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12. (c) (continued)

(ii) The chromatogram was dried, rotated through 90° and then placed

maximum
distance moved
by solvent 1

in solvent 2.

Chromatogram 2 is shown below.

-

[ chromatography tank

maximum distance
moved by solvent 2

direction of
movement
of solvent 2

—original position
of amino acid

—solvent 2

Amino Acid R (solvent 2)
alanine 021
arganine 021
threonine 034
tyrosine 043

The retention factors for each of the amino acids in solvent 2 are
shown in the table.

Draw a circle around the spot on chromatogram 2 that corresponds

to the amino acid alanine.

(iii) Explain why only three spots are present in chromatogram 1 while
four spots are present in chromatogram 2.
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16. Consider the reaction pathway shown below.

AH=-210kJ) mol™"
w— — " = .7

AH=-50kJ mol™!

— o
Y _H=-sskimor’ J

According to Hess’s Lawi, the AH value, in kJ mol™, for reaction Z to Y is

A 474
B 74
C 4346
D —346.
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AH=+60k) mol™!
AH =+243kJ mol™
AH =-349KJ mol”!

17, 1y(s) > l(g)
l(g) > 2I(g)
I(g) +e™>17(g)

Which of the following would show the energy diagram for I,(s) + 2™ — 2I7(g)?

B

A
2(g - 21(9)
(+2¢) (2¢)
+243k)
~349k)
. +486 k)
) 349k X
"o Lo o .
g
— ly(g)
_hls) [+60i
C D
2 2(9)
(2¢) (2
+243k)
+486 k) l(@)
—698Kk)
—698kJ
h(9)
_h(s) | +60k X
2(g)
120
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18. Which of the following statements regarding a chemical reaction at equilibrium is
always correct?

The rates of the forward and reverse reactions are equal.

The concentration of reactants and products are equal.

The forward and reverse reactions have stopped.

on @ >

The addition of a catalyst changes the position of the equilibrium.
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3. (b) A student prepared a sample of methyl cinnamate from cinnamic acid
and methanol.

cinnamicacid + methanol — methyl cinnamate +  water

mass of one mole  mass of one mole  mass of one mole
=148g =329 =162g

6-5g of cinnamic acid was reacted with 2-0g of methanol.

(i) Show by calculation, that cinnamic acid is the limiting reactant.
(One mole of cinnamic acid reacts with one mole of methanol.) 2
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(i) (a)

®)

The student obtained 3-7g of methyl cinnamate from 6-5g
of cinnamic acid.

Calculate the percentage yield.

The student wanted to scale up the experiment to make
100g of methyl cinnamate.

Cinnamic acid costs £35-00 per 250g.

Calculate the cost of cinnamic acid needed to produce 100 g
of methyl cinnamate.
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4. Up to 10% of perfumes sold in the UK are counterfeit versions of brand name
perfumes.

One way to identify if a perfume is counterfeit is to use gas chromatography.
Shown below are gas chromatograms from a brand name perfume and two
different counterfeit perfumes. Some of the peaks in the brand name
perfume have been identified as belonging to particular compounds.

Brand name perfume
® tinalool

(B citronellol

© geraniol

(©) eugenol

(©) anisyl alcohol

(® coumarin
© benzytsalicylate 4 5 6 7 8 9 10 11 12 13 14 15
Retention time/minutes

peak area

Counterfeit A

peak area

4 5 6 7 8 9 10 11 12 13 14 15
Retention time/minutes

Counterfeit B

peak area

) |

4 5 6 7 8 9 10 11 12 13 14 15
Retention time/minutes
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4.

(continued)

(a) Identify one compound present in the brand name perfume that appears

in both counterfeit perfumes.

(b) Some compounds in the brand name perfume are not found in the

counterfeit perfumes.  State another difference that the
chromatograms show betvieen the counterfeit perfumes and the brand
name perfume.

The gas used to carry the perfume sample along the chromatography
column s helium.

(i) Suggest why helium is used.

(i) Apart from the polarity of the molecules, state another factor that
would affect the retention time of molecules during gas
chromatography.
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Methanol can be used as a fuel, in a variety of different ways.

i
H—C—OH

|
H

(@) An increasingly common use for methanol is as an additive in petrol.

Methanol has been tested as an additive in petrol at 118g per litre of
fuel.

Calculate the volume of carbon dioxide, in litres, that would be
released by combustion of 118g of methanol.

2CHOHE) + 305 — 200,g) + 4H,0(8)

(Take the molar volume of carbon dioxide to be 24 litres mol™).
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7. (continued)
(b) Astudent investigated the properties of methanol and ethanol.

(i) The student carried out experiments to determine the enthalpy of
combustion of the alcohols.

thermometer

metal beaker

—|—— 100cm?’ of water

methanol

(A)  The student carried out the first experiment as shown, but
was told to repeat the experiment as the thermometer had
been placed in the wrong position.

Suggest why the student’s placing of the thermometer was
incorrect.

(B) The student always used 100 cm’ of water.

State another variable that the student should have kept
constant.
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7.

(®)

(i) (continued)
(C) The student bumed 1:07g of methanol and recorded a
temperature rise of 23°C.

Calculate the enthalpy of combustion, in kJmol™, for
methanol using the student’s results.

(ii) The student determined the density of the alcohols by measuring
the mass of a volume of each alcohol.

The student’s results are showm below.

Methanol Ethanol
Volume of alcohol (cm) 250 250
Mass of alcohol (g) 19-98 20-05
Density of alcohol (gcm™) 0-802

Calculate the density, in gcm™, of methanol.




image18.png
7.

(continued)

(c) Methanol is used as a source of hydrogen for fuel cells. The industrial
process involves the reaction of methanol with steam.

H—C—O0—H + H/D\H — 3H—H + 0

(i) State why it is important for chemists to predict whether
reactions in an industrial process are exothermic or endothermic.

(ii) Using bond enthalpies from the data booklet, calculate the
enthalpy change, in kimol™, for the reaction of methanol with
steam.
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Sodium carbonate is used in the manufacture of soaps, glass and paper as
well as the treatment of water.

One industrial process used to make sodium carbonate is the Solvay process.
The Solvay process involves several different chemical reactions.

It starts with heating calcium carbonate to produce carbon dioxide, which is
transferred to a reactor where it reacts with ammonia and brine. The
products of the reactor are solid sodium hydrogencarbonate and ammonium
chloride which are passed into a separator.

The sodium hydrogencarbonate is heated to decompose it into the product
sodium carbonate along with carbon dioxide and water. To recover ammonia
the ammonium chloride from the reactor is reacted with calcium oxide
produced by heating the calcium carbonate. ~Calcium chloride is a by-
product of the ammonia recovery process.

(a) Using the information above, complete the flow chart by adding the
names of the chemicals involved.

REACTOR

sodium hydrogencarbonate
+ ammonium chloride

SEPARATOR

ammonia
solution
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8 (continued)

(b) The reaction that produces the solid sodium hydrogencarbonate involves
the following equilibrium:

HCO, (aq) + Na*(aq) = NaHCOy(s)

Brine is a concentrated sodium chloride solution.

Explain fully why using a concentrated sodium chloride solution
encourages production of sodium hydrogencarbonate as a solid.
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12. (a) The concentration of sodium hypochlorite in swimming pool water can
be determined by redox titration.
Step 1
A 100-0cm® sample from the swimming pool is first reacted with an
excess of acidified potassium iodide solution forming odine.
NaOCl(aq) + 2(aq) + 2H'aq) — hfaq) + NaClfag) + H0(2)

Step 2

The iodine formed in step 1 is titrated using a standard solution of
sodium thiosulfate, concentration 0-00100 moll™". A small volume of
starch solution is added towards the endpoint.

L(ag) + 2Ma50saq) - 2Malaq) + NaS.Os(aq)

(i) Describe in detail how a burette should be prepared and set up,
ready to begin the titration.

(if) Write the ion-electron equation for the oxidation reaction
occurring in step 1.
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12. (a) (continued)

(iii) Calculate the concentration, in mol(™, of sodium hypochlorite in
the swimming pool water, if an average volume of 12-4cm® of
sodium thiosulfate was required.

(b) The level of hypochlorite in swimming pools needs to be maintained
between 1 and 3 parts per million (1- 3 ppm).

400 e of a commercial hypochlorite solution will raise the
hypochlorite level of 45 000 litres of water by 1 ppm.

Calculate the volume of hypochlorite solution that will need to be
added to an Olympic-sized swimming pool, capacity 2 500 000 ltres, to
raise the hypochlorite level from 1 ppm to 3 ppm.
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13,

14,

15,

16.

CaCOs9)  +  2HNO@@) - CaNO),(aq)  +  CO@  + H0)
Meass of 1 mol Mass of 1mol
~100g =164g
2:00g of calcium carbonate (CaC0;) was reacted with 200cm? of 01 moll™ nitric acid
(HNO,).
Take the volume of 1 mole of carbon dioxide to be 24 ltres.

In the reaction

CaC0, is the limiting reactant
an excess of 0-1mol of nitric acid remains at the end of the reaction
1+64g of calcium nitrate is produced by the reaction

oA ® >

480 cm? of carbon dioxide is produced by the reaction.

The mean bond enthalpy of a C - F bond is 484kJmol™".

In which of the processes is AH approximately equal to +1936 kJmol™"?

A CF(@ — CO) + 2R,
B CF(@ — C@ + 4F(@
C CR@ - (@ + 26,0
D CF(@ — C6) + 4F(@

In a reversible reaction, equilibrium is reached when

A molecules of reactants cease to change into molecules of products
B the concentrations of reactants and products are equal
C  the concentrations of reactants and products are constant

D the activation energy of the forward reaction is equal to that of the reverse reaction.

Which of the following equations represents the enthalpy of combustion of propane?
A CH® + 50,9) — 3C0,(@) + 4H,0()

B CH(® + 30,9 — 300(@ + 4H,00)

C CHy@ +30,@ — 3C0,(@) + 4H,(@

D CH(@ + 30,0 — 300@ + 4H,@
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An oxidising agent

gains electrons and is oxidised
loses electrons and is oxidised
gains electrons and is reduced

oA w >

loses electrons and is reduced.

During a redox process in acid solution, chlorate fons, CI0;(ag), are converted into
chlorine, Cl@).

€05 @@ — Cu(®

The numbers of H(ag) and H,0(¢) required to balance the ion-electron equation for the
formation of 1 mol of Cly(g) are, respectively

A 3and6
B 6and3
C 6and12
D 12and6.

Which of the following fons could be used to oxidise iodide ions to iodine?

W(ag) > 1) + 2¢

A 507(aq)
B SO0,"(aq)
C g

D 0/ (aq)
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20.

iodine
solution

vitamin C
solution
+ starch

A student was carrying out a titration to establish the concentration of vitamin C using
fodine solution.

Which of the following would help the student achieve a precise end-point?

Placing a white tile undemeath the conical flask
Using the bottom of the meniscus when reading the burette
Repeating titrations

oA w >

Carrying out a rough titration first
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6.

(continued)

(d) Paper chromatography s often used to analyse the mixtures of amino
acids produced when peptides are broken down.

On a chromatogram, the retention factor R,, for a substance can be a
useful method of identifying the substance.

N distance moved by the substance
*~ maximum distance moved by the solvent

The structure of the pentapeptide methionine enkephalin was
investigated.

A sample of the pentapeptide was completely hydrolysed into its
constituent amino acids and this amino acid mixture was applied to a
piece of chromatography paper and placed in a solvent.

The chromatogram obtained is shown below.

—
[ chromatography tank

maximum distance
moved by solvent

direction of
movement of
solvent

amino acid
mixture applied

— solvent

() Suggest why only four spots were obtained on the chromatogram of
the hydrolysed pentapeptide.

(if) It is known that this amino acid mixture contains the amino acid
methionine. The R, value for methionine in this solvent is 0-40.

Draw a circle around the spot on the chromatogram that
corresponds to methionine.
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7.

(©) (continued)

(iif) A student used 2:5g of ethanol and a slight excess of ethanoic acid
to produce 2-9g of ethyl ethanoate.

ethanol + ethanoicacid = ethyl ethanoate + water

mass of mass of
one mole one mole
=46:0g =88.0g

(One mole of ethanol reacts with one mole of ethanoic acid to
produce one mole of ethyl ethanoate.)

Calculate the percentage yield of ethyl ethanoate.
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8. Methanol (CH;OH) is an important chemical in industry.

(@) Methanol is produced from methane in a two-step process.
In step 1, methane is reacted with steam as shown.

Step 1: CHy(@) + H,0@ = 3Hyg) + CO[@ AH = +210k) mol™

In step 2, hydrogen reacts with carbon monoxide.

Step2: 2H,@) + CO@ = CH,OH(@ AH = -91kJ mol™!
Complete the table to show the most favourable conditions to maximise
the yield for each step.
Temperature Pressure
(High/Low) (High/Low)
Step 1
Step 2
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(i) The atom economy of this reaction is 100%.
Explain what this means.

8. (continued)

() Methanol can be converted to methanal as shown.
| \
H—C—0—H — /C:O + H—H

Using bond enthalpy and mean bond enthalpy values from the data
booklet, calculate the enthalpy change, in kJmol™, for the reaction.
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A group of students carried out an investigation into the energy changes that
take place when metal hydroxides dissolve in water.

The following apparatus was used as a simple calorimeter to determine the
change in temperature.

digital

[ POUSYENE CUP  thermometer

[Fwith tid

water —-

The experiment was carried out as follows.
Step 1: 100 cm® of deionised water was added to the cup.

Step 2: The stop-clock was started, the water stirred continuously and the
temperature recorded every 20 seconds.

Step 3: After 60 seconds, an accurately weighed mass of the metal hydroxide
was added to the water and the temperature recorded every 20 seconds.
Graph 1 shows the group’s results for lithium hydroxide.

Graph 1 - Lithium hydroxide
30

29 ) ine extrapolated
2 from cooling curve

27 cooling curve
2

25 f2s
24

23
2

Temperature (°C)

2 %-
Jisie
20 solute added
0¥

0 20 40 60 80 100 120140 160 180200 220 240 260

Time (5)

45

The heat energy transferred to the water can be calculated as shown.
E,=cmAT
=418x 010 x 8:0
=33k
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9. (continued) 'MARKS

(@) The experiment was repeated using sodium hydroxide.
Graph 2 shows the results of this experiment.

Graph 2 - Sodium Hydroxide
2

31

30 fet
29
28
27
26
5
24

Temperature (°C)

194t 3
18 Solute added|

0F
0 20 40 60 80 100120 140 160 180 200 220 240 260
Time (5)

(i) Using Graph 2 calculate the heat energy transferred to the water,
in kJ, when the sodium hydroxide dissolved. 2

(i) Suggest why the experiment was carried out in a polystyrene cup
with a lid. 1




image32.png
9. (a) (continued)

(iif) In another experiment the students found that 5-61g of potassium
hydroxide (KOH) released 5-25 kJ of heat energy on dissolving.

Use this information to calculate the energy released, in kJmol”',
‘when one mole of potassium hydroxide dissolves in water.

(b) Calcium hydroxide solution can be formed by adding calcium metal to
excess water.

Solid calcium hydroxide would form if the exact molar ratio of calcium to
water is used. The equation for the reaction is

Ca(s) + 2H,0(0) - Ca(OH),(s) + H,(@

Calculate the enthalpy change, in kJmol™, for the reaction above by
using the data shown below.

Hy@ + %0,@ — H,0(8) AH =-286kJ mol”!

Ca(s) + 0,(8) + Hy@ — Ca(OH),(s) AH=-986kJ mol™
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1.

(b) (continued)

(i) The overall reaction that occurs with Fehling's solution and a
reducing sugar is shown.

CHLO, + 200 + HO — CH,0, + 200" + 2H

reducing  Fehling's
sugar solution

Write the ion-electron equation for the oxidation reaction.

(iv) For the titrations, the student diluted the soft drink to improve the
accuracy of results.

25-0cm’ samples of the diluted soft drink were titrated with
Fehlings solution which had a Cu?* concentration of 0-0250mol [™!.

The average volume of Fehling’s solution used in the titrations was
19-8m’.

CHO, + 200% + HO — CH,0, + 20ut + 2H
reducing  Fehling's

sugar solution

Calculate the concentration, in moll™, of reducing sugars present
in the diluted sample of the soft drink.
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14.

15.

16.

During a redox process in acid solution, fodate ions, 10;"(aq), are converted into iodine,
I;(2q).

105°(aq) - l,(aq)

The numbers of H'(aq) and H,0(¢) required to balance the ion-electron equation for the
formation of 1 mol of I,(aq) are, respectively

A 3and6
B 6and3
C 6and12
D 12and6.

250,(g) + O,(g) = 250(g)
The equation represents a mixture at equitibrium.
Which line in the table is true for the mixture after a further 2 hours of reaction?

Rate of forward |  Rate of back
reaction reaction

A | decreases decreases

B |increases increases

C | unchanged decreases

D | unchanged unchanged

5N.04(€) + 4CH;NHNH (€) —> 4C05(g) + 12H,0() + Nyfg)  AH = -5116kJ

The energy released when 2 moles of each reactant are mixed and ignited is

A 1137k
B 2046k)
C 2258Kk)
D 2843k,
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17. 1670k) of energy are given out when 2 moles of aluminium react completely with
1-5 moles of oxygen.

2A1(s) + 1£0,(g) - ALO;(s)

The enthalpy of combustion of aluminium, in kjmol, is

A 1113
B -835
C 4835
D #1113,

18. Which of the following elements is the strongest reducing agent?

A Lithium
B Bromine
C  Fluorine
D Aluminium

19. 45 e’ of a solution could be most accurately measured out using a

50 cm? beaker
50 cm? burette
50 cm® pipette

on o>

50cm® measuring cylinder.
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10. Urea, (NH;),CO, is an important industrial chemical that is mainly used in
fertilisers. It is made by the Bosch-Meiser process.

ammonia carbon dioxide

[

Reactors

!

urea, excess ammonia,
ammonium carbamate,

water
Separator ammonia
HEAT —~ (purifier) [ ™| carbon dioxide

i

urea, water

!

HEAT—»|  Concentrator  [—# water

!

urea
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10.

(continued)

(@)

(i) In the reactors, the production of urea involves two reversible
reactions.

In the first reaction ammonium carbamate is produced.
2NHy(g) + COfg) = H,;NCOONH,(g)

In the second reaction the ammonium carbamate decomposes to
form urea.

HNCOONH,(g) = (NH,),CO(g) + H,0(e)

Achemical plant produces 530 tonnes of urea per day.

Calculate the theoretical mass, in tonnes, of ammonia required to
produce 530 tonnes of urea.

(ii) An undesirable side reaction is the production of biuret, a
compound that can burn the leaves of plants.

2(NH,),C0(aq) = NH,CONHCONH,(aq) + NHy(g)
biuret

State why having an excess of ammonia in the reactors will
decrease the amount of biuret produced.
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10.

(a) (continued)

(ii)) In the separator the ammonium carbamate from the reactors
decomposes to form ammonia and carbon dioxide.

NH,COONH,(aq) = 2NHy(g) + COy(g)

Explain clearly why a low pressure is used in the separator.




image6.png
12. (continued)

(¢) Mixtures of amino acids can be separated using paper chromatography.
On a chromatogram, the retention factor, R,, for a substance can be a
useful method of identifying the substance.

distance moved by the substance
maximum distance moved by the solvent

R

(i) Asolution containing a mixture of four amino acids was applied to
a piece of chromatography paper that was then placed in solvent 1.

Chromatogram 1 is shown below.

3 id
[ chromatography tank

maximum distance

moved by solvent 1
spot 1

direction of
movement

of solvent 1
amino acid

mixture applied

—solvent 1

Amino Acid R (solvent 1)
alanine 051
arganine 016
threonine 051
tyrosine 068

Identify the amino acid that corresponds to spot 1 on the
chromatogram.




