CHEMISTRY
PAPER I

Question 1

a. Methylpropane (CH3CH(CH3s)CHs), is saturated hydrocarbon commonly used
in the petrochemical industry.

i. State fully what is meant by a saturated hydrocarbon. [1]

i. Give the empirical formula of methylpropane. [1]

iii. Methylpropane reacts with chlorine, Clz, in the presence of ultraviolet light,

forming two isomers of C4HoCl.

Draw the skeletal formulae of these two isomers. 2]
iv. Name the mechanism of the reaction in (a) (iii). [1]
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v. Methylpropane is an alkane. Alkanes are generally unreactive.

Explain why alkanes are generally unreactive towards polar reagents such as
acids and alkalis.

[2]

b.  Organic compounds can undergo different types of chemical reaction. Table

1.1 shows three reactions involving organic compounds.

Table 1.1

Reaction

Equation

CH3CH=CHCHs + Br2 — CH3CHBr—CHBrCHs

CH3CH2CIl + NaOH — CH3CH20OH+ NacCl

CH3CH2CIl + NaOH — CH2=CH2 + NaCl + H20

I. The organic reactant in reaction | is but-2-ene.
Explain the origin of geometrical isomerism in but-2-ene.

[2]

. Identify the chiral centres in the product of reaction I.

[1]
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State one difference in the conditions used in reactions Il and .
Explain why different products are formed in these reactions.

[2]

Question 2
a. In the Haber process, ammonia gas is synthesized from its constituent

elements as shown in equation 1. An iron catalyst is used in this process.

Equation 1 N,(g) + 3H,(g) = 2NH;(g),

I. State Le Chatelier’s principle. [1]
ii.  Write the equilibrium constant expression (Kp) for the synthesis of ammonia

shown in Equation 1. [1]
b. In an industrial reactor at a temperature of 400 °C, the equilibrium partial

pressures of nitrogen and hydrogen are 2.50 x 10° Pa and 7.50 x
10° Pa respectively. Given that K,, = 4.32 x 107*° Pa~?

At this temperature, calculate the equilibrium partial pressure of ammonia.

[2]
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The forward reaction in Equation 1 is exothermic. A student suggests that
increasing the temperature would increase the rate of reaction and therefore
increase the yield. Use Le Chatelier’s principle to explain this.

[1]

c. NH3(g) dissolves in water to form an alkaline solution. In this solution, NH3(aq)

is in equilibrium with its conjugate acid.

Identify the conjugate acid of NH;. [1]
d. NHs(aq) reacts with dilute nitric acid to form a salt.

Write an equation for this reaction. Include state symbols.

[1]

In an experiment, 23.40 cm® of NH3z (aq) reacted exactly with 25.00 cm? of
0.025 mol dm-2 dilute nitric acid. Calculate the pH value of dilute nitric acid
solution.

[1]

Determine the concentration of NHs3 (aq) in d(ii).

[2]
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Question 3

a.

Transition elements play an important role in biochemistry and industrial
synthesis due to their ability to form complex ions and act as catalysts.

State the full electronic configuration of the copper (ll) ion, Cu?*.

[1]

Explain why transition metal complexes are typically coloured. Your answer

should refer to d-orbital splitting and electronic transitions.

[2]

Figure 3.1 shows a series of ligand substitution reactions starting from the
hexaaquacopper(ll) complex.

:CU(HQ O)ﬁ] &

2 3
exCcess

Identify the ligand in the final complex, [CuCl,]?".

[(Cu(NH;)4(H,0),]*

Figure 3.1

—_— [CUCI4]

2

[1]

State the shape of [CuCl,]?".

[1]
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Table 3.1

Complex

Colour

[Cu(H20)6]?*

[Cu(NHz3)4(H20)2]%*

[CuCla)?
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c. The complex [Cu(NH;),(H,0),]?" is heated gently, forming a precipitate of
Cu(OH)2. This precipitate is then added to concentrated hydrochloric acid,
forming the complex [CuCl4]a.

Construct a balanced equation for the overall reaction starting from
[Cu(NH3)4(H20)2)?* and ending with [CuCla]?-. [2]

d.  Platinum forms square-planar complexes. The complex Pt(NH,),Cl, exists as
two isomers.

I. Draw the structures of the two isomers of Pt(NH,),Cl,. [2]

ii. By comparison with a similar type of isomerism in organic chemistry, suggest
the name of this type of isomerism. [1]

e. Copper forms two series of compounds, one containing copper (ll) ions and
the other containing copper (1) ions.
Explain why Copper (Il) salts are usually coloured and Copper (I) salts are
usually white or colourless? [2]
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Question 4

a. Amines, amides, and amino acids are all types of molecules that contain
nitrogen atoms.
The reaction below shows the synthesis of ethanamide at room temperature.
X is the starting material in the reaction.

X + 2NH3z — CH3CONH2 + NH4Cl

I. Suggest the possible molecular formula of X. [1]

ii. Ethanamide reacts with LiAIH4 as shown in Reaction 2.

) LiAlH,
Reaction 2: CH3CONHz ———CH3CH2NH:2

State the role of LiAlH4 in Reaction 2. [1]

iii.  The product of Reaction 2, CH3CH2NHz, reacts with ethanoyl! chloride to form
a secondary amide.
Draw the structure of this secondary amide.

[1]
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b.  Figure. 4.1 shows the general representation of an amino acid.

H
H,N —— C —— COOH
R
Figure. 4.1

I. Determine the systematic name of the amino acid in Figure 4.1 where R =
CHs.

[1]

ii. The amino acid in Figure 4.1, where R = CHs, reacts with dilute HCI (aq).
Draw the structure of the organic product formed by this reaction.

[1]

iii.  Construct an equation for the reaction the amino acid in Figure 4.1, where R
= CHs, with dilute NaOH(aq).

[1]
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iv. Two molecules of the amino acid in Figure 4.1, where R = CHs, react
together to form a dipeptide.
Draw the structure of this dipeptide. [2]

c. A pharmaceutical company wants to synthesize ethylamine to use in various

products.

i. Describe how ethylamine can be prepared from a halogenoalkane. [1]
ii. State the necessary reagents and conditions. [1]
iii. Construct a balanced equation for the reaction. [1]
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Question 5

a. A group of students investigates different solutions to determine how solute-
solvent interactions affect the physical properties of the solution.

I. Define the term colligative property.

[1]

ii. An agueous solution contains volatile component A and a volatile solvent B.
At 298 K, the vapour pressure of pure A is 120 kPa and the vapour pressure
of pure B is 80 kPa. Calculate the total vapour pressure of an ideal mixture
where the mole fraction of A is 0.40.

[2]

b.  Solution C is prepared by dissolving 4.50 g of a non-volatile, non-electrolyte
solid solute in 125.00 g of pure water. The boiling point of the solution is
measured to be 100.31 °C.

i. Calculate the boiling point elevation, ATb, of C.

[1]
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ii. Determine the molality of solution C.
Use the boiling point elevation constant for water, Kp = 0.512 K kg mol~". [2]

iii. Calculate the molar mass of the solute. [2]

c. The same mass of solute (4.50 g) is dissolved in the same mass of water
(125.00 g). However, the solute is now an electrolyte that dissociates into 2
ions per formula unit.

I. State the expected effect of this on the boiling point of the solution compared

to solution C. [1]
ii. Explain your answer to (c) (i). [1]
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Question 6

a. Mass spectrometry and proton (*H) NMR are useful techniques for analysing
molecules.
A student analyses compound P, C2HsO, using mass spectrometry.
Figure 6.1 shows the mass spectrum obtained for P.

100 31
804
60+

40+

201 15
J 46
fo) —hallifs 'ﬂn NP .Ilu

0 10 20 30 10 50 60 70

Relative Intensity (%)

Figure 6.1

i.  Write the % value of the molecular ion (M*) peak of Compounds P. [1]

ii. Identify the fragment ions responsible for the peaks at =~ = 29 and at = = 31. 2]

iii.  The [M+1]* peak in the spectrum in Figure 6.1 is very small.
Give the %value of the [M+1] * peak. Identify the isotope responsible for this

signal.

[1]
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iv. Compound P has two possible structural isomers. Deduce the structure of
the isomer that would give the mass spectrum in Figure 6.1. Explain your

answer using the fragment ions identified in (a) (ii).

[2]

b. A student analyses compound Q, C4HsOz, using both mass spectrometry and
proton (*H) NMR spectroscopy. The spectra are shown in Figure 6.2 and

Figure 6.3.
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Figure 6.2

60

90

ppm

Figure 6.3

I. Deduce the structure of Q using the information given to you in Figure 6.2

and in Figure 6.3. Explain your answer fully.

[4]
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ii. State the number of signals that would be present in the 13C NMR spectrum
of Q. Explain your answer. [1]

lii. State the purpose of using tetramethylsilane (TMS) as a standard in NMR
spectroscopy. [1]

iv. Explain why the solvent used for obtaining the *H NMR spectrum must be
deuterated (e.g., CDCI3). [1]
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