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During an investigation, a table of data was collected for four organic compounds A, B,
C and D. The compounds have different functional groups.

COMPOUND MOLAR MASS | BOILING POINT ('C)
A CH3CH2CH2CH2CH3 72 36,1
B CH3CH2CH2CHO 72 74,8
c CH3zCOCH:2CH= i 72 79,64
D CH3CH>COCH 74 163,5
3.1 Define the term boiling point. (2)
3.2 In the investigation above, name the independent variable. (1)

3.3  Explain the trend in the boiling points among A, B, and C as shown in the table
above. (4)

3.4  Which compound, C or D, would have the lowest vapour pressure?
Give a reason for the answer. (2)

3.5 Write down the following:

3.5.1 The phase of compound A at room temperature (1)
3.5.2 The structural formula of the functional group of B (1)
3.5.3 The IUPAC name of compound C (1)

[12]
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Learners investigate the effect of structural differences on the boiling points of straight-
chain PRIMARY ALCOHOLS. The data from the investigation are shown in the table

below.
NUMBER OF CARBON BOILING POINTS OF THE
ATOMS ALCOHOLS (20 °C)

1 64

2 78

3 98

4 118
3.1 Define boiling point. (2)
3.2 Write down the controlled variable for this investigation. (1)
3.3 Explain the trend observed in the boiling points of the alcohols. 4)

3.4 Will the vapour pressure of the alcohols INCREASE, DECREASE or
REMAIN THE SAME with an increase in the number of carbon atoms?

Give a reason for the answer. (2)

A PRIMARY ALCOHOL has a boiling point of 108 C.

3.5 Give the IUPAC name of the primary alcohol with a boiling point of 108 "C. (2)
3.6 Fully explain the answer to QUESTION 3.5. 4)
[15]
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The factors that affect the vapour pressure of different organic compounds are
investigated. The table below shows the vapour pressure of five organic compounds,
represented by the letters A — E.

MOLECULAR VAPOUR
ORGANIC MASS PRESSURE
{g'mol) (kPa) at 25 °C
A Propane 44 953,25
B | Butane b8 242,63
C | Ethyl methanoate 74 32,38
D | Alcohol 59 2,80
E Propanoic acid 74 047
3.1 Define the term vapour pressure. (2)
3.2 Write down the homologous series to which compounds A and B belong. (1)
3.3 Explain the decrease in vapour pressure from compound A to compound B, as
indicated in the table. (3)
3.4 Compounds C and E are functional isomers.
3.4.1 Define molecular formula. (2)
3.4.2 Which compound will have a higher boiling point? (1)
3.4.3 Explain the answer to QUESTION 3.4 .2. (4)
3.5 The percentage composition of some of the elements in compound D is given as
61% carbon and 11,86% hydrogen. Determine, with calculations, the empirical
formula of compound D. (4)
3.6 Write a balanced equation using molecular formulae for a complete combustion
of compound A. (3)
[20]
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The table below shows the boiling points of four organic compounds, represented by
the letters A to D, of comparable molecular masses.

COMPOUND IUPAC NAME MOLAR MASS | BOILING POINT
(gemol ') (°C)
A 2,3-dimethylbutane 86 57,9
B Hexane 86 68,7
C Methyl propanoate 88 79,8
D Pentan-1-ol 88 XorY
34 Compounds A and B are structural isomers.
3.1.1 Define the term structural isomers. (2)

3.1.2 The boiling point of compound B is higher than the boiling point of
compound A. Explain the difference in the boiling points. (3)

3.2 Define the term vapour pressure. (2)

3.3 Which ONE of the compounds B or C, will have a higher vapour pressure?
Give a reason for the answer. (2)

34 Consider compounds C and D.

3.4.1 Wil the boiling point of compound D be X =75,5°C OR Y = 135,5 °C?

Write down only X or Y. (1)
3.4.2 Explain the answer to QUESTION 3.4.1. (3)
[13]
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Students use alcohols A to C to investigate a factor that affects the boiling point of
alcohols.

They use aqual volumes of each alcohol and heat them separately in a water bath.

Compounds Alcohols
A CH3;0H
B CH;C}V-‘i_;_egl-'ir -
1 C CH3:CH2CH20OH
3.1 Define the term boiling point.
32 What property of alcohaols makes it necessary for them to be heated in a
water bath?
3.3 What structural requirements must the alcohols meet to make this a fair
comparison?
3.4 Write down the:
3.4.1 Independent variable.
3.4.2 Name of the FUNCTIONAL GROUP of these compounds.
3.4.3 IUPAC name of compound B
3.4  Write down the:
3.4.1 Independent variable.
3.4.2 Name of the FUNCTIONAL GROUP of these compounds.
3.4.3 |UPAC name of compound B
3.5 Which ONE of the three compounds has the HIGHEST boiling point?
3.6 Explain the answer to QUESTICON 3.5 in full.
3.7 The boiling point of compound C is now compared with that of compound X.
| COMPOUND BOILING POINT
(°C)
Cc CH3CH2CH0H 98
X i CH3COOH 118
3.7.1 Besides the conditions used to determine boiling points, give a
reason why this is a fair comparison.
3.7.2 Fully explain the difference in the boiling points of compounds C and
X.
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31 The boiling points of straight chain aldehydes and straight chain carboxylic
acids are compared. The table below shows the results obtained.
INVESTIGATION 1 INVESTIGATION 2
Number of 2 .
2 Boiling point Boiling point of
carbon atoms in the = < 5 #
compound of aldehydes (°C) carboxylic acids (°C)
1 -19 101 -
2 = ) . i | 118
3 49 141
4 75 164
3.1.1 Define the term homologous series.

3.1.2 Write down the:
{a} NAME of the FUNCTIONAL GROUP of the aldehydes

(b) IUPAC NAME of the compound with the highest vapour
pressure in this comparison

313 For INVESTIGATION 2:

(a) Write down the controlled variable.

(b) Describe the trend in the boiling points.

{c) Fully explain the answer to QUESTION 3.1.3(b).
3.1.4 Write down the boiling point of butanal.

3.2 The vapour pressures of compounds A and B are compared.

A CH3CH2CH2CH2CH20H
B CHzCH2CH2C0O0H

How does the vapour pressure of compound A compare to that of
compound B? Choose from HIGHER THAN, LOWER THAN or EQUAL TO.

Fully explain the answer.
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The graph below shows how the vapour pressure of different organic molecules
change as the femperature changes. The line at 101,3 kPa, on the graph,
indicates the external atmospheric pressure.

The vapour pressure of four different organic substances, which are similar in
molecular mass, versus temperature are indicated. The four curves (A, B, C and
D) represent organic compounds belonging to the following homologous series. A

STRAIGHT CHAIN ALKANE, a BRANCHED ALKANE, a PRIMARY ALCOHOL
and an ALDEHYDE.
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3.1 Define the term vapour pressutre. (2)
3.2 The vapour pressure of compounds A and B are compared.
3.2.1  Write down the independent variable for this investigation. (1)

3.22 Explain the difference in the vapour pressure of these two
compounds. (4)

3.3  Wirite down the boiling point of compound D

8|P a g e
M.TEKISO

WHATSAPP: 073 827 9484

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

PHYSICAL SCIENCES
GRADE 12

3.4 \Which ONE of the compounds C or D is the alcohol?

Give a reason for the answer

(2)
3.5 The vapour pressure of compounds C and D are now compared.
3.5.1  Which variable must be kept constant in this experiment? (@)
3.5.2 Refer to the TYPES of intermolecular forces to explain the
difference in vapour pressure between compound C and D. [(1321
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3.1 The relationship between boiling point and the number of carbons in STRAIGHT
CHAIN PRIMARY ALCOHOLS is investigated. The following curve is obtained:

GRAPH OF BOILING POINT VERSUS NUMBER OF C ATOMS
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Number of carbons
3.141 Define boiling point. (2)

312 What is the structural similarity between the alcohols that make this a
fair investigation? (1)

313 Which van der Waals force is responsible for the trend observed in
this curve? (1)

314  Write down the IUPAC name of the alcohol with a boiling point of
approximately 410 K. (2)

3.2 Another investigation is carried out to determine the effect of structural
differences on the boiling point. The table below shows the different compounds
and their respective molar mass that was used in this investigation.

COMPOUND MOLAR MASS
(g-mol)
A | Butanone 72
B | Butan-1-ol 74
C | Propanoic acid 74
3.2.1  Which compound A, B or C will have the highest boiling point? (1)
3.22 Fully explain the answer to QUESTION 3.2.1. (5)
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Learners use three primary alcohols A, B and C with the same molecular formula to investigate
ONE of the factors which influences boiling points of organic compounds.

The table below shows the results obtained.

ALCOHOL BOILING POINT (°C)
A 108
B 149
C 129
6.1 Write down a term that can be used to describe the three alcohols based on the
underlined words. (1)
6.2 Define the term boiling point. (2)
6.3 Name the independent variable for this investigation. (1)

6.4 Can the above investigation be described as a fair test? Give a reason for your answer.

(2)
6.5 Which alcohol B or C will have a higher vapour pressure? Fully explain your answer. (4)

6.6 How will the vapour pressure of compound C at 128°C compare to that of compound B

at 149°C? (Write only LESS THAN, GREATER THAN or EQUAL TO) (1)
6.7 The molecular mass of B is 88 g.mol", write down the structural formula of Compound
A. (2)
[13]

MNP a g e
M.TEKISO
WHATSAPP: 073 827 9484

Study copy distributed by EduResource ZA | eduresourcza.com


https://eduresourcza.com

PHYSICAL SCIENCES
GRADE 12

ACTIVITY 10 ES25

The vapour pressure against temperature curves are drawn for THREE STRAIGHT
CHAIN ALKANES. The vapour pressure are measured in mmHg. The atmospheric
pressure is 760 mmHg.

GRAPH OF VAPOUR PRESSURE VERSUS TEMPERATURE

H1s
b

AL/

H1s

Vapour pressure (mmHg)

300 - /, /,-
150 f/r—/’/ ..--*"'H/
_—
—"] -—-"":*_________,_..-4
0 20 40 60 80 100

Temperature (C)

3.1 Define vapour pressure.
3.2 Atwhat phase are the alkanes at room temperature?
Write down only GAS, LIQUID or SOLID.
Give a reason for the answer.
3.3 How will the boiling points change if the atmospheric pressure decreases?
Choose from INCREASES, DECREASES or REMAIN THE SAME.
3.4 What can be concluded from the curve regarding the relationship between
intermolecular forces and vapour pressure?
3.5 The table below shows the boiling point of propan-1-ol and propanoic acid.
COMPOUND BOILING POINT (°C)
A Propan-1-ol 97
B Propanoic acid 141
3.5.1 Define the term boiling point.
3.5.2 Fully explain the difference in the boiling points.
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Organic compounds X, Y and Z are used to investigate one of the factors that influences
a physical property of organic compounds. The table below shows the results obtained.

Organic Compound | BOILING POINT (°C)
W 138
X 129
Y N 114

Compounds W, X and Y are CHAIN ISOMERS with a molecular formula of CsH120. The
FUNCTIONAL GROUP FOR EACH COMPOUND IS POSITIONED on the first carbon
atom for the purposes of this investigation.

3:1 Define boiling point. (2)
3.2 Write down the:

3.2.1 Reason why the functional group for each compound is positioned
on the first carbon atom for the purposes of this investigation. (1)
3.2.2 Name of the weakest intermolecular force between molecules of
W. (1)
3.23 Name of the strongest intermolecular force between molecules of
¥ (1)
3.4 Which compound W, X or Y will have the highest vapour pressure? Give a
reason for the answer. (2)
3.5 Although compounds W and X have the same molecular, they have different
boiling points. Fully explain the difference in boiling points. (4)
3.6 Draw the structural formula for compound Y. (3)
3.7 Will the boiling point of 2,2 — dimethylpropane be HIGHER THAN, EQUAL TO
or LOWER THAN the boiling point of compound Y? Fully explain the answer. (4)
[18]
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The melting and boiling points of the first four straight-chain alkanes are compared under
the same conditions.

Number of C atoms | Name Meilting point | Boiling point
1 Methane 183 -162
2 Ethane -172 -89
3 Propane -186 -42
4 Butane -136 0
31 Define the term melting point. (2)
3.2 What CONCLUSION can be drawn from data in the table? (2)
3:3 How will the strength of intermolecular forces butane compare to its
isomer? Write only STRONGER THAN, WEAKER THAN or EQUAL TO. (1)
34 Is this comparison fair or unfair? Give a reason to your answer. (2)
e In which phase will propane be at room temperature? Write only GAS,
' LIQUID or SOLID. (1)
3.6 Explain the difference in boiling point between ethane and propane. (3)
[11]
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An investigation was carried out to determine the various factors affecting the boiling
point of different alcohols A to C, shown in the table below:

A | CH3CH(OH)CHs
B | CH3CH>CH(OH)CH:
C | CH3CH2CH2CH2CH(OH)CH3

3.1 Which ONE of the compounds (A, B or C) has the highest boiling point?
Explain the answer. (3)

3.2 Write down the type of alcohol represented by compound A.
Choose from PRIMARY. SECONDARY or TERTIARY.

Give a reason for the answer. (2)

Consider compounds D to G, shown in the table below.

MOLECULAR MASS
COMPOUND (g.mol)

D CH3CH>CH2CH2CH3 72

E CH3CH2CH2CH20H 74

F CH3CH2CO0OH 74

G CH3CH200CH 74
3.3 Which ONE of compounds E, F or G has the lowest vapour pressure?

Fully explain the answer. (4)
34 Compounds F and G are isomers.

Identify the type of isomerism they represent.

Give a reason for the answer. (2)

35 Write down a balanced equation, using MOLECULAR FORMULAE, for the

combustion of compound D in excess oxygen. (3)
[14]
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The boiling point of four straight chain organic compounds are shown in the table
below.
MOLECULAR MASS | BOILING POINT
COMPOUND (g-mol) (°C)
A | CHsCOOH 60 118
B | CH:CH2COOH 74 141
C CH3CH2CH2COOH 88 163
D CH3CH2CH2CH2COOH 102 185
3.1 Define the term boiling point. (2)

3.2 Write down the:

3.2.1 Name of the HOMOLOGOUS SERIES to which the compounds
belong (1)

3.2.2 Type of Van der Waals forces responsible for the higher boiling point
of the organic compounds (1)

3.3 What is the trend of the boiling points of the compounds?

Fully explain the difference in the boiling points of the compounds. (4)
3.4 Which ONE of the compounds, A, B or C, has the lowest vapour pressure?

Explain the answer. (2)
3.5 Write down the IUPAC name of compound D. (2)

3.6 The boiling point of compound D is compared with an ESTER with the same
number of carbon atoms.

Fully explain the difference in the boiling points of these compounds. 4)
[16]
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The boiling points of four organic compounds are shown in the table below.
BOILING POINT MOLAR MASS
COMPOUND (°C) (g-mol)
A | CH;CH2COOH 141.1 74
B | CH3(CH2);0OH 74
C | CH3CH(CH3)CH20H 108 74
D | CH3COCH2CH3 79,6 72
3.1 Define the term boiling point. (2)

3.2 Compounds C's boiling point is lower than that of compound B. Fully
explain. (3)

3.3 Consider compounds A, Band D,

3.3.1 Predict the value of the boiling point of compound B in °C.
Choose from:

145 141 17,7 (1)

3.3.2 Fully explain the answer to QUESTION 3.3.1. (6)

3.4 The vapour pressures of three straight-chained alkanes E, F and G are
shown below.

COMPOUND VAPOU R’PR:(?E)GEE at25°C |
CzHs 4 187
F CsHs 1 050
CaH1o 250

3.4.1 Write the IUPAC NAME of the compound with the highest BOILING
POINT. (2)

3.4.2 Fully explain the trend in the vapour pressure from compound E to
compound G.

(3)
[17]
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The relationship between strength of intermolecular forces and the boiling point is
investigated using five organic compounds. The compounds and their boiling points are
given in the table below.

Experiment Compound/Molecular Formulae | Boiling point (°C)
A Cs Hiz 36
1
B Cs Hi2 28
C Cs Haz2 10
2 D CaH: O 54
E CsHs O 68
6.1 Define the term boiling point. (2)

6.2 Consider experiment 2.

6.2.1 To which homologous series does compound D and E belong? (1)

6.2.2 Name the type of intermolecular force found in compound D and

E. (M
6.2.3 Write down the IUPAC name of compound D. (2)
6.3 Fully explain the difference in boiling point between compound A and
compound B in experiment 1. (3)
6.4 Draw the structural formula of compound C. (2)

6.5 From the table above, which compound is a gas at room temperature?
Write only the letter (A — E). (1)
[12]
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Experiments 1 and 2 are performed to determine the boiling points of carboxylic
acids and alcohols. The results obtained are shown in the table below.

EXPERIMENT IUPAC NAME MOLECULAR BOILING
MASS POINT
(g.mol") (°C)
1 A | Methanoic acid 46 100,8
B | Ethanol 46 78,4
2 C | Propanoic acid 74 141,2
D | Butanol 74 o by 7 4873

6.1 Write down the property of alcohols which could make an experiment

dangerous. (1)
6.2 Write down LETTERS of TWO compounds which are alcohols. (2)
6.3 What conclusion can be drawn from the results of these two experiments? (2)
6.4 Predict how the vapour pressure of compounds A and B will compare. (2)

6.5 From the table above, the boiling point of the carboxylic acid in experiment 2
is higher than the boiling point of the carboxylic acid in experiment 1.

Explain this observation by referring to the molecular structure, intermolecular
forces and energy. (3)

[10]
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A group of learners conducted an experiment to evaluate the effect of CHAIN LENGTH on
the boiling points of 3 straight chain alcohols (A - C). The results of the experiment are
indicated on the table below.

Compound Condensed Boiling
structural point
formula (C9
A CHa0H 64.7
B CH3;CH:zOH 78.37
C CH3;CH2CH20H 97
6.1 Define boiling point. (2)
6.2 Write down the investigative question. (2)
6.3 Explain the trends on the bailing point of the three Organic compounds. (3)

6.4 Compound C is compared to Propanoic acid under the same conditions and their
vapour pressures were recorded.

6.4.1 Which organic compound will have the highest vapour pressure between (1)
Compound C and Propanoic Acid?

6.4.2 Fully explain the answer in QUESTION 6.4.1 by referring to the TYPE OF (4)
INTERMOLECUALR FORCES, STRENGTH and ENERGY.

[12]
ACTIVITY 19 NW25M
Leamers use the following compounds to investigate the factors that affect
the vapour pressure of organic compounds.
COMPOUND VAPOUR PRESSURE
(kPa at 25°C)

A 2-methly propane 150

B Butane 83

C Propan-1-ol 54

D Ethancic acid 26
6.1 Define the term Vapour pressure. (2)
6.2 Which compound A or B has a higher boiling point?

Explain your answer, (4)

6.3 Explain the difference in vapour pressures of compound C and D by
referring to the TYPE OF INTERMOLECULAR FORCES present in
each compound. (4)
[10]
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An investigation was carried out to determine the relationship between the boiling point of
different alkanes and one of their structural isomers.

The results obtained are shown in the table below:

BOILING BOILING
NAME POINT (°C) ISOMER POINT (°C)

A ethane -88.,5

B butane -1 E methyl propane -12

Cc pentane 34 F 2-methylbutane 28

D hexane 68,7 G 2. 3-dimethylbutane 58
3.1 Define the term structural isomer. (2)
3.2 What TYPE of isomerism is used during this investigation? (1)
3.3 Explain the difference in boiling points between butane and its isomer methyl

propane. (3)

3.4 Consider compounds A to D.

For this part of the investigation, write down the:

3.4.1 Control variable (1)
34.2 Independent variable (1)
343 Which ONE of compounds A to D has the highest vapour pressure?

Explain the answer by referring to the intermolecular forces and the

energy. (3)
3.5 Write down a conclusion for this investigation. (2)
3.6 Use molecular formulae to write down a balanced chemical equation for the
combustion of pentane. (3)
[16]
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Compounds A to C are used to investigate a factor that influences boiling point of
organic compounds. The table below shows the results obtained.

Compound Boiling point ("C)
A Propan-1-ol 97
B Butan-1-ol 17,7
C Pentan-1-ol 138
3.1 Define boiling point. (2)

3.2 For this investigation, write down the:

3.21 Independent variable (1)

3.2.2 Controlled variable (1)
3.3 Name the intermolecular force that is responsible for the observed trend in

boiling points. (1)

3.4 The boiling points of three branched alcohols are given below.

108 'C 129°C 149 °C
Which ONE of the three temperatures is most likely to be the boiling point of
2-methylbutan-1-ol? (1)
3.5 Fully explain your answer to QUESTION 3 .4. 4)

3.6 The graphs below represent the relationship between vapour pressure and
temperature for propan-1-ol and propanal.

a
= P
2
@ , @
8 -7
a
5
]
a
] -
} —_— -_ _
Temperature (K) ]
3.6.1 Define vapour pressure. (2)
3.6.2 Which curve, P or Q, represents the graph for propan-1-ol? (1)
3.6.3 Explain your answer to QUESTION 3.6.2 by referring to the TYPE of
intermolecular forces. (4)
[17]
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An experiment is conducted to determine the boiling point of organic compounds from
different homologous series under the same conditions.

COMPOUND NAME MOLECULAR
FORMULA
P Hexane CeH1a
Q 2,3-dimethylbutane CeHia
R Methyl propanocate C4Hz04
S Pentan-1-ol CsH120

Consider the boiling points of compounds P to S given in random order below and use
them, where applicable, to answer the questions that follow.

79.8°C 68 °C 138,5°C 57,9 °C

3.1 Write down the:

3.1.1 Independent variable for this experiment (1)
3.1.2 STRUCTURAL FORMULA of compound R. (2)
3.1.3 Boiling point of compound R. (1)
3.1.4 Boiling point of compound S. (1)
3.2 Explain the difference in boiling points between compounds R and S. (4)
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3.3 The following graph shows the relationship between wvapour pressure and

temperature of compounds P and Q. The dotted line indicates the external
atmospheric pressure.

101.8 kPa
.____100____"______ -—--—————/— -—--—L———— ==t = =
1]
o
=3 Graph 1/ /Grdph 2
- /
?
2 /| 1/
a / 1
g 50 /A
S 7
> /|
N 7
)
= =
—
Temperature (°C)
3.3.1 Define the term vapour pressure. (2)
3.3.2 Using molecular formulae, write down the balanced equation for the
complete combustion of compound P. (3)
3.3.3 Which ONE of the compounds P or Q is represented by GRAPH 27 (1)
3.3.4 Fully explain the answer to QUESTION 3.3.3 (3)
3.3.5 Redraw graph 2 in your answer book. On the same set of axes sketch
the curve that will be obtained for compound S. Label this curve S. (2)
[20]
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