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Section A

Specific instructionsfor Section A
Section A, Question 1, consists of 18 multiple-choice items. Section A isworth approximately
25 per cent of the marks available. Y ou should spend approximately 23 minutes on this section.
Choose the response that is correct or best answers the question, and mark your choice on the
multiple-choice answer sheet according to the instructions on that sheet.
A correct answer scores 1, an incorrect answer scores zero. No credit will be given for anitem if two
or more letters are marked for that item. Marks will not be deducted for incorrect answers and you
should attempt every item.

Data
Relative atomic masses

H =1.00; C =12.0; O = 16.0; Cl = 35.5; Ca = 40.0; Fe = 56.0

Question 1
Items 1, 2 and 3 below refer to the operation of ablast furnace
ltem 1
The production of iron involves the injection of a gas at the base of the blast furnace. The gasis
A. carbon dioxide.
B. carbon monoxide
C.air.
D. steam.

ANSC
Air isinjected at the base of the blast furnace.

Item 2

The name of the gaseous reductant that operates within the blast furnaceis
A. carbon dioxide.

B. carbon monoxide.

C. nitrogen.

D. hydrogen.

ANSB
The gaseous reductant within the blast furnace is carbon monoxide produced from air and coke

according to the equations: C(s) + O,(g) ® CO,(g) and CO,(g) + C(s) ® 2CO(g).

Item 3

Limestone is the source of areactant within the blast furnace that reacts with any silica present. The
primary purpose of this reactionisto

A. provide heat for the main reaction in the blast furnace.

B. reduce the silicon content of the iron produced.

C. reduce the calcium content of the iron produced.

D. provide carbon for the production of steel.

ANSB
Limestone is the source of calcium carbonate which reacts with silica according to the equation:

CaCOg(s) + SIO,(s) ® CaSiO4(l) + COy(g) . The calcium silicate formed is called ‘dag’ and floats

on top of the molteniron. It is removed and thus the silicon content of the iron produced is thereby
reduced.
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Section A

Question 1

Item 4
The chemical formulas of two commercial detergents are C,,H,5S04.Na (detergent A) and

C;00H,1N(CH3)4.CI (detergent B). Which one of the following statementsiis correct?
A. Both detergent A and detergent B are non-ionic detergents.

B. Detergent A is an anionic detergent and detergent B is a cationic detergent.

C. Detergent A isacationic detergent and detergent B is an anionic detergent.

D. Both detergent A and detergent B are anionic detergents.

ANSB
Theformulasare (A) C;,H,5SO5  and (B) C;0H,{N(CH )5 *. Ananion isanegativeion and a

cationisapostiveion. Hence, detergent A is an anionic detergent and detergent B isacationic
detergent.

Item 5
Aniron catalyst is used to improve the efficiency of the Haber process for the production of
ammonia according to the following equation

N,(g) + 3H,(g) U 2NH3(g); DH= -91kJmol™

The effect of the catalyst isto

A. decrease the activation energy of the reaction.

B. increase the value of the equilibrium constant for the reaction.

C. change the composition of the equilibrium mixture so as to increase the amount of ammonia.

D. reverse the sign of the DH of the reaction.

ANSA

A catayst increases the rate of both the forward and the reverse reactions in an equilibrium mixture.
Asaresult equilibrium is achieved more rapidly. It does this by lowering the activation energy (the
energy barrier) of the reaction.

Item 6
When 50 mL of 0.2 M HCI and 50 mL of 0.2 M Ba(OH), are mixed, the pH of the resulting

solution will be closest to
A.0.1

B.0.4

C.70

D. 13.0

ANSD
Initial number of mole of HCl = 0.05 x 0.2 = 0.01. Initial number of mole of Ba(OH)2 = 0.05 x 0.2

= 0.01. The balanced equation for the reaction is 2HCI(aqg) + Ba(OH),(aq) ® BaCl,(ag) + 2H,0(l).
Hence, 0.01 mol of HCI reacts exactly with 0.005 mol of Ba(OH),. Hence, 0.005 mol of Ba(OH), is

-14

. - 10 i

in excess. Hence, 0.005 x 2 = 0.01 mol of OH isin excess. Hence, [H'] = Py 1012

Hence, pH of the resulting solution = 12 (closest to 13).

Thiscalculation isnot really required since theresulting solution isalkaline and 13 isthe only

alkaline pH!!
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Section A

Question 1

Items 7 and 8 below refer to the following information

The sdlf-ionisation constant of water, derived from the reaction
2H,0(1) U H30+(aq) + OH (aq); DH =57 kJ mol L

can be expressed as K, = [H50"][0H] = 10" M? &t 25 °C

ltem 7
In alkaline solutions at 25 °C

A.10 M > [H,0"] > [OH]
B. 10 M > [OHT] > [H,0"]
C.[OH]>10"M >[H;0"]
D. [H40']> 10" M > [OH]

ANSC
In alkaline solutions, the concentration of hydroxide ionsis greater than the concentration of

hydronium ions. Because the product of these two concentrations must equal 10'14,
[OH]>10""M >[H;0"]

Item 8

At 60 °C the pH of pure water will be
A. 14 exactly

B.>7.0

C. 7 exactly

D.<7.0

ANSD
The forward reaction is endothermic. Hence, an increase in temperature will favour the forward

reaction. Hence, the concentrations of both OH™ and H3O+ will increase and the value of KW will
increase.

Hence, the concentration of H30+ in pure water will be greater than 10'M.
Hence, the pH of pure water will belessthan 7.0
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Section A

Question 1

Item 9
The number of mole of chlorideionsin 3.85 g of FeCl; is closest to

A. 0.0079
B. 0.024
C. 0.036
D.0.072

ANSD
. . 3.85 3.85
Using the data given , n(FeCl5) = 56.0 + (3% 35.5) ~ 1625°

3.85

Hence, n(Cl) = 3 x 1605 = 0.0711 which is closest to 0.072

[tem 10
A sample of Fe,O5 contains 0.60 mole of oxide ions. The total mass of the sample of Fe,O5 is

closest to
A.29g

B. 32g
C. 64g
D. 144g

ANSB

From the chemical formula, n(Fe,O5) ::,1,) X n(OZ') = % x 0.60 = 0.20 mol. Hence, using the data
given, the mass of Fe,05=0.20 x ((2x 56.0) + (3x 16.0)) =0.20x 160.0=329g

tem 11
Hot concentrated sulfuric acid reacts with sulfur to produce sulfur dioxide and water according to the
equation

S(s) + 2H,S0,(1) ® 3S0,(g) + 2H,0(1)

In thisreaction, sulfuric acid is acting primarily as
A. astrong acid.

B. areducing agent.

C. an oxidising agent.

D. adehydrating agent.

ANSC

In this reaction, the oxidation number of sulfur in elemental sulfur is zero, whilein sulfuric acid, it is
+6. The oxidation number of sulfur in sulfur dioxideis +4. Hence, sulfuric acid is acting asan
oxidising agent. It has oxidised sulfur to sulfur dioxide and has itself been reduced to sulfur dioxide.
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Section A

Question 1

[tem 12
Hydrogen iodide decomposes according to the equation

2HI(g) U Ha(g) +1,(g); K = 0.006 at 320 K

If 2 mole of each of HI, H, and |, were mixed inal L vessel at 320 K then, at equilibrium,
A. the concentration of |, would have decreased.

B. the concentration of HI would be unchanged.
C. thevalue of K would have increased to 1.
D. the number of gas molecules present would have decreased.

ANS A
. . [H2]-[|2]
The concentration fraction = I > -

- . , : 2X2
Initially, the value of this concentration fraction = % =10

At equilibrium, at this temperature, the value of the concentration fraction = the equilibrium constant
=0.006. Hence, the concentration of both I, and H, would have decreased and the concentration of

HI would have increased.

Item 13
Methanol may be prepared commercially from CO(g) and H,(g) at 400 °C in the presence of a

suitable catalyst according to the equation
CO(g) + 2H,(g) U CH40H(g); DH = -92 kJ mol

The amount of CH50H present at equilibrium could be increased by increasing the

A. pressure of the reaction mixture.

B. temperature of the reaction mixture.

C. volume of the reaction chamber.

D. amount of catalyst present in the reaction mixture.

ANSA
The forward reaction involves a decrease in the number of gas molecules. Hence, if the pressure of
the reaction mixture isincreased, the forward reaction will be favoured and the amount of CH;OH at

equilibrium will be increased.




1995 VCE CHEMISTRY CAT 1 SUGGESTED SOLUTIONS PAGE 6

Section A

Question 1

Item 14

Which one of the following will not increase the rate of formation of hydrogen from the reaction of
magnesium with hydrochloric acid?

A. Add sodium chloride solution to the magnesium/acid mixture.

B. Increase the temperature of the magnesium/acid mixture.

C. Increase the concentration of the hydrochloric acid in contact with the magnesium.

D. Usethe metal in the form of finely powdered magnesium instead of as magnesium ribbon.

ANS A
The chemical reactionis Mg(s) + 2HCl(ag) ® MgCl,(aq) + H(Q)

Increases in temperature, concentration and surface areawill usually increase the rate of a chemical
reaction. Assuming that sodium chloride does not function as a catalyst in this reaction, the addition
of sodium chloride to the reaction mixture will not increase the rate of reaction.

[tem 15
Fine clean glass capillaries are placed into samples of pure water and pure mercury.

1 ' 1T I v

The expected appearance of the liquidsin the capillarieswould be

A. | =water; || = mercury
B. Il =water; [l = mercury
C. Il = water; IV = mercury

D. | =water; IV = mercury

ANSD

The attraction between glass and water is greater than the attraction between water molecules. Hence,
water forms a concave meniscus and is drawn up the capillary tube (1). The attraction between glass
and mercury isless than the attraction between mercury atoms. Hence, mercury forms a convex
meniscus and is pulled down the capillary tube (1V)
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Section A

Items 16 and 17 below refer to the following diagram

CH zB r.C HzB r X
Br, H,0, catalyst
W
HCI H,, catalyst
Y v/

[tem 16

In the above diagram, the compounds W and X may be, respectively,
A. C,H, and CHLCH,Br

B. CH5CH,Br and HOCH,CH,OH

C. C,H, and CH,CH,OH

D. CH,;CH,Br and CH,CH,OH

ANSC
CH,Br.CH,Br can be formed by the addition reaction between Br,, and C,H , (ethene) according to

the equation: C,H, + Br, ® C,H,Br,
The addition of H,O to C,H,, in the presence of a catalyst produces ethanol, CH;CH,OH, according
to the equation: C,H4+H,O® C,H-OH

Item 17
In the above diagram, the compounds 'Y and Z may be, respectively,
A. CH3CH,Br and CH,CH,CI

B. CH3CH,Cl and C,Hg
C. C,H, and CH,CH,OH
D. CH3CH,Br and CH;CH,OH

ANSB
The addition of HCI to C,H, produces chloroethane, CH,CH,Cl, according to the

equation: C,H, + HCl ® C,H:CI.
The addition of H, to C,H, inthe presence of a catalyst produces ethane, C,Hg, according to the
equation: CoHy +H, ® C,Hg.
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Section A

Item 18

In the species SO, and HNO4, the underlined atoms have oxidation numbers respectively of
A. +6 and +3

B. +4 and +5

C.+4and +3

D.-2and +5

ANSB
S+ (2x-2) =0. Hence, S= +4.

N +1+ (3x-2)=0. Hence, N = +5

SECTION B

Specific Instructionsfor Section B
Section B consists of six short-answer questions (questions 2 to 7 inclusive). Y ou must answer al of
these questions. The section isworth 53 marks or approximately 75 per cent of the total. Y ou should
spend approximately 67 minutes on this section.

The marks alotted to each question and suggested time allocations are shown at the end of each
question.

Questions should be answered in the spaces provided in this booklet.
Y ou should

» givesmplified answers with an appropriate number of significant figuresfor all numerical
guestions; unsimplified answers will not receive full marks.

 show al working in your answers to numerical questions. No marks can be given for an incorrect
answer unlessit is accompanied by details of the working.

» make sure all chemical equations are balanced and that the formulas for individual substances
include an indication of state, { for example, H,(g); NaCl(s) } .
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Section B

Question 2
a. Water will wet clean glass. A drop of water is placed on a clean glass surface and begins to spread.

i. A sideview of aflat sheet of clean glassis shown below. Sketch on this the expected appearance
of the drop a short time after it has started spreading.

ii. On your sketch, clearly show and label the contact angle for the drop on the glass.
il What would be the approximate size of the angle when the drop had finished spreading on avery
large sheet of glass?

b. Water does not wet plastic ‘polythene’ . Sketch the expected shape of adrop of water sitting on a
clean flat plate of 'polythene’ on the side view of aflat sheet of 'polythene’ shown below. Show
the contact angle on your sketch and indicate whether it would be greater or less than 90 degrees.

c. A stable emulsion is made from a mixture of a hydrocarbon oil and a dilute sodium chloride
solution in the presence of an anionic detergent. The electrical conductivity of the emulsionis
measured and found to be extremely low.

i. Name thetype of this emulsion and explain how the conductivity of the emulsion enables you to
determine the type of emulsion.

ii. Givealabelled sketch of the emulsion showing the orientation of the detergent moleculesin the
emulsion particle surface.

3+2+4 = 9 marks

(suggested time: 12 minutes)
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Section B

Question 2 (solution)

ai.ii.
WO-'\'Qr Contuch
Onale
Eﬁ ai i
iii. When the drop had finished spreading on a very large sheet of glass, the contact angle would
be approximately zero.
b.
\Workap
Qrop contack
- Oagle 72 Qo°
R e e
c

i.l Thisisawater in oil emulsion with small water droplets dispersed throughout the oil. The
extremely low electrical activity indicates that most of the material isoil which isgenerally a
poorer conductor of electricity than water.

water 6\\
Cﬁ\ detergent molecule

. [~ (charged end in the
oil water droplets)
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Section B

Question 3
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a. Shown aboveisalabelled diagram of a simple ultraviolet-visible spectrometer. Thisinstrument is
used to measure the absorption of radiation by dissolved substances.

i. What is the purpose of the prism?

ii. What is the purpose of the detector?

b. Three different bromine solutions are prepared and the spectrum of each ismeasuredin a
spectrometer. The absorbances of a1 cm thickness of each of the solutions are recorded at a

wavelength of 400 nm and are shown in the table below. Use these data to sketch a graph of
absorbance as afunction of bromine concentration using the blank graph provided below.

Br, concentration 0.00100 M 0.00150 M 0.00220 M

absorbance 0.230 0.340 0.500
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Question 3 (continued)

0.6

0.5

absorbance 0.4

0.3

0.2

0.1

0.0005 0.0010 0.0015 0.0020
bromine concentration in M

A solution of bromine of unknown concentration is placed in a sample cell with a path length of | cm.
A spectrum is measured and is shown in the graph below. Use the dataiin the graph to estimate the
concentration of bromine in the unknown solution. Place your answer in the space provided under the
graph below.

0.2

N ERZ AR N

absorbance / h
/ \
/ \
(/ \
y
/ N
/ \
/ \
7 N
040
3ca 400 500
wavglength in ngnometre
[Bry] = M

2+2+ 1=5 marks
(suggested time: 6 minutes)
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Section B

Question 3 (solution)

a
I The purpose of the prismisto refract the light from the light source so that only light of the
desired frequencies (in this case ultraviolet) is directed through the sample cell.

ii. The purpose of the detector isto record how much light passes through the sample cell and

thereby to determine how much light is absorbed by the sample cell at each particular
frequency.

0.6

0.5

ibeorbance 0.4 .

0.3

]

AN

02 T1.1r

L .._g

Q.0008 Q.0010 0.0015 a.0020
bramine congenlralion in M

c. From the graph, the absorbance at 400 nm by the bromine solution of unknown
concentration, is 0.27. Hence, as shown above, the concentration is approximately
0.00115 M
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Section B

Question 4

The graph below is aplot showing changes in the concentrations of three gases, SO,, O, and SO,
with time over a 20 minute period in afixed volume reaction vessel that is held at a constant

temperature of 600 °C throughout. At one point during this time a catalyst is added to the gas
mixture.

0.100 S0,
0,
concentration
in M \'\-
0.050 L S0,
P —
0.000 = ——

0123456 78 91011121314151617181320
time in minutes
a. Thereaction occurring is represented as

250,,(g) + O,(g) ® 2S04(g); DH = -200 kI mol”

i. Usethe graph to determine the equilibrium concentrations of each gas at the time the gas mixture
first reaches equilibrium

[Od=_ [SO)=__  [SOgl=
Ii. Write an expression for the equilibrium constant of the reaction in the space provided

K=

iii. Use the data from i. and ii. to calcul ate the value of the equilibrium constant, K, at 600 °C.
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Section B

Question 4 (continued)

b. At what time was the catalyst added?

c. Explain why the concentration of SO, changes after the | 5 minute mark.

d.

The reaction conditions described in this mixture of gases are not those that usualy apply in the
converter chamber of an industrial plant designed to produce large quantities of sulfuric acid.

Normal operating temperatures of about 450°C and gas pressures of one atmosphere, using a
vanadium pentoxide catalyst, lead to the conversion of about 98 per cent of the sulfur dioxide to
sulfur trioxide.

Increasing the pressure of the reaction mixture increases the proportion of SO, converted to SOy

at equilibrium. Y et the actual pressure used is about one atmosphere. Why are pressures of one
atmosphere used rather than high pressures?

The rate of the catal ysed formation of SO5 from SO, and O, is high at 600°C. Y et modern

industrial practiceisto use atemperature of about 450 °C where the rate of the catalysed reaction
islower. Explain why this lower temperature has been chosen for the industrial process.

5+1 + 2+ 4 =12 marks

(suggested time: 15 minutes)
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Section B

Question 4 (solution)

a.i.  Thesystemisin equilibrium when the concentrations of the three gases remain constant over
a period of time. Thisoccurs first at the 8 minute mark.
[O,] =0.040M [SO,] =0.080 M [SO4] =0.020 M
[SO4]® (0.020)°
. K=——=— iii. K= > =1.5625 = 1.563
[SO,]”[O,] (0.080)" x 0.040

b. From the graph, the reaction proceeds slowly until the 5 minute mark and then goes rapidly to
equilibrium. Hence, the catalyst has been added at the five minute mark.

c. At the 15 minute mark, the concentration of oxygen increases instantaneously while the
concentrations of sulfur dioxide and sulfur trioxide do not change. Extra oxygen has been
added to the equilibrium mixture. As aresult, the concentration of SO increases and the

concentration of SO, decreases until equilibrium is once again achieved.

I Since almost complete conversion takes place at one atmosphere pressure, the cost of
providing equipment to produce higher pressuresis not justified by the dight improvement in
yield.

i The higher the temperature, the lower the value of the equilibrium constant (since the forward
reaction is exothermic). Hence, the lower the yield of SO5. A compromise temperature of

450°C is chosen to achieve an acceptable yield at areasonable rate.

COMMENT ON QUESTION 4:
It isdifficult to see how the data provided in the stem of this question can be correct. The
instantaneous increase in the concentration of all three gases by afactor of 1.5 at the 10 minute mark

indicates that the volume of the container has been decreased by afactor of % .

When equilibrium is reached at the 15 minute and 20 minute marks, a different equilibrium constant
of approximately 3.3 can be calculated. Thisindicates that the temperature of the system has been
decreased.
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Section B

Question 5
Eggshells contain calcium carbonate. A student carried out an experiment to determine the percentage
of calcium carbonate in some eggshells by reacting some crushed dried shells with 25.00 mL of
0.300 M hydrochloric acid. The equation for the reaction was

CaCO4(s) + 2HCl(ag) ® CaCl,(aq) + H,0(l) + CO(g)
The mixture was allowed to stand until there were no more bubbles of carbon dioxide evolved. Then
the hydrochloric acid that had not taken part in the reaction with the calcium carbonate in the eggshells
was titrated against a standard solution of sodium hydroxide. The equation for this reaction was

HCl(aq) + NaOH(ag) ® NaCl(aq) + H,O(1)

Relevant data for thisexperiment

Mass of eggshell used 0.620 g
Concentration of HCI solution 0.300 M
Volume of HCI solution added to the 0.620 g sample of eggshell ~ 25.0 mL
Concentration of NaOH solution 0.200 M
Volume of NaOH used in the back titration 18.2 mL

a. Use the above information to complete a smple flow chart below showing the sequence of
operations used to determine the amount of CaCOg in the eggshell sample.

weight
eggshell
sample

b. Given bottles of standard 0.300 M HCl(ag) and 0.200 M NaOH(aq), list all the basic |aboratory
equipment that would be needed to carry out this determination.

c. List two important safety precautions you should take while carrying out the above proceduresin
the laboratory.

d. Cdculate

i. the number of mole of HCI that wasiinitially added to the 0.620 g of crushed eggshell.
ii. the number of mole of NaOH used in the back titration.

iii. the number of mole of HCI that reacted with the NaOH.

iv the number of mole of HCI that had reacted with the CaCO5 in the eggshell

v. the number of mole of CaCOj5 in the 0.620 g sample of eggshell.
vi. the percentage by mass of CaCOgs in the eggshell sample.

2+2+1+ 7= 12 marks

(suggested time: 15 minutes)
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Section B

Question 5 (solution)

a. A smpleflow chart for this determination would be:
(detailed treatment of the pipette and burette has not been included)

weigh add eggshellsto add HCI to flask allow solution to
eggshell —»{ clean, dry —»| using apipette. || stand until
sample concial flask stir thoroughly reaction complete
titrate with NaO
note volume of until faint | add phenophthalein
NaOH used  |<—1 permanent indicator to flask
pink colour

b. The basic laboratory equipment required would be:
balance, conical flask, pipette, stirring rod, indicator, burette.

c. Important safety precautions during this determination are:
(1) glassesto provide eye protection
(2) long hair tied back
(3) clothing and gloves to provide skin protection

d.
i. n(HCI) initially added to the eggshell = ¢ x V = 0.300 x 0.025 = 0.0075 ANS

ii. n(NaOH) used in the back titration = ¢ x V = 0.200 x 0.0182 = 0.00364 ANS

iii. From the equation, n(HCI) that reacted with NaOH = n(NaOH) = 0.00364 ANS

iv. n(HCI) that had reacted with the CaCO3 in the eggshell = 0.0075 - 0.00364 = 0.00386 ANS

v. From the equation, n(CaCQs) in the eggshell sample :% x n(HCI) :% x 0.00386 = 0.00193
ANS

vi. mass of CaCOg in the eggshell sample = 0.00193 x (40 + 12 + 48) = 0.00193 x 100 = 0.193
Hence, % by mass of CaCO, in the eggshell sample = % x100=31.1% ANS
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Section B

Question 6

Etheneis an important industrial chemical obtained by processing crude oil. Thefirst step in the
processisafractiona distillation of crude ail.

a. What isthe purpose of the fractional distillation process?
b. Ethene and other unsaturated hydrocarbons are made by a process known as ‘cracking'. Thus,
propane may be cracked to form ethene and one other molecule.

i. What is meant by the term 'unsaturated'?

ii. Write achemical equation for the cracking of propane.

iii. Sulfur compounds are often removed from crude oil before processing. What happens to any
sulfur in oil when the oil is burned?

iv. Etheneisthe first member of the alkene homologous series. The structural formula of etheneis
shown below.

Draw similar structural formulas of all the possible isomers of the alkene with four carbon atoms.

1 +7=8 marks
(suggested time: 10 minutes)

Question 6 (solution)

a. The purpose of the fractional distillation processis to separate the components of crude il
according to their boiling temperatures. Several fractions are produced each containing a number
of hydrocarbons which have similar boiling temperatures.

b. i. An‘unsaturated molecule€’ isonethat contains at least one multiple (double or triple) covalent
bond.

ii. The cracking of propane: C3Hg(g) ® C,H,+ CH,

iii. When ail is burned, the sulfur present is converted to sulfur dioxide according to the equation:
S(s) + 0,(0) ® SOy(g)

iv. There are three structural isomers as shown below:

H\ " .
/C:C/ AR A4 H M
(Y \Q,Q\.H H/Q"‘C\ [H \ /Q\H
/ VYe—o~ C=¢7 ™u
/\ n SN T AN
B H NG
H 3

1-butene 2-butene 2-methyl-1-propene
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Section B

Question 7
sample
injection
detector
helium carrier
gas \
column ——
&
Oh&
\@f@
4 ““\ stationary
: _ phase
2

Shown above is alabelled diagram of a simple gas chromatograph designed to be used for the
measurement of some of the volatile organic components of an industrial solvent.

I. What is the purpose of the helium gas?

ii. What isthe purpose of the stationary phase?
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Section B

Question 7 (continued)

40

30

deteclor reading 20

ol 1
NARYA

D
N~ |

0 140 20 30
fime in minutes

——
[———
p————l

b. Part of agas chromatogram of a sample of the solvent is shown above. Four peaks, labelled A, B,
C and D are shown. The names and formulas of the four molecules corresponding to these peaks
are given below in aphabetical order. The strength of the interaction between an organic alcohol
and the stationary phase used in this separation increases with increasing molar mass of the
alcohol. Hence, placethe letters A, B, C and D in the appropriate spaces beside these formulas so
asto correctly identify the peaks.

Butanol (C4HOH)

Ethanol (C,HOH)

Methanol (CH,;0H)

Propanol (C3H,0H)

Briefly explain the reason for your answer.

c. Suggest a change you might make to the experimental arrangement in order to obtain a
chromatogram in which the peaks were separated to a greater extent.

3+3+1 =7 marks
(suggested time: 9 minutes)
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Section B

Question 7 (solution)

a.i.  Thepurpose of the helium gasisto carry the volatile organic components through the
stationary phase to the detector.

ii. The purpose of the stationary phase isto attract the components of the samplein a selective
way so that the components are separated from each other and move to the detector at different
rates.

b. The molar masses of these alcohols are:
Methanol (32), Ethanol (46), Propanol (60) and Butanol (74).
Hence, the strength of attraction to the stationary phase increases in this order.
Hence, the alcoholswill reach the detector in this order.
A = Methanol, B = Ethanol, C = Propanol, D = Butanol

c. A chromatogram in which the peaks were separated to a greater extent could be obtained by
increasing the length of the column containing the stationary phase. It would then take longer
for the components most strongly attracted to the stationary phase to work through the
system.

END OF SUGGESTED SOLUTIONS
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