon and

ivi) The aquecus copper(1T} sulfate and metal mixire should be stirred continuausly.
Explain why.

rretl
B To g propdy enin .“"‘*"ﬂ fﬂﬁf&ﬂ* ard Fve .
_Sewlon ond & enwre rnal ol eat e mz.l-a.l, M
etk

{d) In one experdment, the increase in temperalure when éxcess magnesium powder 1s added to
S50.0cm? of 0.200maldm™ aqueous copper(ll) sulfate is 58.5°C.

. Calculate the enthalpy change for this reaction, AH, in kimak, )
Assume the specific heat capacity, ¢, of tha reaction mixtura is 4180 g K-,
Assume 1.0cm of 0.500mel dm agueous copper(ll) sulfate has a mass of 1.0g.
Include a sign in your answer.

Mgle) + Cu*(ag) - Mg™(ag) + Cu(s)

(22265 - ugqo

0= A
[? =mC Eb*.g,f
F= co w wit »x 5§65
M= \r226-%
AH = "qua' kdmal [2]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
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COMMENTS
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]

(d)

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
COMMENTS SCHEME




{g) Accepted E2, values are shown for the cell reactions.

cell reaction Ef v AH,
1 Ma(s) + Cu®{ag) — Mg™(ag) + Cuis) 4272 |—o-vE9
Zn(s) + Cu*(aq) — Zn*(ag) + Culs) 110 |- 0300
Fefs) + Cu™(aq) — Fe*(ag) + Cu(s) 078 |-0 100

Use your prediction in (a), your answer to (d) and data from the table to pradict AN, values for

reactions 2 and 3.

Complete the table with these valuas.

(11
[Total: 18]
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1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1e)(v)

1(c)(vi)

1(d)

1(e)

1(f)

1(g)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]

(d)

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]

EXAMINER MARK
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1

Iﬁﬁr;r;ﬁ}{riirﬁiﬁliﬁlﬁsplm a less reactive metal from a solution of its salt. This reaction is

exothermic. If the same reaction is set up In an electrechemical cell then, instead of an anﬁalpy
change, electrical energy is produced and a cell wﬁﬁa can be measured.

You are to plan an investigation of the reaction of three different metals (magnesium, iren and zing)
with ggueous copper(ll) sulfate. You will plan to investigate whether thers is a relationship between
their call potential values, E'E& and their enthalpy changes of reaction, AHL

Mals) + Cu™(ag) — Mg™(aq) + Cufs) ~
Fafs) + Cu*(aq) — Feag) + Culs)
_Zn{g) + Cu™ag) — ZIni{ag) + Culg)

Copper{II) sulfate solution is classified as a moderate hazard.
Zinc sulfate solution is classified as corrosive.

‘| Iror(II) sulfate sclution is classified as a health hazard,

(a} Predict how AH, may change as EZ, increases. Give a reason for your prediction.

MM.-..N.M....-‘ M‘Hﬂ*.ﬂh ...... E,:.t_ﬂﬂ.

LALCAnRe, . ... e M.M.l ..............

.

(b} The first part of the investigation is to determine the enthalpy change, AH, for the reaction of
the same number of moles of three powdered metals with 0.500mal dm™ copper(ll) sulfata.

When determining the AH, for the reaction of the metals listed above with aquecus coppar(ll),

sulfate,

the independent varlable is, ......... (il :F&:M uabinas e B2l

the dt..*rpandant variable Is. ... E..-.'»E"t IL'I ag-fot ..... < \m?p. AQ' ft.n.:."mm

Select
page

Your
Mark

1(a)

1(b)

1(c)(i)

1(c)(ii)

1(c)(iii)

1(c)(iv)

1(c)(v)

1(c)(vi)

)

Q1

MIDDLE Low

Mark scheme

Expected answer

(a)
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enthalpy change [1]
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a labelled thermometer in the liquid. [1]
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Initial temperature (before metal added)
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Wear gloves [1]
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1(e)

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]
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Diagram should indicate a labelled insulated container
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a labelled thermometer in the liquid. [1]
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Mass of metal before and after
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Wear gloves [1]
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mass required value is greater than 0.6075 g [1]
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Larger surface area
AND
causes increased rate of reaction [11
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Ensure uniformity of heating (of solution) [1]
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1000 [l
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Complete circuit involving

labelled voltmeter;
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rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod
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[[-l.r} "For the reaction with magnesivm, calculatethe mass of magnesium, in g, you would use
g0 that it is in a small excass.

Nz Cay y i
= Buxfy o
loby

Z6.0lS

Fonns = m ot

2 oep L sl 5'
& f =TS 4
2 O k

(v} Expiain why the metal used should be in powdered form rather than in strips.

mass of Mg = ... g [2)
.._Rﬁir_..ag...{izuj.lin.n.....imuﬁ.-.tm...mi.’t[o.....meg.M....m.,.tu ArkRbL
BB e s s (1]

(vi) The aqueous copper(ll) sulfate and matal mixture should be stimed continuoLshy.

Explain why. )
=T T m&m&h&;:qu‘hihaﬁiMrm

{d) In one experiment, the increass in temparstura when excess magnesium pnwdar is added 1o
S0.0cm? of 0.500 mol dm™ aqueous copper(il} sulfate is 58.5°C. .

Calcutate the enthalpy change for this reaction, AH,, in kdmol™, .
Assume the specific heat capacity, ¢, of the reaction midure 5 4,18 Jg7 K.
Assume 1.0cm? of 0.500meldm~ aqueous coppen(ll) sulfate has a mass of 1.0g.
Include a sign In your answer.

Mg(s) + Cu™(aq) — Mg*(aq) + Cu(s)

v : B e S
PR L
sy —Bo xUN %SRS
g-'\w"",f‘!l LR

1
=LY

A= 2 2 B e (2]
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Expected answer

(a)

(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]

(c)i)

Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]

1(d)

1(e)

Larger surface area
AND
causes increased rate of reaction [11

Ensure uniformity of heating (of solution) [1]

50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l

1(f)

1(g)

Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;

(Solutions are) magnesium sulfate or MgSO4 with magnesium or Mg
rod

and

copper(ll) sulfate CuSO4 with copper or Cu rod

Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]
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negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
OR

Energy output of both reactions is dependent upon the difference in
reactivity (of metals). [1]

Independent variable: The (type of) metal
Dependent variable: temperature change or rise or increase
OR

enthalpy change [1]
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Diagram should indicate a labelled insulated container
AND
a labelled thermometer in the liquid. [1]

(c)ii)

Mass of metal before and after

Initial temperature (before metal added)

AND

Highest temperature (after metal added) [1]

(c)iii)

Wear gloves [1]

(c)(iv)

Moles CuSO4 = 0.025 mol, therefore moles of magnesium = 0.025 mol
(minimum) mass Mg > (0.025 x 24.3 =) 0.6075 g

AND

mass required value is greater than 0.6075 g [1]
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1(e)

(c)v)

Larger surface area
AND
causes increased rate of reaction [11

(c)(vi)

Ensure uniformity of heating (of solution) [1]
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50.0 x 4.18 x 58.5 = 12 226.5 (J)
AHr =12 226.5/0.025 = 489 000 = - 489
1000 [l
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Complete circuit involving

labelled voltmeter;

labelled salt bridge;

two separate solutions;
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rod

and
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Concentration of solution(s) is 1 mol dm-3 or 1 M [1]

So that values can be compared [1]

Both AHr (Zn) and AHr (Fe) values which are consistent with the
prediction in (a). [1]
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 {g) Accepled E%, values are showrrfor the cell reactions.

call reaction Er IV AH,

1 bgls) + Cu*(a2q) — Mg*(aq) + Cuis) +2.72
Znis) + Cu™(aq) = Zn™{aq) + Cu(s) +1.10 [N
Fels) + Cu(aq) - Fe*(aq) + Cufs) 078 | 33

Use your prediction in (a], your answer to (d) and data from the table to predict AH|, values for

reactions 2 and 3.
Complete the table with these values,

[1]
[Total: 18]
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(As the E° cell value increases) AH decreases or AH becomes more
negative or AHr becomes more exothermic.

AND

The more reactive the metal then the greater the energy release will be.
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reactivity (of metals). [1]
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Dependent variable: temperature change or rise or increase
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enthalpy change [1]
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AND
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