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SECTION |

20 marks
Attempt Questions 1-20
Allow about 35 minutes for this section

Use the multiple-choice answer sheet for Questions 1-20.

1 ‘An acid is a substance that donates one or more protons.’
This definition of an acid was first given by

A.  Arrhenius.
B Brgnsted—Lowry.
C. Lewis.
D Lavoisier.
2 Which of the following substances would make the best primary standard?
Substance Purity Solubility Formula mass
A. P high low low
B. Q high high high
C. R high low high
D. S high high low

3 Which of the following compounds has the highest molar solubility in water at 25°C?

A.  BaCOq

B. Mg,(PO,),
C. Pb(OH),
D. CaSO,
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4 The diagram shows four different systems.
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Which systems show an increase in entropy?
A. TandIIonly

B IT and III only
C. II'and IV only
D Iand IV only
5 Cloudy ammonia is an ingredient of some household cleaners. It forms an equilibrium mixture when

dissolved in water, as shown in the equation.
NHj;(ag) +Hy0()) = NH, " (ag) + OH ™ (aq)

Which of the following is the equilibrium expression for the reaction from right to left?
[NH,"]J[OH]

[NH; ]

[NH, ]
[NH;" JOH "]
[NH3][OH ]

[NH,"]

[NH;]

[NH, " JOH"]
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6 Four different equilibrium systems (I-IV) at standard pressure and temperature are shown.
I N,(g) +3H,(g) = 2NH;(g) AH <0
I 2NOBr(g) = 2NO(g) + Br,(g) AH <0
I CH,(g) + H,O(g) = CO(g) + 3H,(g) AH>0
v PCls(g) = PCl5(g) + Cly(g) AH>0

In each system, the pressure was increased. Later, the temperature was decreased.

In which equilibrium system would BOTH changes result in a product yield increase?

A.

B.
C.
D

I
II
I
v

catalysed and uncatalysed, are shown.
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A particular reaction can occur with or without a catalyst. The energy profiles of this reaction, both

reaction
coordinate

Which row of the table best matches the reactions as shown by the energy profiles?

O0wp»

E, of uncatalysed | AH of uncatalysed | E of catalysed AH of catalysed
reaction (kJ mol . ) | reaction (kJ mol! ) | reaction (kJ mol . ) | reaction (kJ mol ! )
-80 70 -60 70
80 -150 80 60
80 =70 60 =70
20 80 150 -80




HSC Year 12 Chemistry Trial Examination

10

11

. e . . . -1
Stomach (gastric) acid is a solution of mainly hydrochloric acid and can vary between 0.01 mol L
and 0.1 mol Lﬁl. Sometimes, excess acid is secreted in the stomach. Medications can be taken to
neutralise the surplus acid.

Which of the following substances would be best suited to safely neutralising this acid?
A.  adilute solution of sodium chloride

B a dilute suspension of sodium hydrogen carbonate

C.  aconcentrated solution of sodium hydroxide
D

large quantities of distilled water

Citric acid has the formula H;C HsO,. It is often used as a flavouring and preservative in food and
drinks. A solution of citric acid is neutralised by a solution of sodium hydroxide.

Which of the following equations correctly represents this reaction?
A.  3NaOH(s) + H;C¢H50,(aq) — NayCHs0(ag) + 3H,0(0)

B 3NaOH(aq) + H;CHs0,(ag) — 3NaC¢Hs0,(ag) + 3H,0(0)
C.  NaOH(agq) + 3H;C(H50,(ag) — Na;C Hs0(aq) + 3H,0(0)
D 3NaOH(aq) + H;CcH504(ag) — Na;CHs05(aq) + 3H,0()

Phosphoric acid (H;PO,) is a triprotic acid. It dissociates in water in three stages as shown.
Stage 1: H3PO4(aq) + H,O(/) = H;0" (ag) + H,PO, (ag) K, =7.3x 1073

Stage 2: H,PO, (ag)+H,0(/) = H30" (ag)+ HPO,*"(ag) K, =63x1075

Stage 3: HPO,* (ag) + H,O(/) = H;0" (ag) + HPO,>(ag) K3 =4x107"

A student wants to calculate the approximate pH of a 0.1 mol L~ solution of phosphoric acid.

Which value(s) of the dissociation constants should the student use?

A. K, only
B K 5 only
C. Kal - Ka2 - Ka3
D K, xK_ ,*xK;

Which of the following compounds forms a 0.00100 mol L aqueous solution with a pH closest
to 7.00?

A.  sodium ethanoate

B. ethanol

C. ethanamine

D.  2,3-dihydroxypropanoic acid
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12 Which of the following is a functional group isomer of pentan-2-one?

HHH(”)H

A. H—(lj—C—C—C—(lj—H
HoHOH W
H H O H H

B H-C—C—C—C—C—H
HOH bW
H O HH H

C H-C—C—C—C—CH
HooHoHon
O H HH H

D H-C—C—C—C—C—H
HOHOH M

13 The structure of a compound is shown. It has been suggested that this molecule may be an effective
drug for treating seasonal influenza (the flu).

groupl -~ ~,
7 OH
/
/o= C)\/ | H
T - ol H
H—C\/ )c _CH,CH,
SHHCC ~0o— c\ CH CH
\N/ H) N—H\\ H
group 11 \ [ \\ (lj
l
AN H Y lgroup 1
==7 0" “cH, /

Which row of the table correctly names the functional groups labelled I, II and II1?

Group 1 Group 11 Group 111
A. amide amine ester
B. carboxylic acid amine amide
C. ketone amine carboxylic acid
D. alcohol amide amine
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16

17

A student performed an experiment in which 250 mL of water was heated by burning methanol
in a spirit burner. The enthalpy of combustion of methanol is =726 kJ mol ™. Assume that all

heat released by the process is absorbed by the water.

What is the maximum change in temperature of the water when 1.26 g of methanol is completely

combusted?

A.  0434°C
B. 3.66°C
C. 27.3°C
D 36.3°C

An experiment is conducted in which 4-aminobutanoic acid, H,N(CH,);COOH, forms a
condensation polymer. One mole of it contains 1000 monomer units.

What is the mass of this polymer?
A 85x10"gmol’!

B. 1.0x10°gmol

C. 1.0x10°gmol

D. 97¢g mol ™!

The structure of a compound is shown. Its carbon atoms are labelled I-1V.

I II III v
CH3 — CH2 — CH2— COZH

Which carbon atom has a trigonal planar arrangement of bonds around it?

A1
B. 1II
C. 1
D v

A table of reactions involving organic compounds is shown.

Reaction Product
but-2-ene + hydrogen bromide 1
butanal + acidified potassium dichromate 2
butan-2-ol + ethanoic acid + catalyst 3
butanoic acid + sodium hydrogen carbonate 4

Which row of the table correctly identifies a product from each reaction?

Product 1 Product 2 Product 3 Product 4

2-bromobutane

butanoic acid

2-butyl ethanoate

sodium butanoate

2-bromobutane

sodium butanoate

butanoic acid

carbon dioxide

butane

butanoic acid

2-butyl ethanoate

carbon dioxide

On0wp»>

2-bromobutane

2-butyl ethanoate

butanoic acid

sodium butanoate
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19

20

Which of the following statements best explains the cleaning action of soap?
A.  The polar head group forms dispersion forces with oils and fats and the non-polar tail group

forms hydrogen bonds with water.

B.  The non-polar tail group forms dispersion forces with oil and fats, as well as forming dipole—

dipole forces with water.

C.  The polar head group forms dipole—dipole forces with oil, fats and water.

D.  The polar head group forms ion—dipole forces with water and the non-polar tail group

forms dispersion forces with oil and fats.

The diagram shows a simplified mass spectrum of propanoic acid.
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What does the peak at m/z = 45 represent?
A.  [CH;CH,COI"
B.  [CH,COH,|"
C. [CO,HI
D

the base peak for the mass spectrum

The structure of 2-methylbutane is shown. A CH; group is circled

e
/ \
CH,—CH —CH, T CH, )

~ P

USRS S S I
0 5 10 15 20 25 30 3540 45 50 55 60 65 70 75

Which of the following splitting patterns would be observed in the "H NMR spectrum for the CH,

group circled?
A. B.
C. D.
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Student Number

HSC Year 12
Chemistry

Section II Answer Booklet

80 marks
Attempt Questions 21-34
Allow about 2 hours and 25 minutes for this section

Instructions ® Answer the questions in the spaces provided. These spaces provide guidance for the
expected length of response.
® Show all relevant working in questions involving calculations.
e Extra writing space is provided on pages at the back of this booklet. If you use this
space, clearly indicate which question you are answering.

Please turn over
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Question 21 (4 marks)
Draw a table that compares THREE characteristics of static and dynamic equilibrium systems.

Question 22 (7 marks)

Many reactions involving ionic compounds will only take place when the ionic compounds are
in aqueous solutions.

(a)

(b)

Describe the processes involved in the dissolution of ionic compounds in water.
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Equimolar aqueous solutions of silver nitrate and magnesium chloride are mixed at 25°C.

Write the overall equation AND net ionic equation for any reactions that occur.
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Question 23 (9 marks)

Carbonyl chloride (COCl,) gas can be formed in an equilibrium reaction between carbon monoxide (CO)
gas and chlorine (Cl,) gas. A 10 L vessel containing these gases under standard conditions, but not at
equilibrium, was sampled. It was found that there were 0.11 moles of carbon monoxide, 0.63 moles of

chlorine and 2.9 moles of carbonyl chloride present in the vessel. The equilibrium constant (Keq) for this

reaction, under the conditions used, is 2.62 x 102 mol L_l.

(a)

(b)

Write the equilibrium expression for this reaction.
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After sampling, in which direction will the reaction shift in order to reach equilibrium?

Justify your answer.
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Question 23 continues on page 12
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Question 23 (continued)

(©)

The mixture of carbon monoxide, chlorine and carbonyl chloride was allowed to come

to equilibrium. The rate of reaction was monitored at a constant temperature. The diagram
shows the rate of formation of carbonyl chloride over a period of time. At 7, the volume
of the reaction vessel was decreased.

A

rate (arbitrary units)

time (s)

Explain, using collision theory, the shape of the graph over time. Refer to any factors that affect
the rate of the reaction in your answer.
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End of Question 23
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Question 24 (7 marks)
A buffer solution is prepared from 1.00 L of 0.0500 M CH3COOH (Ka = 1.8 x 10-5) and
2.50 g sodium acetate, NaCH3CQOO.

(a) What is the pH of this solution? )

.................................................................................................
.................................................................................................
.................................................................................................
.................................................................................................
.................................................................................................
.................................................................................................
.................................................................................................

.................................................................................................

(b) 1.00 mL of a 1.00 M solution of hydrochloric acid is added to the buffer. 3)
Write an equation for the major reaction that takes place.
Would the pH of the solution after addition of the hydrochloric acid be
I — slightly above that calculated in part (a)
II — equal to that calculated in part (a)
III — slightly below that calculated in part (a)?

Explain your reasoning. (No calculations are required.)
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Question 25 (9 marks)

A class carried out an experiment to find the molar enthalpy of neutralisation of the reaction between

a solution of sodium hydroxide and a dilute solution of nitric acid. The students were provided with the

relevant glassware, a calorimeter and standardised aqueous solutions of sodium hydroxide (2.4 mol L_l)

and nitric acid (2.1 mol L_l). The calorimeter provided is shown in the diagram.

thermometer

/

~—lid

|
cup —\

|

\

acid and base mixture

The students were asked to calculate the amount of nitric acid required to neutralise 50 mL of the sodium

hydroxide solution. The students split into groups. Each group noted the initial temperature of the solution,

added the calculated amount of sodium hydroxide to 50 ml of the acid, stirred the mixture and then recorded

the change in temperature. An average of the temperatures was obtained and used in later calculations. The

results are shown in the table.

Group Temperature change (°C)
A +9
B +9
C +10
D +9
E +10
(a)  What material should be used for the cup of the calorimeter in the experiment? Justify 1
your answer.
(b)  Calculate the initial pH of the sodium hydroxide solution. Show all relevant working. 2

.........................................

.........................................

.........................................

.........................................

..................................................

..................................................

..................................................

..................................................

Question 25 continues on page 15
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Question 25 (continued)

(©)

(d)

(e)

Calculate the exact volume of nitric acid needed to neutralise the sodium hydroxide solution.
Show all relevant working.
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Calculate the molar enthalpy of neutralisation for this reaction. Show all relevant working.
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The accepted value for the molar enthalpy of neutralisation in this reaction is 57.3103 J.

Compare this to the value calculated in part (d) and suggest a reason for any discrepancy
between the two values.
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Question 26 (4 marks)
Some salts display amphiprotic behaviour.

Using a suitable example, explain what is meant by ‘amphiprotic’. Support your answer with at least
ONE chemical equation.

I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y
I I I I I I R R R I R I R R R R I I I I T I IR Y

I I I I I I R R R I R I R R R R I I I I T I IR Y

Question 27 (4 marks)

Describe a suitable chemical test that could be used to distinguish between the following pairs of isomeric
compounds. Include the expected observations for each test.

(a)  propanol and propanone

© 6 6 6 6 6 6 0 0 6 6 0 0 s s 6 6 6 s s s s 0 6 e s s e 0 6 0 s s e e 0 0 s s s e 0 0 s e s 0 0 000 e e 0 e see 00 sseee0cseee 00000 00 s
© 6 6 6 6 6 6 0 0 6 6 0 0 s s 6 6 6 s s s s 0 6 e s s e 0 6 0 s s e e 0 0 s s s e 0 0 s e s 0 0 000 e e 0 e see 00 sseee0cseee 00000 00 s
© 6 6 6 6 6 6 0 0 6 6 0 0 s s 6 6 6 s s s s 0 6 e s s e 0 6 0 s s e e 0 0 s s s e 0 0 s e s 0 0 000 e e 0 e see 00 sseee0cseee 00000 00 s
© 6 6 6 6 6 6 0 0 6 6 0 0 s s 6 6 6 s s s s 0 6 e s s e 0 6 0 s s e e 0 0 s s s e 0 0 s e s 0 0 000 e e 0 e see 00 sseee0cseee 00000 00 s

© 6 6 6 6 6 6 0 0 6 6 0 0 s s 6 6 6 s s s s 0 6 e s s e 0 6 0 s s e e 0 0 s s s e 0 0 s e s 0 0 000 e e 0 e see 00 sseee0cseee 00000 00 s

(b)  hex-3-ene and cyclohexane
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Question 28 (7 marks)
The flow chart shows reactions involving six different organic compounds, A-F. 7

compound A

C61_11202

heated with dilute
sulfuric acid solution

reaction with l

compound D

C,H;0,Na(ag) [+ CO,(9)]

Na,CO,

!

compound B

CH,0,

compound C

CH,,0

heated with

sulfuric acid solution

heated with warm
acidified KMnO 4
solution

concentrated

l

compound E
C,Hg

reacted with
hydrogen

compound F

C4HIO

no reaction,
C 4H1 0O recovered

Draw the structural formula of compounds A—F and use the information provided to justify your answers.

Compound

Structural formula

Justification

Question 28 continues on page 18
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Question 28 (continued)

End of Question 28
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Question 29 (5 marks)
Some properties of but-1-ene, 1-fluoropropane, propan-1-ol and ethanamide are shown in the table.

Compound Molar mass (g mol 71) Solubility in water

but-1-ene 56 insoluble

1-fluoropropane 62 slightly soluble

propan-1-ol 60 soluble

ethanamide 59 soluble

Explain the different water solubilities of these compounds. Support your answer with at least ONE
labelled diagram.
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Question 30 (4 marks)

A comparison of two different industrial processes for the synthesis of phenol is shown in the table.

Industrial process A Industrial process B
Chemical CgH¢ + Cl, » C¢HsCl + HC1 C¢H¢ + C3Hg — CgHsC3H,
equations C¢HsCl + NaOH — C,H;OH + NaCl | C;HsC3H, + O, - C,HsOH + C3H,O
Capital cost $1 500 000 000 $1 900 000 000
Chemical cost $270 000 000 per year $120 000 000 per year
Energy cost $100 000 000 per year $25 000 000 per year

Labour cost

$3 500 000 per year

$3 500 000 per year

Decommission $500 000 000 $100 000 000
cost
Lifetime of plant 15 years 25 years
Yield of C¢HsOH | 150 000 tonnes per year (98.0% pure) | 200 000 tonnes per year (99.9% pure)

Other chemical
products

HCI (to be stored or disposed)
NaCl (to be stored or disposed)

C3HgO (sold as solvent)

Which of the two industrial processes is the better investment? Justify your answer with reference

to yield and purity, economic costs and environmental impact.

.................................................................................................

.................................................................................................

.................................................................................................

.................................................................................................
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Question 31 (4 marks)
A colourimeter with an orange filter was used to analyse the concentration of copper ions in a solution 4

To calibrate the colourimeter, a distilled water blank and eight standards of Cu”* were prepared. Their

absorbances were measured to give the calibration curve shown.

0.80

0.60 °

0.40

absorbance

0.20 .

0 0.0100  0.0200  0.0300  0.0400  0.0500

. -1
concentration (mol L )

A 20.0 mL sample of a copper solution of unknown concentration was diluted to a total of volume
of 80.0 mL. This diluted solution recorded an absorbance of 0.500.

Use the graph to determine the mass of the copper ions contained in the 20.0 mL sample.

.................................................................................................
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.................................................................................................
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.................................................................................................
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Question 32 (3 marks)
A sample of an unknown metal salt is to be analysed. The cation in the metal salt is known to be one

of Ba2+, Ca2+, Mg2+ or Cu”" and the anion is known to be one of Cl,0OH, CO32_ or SO 42_. The
metal salt is dissolved in water and the resulting colourless solution is divided into four equal samples
to be tested, labelled A, B, C and D. The results of the tests are shown in the table.

Test(s) conducted Result

Sample A | A solution of NaOH is added. A white precipitate forms.

Test 1: A dilute solution of HNOj is added. | There is no visible reaction.
Sample B

Test 2: A solution of AgNOy; is added. There is no visible reaction.

Test 1: A solution of BaCl, is added. A white precipitate forms.
Sample C

Test 2: A solution of HCI is added. There is no visible reaction.
Sumple D A small sample of the solution was heated | The flame of the Bunsen burner

P in the flame of a Bunsen burner. does not change colour.

Identify the metal salt. Support your answer with at least ONE net ionic equation.

.................................................................................................
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Question 33 (4 marks)

A gravimetric analysis was undertaken to determine the percentage, by mass, of sulfur in a sample 4
of lawn fertiliser. A 10.4 g sample of fertiliser was dissolved into 250.0 mL of distilled water.

This solution was then divided into ten equal 25.0 mL sub-samples.

A barium chloride solution was added to each 25.0 mL sub-sample, and the resulting precipitate
of barium sulfate was collected by filtration, dried and weighed. The graph shows the results of the
gravimetric analysis.

1.5

C
<+ )
8 1.0 °
<
[as] °
G
S 050
3
E
0
0 10.0 20.0 30.0 40.0 50.0

volume of barium chloride (mL)

Determine the percentage of sulfur, by mass, in the original sample of lawn fertiliser. Show all
relevant working.
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Question 34 (9 marks)

A series of preliminary tests on a small, water-soluble organic molecule revealed that it contained 9

a halogen. The mass, infrared, '"H NMR and "°C NMR spectra of the unknown molecule are shown.

Infrared spectrum

Mass spectrum

29
100 100
g 80 2 80+
5] =1
% 60 _| % 60 -
=] ©
E 40 2 45
P - £ 40-
g 20 8 55
h 207 108,110
0 ‘ | | 152 154
I I I I I 0 | | | I | I I I‘I‘—l
4000 3000 2000 1500 1000 500 0 20 40 60 8 100 120 140 160
wavenumber (cm_l) m/z
13
C NMR spectrum
39
21
177
TMS

|
220 200 180 160 140 120 100 80 60 40 20 O

chemical shift (ppm)

Question 34 is continued on page 25
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Question 34 (continued)

1
H NMR spectrum

T T T
12.0 10.0 8.0 6.0 4.0 2.0 0
chemical shift (ppm)

Chemical shift (ppm)

Peak splitting

Relative peak area

1.9

doublet

3

4.4

quartet

1

11.5 singlet 1

In the space provided, draw a structural formula for the unknown molecule that is consistent with
all of the information provided. Justify your answer with reference to the information provided.
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End of paper
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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m

n=——
MM

q =mcAT

pK,=—logy[K,]

FORMULAE SHEET

n
c=—
Vv

AG°=AH°—TAS°

I
A=¢lc=log, 70

PV =nRT

pH = _10g10 [HJr]

Avogadro constant, Ny ..oo..ieeiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiienann 6.022 x 10* mol!
Volume of 1 mole ideal gas: at 100 kPa and
at0°C (273.15K) ceevieniiiinninnnnn. 2271 L
at25°C (298.15K).evveiivninennnnnn. 2479 L
@ 7T Te) 1 7 1 LAY 8.314 Jmol ' K
Tonisation constant for water at 25°C (298.15K), K|, ..ccovvnniiiiiiiits 1.0 x 10_14
Specific heat capacity of water........coovvviiiiiiiiiiiiiiiiiiiiiinien. 418 % 10° J kg71 K
DATA SHEET
Solubility constants at 25°C
Compound K s Compound K 5
Barium carbonate 2.58 x 10_9 Lead(II) bromide 6.60 x 10_6
Barium hydroxide 2.55 x 10_4 Lead(II) chloride 1.70 x 10_5
Barium phosphate 13x107% Lead(II) iodide 98 x 10~
Barium sulfate 1.08 x 10_10 Lead(II) carbonate 7.40 x 10_14
Calcium carbonate 336 x 107 Lead(II) hydroxide 143 x 1077
Calcium hydroxide 5.02x107° Lead(II) phosphate 8.0x 10
Calcium phosphate 2.07 x 1072 Lead(Il) sulfate 253%x 107
Calcium sulfate 493 %107 Magnesium carbonate 6.82x 107°
Copper(Il) carbonate 14x 107" Magnesium hydroxide 561 x 1072
Copper(II) hydroxide 22x107%° Magnesium phosphate 1.04 x 10724
Copper(II) phosphate 1.40 x 1077 Silver bromide 535x 107"
Iron(II) carbonate 313x 107! Silver chloride 177 x 10710
Iron(Il) hydroxide 4.87 x 10_17 Silver carbonate 8.46 x 10_12
Tron(IIT) hydroxide 279 x 107 Silver hydroxide 20x107°
Tron(I1I) phosphate 9.91 x 1071° Silver iodide 852x 107"
Silver phosphate 8.89 x 107"
Silver sulfate 120x 107
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Infrared absorption data

13C NMR chemical shift data

Bond Wavenumber/cm | Type of carbon S/ppm
N—H ]
) 3300-3500 —C—C— 5-40
(amines) .
_ I
o—H 3230-3550 R —C — Clor Br 10-70
(alcohols) (broad) |
R I
C—H 2850-3300 ﬁ C| 20-50
O
_ %
O—H 2500-3000 R—C—N 2560
(acids) (very broad) | N
| alcohols,
C=N 2220-2260 —C—O0—  ethersor 50-90
| esters
/
C=0 1680-1750 C=C\ 90-150
C=C 1620-1680 R—C=N 110-125
Cc—O0 1000-1300 110-160
R—C—
t
c—C 750-1100 I eids 160185
0]
R _(”: o aldehydes 19092
0 or ketones 90-220
UV absorption
(This is not a definitive list and is approximate.)
Chromophore M ax (M) Chromophore A pax (M)
_ 173 178
C—H C=C
12 196 222
- 135 CcC—Cl 173
== 162 C—Br 208
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+ -
K +e

BazJr +2e

Ca®" +2¢
Na'+e

Mg2+ +2e
o 3e”

Mn2+ +2e

Al

H,O+e

Zn®" +2¢”

Fe** +2¢
Ni**+2¢”

Sn** +2¢”

Pb>* 4+ 2¢”

H +e

SO427 +4H" +2¢”
Cu’ +2¢

70,(g) + H,0 +2¢
Cu' +e
sL(s)+e

21yag) + ¢

Fe +e

Ag +e
IBry(D+e”
3Bryag) +e
30,(g) +2H" +2¢
2ClL(g) +e

1 Cr,0,7 +7TH" + 3¢~
3Cly(ag) +¢
MnO, +8H" + 5S¢~

1Fy(g) +e”

Some standard potentials
K(s)

Ba(s)

Ca(s)

Na(s)

Mg(s)

Al(s)

Mn(s)

2 Hy(g) + OH
Zn(s)

Fe(s)

Ni(s)

Sn(s)

Pb(s)

2Hy(®)
SO,(aq) + 2H,0
Cu(s)

20H

Cu(s)

I

I

2
Fet

Ag(s)
Br
Br
H,0

Cl

Cr3

Cl

++%H20

Mn** + 4H,0

F

Lt o I I O

294V
291V
287V
=271V
236V
-1.68 V
-1.18 V
-0.83V
-0.76 V
-044V
-024V
-0.14V
-0.13V
0.00 vV
0.16 V
0.34V
040V
052V
0.54 VvV
0.62V
0.77V
0.80V
1.08 V
1.10V
123V
1.36 V
1.36 V
140V
1.51V
289V

Aylward and Findlay, S/ Chemical Data (5th Edition) is the principal source of data for
the standard potentials. Some data may have been modified for examination purposes.
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