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1 The equilibrium percentage of Z varies according to varying pressures and temperatures as
shown in the graph.

100+ 373K
90- 473K
80- /I 573 K
70
A ———r oK
50-
40+ 773 K
30-
20
10-

0

25 100 200 300 400
pressure / atm

Which row in the table shows the correct information about the equilibrium?

equilibrium reaction sign of AH for the forward reaction
A Y(g) + X(g) =—— 3Z(9) Positive
B 4X(g) + Y(g) =—— 2Z(g) Positive
C Y(9) + X(g) —— 3Z(9) Negative
D 4X(g) + Y(g) =—— 2Z(9) Negative

2 X decomposes on heating according to the following equation

2X(g) =—— 2Y(g) + B(9)

When 4 mol of X were put into a 2 dm® container and heated, the equilibrium mixture
contained 0.8 mol of B.

What is the numerical value of the equilibrium constant, K.?

A 0.8x0.8 B 16x1.6x0.8
3.2 24x24

C 16x1.6x%x0.8 D 04x%x04x0.8
24x24x%x2 04x04
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3 The concentration and pH of each solution, P, R and S are shown below. Solutions P, R and
S could be either a monobasic acid or a monoacidic base.

R S

0.001 mol dm™3
pH=3.0

0.010 mol dm=3
pH = 12.0

Which statements are correct?
1 Ris aweak base.
2 P is a weak acid while S is a strong acid.
3 Mixing 100 cm?® of R and 100 cm? of S produces a buffer solution.
4  Mixing 500 cm? of P and 500 cm? of R produces a buffer solution.
A 1and 2 B 1and 4 C 2and 4 D 2and 3

4 Equal volumes of 1.0 x 102 mol dm~ aqueous BaSiFs and 2.5 x 10" mol dm~ aqueous
CsBrOs are mixed in a test-tube.

The numerical values of the solubility products are:

Ksp of Ba(BrOs); = 2.43 x 107

Ksp of Cs,SiFs = 1.3 x 107°

Which statement best describes what will be observed in the test tube?
A No precipitation is observed.

B Precipitation of Cs,SiFe only.

C Precipitation of Ba(BrOs)2 only.

D Precipitation of both Cs,SiFs and Ba(BrO3)..
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4

5 In the free radical substitution of 3-methylpentane with chlorine, a mixture of products was
obtained.

How many constitutional isomers of mono-chlorinated products are theoretically possible?
A 3 B 4 C 5 D 6

6 Nitrobenzene is a precursor to many reagents. It can be prepared by reacting benzene with
concentrated HNO3 and concentrated H.SO4. What is the role of concentrated H2SO47?

To generate NO»™ for the reaction

A

B To act as a dehydrating agent

C To direct the electrophile to a specific position on the benzene ring
D

To act as a catalyst

7 Equal amounts of compounds W, X, Y and Z are added separately to four test tubes
containing equal concentrations of ethanolic silver nitrate solution in a heated water bath.
No precipitate forms in two of the tubes. In the two other tubes, precipitates form at different

rates.
O™ O O
A s "
3.—
W X Y Z

Which row is correct?

Compounds which do Colour of the precipitate
not form a precipitate which forms the fastest
A w cream
B W and X yellow
Cc Xand Z white
D WandY yellow
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8 Which compound is less acidic than phenol?

OH COOH
B
NO, CHj,
CHBrCOOH OH

D
Br CH3

9 Which reaction gives the best yield of the organic products?

[(alc) indicates an alcoholic solution.]

OH rt.p Br
O/ () + Bry(9) > + HOBr
Br . NH2
(alc) + NH; (alc) heat in + HBr
sealed tube
Br
heat
O/ (alc) + CH3CH,ONa (alc) ——
D CO,H t COC!
r.t.

Yy
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10 An iodoalkane and sodium, immersed in ether, react when heated under reflux to form an
alkane according to the equation:

2RI + 2Na — R-R + 2Nal

When iodoethane, CH3CH.I and 2-iodopropane, CH3sCHICHs;, are subjected to the reaction
above, which alkane(s) will be formed?

e
1 CHy-CH—CH—CH,
CHs

CHy-CH,-CH-—CHg
CHj

2

3 CH3-CH,-CH,-CHj3

A 1 and 2 only B 1 and 3 only C 2and 3 D 1,2and 3
11 How many moles of H, would react with one mole of the molecule below in the presence of
Pt(s)?
i
C—OH
/C:C\ /H
c H T
N o
A 2 B 3 cC 4 D 6

12 A compound Q was heated with aqueous sulfuric acid and potassium manganate(VII), and
the resulting mixture was cooled. One of the final products gave a yellow precipitate with
alkaline aqueous iodine.

Which formula could Q represent?

A CH3CO2CH3

B  CH;CO2CH2CH3

C  CH3CO2CH(CH3)CHs
D  CH;CO2C(CHs)CHs
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13 Diazomethane (CH:N) is a highly explosive yellow gas which is known to explode upon
gentle impact or exposure to light. It is an efficient agent used in the preparation of methyl
esters and the mechanism is shown below.

O - + O

H :CH,—N=N Step I H N
N > - T CHy—N=N
R oH R 0

O\ ) Step II (H)
A . H-C R=N P A + N=N

R o.\\\///hkA R" 'OCHj

What types of reaction took place in Steps I and I17?

Step 1 Step 11
A nucleophilic substitution elimination
B acid-base reaction elimination
C nucleophilic substitution electrophilic addition
D acid-base reaction nucleophilic substitution

14 Methylamine was heated in a sealed tube with excess 1-bromoethane for a prolonged
period.

Which is the major product?

A  CH:sN

B GCsHsN

C CsHi1sN
D  CsH4sNBr
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15 Compound R undergoes the following reactions.
o It gives decolorises bromine water and gives white precipitate.
It does not give any visible reaction with Fehling’s solution.
It gives a silver mirror with Tollen’s reagent.
It does not give any visible reaction with sodium carbonate.

What could compound R be?

OH 0
C.
CHj

Q-

NO,

CO,H
CHO

Q-

HO

OH

o
I
Z
O
N

C

OH
CH,CHO

w)
@

C
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1 Mandelic acid is widely used in chemical peels, serums, and creams due to its gentle
exfoliating and antibacterial properties. It is a weak acid with K, value of 3.89 x 1074,

OH
OH

O

mandelic acid

(@) (i) Calculate the pH of 0.050 mol dm~ mandelic acid.

[2]

(ii) Calculate the pH of 0.050 mol dm™ NaOH.

[1]
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A student adds small portions of 0.050 mol dm™ NaOH (aq) to 25.0 cm?® of
0.050 mol dm~ mandelic acid. The student uses a pH meter to measure the pH of

the mixture and the data are shown in Table 1.1.

Table 1.1

volume of 0.050 mol dm™
NaOH(aq) added / cm3

pH of mixture

25.0

7.5

50.0

12.4

(iii) Explain why the pH of the mixture is slightly greater than 7 when the student
adds a total of 25.0 cm? of 0.050 mol dm~ NaOH(aq) to the mandelic acid.

Include relevant equations in your answer.

(iv) State the volume of NaOH added to reach maximum buffer capacity and
calculate the pH at that point.
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(v) Sketch the shape of the pH curve on Fig 1.1 using all relevant information
given or calculated.

\
1o
pH 7 —
0 i i >
0 25 50
volume of NaOH added/ cm?®
Fig 1.1
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(b) The pH of the skin is usually 4.5 to 6.5. When aqueous mandelic acid is applied
directly to skin, it may cause irritation and redness because the skin is sensitive to
pH. To reduce skin sensitivity, skin creams often contain a pH buffer consisting of
sodium mandelate and mandelic acid.

Calculate the volume of 0.050 mol dm™ NaOH(aq) that needs to be added to
25.0 cm? of 0.050 mol dm™2 of mandelic acid so as to produce a buffer with pH 4.5.
[Ka of mandelic acid = 3.89 x 107]

[2]
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(c) Mandelic acid is made in a two-step process shown in Fig 1.2.

step 1 hydrolysis
CeHsCHO ——» CeHsCH(OH)CN ——  CsHsCH(OH)CO2H
HCN, intermediate X mandelic acid
Trace NaCN
Fig 1.2

(i) Draw a reaction mechanism for step 1. Show relevant lone pairs of electrons,
dipoles and curly arrows.

[3]

(ii) Deduce whether intermediate X formed from this reaction would be optically
active.
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(d) Mandelic acid can be converted to other useful pharmaceutical intermediates such
as 4-nitromandelic acid.

OH
OH

NO,
4-nitromandelic acid

Draw a reaction mechanism for the conversion of mandelic acid to 4-nitromandelic

acid using concentrated H,SO4 and concentrated HNOs. Show relevant lone pairs
of electrons, dipoles and curly arrows.

[3]

[Total: 17]
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2 Compounds A and B have the same molecular formula CsHgOs.

(@) Compound A contains three functional groups. It is a straight chain compound that
exhibits stereocisomerism.

Data about the reactions of A are given in Table 2.1.

Table 2.1
reaction reagent result

1 K2Cr207 / H2SO4(aq), heat | solution turns from orange to green

2 2 ,4-dinitrophenylhydrazine | orange solution remains

3 I./ NaOH(aq), warm yellow precipitate D produced

4 Brz(aq) orange solution decolourised.

organic product formed with M,=212.9

5 Na>COs (aq) effervescence observed

(i) Based on reactions 1 and 2, name the functional group that could be present
in A.

[1]
(ii) State the name of the precipitate D formed in reaction 3.
[1]
(iii) What type of reaction takes place in reaction 47?
Deduce the molecular formula of the organic product formed in reaction 4.
Type of reaction: ...,
Molecular formula: ...
[2]

(iv) Name the functional group present in A that is confirmed by reactions 4 and
5.

ReaCtion 4: ...

REACHON B .o

[2]
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(v) You now have enough information to determine the structural formula of A.

Draw the displayed formula of compound A.

[2]

(vi) Using your structure of compound A, deduce the total number of
stereoisomers that A can exhibit.
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10

(b) Compound B, CsHgOs, is an isomer of compound A. It can undergo several
reactions as shown in Fig 2.1.

Draw the structures of organic compound E, F and G in the boxes in Fig 2.1.

OH LiA/H4
in dry ether
Ox = >
OH

compound B

compound E

PCls KMnQOy4, H,SO4(aq)
heat

compound F compound G

Fig 2.1
(3]

(c) Use a labelled diagram to show the orbitals that form the C=C bond in CH>=CH..

[2]

[Total: 14 marks]
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11

3 (@) In the presence of a base such as aqueous sodium carbonate, compound X can
react with iodine to form compound P as shown in Fig 3.1.
I

Na,COs(aq) 0

compound X compound P
Fig 3.1
(i) This reaction follows a three-step mechanism.

The first step of the mechanism involves the acid-base reaction of X by
Na>COs as shown below.

CO,H CO,~
+COz — +HCO;~
Q

In the second step, Q reacts with 1> to form a secondary carbocation R.
In the third step, the carbocation is attacked by O~ to form the product P.
Describe the mechanism for steps 2 and 3. Show clearly any intermediates

that may be formed, all charges and use curly arrows to indicate the
movement of electron pairs and state the role of iodine in the reaction.

(3]
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12

(ii) Describe a simple chemical test to distinguish between compounds X and Y.
State the observations clearly.
@)

COOH COOH

compound X compound Y
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13

(b) When the compounds shown below were reacted with aqueous sodium hydroxide
at 55 °C, the rate of reaction decreases in the following order.

CH3COBr >CsHsCH2Br > CsHsBr

(i) Explain why CeHsBr has the slowest rate with aqueous sodium hydroxide at
55 °C.

(ii) Explain why CeHsCH2Br, a 1° halogenoalkane, undergoes Sn1 rather than
Sn2 mechanism.

[Total: 7]
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(a)

14

Depending on the conditions of the reaction, 4—ethylphenol can react with chlorine
in two different ways, giving the two isomers J and K as shown in Fig. 4.1.

When ethanolic silver nitrate is added to both J and K and the resultant solutions
are warmed, white precipitate is observed for K but no white precipitate is observed

for J.
I I
CgHgClQO e CH3CH2 OH —» CSHSCIZO
| Clfag) Chie)
uv
Fig. 4.1

(i) Deduce the structure of compound J.

[1]

(ii) Explain whether you would expect J to be more or less acidic than
4—ethylphenol.
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15

(iii) Suggest the type of reaction to convert 4—ethylphenol to K.

(iv) Kis observed to exhibit stereoisomerism.

State the type of stereoisomerism that K exhibits and draw the pair of
stereoisomers.

[2]
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16

(b) Ornithine, an amino acid, has 2 stereoisomers, L-ornithine and D-ornithine.
When enzyme ODC is added to L-ornithine, reaction 4.1 occurs.

oDC

COOH ___» NH> +gasL
. H2N/\Ar H2N/\/\/
reaction 4.1
NH,
L-ornithine butane-1,4-diamine

When enzyme ODC is added to D-ornithine, no reaction occurs.

(i) Deduce the identity of the gaseous by-product of reaction 4.1.

(ii) Explain why enzyme ODC reacts with L-ornithine but does not react with
D-ornithine.
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(iii) There are three pKa, values associated with L-ornithine: 1.8, 8.2, 10.3.

pKa1 = 1.8
COOH
H,N
pKa = 10.3 H,

L-ornithine pKa=38.2

Make use of these pK; values to suggest the major species present in
solutions of L-ornithine with the following pH values.

pH 3 pH 9

(2]
(iv) In no more than 4 steps, suggest a reaction scheme to synthesise
butane-1,4-diamine from ethanol.

State the reagents and conditions required and draw the structures of the
intermediates formed for each step.

[4]
[Total : 14]
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5 Fig. 5.1 shows the solubility of silver(I) chloride, AgC! in varying concentrations of C/-
ions.

solubility of AgC// mol dm-3

A

y

» [CF]/mol dm3

Fig. 5.1
The difference in solubility of AgC/, can be explained by the following two equilibria.
equation 5.1 AgCI(s) = Ag*(aq) + Cl-(aq) Ki=1.8 x 1079 mol?> dm=
equation 5.2 Ag*(aq) + 2Cl(aq) = [AgCL] (aq) Kz = 1.8 x 10° mol-2 dm®
(@) Use the information provided to explain the shape of the graph in Fig. 5.1.

(i) Before point a
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(ii) After pointa

(b) (i) Write an expression for the equilibrium constant, Ka.

[1]

(ii) Hence, use equations 1 and 2 to show that the concentration of [AgC/] is
expressed as [AgClL]™ = 3.24 x 107 x [C[].

[1]
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20

(c) The solubility of AgC/ is expressed as the sum of the concentrations of Ag* and
[AgCL].

Solubility of AgCl is lowest when [Ag*] = [AgCL] .

(i) Use your answer in (b)(i) to calculate the concentration of C/- when [Ag*] =
[AgCL] .

[1]

(ii) Hence, calculate the lowest solubility of AgC/.

[2]

[Total: 8]
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2
1 Which statement about one mole of a metal is always correct?

A It contains the same number of atoms as 0.5 mol of hydrogen gas.
. 1
B It contains the same number of atoms as n mol of '2C.

C It has the same mass as 1 mol of hydrogen atoms.

D It produces one mole of hydrogen gas when reacted with excess acid.

2 10 cm?® of a gaseous hydrocarbon was reacted with an excess of oxygen. A contraction of
30 cm? occurred. On treating the cooled resulting mixture with excess barium hydroxide, a
further contraction of 40 cm? occurred. All volumes were measured at room temperature and
pressure.

What is the formula of the hydrocarbon?
A CyHy4 B CoHs C C4Hs D CsH1o

3 In an experiment, 40 cm? of 0.020 mol dm~ acidified iron(Il) sulfate was used to react with
20 cm?® of 0.010 mol dm~2 of XO3™.

What is the final oxidation state of X?

A+ B +2 C -1 D -2

4 The information on two particles, Q" and R*, are given in the table below.

articles number of number of angle of deflection in an
P electrons neutrons electric field

Q 20 25 2.0°

R* 20 2.3°

Which of the following pairs of particles are isoelectronic?

A QandR

B Q and R*
C Q@andR
D Q" and R*
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5 The successive ionisation energies (in kJ mol~") of an element are shown below:
1762, 2540, 4320, 5590, 9100, 10800
Which group does this element belong to?

A 2 B 13 C 14 D 15

6 For which pairs does the first species have a smaller bond angle?
1 NCIs, CO2
2 BF4~, SCl
3 PCls™, CIO2~

A 1and 2 B 1and 3 C 2and3 D 3only

7 Which statements about the properties associated with ionic and covalent bonds are
incorrect?

1 A covalent compound cannot be an electrolyte.

2 Any covalent compound that contains both oxygen and hydrogen forms
hydrogen bonds.

3 lonic bonds and covalent bonds can both occur in the same compound.
A 1and 2 B 1and 3 C 2and 3 D 1,2and 3
8 In which of the following pairs of compounds would the first compound have a higher melting

point than the second compound?

first compound second compound
1 SiCls SiO2
2 NaC/ KC!
3 AlF3 AlBr3
A 1,2and 3 B 2 only
C 3 only D 2 and 3 only
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4

9 Which graph correctly describes the behaviour of two ideal gases P and Q, both having the
same mass, where P has a larger M; than Q7

A B
P P, constant V
4 constant V Q A a
P
/ P
» T/°C » T/°C
C D
pV constant T pV constant T
A A
P
P
Q
Q
> p > p

10 During the operation of a refrigerator, the coolant is constantly being liquefied under pressure,
and vaporised once the pressure is released. Under these conditions, the gas does not behave
as an ideal gas.

Which statement best describes why the gas liquefies under pressure?

A Increasing the pressure pushes the molecules closer together, and so the short-range
intermolecular forces of attraction are more effective.

B Increasing the pressure decreases the kinetic energy of the molecules, creating the
ordered liquid state.

C Increasing the pressure decreases the size of the molecules, and so increases the
intermolecular attraction.

D Increasing the pressure causes the temperature of the gas to decrease to below its
boiling point.
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11 When bromine vaporises at 58.8 °C, 30.9 kJ mol™" of heat was required.

What is the entropy change of vaporisation?

- 525.5 J mol™ K™

-93.1Jdmol™" K

A
B +525.5 J mol™ K™’
C
D

+93.1 J mol™ K™

12 The Maxwell-Boltzmann distribution for a gas at constant temperature is shown below.

A
(7]
QO >
o o
T o
© c
o o
Y—
[
° 0
o =
oo
EE
c =

Y y 4

How would the number of particles change at the kinetic energies X, Y and Z when

temperature is lowered by 5 °C?

X Y z
A lower lower higher
B lower higher higher
C higher lower lower
D higher higher lower
NJC SH2 Timed Practice 9729/B1/25
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13 The table below shows the results of three experiments conducted for the reaction

P + Q — products

[P1/ mol dm™ [Q] / mol dm™3 rate / mol dm=3 s’
0.012 0.005 1.0 x 10
0.024 0.010 2.0x 10
0.048 0.010 4.0x 10

If the rate constant doubles for each 10 °C rise in temperature, which pairs of experimental
conditions will result in the same rate?

[P]1/ mol dm™ [Q] / mol dm™ | temperature / °C

condition 1 0.10 0.20 40
condition 2 0.20 0.20 30
condition 3 0.30 0.30 20

1 conditions 1 and 2
2 conditions 1 and 3
3 conditions 2 and 3

A 1,2and 3 B 1 and 2 only C 2 and 3 only D 1 only

14 Element G is found in Period 3 of the Periodic Table.

The oxide and chloride of element G are separately mixed with water. The two resulting
solutions have the same effect on purple litmus solution.

What is the identity of element G?
A phosphorus B magnesium

C silicon D sodium
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15 The diagram represents the electrical conductivity of four consecutive elements in Period 3
of the Periodic Table.

electrical conductivity

V' N

v

proton number

The sketches below represent another two properties of the four consecutive elements.

property U

4

h

proton number

What are properties U and V?

v

property V

A

o
v

proton number

property U property V
A ionic radius nuclear charge
B boiling point melting point
C first ionisation energy electronegativity
D number of valence electrons atomic radius
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1 (@) The elements in Group 13 of the Periodic Table form compounds which display
a range of chemical and physical properties.

The table below shows the properties of AIC/3 and A/2Os.

compound | melting point/ °C | pH of aqueous solution

AICI; 192 (sublimes) 3

ALOs 2072 -

(i)  Explain the difference in melting points between A/C/; and Al2Os.

(ii) AICIls dissolves in water to form a solution with pH 3. Write balanced
equations and account for the pH of A/C/3 solution.
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1 (b) (i) AICI/3 can react with NH3 to form an addition product AIC/3sNHa.

Draw the structure of the addition product formed.

[1]

(b) (ii) Explain why aluminium can form four bonds even though it has only three
valence electrons. Describe the type of bond formed during this reaction.

(c) Explain why the first ionisation energy of the elements decreases down
Group 13.

[Total: 9]
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2 A metal nitrate, M(NO3),, decomposes upon heating to form the metal oxide, MO,
nitrogen dioxide gas (NO;), and oxygen gas (O2). The enthalpy change of
decomposition, AHgecomp, €an be determined using Hess’ Law.

(@) (i) The following thermochemical equations are given.

equation reaction AH [ kJ mol™!
1 M(NOs)2(s) - MO(s) + 2NO2(g) + 202(g) | AH1=y
2 M(s) + 72 O2(g) — MO(s) AH>=-400
3 N2(g) + 202(g) — 2NO2(g) AH3;= +66
4 M(s) + N2(g) + 302(g) - M(NO3)z(s) AH4=-450

Construct an energy cycle to determine the value of y, the enthalpy change
of decomposition, AHgecomp, for M(NO3)a.

[3]

(ii) Explain how entropy changes during the decomposition of M(NOs)s..
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2 (@) (iii) Hence, explain the effects of increasing temperature on the spontaneity of
the decomposition of M(NO3)s.

(iv) Given that the minimum temperature for the decomposition of M(NO3). is
872 K, where AG = 0. With reference to your answer in (a)(i), calculate AS
for the decomposition of M(NO3)., stating its unit.

[2]

(b) Explain with the aid of the Boltzmann distribution curve, how an increase in
temperature affects the rate of decomposition of M(NO3)a.
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2 (c) Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide, NO..

2NO(g) + O2(g) — 2NO2 (9)

The rate equation for the reaction is rate = k{NOJ?[O2].

Two separate experiments are carried out at 30 °C to determine the rate of the

reaction.
experiment [NO] / mol dm™3 [O2] / mol dm™3 rate / mol dm™=3 s
1 0.00300 0.00200 1.51 x 107
2 0.00500 6.05 x 107°

(i) Use the data for experiment 1 to calculate the value of the rate constant,
k. State the units of k.

(ii) Calculate the value of [NO] in experiment 2.

NJC SH2 Timed Practice
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2 (c) (iii) In another experiment, a large excess of NO is mixed with
0.00975 mol dm= O,. Under the conditions used, the half-life of [O] is
48 s.

Calculate [Oz] att =192 s.

[2]
(iv) The graph below shows how [NO2] changes with time.
Using the information given in (iii) and the given equation for the reaction

in (a), complete the graph by labelling the appropriate concentration values
and time values to show that the reaction is first order with respect to O..

[NO2] / mol dm~3
A

»
»

Time /s

[2]

(v) Another similar experiment is carried out at a higher temperature. State
how the half-life of the reaction will be affected.

[Total: 20]
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3 (@) An experiment was conducted to investigate the thermal decomposition of
Group 2 carbonates.

MgCOs decomposes at 350 °C whereas SrCO3; decomposes at 1200 °C.

A 20.0 g sample containing a mixture of magnesium carbonate and strontium
carbonate was heated at 500 °C. The remaining white solid weighed 11.3 g.

(i) Draw the dot-and-cross diagram for magnesium carbonate.

[1]

(ii) Using relevant data from the Data Booklet, explain the difference in
decomposition temperature of magnesium carbonate and strontium

carbonate.
3]
(iii) Write an equation for the reaction that occurred when the sample is heated
at 500 °C.
[1]
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3 (@) (iv) Calculate the percentage composition by mass of magnesium carbonate
in the 20.0 g sample.

[2]

(b) W, X and Y represent consecutive elements in Period 3. The following shows a
graph of their melting points plotted against the atomic radius (not drawn to
scale).

melting point
A oY

W

»

atomic radius

The oxide of Y is insoluble in water but dissolves when the oxide of W is
subsequently added.

(i) Suggest the identities of Y and W.

(ii) Explain the above observations and write equations for all the reactions
that have occurred.
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10

3 (c) The lattice energies of three ionic compounds are given.

compound lattice energy / kJ mol™’
LiF(s) -1022
CaO(s) -3513
SrO(s) -3310

(i) Define the term lattice energy.

(iif) With the aid of the Data Booklet, explain why the lattice energy of CaO is
more exothermic than the lattice energy of LiF.

(iii) Use the data in the table to estimate approximate values for the lattice
energies of magnesium oxide and barium oxide.

Lattice energy of MQO(S) = .....ccveviveiieiiiennnns kJ mol’

Lattice energy of BaO(S) = ......ccovevvvevieeneennen. kJ mol™’

[1]
[Total : 16]
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4 Hydrazine, NoH., was used as a propellant for the rocket to fly a probe to explore Mars
in 2012.
H H
\ /
N—N
/ \
H H
hydrazine

(@) (i) State and explain, with reference to the Valence Shell Electron Pair
Repulsion Theory, the shape and bond angle about the N atom in NaoHs.

(ii) Hydrazine is soluble in water. Use a suitable diagram to illustrate the
interactions between a hydrazine molecule and a water molecule.

[1]
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4 (b) Liquid hydrazine undergoes combustion in oxygen to form nitrogen gas and
water.

N2H4() + O2(g) — N2(g) + 2H20(/)
An experiment is carried out to determine the enthalpy change of combustion of
liquid hydrazine. Some hydrazine was burnt in a spirit burner to heat 100 cm? of

water in a copper calorimeter as shown in the diagram below. The experimental
data collected are shown in the table below.

thermometer

stirrer

copper calorimeter with lid

100 cm? of water

initial temperature of water/ °C 25.0
highest temperature of water/ °C 78.8
mass of spirit burner containing hydrazine before combustion/ g 85.8
mass of spirit burner containing hydrazine after combustion/ g 84.2

You may assume the following:
1. The heat released from the burning of the wick is negligible,

2. There is negligible loss of hydrazine through evaporation during the
experiment.

(i) Using relevant data in (b) and from the Data Booklet, calculate the
enthalpy change of combustion of liquid hydrazine.

[2]
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4 (b) (ii) Using the bond energies in the Data Booklet, calculate the enthalpy
change of combustion of liquid hydrazine.

[2]

(iii) The actual enthalpy change of combustion of hydrazine of liquid hydrazine
is =622 kJ mol™.

Suggest two reasons for the deviation of the enthalpy change of
combustion of liquid hydrazine calculated in (b)(ii) from the actual value.
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4 (c) A gas sample of Mars’ atmosphere collected during an exploration was taken
back to Earth and studied.

It was found that most of the gas mixture is made up of a single type of gas X,
whose identity is either nitrogen, oxygen, carbon dioxide or argon gas.

The relationship between density and pressure for the gas sample from Mars is
plotted in the graph below. The experiment was conducted at 180 °C.

density/ 106 g m=3
0.07 34—

0.06

0.05

0.04

0.03

0.02

0.01

— pressure/ 10% Pa
10 20 30 40 50 60

(i) Determine the value for the gradient of the graph.

[1]
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4 (c) (ii) Using information in (c) and your answer in (c)(i), calculate the average M;
of the gas sample from Mars and determine the identity of gas X.

[2]
(d) On Mars, the average temperature is about =70 °C.

Explain why a gas is more likely to show more deviation from the ideal gas
behaviour on Mars than on Earth.
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16

4 (e) The graph below shows the behaviour of 1 mole each of N> and CO, gas at
293 K.

> P
Give a reason to account for the difference in the graphs of CO; and Na.

[Total: 15]
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