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STUDY TIPS :
1. Work with a study plan. Res flisjust as important as spending hours with your books!
2. Review one topic at a time. D¢ JUes s in previous papers which are only about that specific topic alone.
Make key notes that yo < oW Yyour laws & definitions.

3. You don't always have

challenges.

4. Leave one paper foro L e the paper on Sunday as if you were sitting in the exam room. You don't have fo sit
through it for three ho | swer the paper from start to finish. The idea is not that you have to mark the
answers afterwards, k he when you're done.

5. Read through the e ) 2lines the examiner's "demarcation”.

Check that you hav - that the examiner considers important.

Stanmorephysics
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EXAM TIPS FOR MONDAY

1.

2.

Arrive prepared at the exam

read through a questio e identify the questions that are easy and the routine questions.

\ |

Use the 10 minutes before 2:00 ﬁ E through the question paper. You may not write anything yet, but you can
[ )

Decide in which order

Do not leave blanks i
least a 25% chance

Stanmorephysics
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EXAM TIPS TO GET EXTRA MARKS

1. Know your laws & definitio
start to explain things in you

2. Write the formulas exac
mind.

3. You willonly get a mark fc ; | have at least tried some form of substitution. Even if the substitution is
ark!

ou are therefore not sure whether you have done a calculation correctly,
den. Substitute your answer in the following sub question
examiner will take a calculator and mark your

do not just stop and ¢
if that is what the que

For example:
® Compare the b WC
® Predict the rea ’rign.ﬁth’rfis_,‘_fé,lvdrie on the basis of Le Chatelier's principle.
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. * Laws 75%
& {, * Definitions
O * Theory
W8 = * Captions
* Recognize
*Name

* Simple routine Graphs Y,
- imple routine Grap 406

, * Draw Free Body Diagrams

* Recognize data in a different format
w * Simple SI Conversions

* Simple application of theory

} L5 * Calculations 35%

* Algebraic applications
" * Draw Graphs (new situations & interpretations)
* Compare situations (Before & After)
* Interpret diagrams
Quantitative chemistry & Stoichiometry ’0%

. * Calculations (Two separate systems that have common factors)
* Appreciation for applying theory in new situation.

L
A 4 7 * Design steps and strategies to solve complex problems.
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— Multiple choice questions
— Organic Molecules

— Organic IMK

— Organic Reactions

— Reaction rate

— Chemical Equilibrium

— Acid-Base Reactions

— Galvanic Cells

— Electrolytic Cells
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INSTRUCTIONS AND INFORMATION
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1. Write down your examination number and center number in the appropriate

spaces on the ANSWER BOOK.

2. This paper consists of 10 questions. Answer ALL the questions in the ANSWER BOOK.
3. Start EACH question on a NEW page in the ANSWER BOOK.

4. Number the answers correctly according to the numbering system used in this

paper.

5. Leave ONE line open between two sub-questions, e.g. between QUESTION 2.1 and

QUESTION 2.2.

You may use a hon-programmable calculator.

You may use appropriate mathematical tools.

6
7
8. Show ALL formulas and substitutions in ALL calculations.
9

Round your final numerical answers to a minimum of TWO decimal places.

10. Give short (concise) moftivations, discussions, etc. where necessary.
11. You are advised to use the attached DETAIL SHEETS.

12. Write neatly and legibly.
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula

X2 di-
FUNCTIONAL GROUPS: X3 e
Hydroxyl group
Carbonyl group x4 fetra-
s ] "YDROCAREONS
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES [ CH,,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2
sics.com
The letters A to H in the table below represent eight organic compounds.
A | Heptanoic acid B | CH3(CH2)s;COOCHS;
C | 4-ethyl-3,3-difluorohexane D | Hexanoic acid
CH> @]
I I
E CHs—(l?H—C—CHa F CH3—-(|3H—C—CH2—CH3
CH3 CHs
0
H H O H
Chly— Bl — L0
G H| H—C—C—C—C—H
?“O .
H—O Z

2.1 Define the term organic compound.
2.2 Write down the IUPAC name of compound: 2.2.1 E; 2.2.2H

2.3 Write down the:

2.3.1 STRUCTURAL formula of compound B

2.3.2 STRUCTURAL formula of compound C

2.3.3 General formula of the homologous series to which compound E belongs
2.3.4 STRUCTURAL formula of the FUNCTIONAL group of compound F

2.3.5 IUPAC name of the alcohol needed to produce compound B

2.4 Write down the letter(s) of the compound(s) that:
2.4.1 Is a FUNCTIONAL isomer of compound G
2.4.2 Are CHAIN isomers of each other

NSC 2023
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The SUFFIXES (—on ; -ene ; -yn ; -anol ; anoic acid ; -anal ; -anone ) indicate the HOMOLOGOUS SERIES to which the molecule belongs.
The PREFIXES (met-; et-; prop-; but-; pent-; hex-; hept- and oct-) indicate the NUMBER OF CARBONS in the parent chain.

The POSITION OF THE FUNCTIONAL GROUP must be indicated in the middle of the name of the parent chain.

Carbons in the parent chain are numbered so that the SMALLEST NUMBER is used in the IUPAC name.

The FUNCTIONAL GROUP GETS PREFERRED and the carbon it is attached to is given the smallest possible numerical value first.

The POSITION of the FUNCTIONAL GROUP is always indicated in the IUPAC name if two or more positional isomers exist. EQ: pantan-2-one.

When naming HALOALKANES, neither the branching nor the halogens take priority over the other. The IUPAC rule regarding the smallest numbering of carbons and
alphabetical order is in question.

BRANCHES from the parent chain are indicated with the suffix (—yl). The specific carbon in the parent chain where the branch is attached must be indicated in front of the
IUPAC name.

MORE THAN ONE SUBSTITUENT OF THE SAME KIND is indicated by the prefixes (di-, tri- or tetra-). The specific carbons in the parent chain to which each substituent is
aftached must be indicated in front of the IUPAC name.

The names of branches are indicated in ALPHABETICAL ORDER in the IUPAC name. Ignore the prefixes in this rule.
There MUST be a COMMA between any two numbers in the molecule's name.
There MUST be a HYPHEN between any word and a number.

The carbons are numbered in such a way that the IUPAC name always indicates the SMALLEST POSSIBLE COMBINATION OF NUMBERS.
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

CH3(CH2)sCOOCHS3

C | 4-ethyl-3,3-difluorohexane

Hexanoic acid

I
E CH3—(|3H—C—CH3

i
CH3_ ?H—C_CHZ—CHs

CHs CHs
CH;
H H O H
CH;—C—CH2; —CHg | I
G H—C—C—C—C—H
= SN
H—O :

2.1 Define the term organic compound.

ORGANIC COMPOUND: Molecule/compound containing carbon(atoms).

NSC 2023
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

CH3(CH,)sCOOCH;

C | 4-ethyl-3,3-difluorohexane

Hexanoic acid

I
E CH3—(|3H—C—CH3

I
CH3——(|3H—C—CH2—CH3

CH; CHs
CHs
H H O H
CH;—C—CH2; —CHg | I
G H—C—C—G—C—H
= S0
H—O :

2.2 Write down the IUPAC name of compound: 2.2.1 E; 2.2.2H

2.2.1 2,3-dimethylbut-1-one

2.2.2 Butane-2-one / 2-butanone / butanone

NSC 2023
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

B | CHs(CH,)sCOOCH;

C | 4-ethyl-3,3-difluorohexane

D | Hexanoic acid

I
E CH3—(|3H—C—CH3

i
F | CH:— (|3H—C—'CH2—CH3

CH; CHs
CHs
H H O H
Chly—G— GGy LI
8 H| H—C—C—C—C—H
- .
H—0 2
2.3 Write down the:
2.3.1 STRUCTURAL formula of compound B
H H H H O
| | I | |
H-C-C-C-C-C-0-C°C -
I | I I
H H H H

NSC 2023
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

CH3(CH,)sCOOCH;

C | 4-ethyl-3,3-difluorohexane

Hexanoic acid

I
E CH3—(|3H—C—CH3

I
CH3——(|3H—C—CH2—CH3

CHs CHs
CH;
H H O H
CH;—C—CH2; —CHg | I
G H—C—C—&—0—H
= b
H—O Z
2.3 Write down the:
2.3.2 STRUCTURAL formula of compound C
H H
I I
H-C-C -

H

|
H-C

|
H-C
:
|
C-C
1
F H

NSC 2023
- H
- H

H H

I I
- C - C -
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Make sure you know the correct
definitions!

wording of all

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula

FUNCTIONAL GROUPS:
Hydroxyl group
Carbonyl group
Carboxyl group

ISOMERS:
Structural Isomers
Positional [somers
Functional Isomers

x3 tri-

x4 fetra-

HYDROCARBONS

ALKANES | CHynis

ALKENES | C,H,,

ALKYNES | C.Hyps

HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

CH3(CH,)sCOOCH;

C | 4-ethyl-3,3-difluorohexane

Hexanoic acid

I
E CH3—(|3H—C—CH3

i
CH3_ ?H—C_CHZ—CH3

CH; CHs
CHs
H H O H
CH;—C—CH2; —CHg | I
G H—C—C—G—C—H
T .
H—O :

2.3 Write down the;:

2.3.3 General formula of the homologous series to which compound E belongs

2.3.3 C,Hy,

NSC 2023
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2
sics.com
The letters A to H in the table below represent eight organic compounds.
A | Heptanoic acid B | CH3(CH2)s;COOCHS;
C | 4-ethyl-3,3-difluorohexane D | Hexanoic acid
CH> O
I I
E CHS—?H—C—CHS F CHs—(|3H—C—-CH2—CH3
CH3 CHs
CHgs
H H O H
CH;—C—CH2; —CHg | I
8 H| H—C—C—C—C—H
?“O .
H—O Z

2.3 Write down the:
2.3.4 STRUCTURAL formula of the FUNCTIONAL group of compound F

NSC 2023
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—C=C-

Haloalkenes

I
X—C=C-

Haloalkynes

X—C=C-—

Alcohols

Hydroxyl group

—CIZ—O—H

Carboxylic acids

Carboxyl group

o)
!

—-—C—-0-H

Aldehydes
Formyl group

o
!
—C—H

Ketones

Carbonyl group

o)
I B
—?—C—?—

Esters

—C-0-C-—
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Make sure you know the correct
wording of all definitions!

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

QUESTION 2

sics.com

The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

CH3(CH,)sCOOCH;

C | 4-ethyl-3,3-difluorohexane

Hexanoic acid

I
E CH3—(|3H—C—CH3

I
CH3——(|3H—C—CH2—CH3

CH; CHs
CHs
H H O H
CH;—C—CH2; —CHg | I
G H—C—C—G—C—H
= S0
H—O :

2.3 Write down the;:

2.3.5 IUPAC name of the alcohol needed to produce compound B

2.3.5 Methanol

NSC 2023

H

I

C - H
>
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Make sure you know the correct

wording of all definitions!

QUESTION 2

sics.com
The letters A to H in the table below represent eight organic compounds.

A | Heptanoic acid

C:7H]402

CHS(CHZ)ECOOCHS CéH 1 202

Edter

TYPES OF FORMULAS:
Molecular Formula
Structure Formula

Condensed Formula LA EUIL DT
X2 di-
FUNCTIONAL GROUPS: x3 e
Hydroxyl group
Carbonyl group x4 fefra-
HYDROCARBONS
ISOMERS: ALKANES | C.Hypsn
Structural Isomers
Positional Isomers ALKENES | CHy,
Functional Isomers ALKYNES | C.H,,
HALOGEN COMPOUNDS PREFIXES
HALOALAKNES x1 C Meth-
HALOALKENES x2 C Eth-
HALOALKYNES x3 C Prop-
OXYGEN COMPOUNDS x4 C But-
ALCOHOLS x5 C Pent-
CARBOXYLIC ACIDS x6 C Hex-
ALDEHYDES x7 C Hept-
KETONES x8 C Oct-

Clarboxylic acid

|
CHg—(l}— CH2 —CHj

=
H—O

C6H1202

Carboxylic acid

C | 4-ethyl-3,3-difluorohexane Hexanoic acid  C,H,,0,
ﬁ‘,Hz CgH,Fs 0
E |CH;—CH—C—CH;, CHs—CH—l?I,—-CHz—CH3
éHs Cetiz CHs CHi0
CHs
H H O H

|
H—(|3—(|3—C—C—H
I
H H H C4Hg0

2.4 Write down the letter(s) of the compound(s) that:
2.4.1 Is a FUNCTIONAL isomer of compound G

2.4.2 Are CHAIN isomers of each other

24.1B

242D &G

NSC 2023
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The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight
chain molecules.

Make sure you know the correct

wording of all definitions!
3.1 Define the term boiling point.

MELTING POINT: The temperature at which the solid

and liquid phases of a substance are in 3.2 Write down the conclusion that can

equilibrium. be made for curve P.

BOILING POINT: The temperature at which vapor 3.3 Explain the answer o QUESTION 3.2
pressure of the substance equals atmospheric . )
pressure. in terms of the structures of the

compounds.
VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts

on the surface of the liquid. 3.4 Curve R represents the alcohols.

TYPES of IMF 3.4.1 Which homologous series is

London (Dispersion) forces represented by curve S¢

Dipole-Dipole forces

Hydrogen bonds 3.4.2 Explain the answer to QUESTION 3.4.1
by referring to the strength of

COMPARE COMPOUNDS intermolecular forces.
1. ID2IMK
2. Strongest IMK .
3. Most ENERGY 3.5 For curve R, write down the:
4. Declare PROPERTIES

3.5.1 Molecular mass of the compound with

Wetting Poiut & Bocling Poiut a boiling point of 97 °C

DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF 3.5.2 IUPAC name of the compound in QUESTION 3.5.1

Vapor pressuare

3.6 Two compounds, A and B, used in this investigation have a molecular mass of 74 g.mol! . A has a
INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

boiling point of 118 °C and B a boiling point of 142 °C. Explain the difference in these boiling points by
referring to the structures of these compounds.
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The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight
chain molecules.

Make sure you know the correct

wording of all definitions!
3.1 Define the term boiling point.

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in BOILING POINT: The temperature at

equilibrium. .
which the vapour pressure of a
BOILING POINT: The temperature at which vapor

pressure of the substance equals atmospheric LIQUID equals the atmospheric
pressure. pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
1. ID2IMK
2. Strongest IMK
3. Most ENERGY
4. Declare PROPERTIES

%a:. p'«'&g'ﬂ' ?.,
DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF
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Make sure you know the correct
wording of all definitions!

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in
equilibrium.

BOILING POINT: The temperature at which vapor
pressure of the substance equals atmospheric
pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
ID 2 IMK

Strongest IMK

Most ENERGY

Declare PROPERTIES

EalCe > —

%ai. p.f&g.g. p.f
DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

QUESTION 3

sics.com

NSC 2023

The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight

chain molecules.

3.2 Write down the conclusion that can
be made for curve P.

The higher the molecular mass, the
higher the boiling point.

OR

As the molecular mass increases, so
does the boiling point.

OR
The longer the C-chain, the higher
the boiling point The longer the C-
chain, the higher the boiling point.
OR

The boiling point and the molecular
mass are proportional.

Carboxylic acids

Alcohols

Aldehydes
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Make sure you know the correct
wording of all definitions!

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in
equilibrium.

BOILING POINT: The temperature at which vapor
pressure of the substance equals atmospheric
pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
1. ID2IMK
2. Strongest IMK
3. Most ENERGY
4. Declare PROPERTIES

%ai. p'f&g'ﬂ' p.f
DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

QUESTION 3 NSC 2023

sics.com

The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight
chain molecules.

3.3 Explain the answer to QUESTION 3.2
in terms of the structures of the

Carboxylic acids
compounds.

Alcohols

Strength of the intermolecular

forces increases with increase

In: Aldehydes
*  molar mass

« Chainlength

« contfact surface.

More sites for London forces.

More energy required to
overcome intfermolecular forces.
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Make sure you know the correct
wording of all definitions!

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in
equilibrium.

BOILING POINT: The temperature at which vapor
pressure of the substance equals atmospheric
pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
ID 2 IMK

Strongest IMK

Most ENERGY

Declare PROPERTIES

%ai. p'f&g'ﬂ' p.f
DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

EalCe > —

QUESTION 3

sics.com

NSC 2023

The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight

chain molecules.

3.4 Curve R represents the alcohols.

3.4.1 Which homologous series is
represented by curve S¢2

3.4.2 Explain the answer to QUESTION 3.4.1
by referring to the strength of
intermolecular forces.

3.4.1 Aldehydes

3.4.2 Aldehydes have the
weakest intfermolecular
forces.

Thus the aldehydes have
the lowest boiling points.

The least energy needed
to overcome the
intermolecular forces.

Carboxylic acids

Alcohols

Aldehydes
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Make sure you know the correct
wording of all definitions!

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in
equilibrium.

BOILING POINT: The temperature at which vapor
pressure of the substance equals atmospheric
pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
1. ID2IMK
2. Strongest IMK
3. Most ENERGY
4. Declare PROPERTIES

%a:. p'«'&g'ﬂ' ?.,
DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

QUESTION 3 NSC 2023

sics.com

The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight
chain molecules.

3.5 For curve R, write down the:

. Carboxylic acids
3.5.1 Molecular mass of the compound with

a boiling point of 97 °C

3.5.2 IUPAC name of the compound in QUESTION 3.5.1 Alcohols

3.5.1 Alcohol with a molar Aldehydes
mass of 60 g.mol!

3.5.2 Propan-1-ol

CnH2n+QO

C,H,O=1(12) + 4(1) + 1(16) = 32 g.mol’
C,HO =2(12) + 6(1) + 1(16) = 46 g.mol!

C,HsO = 3(12) +8(1) + 1(16) = 60 g.mol”
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Make sure you know the correct
wording of all definitions!

MELTING POINT: The temperature at which the solid
and liquid phases of a substance are in
equilibrium.

BOILING POINT: The temperature at which vapor
pressure of the substance equals atmospheric
pressure.

VAPOR PRESSURE: This is the pressure that an
enclosed vapor in equilibrium with its liquid exerts
on the surface of the liquid.

TYPES of IMF
London (Dispersion) forces
Dipole-Dipole forces
Hydrogen bonds

COMPARE COMPOUNDS
1. ID2IMK
2. Strongest IMK
3. Most ENERGY
4. Declare PROPERTIES

Metting Pocut & Bodling Poiut

DIRECTLY PROPORTIONAL TO THE STRENGTH OF THE IMF

Vapor fressure

INVERSE PROPORTIONAL TO THE STRENGTH OF THE IMF

QUESTION 3

sics.com

NSC 2023

The relationship between boiling point and the molecular mass of aldehydes, carboxylic acids and
primary alcohols is investigated. Curves P, R and S are obtained. All compounds used are straight

chain molecules.

3.6 Two compounds, A and B, used in this
investigation have a molecular mass of

74 g.mol' . A has a boiling point of 118 °C
and B a boiling point of 142 °C. Explain the
difference in these boiling points by
referring to the structures of these
compounds.

Both compounds has strong
hydrogen bonds.

Carboxylic acids have two sites for
hydrogen bonds while Alcohols have
only one site for a hydrogen bond.

Thus, the intermolecular forces of
Carboxylic acids are stronger than the
intermolecular forces of Alcohols.

Carboxylic acids require more energy to
overcome the intermolecular forces.

Carboxylic acids therefore have higher
boiling points.

Carboxylic acids

Alcohols

Aldehydes
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ADDITION REACTIONS

HIDROGENATIONS ALKENE + H, — ALKANE
(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX — HALOALKAEN
(NO H,0)
HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

DEHIDROGENATION ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

DEHALOGENATION HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

NSC 2023
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ADDITION REACTIONS

HIDROGENATIONS ALKENE + H, = ALKANE
(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX — HALOALKAEN
(NO H,0)
HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

DEHIDROGENATION ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

DEHALOGENATION HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION HALOALKANE - HX — ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

QUESTION 4 NSC 2023

sics.com

4.1 Consider the cracking reaction below. CyHs, = CH, + CiH, + 2C H,

4.1.1 Define cracking.

4.1.2 Write down the values represented by x, y and z in the equation above.
Compound CH,, undergoes complete combustion.

4.1.3 Using MOLECULAR FORMULAE, write down the balanced equation for this reaction.

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

I | CHsCH,CHCHCH; + HCt - A + B

H,0
n|A #ﬂ* CH3CH.CH,CH(OH)CH; + X

1] CH3CH2CH2CH(OH)CH3 —* CH3;CH,CHCHCH3; + H,O

Write down the:

4.2.1 Definition of positional isomers

4.2.2 Type of reaction represented by reaction |
4.2.3 STRUCTURAL formula of compound B

4.2.4 Formula of X

4.2.5 Inorganic reagent for reaction llI

Compound A can be converted directly to the organic product of reaction lIl.
4.2.6 Besides heat, write down the reaction condition needed for this conversion.
4.2.7 Write down TWO terms that describe this type of reaction.
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4.1 Consider the cracking reaction below. CyHs, = CH, + CiH, + 2C H,

NSC 2023

(Alkane)  (Alkane) (Alkene) (Alkene)

ADDITION REACTIONS

4.1.1 Define cracking.

4.1.2 Write down the values represented by x, y and z in the equation above.
ALKENE + H, — ALKANE

(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)

HIDROGENATIONS
The chemical process/reaction in which longer chain hydrocarbon/alkane molecule is

ALKENE + X, = HALOALKANE A
broken down into shorter (more useful) molecules.

(NO H,0)

HALOGENATION

ALKENE + HX = HALOALKAEN

HIDROHALOGNATION
(NO H,0)

ALKENE + H,0 — ALCOHOL

HIDRATION - - : | | | | | | | | | | | | | | | |
(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

T
[
O
[
@
[
O
[
@
[
@
[
O
@
[
O
[
O
[
O
[
@
[
O
[
@
[
@
[
O
[
@
[
T

ALKANE - H, = ALKENE
(CATALYST: Pt/ Ni/ Pl H H H H H HJ|H H H H H H H H H

HALOALKANE - X, — ALKENE

DEHIDROGENATION

Il At (Unreactive solvent)
H H H H H H H H H H H H H H H H
DEHIDROHALOGENATION HALOALKANE - HX = ALKENE | | | | | | | | | | | | | | | |
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)
H - C-C-C-C-C-C-H c=C-C-C-¢C-20C c - CcC-C-C - H
(CATALYST: H,50,(¢) / H;PO,(c) & Heat) [ | | [ [ | [ | [ | | [ | [
SUBSTITUTION REACTIONS H A H H H A H H H H HY§H H H
HALOGENATION ALKANE + X, = HALOALKANE H H H H H H H H H H H H H H H H
(IN THE PRESENCE OF SUNLIGHT)
[ | | [ | | | | [ | | [ | | | |
HYDROLYSIS HALOALKANE + OH- = ALCOHOL

HIDROHALOGENATION

(NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
(CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV
ADDITION REACTIONS

ZAITEV
ELIMINATION REACTIONS
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Compound CH,, undergoes complete combustion.

& x 6 € / 4.1.3 Using MOLECULAR FORMULAE, write down the balanced equation for this reaction.
ADDITION REACTIONS
HIDROGENATIONS T it b o e )
EXCESS OXYGEN : Compound + O, = CO, + H,0 |
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX — HALOALKAEN
(NO H,0)

HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)
ELIMINATION REACTIONS Reactants & Products: CiHiy + O, = CO, + H,O
DEHIDROGENATION ALKANE - H, = ALKENE

(CATALYST: Pt / Ni / Pd)
DEHALOGENATION HALOALKANE - X, — ALKENE Balance C: CéHM + 02 — 6(:02 + HQO
(Unreactive solvent)
HALOALKANE - HX — ALKENE
DEHIDROHALOGENATION (NaOH(c)/KOH(c), Ethanol, Heat ... Reflux) BO'Once H: C6H14 + 02 4 6C02 + 7H20
(CATALYST: H,50,(c) / H;P0,(c) & Heat)
Balance O:
SUBSTITUTION REACTIONS CéHM + 02 - 6COQ + 7HQO
ALKANE + X, = HALOALKANE . .
HALOGENATION (INTHE:RESZENCEOFSUNLIGHT) Emplrlcgl . 2C H + 190 — ‘IZCO + 14H O
6''14 2 2 2

HYDROLYSIS HALOALKANE + OH- — ALCOHOL

(NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS
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ADDITION REACTIONS

HIDROGENATIONS ALKENE + H, = ALKANE
(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX = HALOALKAEN
(NO H,0)
HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

DEHIDROGENATION

DEHALOGENATION HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE

HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

QUESTION 4

sics.com

NSC 2023

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

+ H-Cl

| CH3CH,CHCHCH; + HCt — A + B

H.O

Il A T” CH3CH2CH2CH(OH)CH3 + X

1] CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0

Write down the:
4.2.1 Definition of positional isomers

POSITIONAL ISOMERS: Organic molecules with the same molecular formula but whose position of the

functional groups/sibstituents/branches differs from each other.
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ADDITION REACTIONS

HIDROGENATIONS ALKENE + H, = ALKANE
(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX = HALOALKAEN
(NO H,0)
HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

DEHIDROGENATION ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

DEHALOGENATION HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE

HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

QUESTION 4 NSC 2023

sics.com

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

H H H H H H H H H H
| | | ! | | | ! | |
H-C-C-C=2¢C-C - H + H-Cl - H-C-C-C-C-C - H
| | | | | | | |
H H H H H H ¢C H

| CH3CH,CHCHCH; + HCt — A + B

H.0
n |a ;ﬂr CH3sCH>CH,CH(OH)CH; + X

1] CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0

H H H H H H H H H H

| | | | | | | | | |
H-C-C-C-C-2C - H + H,0O - H-C-C-C-C-2C - H

| | | | | | | | [ |

H H H c H H H H OH H + HCI

Write down the:
4.2.2 Type of reaction represented by reaction |

ADDITION / HYDROHALOGENATION
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ADDITION REACTIONS

ALKENE + H, — ALKANE

(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)

HIDROGENATIONS

HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)

HIDROHALOGNATION ALKENE + HX = HALOALKAEN
(NO H,0)

HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

ALKANE - H, — ALKENE

DEHIDROGENATION i
(CATALYST: Pt / Ni / Pd)

HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHALOGENATION

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE

HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

QUESTION 4

sics.com

NSC 2023

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

+ H-Cl

| CH3CH,CHCHCH; + HCt — A + B

H.O

Il A T” CH3CH2CH2CH(OH)CH3 + X

1] CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0

Write down the:
4.2.3 STRUCTURAL formula of compound B

SEE STRUCTURE DRAWN ABOVE.
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ADDITION REACTIONS

HIDROGENATIONS ALKENE + H, = ALKANE
(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0)
HIDROHALOGNATION ALKENE + HX = HALOALKAEN
(NO H,0)
HIDRATION ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

DEHIDROGENATION ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

DEHALOGENATION HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS

QUESTION 4

sics.com

NSC 2023

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

=C-C - H + H-CI - H-C-C-C-°¢C

CH3CH,CHCHCH; + HCt — A + B

H.0
A %&- CH3sCH>CH,CH(OH)CH; + X

CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0

H H
| |
H-C-C -
| |
H H
|
!
]|
H H
| |
H-C-C -
| |
H H

Write down the:
4.2.4 Formula of X

HCI
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4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are

. ) e . POSITIONAL ISOMERS. X is an inorganic product.
Combastion, Esterification, (racking 9 P

ADDITION REACTIONS

T
T
T
T
T
T
T
T
T
T

HIDROGENATIONS ALKENE + H, — ALKANE | [ [ | | | | | | |

(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)

H - C-C-C=¢C-C - H + H-C| - H - C-C-C-C-C - H
HALOGENATION ALKENE + X, = HALOALKANE
(NO H,0) | [ | | [ | I |
HIDROHALOGNATION ALKENE + “3‘ - H)ALOALKAEN H H H H H H cl H
NO H,0
HIDRATION ALKENE + H,0 — ALCOHOL
(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam) I CHSC HZCHCHCHS + HC[ —_ A + B
ELIMINATION REACTIONS HQO
Il A ——* CH3CH2CH,CH(OH)CH; + X
DEHIDROGENATION ALKANE - H, = ALKENE A
(CATALYST: Pt / Ni / Pd)
DEHALOGENATION HALOA'(-KANE - le - ;M-KENE ) CH3CH20HQCH(OH)CH3 — CH3CH,CHCHCHs + H,0
Unreactive solvent

DEHIDROHALOGENATION HALOALKANE - HX = ALKENE

(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux) H H H H H H H H H H
DEHIDRATION ALCOHOL - H,0 — ALKENE [ | | [ | [ | [ [ |

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)
H - C-C-C-C-C - H +HQO - H - C-C-C-C-C - H
SUBSTITUTION REACTIONS | | I | | | | | | |
+
HALOGENATION ALKANE + X, = HALOALKANE H H H cl H H H H OH H HCI
(IN THE PRESENCE OF SUNLIGHT)

HYDROLYSIS HALOALKANE + OH- = ALCOHOL Write down the:

NaOH KOH & Eth | & Low H . N
(Ne0r(aa) /KO (2a) & Ethanol & Low Hear 4.2.5 Inorganic reagent for reaction |l
ALCOHOL + HX — HALOALKANE

HIDROHALOGENATION (CATALYST: H,50,(c) / H;PO,(c) & Heat)

Concentrated sulfuric acid / H,SO, (c) / Concentrated phosphoric acid / H;PO, ()
MARKOVNIKOV ZAITEV
ADDITION REACTIONS ELIMINATION REACTIONS
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ADDITION REACTIONS

HIDROGENATIONS

HALOGENATION

HIDROHALOGNATION

HIDRATION

ALKENE + H, — ALKANE

(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)

ALKENE + X, = HALOALKANE
(NO H,0)

ALKENE + HX = HALOALKAEN

(NO H,0)

ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

ELIMINATION REACTIONS

DEHIDROGENATION

DEHALOGENATION

ALKANE - H, = ALKENE
(CATALYST: Pt / Ni / Pd)

HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHIDROHALOGENATION

HALOALKANE - HX — ALKENE
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

DEHIDRATION

ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

SUBSTITUTION REACTIONS

HALOGENATION

HYDROLYSIS

HIDROHALOGENATION

ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOALKANE + OH- — ALCOHOL
(NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE
(CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV
ADDITION REACTIONS

ZAITEV
ELIMINATION REACTIONS

QUESTION 4

sics.com

NSC 2023

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

H H H H
| [ | |
H-C-C-C=¢C-2C - H + H-Cl -
| [ |
H H H
I | CHsCH,CHCHCH; + HCL — A + B
H,0
n |a ;ﬂr CH3sCH>CH,CH(OH)CH; + X
1] CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0
H H H H
[ | [ |
H-c-cCc-c¢c-¢C-cC -|H 3 N
[ | | |
H H clH

Compound A can be converted directly to the organic product of reaction lll.
4.2.6 Besides heat, write down the reaction condition needed for this conversion

Strong base/NaOH /KOH/ LiOH/sodium hydroxide/potassium hydroxide/dissolved in ethanol
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ADDITION REACTIONS

ALKENE + H, — ALKANE

(CATALYST: Pt/Ni/Pd & Non-polar solvent, Heat)

HIDROGENATIONS

ALKENE + X, = HALOALKANE
(NO H,0)

HALOGENATION

ALKENE + HX = HALOALKAEN

HIDROHALOGNATION
(NO H,0)

ALKENE + H,0 — ALCOHOL

(H,S0, (dil) / H;PO, (dil) & Heat in the form of steam)

HIDRATION

ELIMINATION REACTIONS

ALKANE - H, — ALKENE

DEHIDROGENATION i
(CATALYST: Pt / Ni / Pd)

HALOALKANE - X, — ALKENE

(Unreactive solvent)

DEHALOGENATION

HALOALKANE - HX — ALKENE

DEHIDROHALOGENATION
(NaOH(c)/KOH(c), Ethanol, Heat ... Reflux)

ALCOHOL - H,0 — ALKENE

(CATALYST: H,S0,(c) / H;P0,(c) & Heat)

DEHIDRATION

SUBSTITUTION REACTIONS

ALKANE + X, = HALOALKANE
(IN THE PRESENCE OF SUNLIGHT)

HALOGENATION

HALOALKANE + OH  — ALCOHOL

HYDROLYSIS (NaOH(aq) / KOH(aq) & Ethanol & Low Heat)

ALCOHOL + HX — HALOALKANE

QUESTION 4

sics.com

NSC 2023

4.2 Consider the equations for reactions | to lll below. A and B represent organic compounds that are
POSITIONAL ISOMERS. X is an inorganic product.

H o H H  H H  H  H H
| | | | | I | |
H-Cc-C-C=¢C-2C - H + H-Cl - H-C-C-¢C-2¢C
| | | | I | I
H H H H H H
| CH3CH,CHCHCH; + HCt — A + B
H,O
Il A T” CH3CH2CH2CH(OH)CH3 + X
) CH3CH2CH,CH(OH)CH; —* CH3;CH;CHCHCHj3; + H,0
H  H H H H H  H H
| | | | | | | |
H-c-Cc-¢Cc-c¢C-cC -|H 3 - H-C-C-¢C-=cC
| | I | | | I |
H H Cl H H H H OH

HIDROHALOGENATION

(CATALYST: H,50,(c) / H;PO,(c) & Heat)

MARKOVNIKOV
ADDITION REACTIONS

ZAITEV
ELIMINATION REACTIONS

Compound A can be converted directly to the organic product of reaction lll.
4.2.7 Write down TWO terms that describe this type of reaction.

ELIMINATION/DEHYDROHALOGENATION
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" The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

Make sure you know the correct that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

wording of all definitions! The concentration of HCt(aqg) used is 1 mol.dm-3. The same volume of HCt(aq) is used in each run. The time

taken for the cross on the paper under the flask to become invisible is measured.

FACTORS: Al ]
Temperature / Concentration RT = + AT ) ) . )
Catalyst / Pressure ime The table below summarises the reaction conditions and results of the experiment.
Nature of the reactants
State of division COLLISION THEORY
VOLUME VOLUME H,0(€) | CONCENTRATION TIME D
1. Identify the factor that differs. RUN Na2320§(aQ) ADDED N323203(5_‘3‘1) (s) T’V’\E’?Q— Flask
2. Difference between particles. (cm’) (cm’) (mol-dm™)
3. Number of effective collisions per unit time. 1 50 0 0.13 204 >\
q : : / ﬁi - Na,S,0s(aq) + HCl(aq)
4. Effect on reaction rate. 40 10 0.10 26.7 [ '/, )
: . <«~—— White paper
A 3 30 20 p 33,3 P
(%]
(&)
©
put
L Ex 5.1 Define reaction rate.
Y |
o I
o 5.2 Write down the independent variable for this investigation.
o) 1
£ l .
E 5.3 Calculate the value of P in the table.
E . o .
5.4 When 0,21 g of sulphur has formed in Run 1, the cross becomes invisible. Calculate the average reaction
4 rate with respect to sodium thiosulphate, Na,S,05(aq), in g.s'.
g Another investigation is performed at different temperatures.
S 5.5 Sketch the Maxwell-Boltzmann distribution curve for the reaction at 20 °C. Label this curve as A. On the
— same set of axis, draw the curve that will be obtained at 35 °C and label it as B.
5.6 Explain the effect of temperature on reaction rate in terms of the collision theory.

v
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The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

Make sure you know the correct that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

wording of all definifions! The concentration of HCt(aq) used is 1 mol.dm-3. The same volume of HC{(aq) is used in each run. The time

taken for the cross on the paper under the flask to become invisible is measured.

FACTORS: Al ]
Temperature / Concentration RT = + AT ) ) N .
Catalyst / Pressure ime The table below summarises the reaction conditions and results of the experiment.
Nature of the reactants
State of division COLLISION THEORY
VOLUME VOLUME H,O(€) | CONCENTRATION TIME @
1. Identify the factor that differs. RUN Na2320§'(aQ) ADDED N32$203(5_‘3Q) () _—
2. Difference between particles. (cm’) (cm’) (mol-dm™)
3. Number of effective collisions per unit time. 1 50 0 0,13 20,4
4. Effect on reaction rate. 40 10 0.10 26.7 ‘:
A 30 20 = 33,3 -

(%]

(&)

©

put

L Ex 5.1 Define reaction rate.

IS e

g !

c ; REACTION RATE: The change in concentration of reactants or products per unit time.

o}

=

E

»
»

[] o« Mol

v
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" The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

Make sure you know the correct that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

wording of all definifions! The concentration of HCt(aq) used is 1 mol.dm-3. The same volume of HC{(aq) is used in each run. The time

taken for the cross on the paper under the flask to become invisible is measured.

FACTORS: Al ]
Temperature / Concentration RT = + AT ) ) N .
Catalyst / Pressure ime The table below summarises the reaction conditions and results of the experiment.
Nature of the reactants
State of division COLLISION THEORY
VOLUME VOLUME H,0(¢) | CONCENTRATION TIME
1. Identify the factor that differs. RUN Na2320§(aq} ADD'ED Na!SROS(?;I) (s)
2. Difference between particles. (cm’) (cm’) (mol-dm™)
3. Number of effective collisions per unit time. 1 50 0 0,13 20,4
4. Effect on reaction rate. 40 10 0.10 26.7 (:
A 30 20 P 33,3 ?

(%]

Q 3

- 50 cm

put

&L Ex 5.2 Write down the independent variable for this investigation.

IS e

3] | . . .

2 ! Concenftration of the sodium thiosulphate (Na,S,05)

>

=

E

»
»

[] o« Mol

v
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Make sure you know the correct
wording of all definitions!

FACTORS:
Temperature / Concenfration
Catalyst / Pressure
Nature of the reactants
State of division

Al ]

RT = +
ATime

COLLISION THEORY

. Identify the factor that differs.
. Difference between particles.

B WN P

. Effect on reaction rate.

. Number of effective collisions per unit time.

»

A

Number of Particles

»
»

[] o« Mol

v

QUESTION &
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The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

NSC 2023

that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

The concentration of HCt(aqg) used is 1 mol.dm-3. The same volume of HCt(aq) is used in each run. The time

taken for the cross on the paper under the flask to become invisible is measured.

The table below summarises the reaction conditions and results of the experiment.

VOLUME VOLUME H,0(€) | CONCENTRATION TIME
RUN Na,S:0s(aq) ADDED Na,S20(aq) (s)
(cm?) (cm?) (mol-dm™)
1 50 0 043 20,4
40 10 0,10 26,7
30 20 P 33,3
50 cm3
5.3 Calculate the value of P in the table.
J= J=
0,13 mol.dm?3 O O
@) @)
o) 0,13 mol.dm3 o

n=cV =(0,13)(0,05)
n = 0,0065 mol

n=cV = (0,13)(0,04)

n = 0,0052 mol

50 cm3

0,13 mol.dm?3

n=cV=(0,13)(0,03)
N =0,0039 mol
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Make sure you know the correct
wording of all definitions!

FACTORS:

Temperature / Concenfration

Catalyst / Pressure

Nature of the reactants

State of division

Al ]

RT = +
ATime

COLLISION THEORY

B WN P

. Identify the factor that differs.
. Difference between particles.

. Number of effective collisions per unit time.
. Effect on reaction rate.

Number of Particles

[] o« Mol

»

A

»
»

v
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The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

NSC 2023

that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

The concentration of HCt(aqg) used is 1 mol.dm-3. The same volume of HCt(aq) is used in each run. The time

taken for the cross on the paper under the flask to become invisible is measured.

The table below summarises the reaction conditions and results of the experiment.

VOLUME VOLUME H,0(¢) | CONCENTRATION -
RUN Na,S,0;(aq) ADDED Na,S;03(aq) (s)
(cm?) (cm?) (mol-dm™)
1 50 0 043 20,4
2 40 10 0,10 26,7
30 20 P 33,3
50 cm3
5.3 Calculate the value of P in the table.
J= ‘¢
0,13 mol.dm?3 O O
3 0,13 mol.dm3 &
n=cV=1(0,13)(0,05) 0,0052
' ' == =0,104 mol.dm-3
n = 0,0065 Mol 005 _ 0104 mold

_0,0039

0,13 mol.dm?3

0,05

50 cm3

= 0,078 mol.dm3




. QUESTION 5 NSC 2023
MnIoadg@q/gm@{gnmorephysics .com

The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors

Make sure you know the correct that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

wording of all definifions! The concentration of HCt(aq) used is 1 mol.dm-3. The same volume of HC{(aq) is used in each run. The time

EACTORS. Al ] taken for the cross on the paper under the flask to become invisible is measured.
Temperature /Con'cen’rro’rion RT = + AT ) ) - )
Catalyst / Pressure ime The table below summarises the reaction conditions and results of the experiment.
Nature of the reactants
State of division COLLISION THEORY
VOLUME VOLUME H,0(¢) | CONCENTRATION TIME -
1. Identify the factor that differs. RUN N32320§(aQ) ADDED Nazs?oii(?;ﬂ (s) ‘r"%:?a—Flask
2. Difference between particles. (cm’) (cm®) (mol-dm™) / \
3. Number of effective collisions per unit time. 1 50 0 013 20.4 /’ A
. : ; [ NazS,03(aqg) + HCY(aq)
4. Effect on reaction rate. 40 10 0.10 26.7 \\\ Y
<«——— White paper
A 3 30 20 P 33,3 _
%]
Q 3
2 50 cm
pu
L E 5.4 When 0,21 g of sulphur has formed in Run 1, the cross becomes invisible. Calculate the average reaction
A
5 ! rate with respect to sodium thiosulphate, Na,S,05(aq), in g.s'.
O !
° |
: ' | Neso, |awci| anaci | s | ko | so, [N
= At
E n;
1 An 0,0065625 0,0065625 Rate = 1,036875
20,4
o) Nt
=
N _am Rate = 0,051 g.s!
_ 0,0065625 = 22 Aan== 9
- An =22
Am =1,036875 32
An =0,0065625

v
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Make sure you know the correct
wording of all definitions!

FACTORS:

Temperature / Concenfration

Catalyst / Pressure

Nature of the reactants

State of division

Al ]
ATime

RT = £

COLLISION THEORY

B WN P

. Identify the factor that differs.
. Difference between particles.

. Number of effective collisions per unit time.
. Effect on reaction rate.

Number of Particles

[] o« Mol

»

A

»
»

v
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The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors
that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

The concentration of HCt(aqg) used is 1 mol.dm-3. The same volume of HCt(aq) is used in each run. The time
taken for the cross on the paper under the flask to become invisible is measured.

The table below summarises the reaction conditions and results of the experiment.

VOLUME

VOLUME H,0(€)

CONCENTRATION

Another investigation is performed at different temperatures.

RUN Na2S:03(aq) ADDED Na,S.0s(aq) e
(cm?) (cm?) (mol-dm™) (s)
1 50 0 (9157115 20,4
2 40 10 0.10 26,7
30 20 P 33,3
50 cms3

5.5 Sketch the Maxwell-Boltzmann distribution curve for the reaction at 20 °C. Label this curve as A. On the
same set of axis, draw the curve that will be obtained at 35 °C and label it as B.

»

Number of Particles

A

Kinetic Energy |



|/ N\ bunioad AT EErmorepny

Make sure you know the correct
wording of all definitions!

FACTORS:
Temperature / Concenfration
Catalyst / Pressure
Nature of the reactants
State of division

" Al |
" ATime
COLLISION THEORY

. Identify the factor that differs.
. Difference between particles.

B wN P

. Effect on reaction rate.

. Number of effective collisions per unit time.

»

A

Number of Particles

»
»

[] o« Mol

v
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The reaction between EXCESS dilute hydrochloric acid and sodium thiosulphate is used to investigate factors
that influence reaction rate. Na,S,05(aq) + 2HCE(aq) — 2NaCt(aq) + S(s) + H,O(f) + SO,(9)

The concentration of HCt(aqg) used is 1 mol.dm-3. The same volume of HCt(aq) is used in each run. The time
taken for the cross on the paper under the flask to become invisible is measured.

The table below summarises the reaction conditions and results of the experiment.

VOLUME VOLUME H,0O(€) | CONCENTRATION TIME
RUN Na2S:0s(aq) ADDED Na,S.0s(aq) )
(cm?) (cm?) (mol-dm™)
1 50 0 (9157115 20,4
40 10 0,10 28,7
30 20 P 33,3
50 cms3

)

" «~—— White paper

5.6 Explain the effect of temperature on reaction rate in terms of the collision theory.

« At ahigher temperature, the particles have more kinetic energy.

*  More molecules have kinetic energy equal to or greater than the
activation energy.

* More effective collisions per unit time.

« Reaction rate increases.
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Make sure you know the correct
wording of all definitions!

FACTORS
T T

aar | T L1 4 | rowmeos

LENDOTHERMIC LXOTHERMIC

LEAST MOL TPl

MOST Mot

-

Is the reaction Exo-
or Endothermic?

e |D Disturbance.
* Le Chatelier
* Reaction favoured.

Temperature T or |
* Result.

Le Chetalier
Reaction favoured

Kc value T orl
K= lA17B1°
¢ [c]p)@
H,SO, 2NaOH Na,SO, 2H,0

; 0 0

o Down%4@@4?@%/[§€%orephysics.com

QUESTION 6 NSC 2023

Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.
2AB(g) = As(9) + By(9)

The graph below shows the changes in the amounts of reactants and products over time.

6.1 Write down the meaning of the term o

reversible reaction. 12, ! | AB(g)
3 | '

6.2 State Le Chatelier's principle. E 0 st N A N e T N S N N 1
g | ¢

6.3 A change was made to the equilibrium g 8 ‘\ h

mixture at t =80 s. 5 M LA . As9)
g6 e e §

6.3.1 Write down the change made at t =80 s. =
Z 4 e

6.3.2 Use Le Chatelier's principle to explain \-\

how the system reacts to this change. 2 C——— . .._.Bi{_g)

6.4 Calculate the equilibrium constant, Kc,

att=120s. 120 140 160 Time (s)

0 20 40 60 80 100

6.5 At t =130 s the temperature of the system is decreased to 100 °C.

6.5.1 Draw a potential energy diagram for this reaction.

6.5.2 Will the equilibrium constant, Kc, at 100 °C be GREATER THAN, LESS THAN or EQUAL TO the Kc at 150 °C?¢
Explain the answer.

6.6 The initial reaction now takes place in the presence of a catalyst at 150 °C. Describe the changes that will
be observed on the graph betweent=0s and t = 60 s.
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Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.

2AB(g) = Ay(9) + By(9)
Make sure you know the correct 2 2

wording of all definitions! The graph below shows the changes in the amounts of reactants and products over time.
FACTORS 4
aworneene | 1T L aorsene 6.1 Write down the meaning of the term o
amy | T L1 4 | owaens reversible reaction. 12, | _ _AB(g)

LEAST MOL TPl MOST HOL

L R R S Rt e -

-

Number of moles (mol)
o
J -
s
} i | ™
\
2
Q

4 e N\
. .\ . "
¢ |D Disturbance. Is the reaction Exo- 2 St B1(q)
e Le Chatelier or Endothermic? o
S Temperature 1 or | 0 20 40 60 80 100 120 140 160 Time (s)
* Result. Le Chetalier

Reaction favoured
Kc value T orl

H,SO, 2NaOH Na,SO,  2H,0

A reaction in which products can be converted back to reactants, and (vice versa).
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: Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.

2AB(g) = Ay(9) + By(9)
Make sure you know the correct 2 2

wording of all definitions! The graph below shows the changes in the amounts of reactants and products over time.
FACTORS 4
aporveene | 1T L sormeene 6.2 State Le Chatelier's principle. =

aar | T L1 4 | rowmeos

—_—
N
\
|
|
1
|

LEAST MOL TPl MOST HOL

—_
=]
-
I
|
I
I
I
L

-

@
!
L

Number of moles (mol)
o
J -
s
\
> .
Q

F =
\
|
|
-

]

TR

e |D Disturbance. Is the reaction Exo-
e |Le Chatelier or Endothermic?

* Reaction favoured. Temperature 1 or |

* Result. Le Chetalier
Reaction favoured
Ke value T or

0 20 40 60 80 100 120 140 160 Time (s)

LE CHATELIER'S PRINCIPLE:

H,SO, 2NaOH Na,SO,  2H,0

When the equilibrium in a closed system is disturbed, the system will re-instate a new
An equilibrium by favouring the reaction that will oppose the disturbance.




DOWN

Make sure you know the correct
wording of all definitions!

ENDOTHERMIC T
away | 1

LEAST MOL T

FACTORS

T | EXOTHERMIC
[ 11! | owmes

1 MOST M0/

-

e Le Chateli

e |D Disturbance.

* Reaction favoured.

er

* Result.
_ [41%[B]P
= [cI°[D]4

H,SO, 2NaOH

Is the reaction Exo-

or Endothermic?

Temperature T or |

Le Chetalier
Reaction favoured

Na,SO,

Kc value T orl

2H,0

QUESTION 6
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Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.

2AB(g) = Ay(9) + By(9)

The graph below shows the changes in the amounts of reactants and products over time.

_ B30
,f
]
o ———— -1
i ; .
!
/ Az(9)
- :
16~ VS (UPoslay SR S -
e o) S W vy sl '\.

TR

6.3 A change was made to the equilibrium o
mixture at t =80 s. 12l
LN \
° \
6.3.1 Write down the change made at 1 =80 5. = 10 “
3 \
6.3.2 Use Le Chatelier's principle to explain g g %
how the system reacts to this change. G “.\
3 e ?
=
=
= A
2
0 20

6.3.1 The concentration A,(g) was increased

40 60

80

100

120 140 160 Time (s)

6.3.2 Anincrease in concentration of A, favors the reaction that decreases the

concentration (away from the increase).

The reverse reaction is favored.
The amount of moles of the reactants increases.
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I : Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed contfainer af 150 °C.

2AB(g) = Ay(9) + By(9)
Make sure you know the correct 2 2

wording of all definitions! The graph below shows the changes in the amounts of reactants and products over time.
FACTORS 4
_ 14
aporveene | 1T L sormeene 6.4 Calculate the equilibrium constant, Kc,
aar | T L1 4 | 7oumeos att=120s. 12
wasrmoe | V04 g 2
, ) , | 288 | A, | B, ISR
LN ni 14 0 0 2 s
g 'S
AN -8 + 4 + 4 5 g
@--——--—--! -g
t t; g t t, g t }2 g nf 6 4 4 g 4 —_——T——T—— .\
_n 6 4 4 - _
c= v cC= P © = 2 c = ) L
e |D Disturbance. Is the reaction Exo- 2 e i B1(q)
e Le Chatelier or Endothermic? o
* Reaction favoured. Temperature 1 or | 0 20 40 60 80 100 120 140 160 Time(s)
* Result. Le Chetalier _ [A5][B>]
Reaction favoured KC — —2
Kc value T orl [AB]
K= lA17B1°
¢ [c]p)@
H,SO, 2NaOH Na,SO, 2H,0 (1)(1)
n; 0 0 K.=
. C 2
- (1,5)
Ny
€= V KC : 0144
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Make sure you know the correct
wording of all definitions!

ENDOTHERMIC

AWAY

LEAST MOL

FACTORS
T T ! EXOTHERMIC
T 114 | owmes
Tl HOST 0L
¥

-

* |D Disturbance.

* Le Chatelier

* Reaction favoured.
* Result.

Is the reaction Exo-
or Endothermic?

Temperature T or |
Le Chetalier
Reaction favoured

Kc value T orl
K= lA17B1°
¢ [c]p)@
H,SO, 2NaOH Na,SO, 2H,0

0 0

QUESTION 6

%fg@*{gﬁlgf%orephysics .com

NSC 2023

Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.

2AB(g) = Ay(9) + By(9)

The graph below shows the changes in the amounts of reactants and products over time.

6.5 At t =130 s the temperature of the system
is decreased to 100 °C.

6.5.1 Draw a potential energy diagram for this
reaction.

6.5.2 Will the equilibrium constant, Kc, at 100 °C
be GREATER THAN, LESS THAN or EQUAL TO
the Kc at 150 °C? Explain the answer.

Course of the reaction

Number of moles (mol)

-
B

—
N

-
=]

(o]

[=2]

F -

]

| AB(g)
'l|I ,’
‘ ,
\ T ——" -
\ fosaa i ; .
Y I
\\ i Az(9)
. i ’ H H
B - R [T T —
e o) S W vy sl '\.
N

TR

0 20 40 60 80 100 120 140 160 Time (s)

Temperature decreases. 1

[AB] increases. |

.. Reverse reaction is exothermic.

.. Forward reaction in endothermic.

K. decreases with a decrease in femperature.



DOWN

Make sure you know the correct
wording of all definitions!

ENDOTHERMIC T
away | 1

LEAST MOL T

FACTORS

T | EXOTHERMIC
[ 11! | owmes

1 MOST M0/

-

e Le Chateli

e |D Disturbance.

* Reaction favoured.

er

* Result.
_ [41%[B]P
= [cI°[D]4

H,SO, 2NaOH

Is the reaction Exo-

or Endothermic?

Temperature T or |

Le Chetalier
Reaction favoured

Na,SO,

Kc value T orl

2H,0

QUESTION 6 NSC 2023
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Consider the following hypothetical reaction reaching equilibrium in a 4 dm3 closed container at 150 °C.

2AB(g) = Ay(9) + By(9)

The graph below shows the changes in the amounts of reactants and products over time.

-
B

6.6 The initial reaction now takes place in the
presence of a catalyst at 150 °C. Describe the
changes that will be observed on the graph
betweent=0sand t=60s.

—
N

—_
=]
-

I

|

I

I

I

L

@
!
L

Number of moles (mol)
o
- -
-”
/’
s
el —
\
‘h;z .
[
o

] e
\
|
|

-

TR

0 20 40 60 80 100 120 140 160 Time (s)

CATALYST increases the forward AND the reverse reaction rates.

All three curves will start and end at the same place, but the gradients of all three
curves are steeper and reach equilibrium faster.
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o To identify metal M in an unknown metal carbonate, MCO,, the following procedure is carried out:

Step 1: 0,198 g of IMPURE MCQ; is reacted with 25 cm?3 of 0,4 mol.dm- nitric acid, HNOs(aq).
Make sure you know the correct

wording of all definitions! Step 2: The EXCESS HNO4(aq) is then neutralised with 20 cm? of 0,15 mol.dm3 barium hydroxide, Ba(OH),(aq).

Acid + Metal = Salt + H, Assume that the volumes are additive.
Acid + Metal hydroxide — Salt + H,O

Acid + Metal oxide — Salf + H,0 The following reactions take place:

Acid + Metal carbonate = Salt + CO, + H,0 2HNO;(aq) + MCO;(s) — M(NO;),(aqg) + CO,(g) + H,O(t)
INDICATORS TITRATIONS 2HNOg3(aq) + Ba(OH),(aq) — Ba(NO;),(aq) + 2H,O(f)
Methyl Orange (Red/Yellow) CaVa n,
Bromothymol Blue (Yellow/Blue) oV = n—b 7.1 Define the term strong base.

Phenolphthalein (Colorless/Pink)

7.2 Calculate the:

pH-CALCULATIONS _
Hydrolysis of
2H,0 5 H,0* + OH-

K, = [H;O*][OH] = 1 x 104 is d,éz,‘d

pH = -log[H;O"]

7.2.1 Number of moles of Ba(OH),(aq) that reacted with the excess HNO5(aq)

7.2.2 pH of the solution after Step 1

7.3 The percentage purity of the MCO4(s) in the sample is 85%. Identify metal M.

| QUANTITATIVE CHEMISTRY |

H,SO,  2NaOH  Na,SO, 2H,0

n:n 1 2 1 2
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o To identify metal M in an unknown metal carbonate, MCO,, the following procedure is carried out:

Step 1: 0,198 g of IMPURE MCQ; is reacted with 25 cm?3 of 0,4 mol.dm- nitric acid, HNOs(aq).
Make sure you know the correct

wording of all definitions! Step 2: The EXCESS HNO4(aq) is then neutralised with 20 cm? of 0,15 mol.dm3 barium hydroxide, Ba(OH),(aq).

Acid + Metal = Salt + H, Assume that the volumes are additive.
Acid + Metal hydroxide — Salt + H,O

Acid + Metal oxide — Salf + H,0 The following reactions take place:

Acid + Metal carbonate = Salt + CO, + H,0 2HNO;(aq) + MCO;(s) — M(NO;),(aqg) + CO,(g) + H,O(t)
INDICATORS TITRATIONS 2HNO;(aq) + Ba(OH),(aq) — Ba(NO;),(aq) + 2H,0O(f)
Methyl Orange (Red/Yellow) CaVa n,
Bromothymol Blue (Yellow/Blue) oV = n—b 7.1 Define the term strong base.

Phenolphthalein (Colorless/Pink)

pH-CALCULATIONS Hvdrolvsis of
2H,0 5 H,0* + OH VS yg STRONG BASE: Base that completely dissociates in water to form a high concentration of

Ky = [HO*][OH] = 1 x 10" hydroxyde ions.
pH = -log[H;O"]

| QUANTITATIVE CHEMISTRY |

H,SO, 2NaOH Na,SO, 2H,0
n:n 1 2 1 2
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o To identify metal M in an unknown metal carbonate, MCO,, the following procedure is carried out:

Step 1: 0,198 g of IMPURE MCQ; is reacted with 25 cm?3 of 0,4 mol.dm- nitric acid, HNOs(aq).
Make sure you know the correct

wording of all definitions! Step 2: The EXCESS HNO4(aq) is then neutralised with 20 cm? of 0,15 mol.dm3 barium hydroxide, Ba(OH),(aq).

Acid + Metal = Salt + H, Assume that the volumes are additive.
Acid + Metal hydroxide — Salt + H,O

Acid + Metal oxide — Salf + H,0 The following reactions take place:

Acid + Metal carbonate = Salt + CO, + H,0 2HNO;(aq) + MCO;(s) — M(NO;),(aqg) + CO,(g) + H,O(t)
INDICATORS TITRATIONS 2HNO;(aq) + Ba(OH),(aqg) — Ba(NO;),(aqg) + 2H,0O(f)
Methyl Orange (Red/Yellow) CaVa n,
Bromothymol Blue (Yellow/Blue) oV N n—b 7.2 Calculate the:
Phenolphthalein (Colorless/Pink)
7.2.1 Number of moles of Ba(OH),(aq) that reacted with the excess HNO5(aq)
pH-CALCULATIONS _
Hydrolysis of

2H,0 S H,0* + OH- 7.2.2 pH of the solution after Step 1

K, = [HO*][OH] = 1 x 1014 5 d,éz,‘d

pH = -log[H,O"]

| QUANTITATIVE CHEMISTRY |

H,SO, 2NaOH Na,SO, 2H,0
n:n 1 2 1 2




Make sure you know the correct
wording of all definitions!

Acid + Metal — Salt + H,

Acid + Metal hydroxide — Salt + H,O

Acid + Metal oxide — Salt + H,O

Acid + Metal carbonate — Salt + CO, + H,0O

INDICATORS TITRATIONS
Methyl Orange (Red/Yellow) CaVa n,
Bromothymol Blue (Yellow/Blue =
. ( L CbVb  Tp
Phenolphthalein (Colorless/Pink)
pH-CALCULATIONS i
Hydrolysis of

2H,0 5 H,0* + OH-

K, = [H;O*][OH] = 1 x 104 isa,éw

pH = -log[H;O"]

| QUANTITATIVE CHEMISTRY |

H,SO, 2NaOH  Na,SO, 2H,0

n:n 1 2 1 2

QUESTION 7 NSC 2023
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To identify metal M in an unknown metal carbonate, MCO,, the following procedure is carried out:

Step 1: 0,198 g of IMPURE MCO; is reacted with 25 cm3 of 0,4 mol.dm-3 nitric acid, HNO;(aq).

Step 2: The EXCESS HNO;(aq) is then neutralised with 20 cm3 of 0,15 mol.dm barium hydroxide, Ba(OH),(aq).
Assume that the volumes are additive.

The following reactions take place:

2HNO;(aq) + MCO;4(s) — M(NOg),(aq) + CO,(g) + HO(f)

CUTTaNG, | MCOy | MNOJe | COp | MO

ni 0 0 0
AN
nf 0,006 O
c =0,4 mol.dm?3 m=0,198¢g
V =0,025dm3

| Ba(OH), |  Ba(NOj), |  HO
0 0

Ni 0,006 O 0,003 (1
AN 0,006 © 0,003 (2)
Nf 0 0
c=0,15mol.dm?3
V =0,02 dm3

n = cV =(0,15)(0,02)



Make sure you know

the correct

wording of all definitions!

Acid + Metal — Salt + H,

Acid + Metal hydroxide — Salt + H,O

Acid + Metal oxide — Salt + H,O

Acid + Metal carbonate — Salt + CO, + H,0O

INDICATORS TITRATIONS
Methyl Orange (Red/Yellow) CaVa n,
Bromothymol B'Iue (Yellow/BlfJe) oV - ny,
Phenolphthalein (Colorless/Pink)
pH-CALCULATIONS i
Hydrolysis of
2H,0 5 H,0* + OH-
K, = [H;O][OH] = 1 x 104 iS ﬂé{d
pH = -log[H;O"]
| QUANTITATIVE CHEMISTRY |

H,S0,  2NaOH

n:n 1 2

Na,SO, 2H,0

1 2

" | 2HNO, | MCO, | M(NO), | CO, | HO
:-GD own %@(&géfgfgﬁrﬁggggﬁmorephysioﬁ .com 0 0 0

AN
nf 0006 O
c =0,4 mol.dm=3 m=0,198 g
V =0,025 dm3

Acciime that the voliimec araefadditive

| Ba(OH), | BaiNOj, | HO |

Ni 0,006 O 0,003 (1) 0 0
An 0,006 © 0,003 (2)
Nf o) 0
c=0,15mol.dm=3
V =0,02dm?3

n=cV =(0,15)(0,02)
7.2.1 Number of moles of Ba(OH),(aq) that reacted with the excess HNO5(aq)

7.2.2 pH of the solution after Step 1

721 @ n=cV=(0,15)(0,02) = 0,003 mol
9 A n(Ba(OH)Z) - 0,003 mO|

722 & A n(HNog) A n(Ba(OH)Z) = 2:1
PH = -log[H;0"]
RAVAN n(HN03) = 0,00é mO|
pH =-log(0,24) = 0,62
n 0,006 3

@ crmnoy = v ooms 0,24 mol.dm™



" -m—-:&-
G\\ own %@(&gg&gfgﬁrﬁggggﬁmorephy&w com 0,01 0,00235294117 ©

An 0,004 @ 0,002 (7]
nf 0006 O
Make sure you know the correct ¢ =0,4 mol.dm? m=0,198 g
wording of all definitions! vV =0,025 dm?
n=cV = (0,4)(0,025)
Acid + Metal = Salt + H, Acciime that the voliimec arejadditive
Acid + Metal hydroxide — Salt + H,O - Ba(OH), Ba(NO,), “
Acid + Metal oxide — Salt + H,O Ni 0,006 @ 0,003 o 0 0
Acid + Metal carbonate — Salt + CO, + H,O
S AN 0,006 © 0,003 (2)
INDICATORS TITRATIONS Nf 0 0
Methyl Orange (Red/Yellow) C.V n a )
Bromothymol Blue (Yellow/Blue) C:V:) = n—z i:/;gég r(;g]lédm 3
Phenolphthalein (Colorless/Pink) n= CIV =(0,15)(0,02)
pH-CALCULATIONS }
2H,0 5 H,O* + OH Hydrolysis of 7.3 The percentage purity of the MCQO,(s) in the sample is 85%. Identify metal M.
K, = [H;O*][OH] = 1 x 104 ism
PH = 1oglH;0"] ® ngno,) = CV = (0,4)(0,025) = 0,01 mol ® 85% van n; (uco,) = 0,002 mol
| TN | ® Angno,) =001 - 0,006 =0,004 mol "N (mcoy) = 0,00235294117 mol
H,SO,  2NaOH  Na,SO, 2H,0 @ Angino,) Ao, = 2] Iy o) = m
n:n 1 2 1 2 3 M
n; . —
e “ A gucoy) = 0,002 mol 0,00235294117 = 220
Ny

" M=24,15g.mol’ en Mis Mg
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l lJ ll J A cleaned pure copper strip, Cu(s), is placed in a beaker containing a colourless silver nitrate solution,
AgNO;(aq), at 25 °C, as shown below.

Make sure you know the correct
wording of all definitions!

CELL NOTATION: Anode // Cathode
Element / lon // lon / Element A‘QNOS(EQ) > C{}pp&[‘ Stﬂp
In /In%* // Cu?* / Cu
STANDARD CONDITIONS \
Temp. 25 °C (298 K) ELECTRODES
Concentration 1 mol-dm=3 Iv\Ge’roI
as
Pressure 101,3 kPa. After a while, it is observed that the solution in the beaker becomes blue.
0 0 0 8.1 Write down:
E cell = E cathode ~— E anode
8.1.1 ONE other OBSERVABLE change, besides the solution turning blue
0 0 0
E cell — E reduction ~— E oxidation

8.1.2 The NAME or FORMULA of the oxidising agent

reducing agents.

REDUCTION + OXIDATION

TABLE 4A TABLE 4B 8.2 Explain the answer to QUESTION 8.1.1 by referring to the relative strengths of the oxidising agents or
§ +

OXIDATION REDUCTION




TABLE 4A: REDOX HALF REACTIONS

E® (V

TABLE 4B: REDOX HALF REACTIONS

E® (V

DO\A@Z]@dQ@Jrom\__StaQ@orephy5|cs.com +287

Co¥*+e = Co% + 1,81
H,O,+2H*+2e~ = 2H,0 +1,77
MNO, +8H"+5e~ = Mn?'+4H,0 + 1,51
Cl(g) +2e- = 2CI- + 1,36
Cr,O,2 + 14H* + e~ = 2Cr¥* + 7H,O + 1,33
O,(g) +4H* + 4e- = 2H,0O + 1,23
MNnO, + 4H*+2e~ = Mn?" +2H,0 + 1,23
Pt2* +2e~ = Pt + 1,20

Bro(l) + 2= =  2Br- + 1,07

NO; +4H*+3e~ = NO(g) + 2H,0 +0,96
Hg?* +2e~ = Hgll) +0,85
Agr+e = Ag + 0,80

NO;, +2H"+e- = NO,(g) + H,O + 0,80
Fes*+e- = Fe? +0,77

O,(g) +2H*+2e~ = H,0O, + 0,68
,+2e- = 21 + 0,54

Cut+e = Cu + 0,52
SO,+4H*+4e~ = S+ 2H,0 + 0,45
2H, O+ O, +4e- = 40H- + 0,40
Cu*+2e- = Cu + 0,34

= SO,(g) + 2H,0O +0,17

SO, 2+ 4H* + e

Lit+e- = L - 3,05
Kfr+e- =2 K - 2,93
Cst+e = Cs - 2,92
Ba2t+2e- = Ba - 2,90
Sre*+2e- =2  Sr - 2,89
Coz*+2e- = Ca - 2,87
Nao*+e- = Na - 2,71
Mg?* +2e~ = Mg - 2,36
ARt +3e- = Al - 1,66
Mn2*+2e- = Mn -1,18
Cre*+2e~ = Cr - 0,91
2H,O +2e~ = H,(g) + 20H- -0,83
In?"+2e- =2 In -0,76
Cr3*+3e~ = Cr -0,74
Fe* +2e- = Fe - 0,44
Cr¥3*+e- = Cr& - 0,41
Cd*+2e- = Cd - 0,40
Co*+2e~ = Co -0,28
Ni2t+2e~ = Ni -0,27
SnZ*+2e- = Sn -0,14
Pbz*+2e~ = Pb -0,13
= - 0,06

Fest + 3e-

Fe




. QUESTION 8 NSC 2023
| wnloagé[((/lf’/(grgfg{anmorephysics.com

l lJ ll J A cleaned pure copper strip, Cu(s), is placed in a beaker containing a colourless silver nitrate solution,
AgNO;(aq), at 25 °C, as shown below.

Make sure you know the correct
wording of all definitions!

CELL NOTATION: Anode // Cathode

Element /lon // lon / Element A‘QNOS(EQ) > Copper Stfjp

In / In?*// Cu?t / Cu

STANDARD CONDITIONS \
Temp. 25 °C (298 K) ELECTRODES

Concentration 1 mol-dm3 'V\Ge’fal
as
——s After a while, it is observed that the solution in the beaker becomes blue.

Copper strip corrodes / gets eaten away / loses mass.

o _ 0 0 8.1 Write down: Silver settles down.
E cell — E cathode ~— E anode
8.1.1 ONE other OBSERVABLE change, besides the solution turning blue
0 0 0
cel reduction oxidation 8.1.2 The NAME or FORMULA of the oxidising agent Ag* -ioon / Silverion / AgQNO,
TABLE 4A TABLE 4B TABLE . TABLE
4}4 Reduction Oxidation 4?
repuction T . OXIDATION — — +
(Ag +0,80 +0,34
W +
OXIDATION M REDUCTION
cuz+2e~ =(cu) +0,34 +0,80

Oxidation Reduction



Make sure you know the correct
wording of all definitions!

Anode // Cathode
Element / lon // lon / Element
In / In?*// Cu?t / Cu

CELL NOTATION:

D wnloagé[((/lf’/(grgﬂé{anmorephysics.com

STANDARD CONDITIONS
Temp. 25 °C (298 K) ELECTRODES
Concentration 1 mol-dm3 Metal
Pressure 101,3 kPa. Gas

0 0 0
B S i
0 0 0
E cell = E reduction ~ E oxidation
TABLE 4A TABLE 4B

OXIDATION REDUCTION

REDUCTION + § OXIDATION
W +

QUESTION 8 NSC 2023

A cleaned pure copper strip, Cu(s), is placed in a beaker containing a colourless silver nitrate solution,
AgNO;(aq), at 25 °C, as shown below.

AgNOs(aq) S Copper strip

\_

After a while, it is observed that the solution in the beaker becomes blue.

8.2 Explain the answer to QUESTION 8.1.1 by referring to the relative strengths of the oxidising agents or
reducing agents.

TABLE TABLE

4}4 /_\Reducﬂon >+ Oxidation 43

(Ag +0,80 +0,34
cuz+2e~ =(cu) +0,34 +0,80
>
Oxidation Reduction



i |

Make sure you know the correct
wording of all definitions!

EXPLAIN STRENGTH OF REDUCING AGENTS AND
OXIDIZING AGENTS IN REDOX REACTIONS.

TABLE 4A

OXIDATION

REDUCTION

ELECTRODES

t

S

TABLE 4B

REDUCTION

OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt
» Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

TABLE

ownlFALEEHPSHK %F{éfnmoreptﬂgié.c

INCREASING STRENGTH OF OXIDIZING AGENTS

Half-reactions/Halfreaksies E? )
Fidg) » 22 2F + 287

0 Co™ + e co™ v 181
HeOp + 2H +28 2H:0 +1,77
Mn( , +&H" = 5a MnZ* = AH; 0 + 1,51
Clsig) » 28 201 + 1,36
Cnls +14H + B 2Cr-«THLO | + 1,33

Reduction

Brty+2e ZBr 107

MO, +4H" » 38 NOjg) = 2HO0 + 0,06
Hg™" = 2e Hally +10,85

Ag' e An 4 ;

NO 5 +2H + e NO:{g) + H:O + 0,80
Fe'' o Fe' +0,77
Oxig)+2H" + 2a Ha0 + 0,68
I+ 2e 21 + 0,54

Cu +e Cu + 0,52

S0+ 4H" = 4e” 54 2HO + 0,45
THL0 + O + de 40H + 0,40
C_.‘ + 2o Cu 4 g

'.:vC'li +4H" + 28 S0} = 2HD | +0A7
Cu'" #a Cu’ + 0,16

Sn' » 2e sn'' +0,15

Oxidation

Fa™ % 38~ Fa —nns

P« e Pb 043

50" + 20 En -0,94

Ni* + 28 Mi - 027

Co'" + 2 Co - 028

Cd™” + 26 Cd — 040

o ee o —041

Fe'" + 28 Fe - 044

Cr'* +3e Cr - 0,74

2"+ e Zn -0.76

2HLO » 2e Hilg) + 20H - 083

cr'” + 2 Cr - 0.8

MR* + Z2e Mn -1,18
A+ 38 Al - 186

Mg™ + 2e Mg - 236

M’ +e Ma -2

Ca”" +2e Ca -2 87

B0 s 2e Sr _ o RE

Ba’" + 2e Ba -2.80
Cs"+& Cs -282

K ee K - 293

Li"va Li -305

Ag

Cu

INCREASING STRENGTH OF REDUCING AGENTS

INCREASING STRENGTH OF OXIDIZING AGENTS

Half-reactions/Halfreaksies E? v

Li"+@ O | - 305

K'+e - K - 283

Cs"+& -~ Ca -2832

Ba"+2s = Ba — 280

8 e 2em = B - 280

Ca+2e = Ca _aar

MNa'+& - Na -2T1

Mg™ + 22 _ Mg - 236

Al e38 = A - 166

MnP" + 28~ = Mn -118

Crf*+2e = Or - 081

2H:0 + 2e -~ Hailg)+ 20H - 0,83

In'" + 2a - | Zn - 076

Cr+3e - Or - 0,74

Fa"#38 = Fe ~ 044

Crise = Cr° - 041

Cd* +2a- - OCd - 040

Co™+2s- - Co - 0,28

MNF*+ 2" — NI - 027

80" +2a = 8n — 014

Pb"+2e = Ph -013

Fa" +3s -~ Fe — 006

Oxidation

THYTT - =n Ty

Cu»e = Cu + 0,16

Sﬂi rdH +2e = S0g)«3H0 | +047
Cu'" + 28 Cu  of——

2HaO + Oz + de = 40H + 0,40

S0+ 4H" # de - S+ 20 + 0,45

Cu'+e - Cu + (0,52

Iz + 28 = 2 + 0,54

Dhigl+2H + 287 = Hila + (0,68

Fe'' s = Fo&¥ +0.77

MO +2H +& = NOg)+HDO + 0,80
AQ+ e AD d———

Hg™" +2a~ — Hogll + 0,85

Reduction

) — R

Mo+ AH + 22 = M 2RO +1.23

Cuig)+dH" +de = 2H0 + 123

0l s sge = 207 eTHO | +133

Chig)+ 26~ = 2CI + 136

MNO, +8H +5e = Mn" +dHO | +151

Hel # 2H #28  ~  2HD =1 77

Co+e” —~ Co + 1,81

Falg) + 280 = 32F + 287

TABLE

= Cu

-Ag

INCREASING STRENGTH OF REDUCING AGENTS




Make sure you know the correct
wording of all definitions!

Anode // Cathode
Element / lon // lon / Element
In / In?*// Cu?t / Cu

CELL NOTATION:

D wnloa%gﬂ(g%fﬁanmorephysics .com

STANDARD CONDITIONS
Temp. 25 °C (298 K) ELECTRODES
Concentration 1 mol-dm3 Metal
Pressure 101,3 kPa. Gas

Eecell = Eecathode - Eeanode
Eecell = Eereduction = Eeoxidation
TABLE 4A TABLE 4B

OXIDATION REDUCTION

REDUCTION + § OXIDATION
W +

QUESTION 8 NSC 2023

A cleaned pure copper strip, Cu(s), is placed in a beaker containing a colourless silver nitrate solution,
AgNO;(aq), at 25 °C, as shown below.

AgNOs(aq) S Copper strip

\_

After a while, it is observed that the solution in the beaker becomes blue.

8.2 Explain the answer to QUESTION 8.1.1 by referring to the relative strengths of the oxidising agents or
reducing agents.

Cu is a stronger reducing agent than Ag and will therefore reduce Ag to Ag*.
AgTis a stronger oxidizing agent than Cu?* and will therefore oxidize Cu?*to Cu.

TABLE TABLE

4}4 AReducﬂon >+ Oxidation ¢g

(Ag +0,80 +0,34
cuz+2e~ =(cu) +0,34 +0,80
>
Oxidation Reduction
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l lJ ll J A galvanic cellis now set up using Cu and Ag strips as electrodes. A simplified diagram of the cell is shown
below.

Make sure you know the correct

(V)
wording of all definitions! o
CELL NOTATION: Anode // Cathode
( W +— A(s)
Ag'(aq) |

Element / lon // lon / Element
In / In?*// Cu?t / Cu

STANDARD CONDITIONS

Temp. 25 °C (298 K) ELECTRODES B
Concentration 1 mol-dm=3 Meic \ y,
M I BEd S5 ! _ 8.3 Write down the:
8.3.1 NAME or FORMULA of elecfrode A
EO _ EO _ EB
cell cathode anode
8.3.2 NAME or FORMULA of solution B
Y g o _ g0
cell — reduction oxidation

8.3.3 Overall (net) balanced equation for the cell reaction

that will move into the silver ion solution. Choose from K* (aqg) or NO5~ (aq). Give a reason for the answer.

REDUCTION + OXIDATION

TABLE 4A TABLE 4B 8.4 The salt bridge contains potassium nitrate, KNO;(aq). Write down the FORMULA of the ion in the salt bridge
§ +

OXIDATION REDUCTION




Make sure you know the correct
wording of all definitions!

CELL NOTATION: Anode // Cathode
Element / lon // lon / Element
In / In?*// Cu?t / Cu

STANDARD CONDITIONS

Temp. 25 °C (298 K) ELECTRODES
Concentration 1 mol-dm=3 Meic
Pressure 101,3 kPa. eren
0 _ 0 0
E cell — E cathode ~— E anode
0 _ 0
E cell — E reduction ~ E oxidation
TABLE 4A TABLE 4B
ReucToN T § OXIDATION
v, i
OXIDATION M REDUCTION

QUESTION 8 NSC 2023
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A galvanic cellis now set up using Cu and Ag strips as electrodes. A simplified diagram of the cell is shown
below.

Cu(s) - Cu?t(aq) + 2e- m
2AQ" (aq) + 2e- — 2Ag(s) b2
2Ag* (aq) + Cu(s) — 2Ag(s) + Cu?*(aq) H — AG)
B—1—* i . Ag'(ag) |

8.3 Write down the:
8.3.1 NAME or FORMULA of electrode A Silver / Ag
8.3.2 NAME or FORMULA of solution B Copper nitrate / Cu(NO;),

8.3.3 Overall (net) balanced equation for the cell reaction

TABLE TABLE
Reduction Oxidation
4/4 - > + = —— 43
(Ag* +0,80 +0,34
cuz+2e~ =(cu) +0,34 +0,80

Oxidation Reduction



. QUESTION 8 NSC 2023
| wnloagé[((/lf’/(grgﬂé{anmorephysics.com

l lJ ll J A galvanic cellis now set up using Cu and Ag strips as electrodes. A simplified diagram of the cell is shown
below.
Make sure you know the correct Oxidation /{h Reduction
wording of all definitions! Anode N~ Katode
Cu — Cu?t + 2e- NO;~  K? Agt+e — Ag
CELL NOTATION: Anode // Cathode
—
Element / lon // lon / Element ) A(s)
In/In% /] Cu?* / Cu
STANDARD CONDITIONS
Temp. 25 °C (298 K) ELECTRODES a + —
Concentration 1 mol-dm=3 Metal \. J \ Ag (aq) J
Pressure 101,3 kPa. ek

8.4 The salt bridge contains potassium nitrate, KNO;(aq). Write down the FORMULA of the ion in the salt bridge

5 5 5 that will move into the silver ion solution. Choose from K* (aqg) or NOs~ (aqg). Give a reason for the answer.
E cet = E cathode — E anode
Eecell = Eereduction = Eeoxidation AI’]SWGF: K+
TABLE 4A TABLE 4B TABLE ) TABLE
4}4 Reduction Oxidation 4?
repuction T . OXIDATION — — +
(Ag +0,80 +0,34
W +
OXIDATION M REDUCTION
cuz+2e~ =(cu) +0,34 +0,80

Oxidation Reduction
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Make sure you know the correct
wording of all definitions!

EXPLAIN STRENGTH OF REDUCING AGENTS AND
OXIDIZING AGENTS IN REDOX REACTIONS.

TABLE 4A

OXIDATION

REDUCTION

ELECTRODES

§

S

TABLE 4B

REDUCTION

OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt
» Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

QUESTION 9 NSC 2023

sics.com

An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

Power
— source |

Electrode Q ——

Electrode R

Electrolyte —— Ay sl Silver

9.1 Define the term electrolysis.

9.2 Write down the reaction taking place at electrode Q.

9.3 In which direction do the electrons flow in the external circuit¢ Choose from Q to R or R to Q.
9.4 Calculate the current needed to form 16 g of copper when the cell operates for five hours.

9.5 During this electrolysis, only copper and zinc are oxidised. Give a reason why the silver is not oxidised.



TABLE 4A: REDOX HALF REACTIONS

E® (V

TABLE 4B: REDOX HALF REACTIONS

E® (V

DO\A@Z]@dQ@Jrom\__StaQ@orephy3|cs.com +287

Co¥*+e = Co% + 1,81
H,O,+2H*+2e~ = 2H,0 +1,77
MNO, +8H"+5e~ = Mn?'+4H,0 + 1,51
Cl(g) +2e- = 2CI- + 1,36
Cr,O,2 + 14H* + e~ = 2Cr¥* + 7H,O + 1,33
O,(g) +4H* + 4e- = 2H,0O + 1,23
MNnO, + 4H*+2e~ = Mn?" +2H,0 + 1,23
Pt2* +2e~ = Pt + 1,20

Bro(l) + 2= =  2Br- + 1,07

NO; +4H*+3e~ = NO(g) + 2H,0 +0,96
Hg?* +2e~ = Hgll) +0,85
Agt+e = Ag + 0,80

NO;, +2H"+e- = NO,(g) + H,O + 0,80
Fes*+e- = Fe? +0,77

O,(g) +2H*+2e~ = H,0O, + 0,68
,+2e- = 21 + 0,54

Cut+es = Cu + 0,52
SO,+4H*+4e~ = S+ 2H,0 + 0,45
2H,O + O, + 4~ = 40H- + 0,40
Cu*+2e- = Cu + 0,34

= SO,(g) + 2H,0 +0,17

SO, 2+ 4H* + e

Lit+e- = L - 3,05
Kfr+e- =2 K - 2,93
Cst+e = Cs - 2,92
Ba2t+2e- = Ba - 2,90
Sre*+2e- =2  Sr - 2,89
Coz*+2e- = Ca - 2,87
Nao*+e- = Na - 2,71
Mg?* +2e~ = Mg - 2,36
ARt +3e- = Al - 1,66
Mn2*+2e- = Mn -1,18
Cre*+2e~ = Cr - 0,91
2H,O +2e~ = H,(g) + 20H- -0,83
In?"+2e- =2 In -0,76
Cr3*+3e~ = Cr -0,74
Fe* +2e- = Fe - 0,44
Cr¥3*+e- = Cr& - 0,41
Cd*+2e- = Cd - 0,40
Co*+2e~ = Co -0,28
Ni2t+2e~ = Ni -0,27
SnZ*+2e- = Sn -0,14
Pbz*+2e~ = Pb -0,13
= - 0,06

Fest + 3e-

Fe
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Make sure you know the correct
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

REDUCTION § OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt

ELECTRODES « Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

Power
source

Oxidation
| <<
Cuz*+2e = Cu
>
Reduction
Ag & In
Electrode R

wording of all definitions! « Oxidation
Cr v = O
Reduction
TABLE 4A § TABLE 4B
= OXIDATION REDUCTION
§ Electrode Q
W B

Electrolyte —— Ay

..~H7;. 2 Silver

9.1 Define the term electrolysis.

ELECTROLYTIC: A chemical process in which electrical energy is converted into chemical

energy.
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

REDUCTION § OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt

ELECTRODES « Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

Power
source

Oxidation
| <<
Cuz*+2e = Cu
>
Reduction
Ag & In
Electrode R

wording of all definitions! « Oxidation
Cr v = O
Reduction
TABLE 4A § TABLE 4B
= OXIDATION REDUCTION
§ Electrode Q
W B

Electrolyte —— Ay

..~H7;. 2 Silver

9.2 Write down the reaction taking place at electrode Q.

Cu?t+2e - Cu
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Make sure you know the correct
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

Power
source

W 2 Silver

Oxidation
| <<
Cuz*+2e = Cu
>
Reduction
Ag & In
Electrode R

9.3 In which direction do the electrons flow in the external circuite Choose from Q to R or R to Q.

wording of all definitions! < Oxidation
EXPLAIN STRENGTH OF REDUCING AGENTS AND 2+ N
OXIDIZING AGENTS IN REDOX REACTIONS. Cu+2e = C:
Reduction
TABLE 4A TABLE 4B
==  OXIDATION REDUCTION
3 Electrode Q
W -
—— § — Electrolyte ——\p-
TYPE OF ELECTROLYTE
* Molten Salt
ELECTRODES

» Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

Rto Q
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

Make sure you know the correct

Power
source

NSC 2023

wording of all definitions! « Oxidation
Cr v = O
Reduction
TABLE 4A § TABLE 4B
= OXIDATION REDUCTION
§ Electrode Q
W B

REDUCTION § OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt

ELECTRODES « Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

Electrolyte —— Ay

Oxidation
[ <
Cu?2*+2e = Cu
>
Reduction
Ag & In
STEPS:
Electrode R 1. Mol Cu
2. Mole
) 3. Number of e-
W: Silver 4. Charge
5. Current

9.4 Calculate the current needed to form 16 g of copper when the cell operates for five hours.

m 16 Q 23 19
® n(Cw) = = = = 0,25 mol o = . Q= (3,034x1023)(1,6x10"1% = 48539,21 C
) e
® n(e”) =2x0,25=0,5mol
N Q 4853921
— . N=n.N, = (0,5)(6,02x1023) = 3,034x102 &~ =< = 2684
© n=y- n.Ns = (0,5)(6,02x10%) e ® =17 =800 2
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

Power
source

W 2 Silver

Oxidation
| <<
Cuz*+2e = Cu
>
Reduction
Ag & In
Electrode R

9.5 During this electrolysis, only copper and zinc are oxidised. Give a reason why the silver is not oxidised.

wording of all definitions! < Oxidation
EXPLAIN STRENGTH OF REDUCING AGENTS AND 2+ N
OXIDIZING AGENTS IN REDOX REACTIONS. Cu+2e = C:
Reduction
TABLE 4A TABLE 4B
==  OXIDATION REDUCTION
3 Electrode Q
W -
—— § — Electrolyte ——\p-
TYPE OF ELECTROLYTE
* Molten Salt
ELECTRODES

» Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining
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Make sure you know the correct
wording of all definitions!

EXPLAIN STRENGTH OF REDUCING AGENTS AND
OXIDIZING AGENTS IN REDOX REACTIONS.

TABLE 4A

OXIDATION

REDUCTION

ELECTRODES

t

S

TABLE 4B

REDUCTION

OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt
» Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

TABLE

ownlFALEEHPSHK %F{éfnmoreptﬂgié.c

INCREASING STRENGTH OF OXIDIZING AGENTS

Half-reactions/Halfreaksies E? )
Figi*2e” = 2F + 287
crm Oxidation |
Lo L I - ) = (UL i PR RN T nan
Chig)*2e™ = 201 + 1,36
CnOs +14H +8e = 20" » TH:O + 1,33
Osfg)+4H" + 48 = 2H:D + 123
MnCa+dH 26 — Mn™ +2H0 +1.23
Pt +2e- _ Pt +1,20
Brotj=2e” = Z2Br + 1,07
MO, +dH #380 = NOjg)+ 2HD + 0,06
Hg™ #2e- = Halt) + 0,88
Ag e - [Bg h*- Ag
NO; +2H' +e - MNOg)+HO + 0,80
Fe''#+e- = F&” +0,77
Oaig)+2H # 260 —  H:Dy + 0,68
k+2e” = 2| + 10,54
Cu" +e = Cu + 0,52
SOp+dH +de” = S5+2H:0 + 045
IHO+ Dz ede = 40OH + 0,40
Cu™" + 2e Cu + 10,34
soi +4H + 26 = S0:g)+2H:0 | +047
Cu"#+e” . Cu + 0,16
n* +2e- _ & + 0,15
S+IH +2e- _— HaS(g) + 0,14
IH + 2e™ Hzig) 0,00
Fe +3e" = Fe 006
Pv"+2 — Ph 0,13
Sn™+2e" - B5n -0,94
N +28 — M - 027
Co"+2e” = Co - 028
Cd"e2e” = Cd - 040
c'es = O -0.41
Fe'"+2e" —~ Fe - 044
Cri*+3s _ Cr - 0,74
In"+20° = |Zn| < e 7
PHO + 26 =  Halg)+ 20H - 083
Cr'+2e = 01 T
MR+ 2 — Mn -1.18
AP +3e- - Al - 186
Mg +26 — Mg - 235
Ma"+e = Ma -2
Ca”+2 = Ca _a gt
SMe2es = &r —288
Ba™+2e° _ Ba 280
Cs"+a - Cs -282
K'+es = K - 283
i'sea = U -305

INCREASING STRENGTH OF REDUCING AGENTS

INCREASING STRENGTH OF OXIDIZING AGENTS

Half-reactions/Halfreaksies E' v
Li"+@ Li - 305
Oxidation
s vee - —
Ca™ + 2e Ca _aar
MNa'+g Na -2T1
Mg™ + 2s Mg - 236
AL+ 3a Al - 166
Mn®" + 2 Mn -118
or « 2 Cr — 081
2H20 + 2o Halg) + 20H - 083
Zn™ = 2 Zn l———— ]
G+ 3a Cr - 0,74
Fa'" » 2a Fa ~ 044
Cr e cr - 041
Cd™ » 2e Cd — 040
Co™ + 2a Co - 0,28
NF* + 2a i - 027
80"+ 2a Sn — 014
PE o+ 2e Fb — 013
Fa' + 3 Fe — 006
IH + 2e” H:(g) 0,00
S5+2H »2e HaS(g) + 0,14
Sn'" + e Sn + 0,15
Cu'' g Cu’ + 0,16
Sﬂi v dH" * 28 S04g) »2H0 | 047
Cu’" + 2a Cu + 0,34
2H20 + Oz + de 40H + 0,40
S0+ 4H" # de S+ 2H:0 + 0,45
Cu' e Cu + 0,52
s+ & 2 + 0,54
Cufg)+ 2H" = e HaC + 068
Fe'' + & Fe* +0,77
MO +2H +& NOs(g) + HaO + 0,80
A ve Ay C—— Ag
Hg™* + 2 Hait) + 0,85
NO, +4H =38 NO{g) + 2H0 | + 0,96
Brat) + 2e 2Br + 107
P+ 2e Pt +1.20
MnO: + 4H” + 2 M= + 2H:O +123
Chig)+ 4H" + de 2H.O + 123
CnOf +1dH + e e« THO | +133
Clip) = 2e 20 + 1,36
MnO , +BH" + 58 Mn™ +4H:0 | + 151
Hall + 2H" #2 & 2ZHO =1 77
Co" +& Co™ + 1,81
Falg) + 2e 2F + 287

TABLE

INCREASING STRENGTH OF REDUCING AGENTS
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An electrolytic cellis set up to purify a piece of copper that contains silver and zinc as impurities. A simplified
diagram of the cell is shown below. Electrode R is impure copper.

REDUCTION § OXIDATION

TYPE OF ELECTROLYTE

* Molten Salt

ELECTRODES « Dissolved Salt

TYPE OF ELECTROLYTE

» Electroplating
 Elecftrorefining

Power
source

wording of all definitions! « Oxidation
Cr v = O
Reduction
TABLE 4A § TABLE 4B
= OXIDATION REDUCTION
§ Electrode Q
W B

Electrolyte —— Ay

..~H7;. 2 Silver

Oxidation
| <<
Cuz*+2e = Cu
>
Reduction
Ag & In
Electrode R

9.5 During this electrolysis, only copper and zinc are oxidised. Give a reason why the silver is not oxidised.

Silver is o WEAKER REDUCING AGENT than Cu and will therefore not be

oxidized.
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