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2
Answer all questions in the spaces provided.

Many physical properties in substances around us can be explained by the type of structure
and bonding present within these substances.

(a) Silicon carbide, SIC, Is a shiny, hard, chemically inert material with a very high melting
point. It can be ysed o sharpen knives and make crucibles.

Using structure and bonding, account for why silicon carbide has a very high meifhg point.

il

or.

(b) Boron trifluoride, BFs (m.p. ~144 °Cyand alumirium ﬂuonde NF; (m. P 1291 °C) dlffer ‘
markedly in many of their physwal properties. !

1) w the dot-and-cross diagrams for these two compunds to illustrate the bonding

in each of these compounds. , "’
BF, Aﬂ:a
Dot-and-cross
~diagram
r
L_ .

. N - 2]
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(i) Aluminium chioride, AICI; has a very much lower nﬁlting point (192 °C) as
compared to aluminium fluoride, AlFs (1291 °C) due tg aifferences in their bonding

With reference to dnic size, State and axplaln the nature of the bonding in AICi anc
in AlFs, A

i2f/

- ' >
(c) \ Two layers of Itqulds arerobservad to be fohn;ed wha( equal volumes Uﬁnexane
CHJCI']zCHzCHzCHzCHa. and water are mixed, shaken and allowed to stand, whereas

. . \propanol, CHsCHzGszI;l is miscible with water.
By considering the typa‘of intermolecular forces present, explain why:

Ny : okl adee N4
o | Hexane antl water are immiscible.

.................

..........................

A
{%ropan’ol and_water are miscible.
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‘
(d) The following table shows the boiling points of fluorine and chiorine as well as the bond \
energies of the F-F and C/~Ci bonds.

Fz Ch
Boiling point / °C 188 34
Bond Energy /kimol~ | 158 244

A student argued thal the higher boiling point of chiorine compared lo fluorine is due o
the stronger C/~Cl bond. hmﬂmwm explain why the student’s
whhmad.arumﬂbrﬂndiﬂumhmm

3]

(e) State the number of bond pairs and lone pairs of electrons around P and hence, predict
the shape and bond angle of PCly molecule. Draw an appropriate diagram to illustrate the

shape.
” -

........................

[Total: 15)

£
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2 (a) As partof safety regulations, it is mandalory for all aircrafts to provide an inflatable life vest
for every passenger. One particular model of ife vest uses a rapid inflation system of
compressed CO; in a canister.
Amwulymmn.ugofco..mamunmamuynm
temperature and pressure.

0] Calculate the capacity of the life vest at room lemperature and pressure.

)

(i) Stale two main assumptions of the ideal gas law.

L EEEEIEEESISEESSSEIRIGRNRIRERER RS --...-u"-l“'"“'"""l“"ll'ocnom

(W) The canister of compressed CO; has a volume of 14.0 cm’ and can withstand a
maximum pressure of 500 bar. Calculale the maximum temperature that the canister
can be exposed to before it explodes. Give your answer 1o three significant figures.

9476/ CJC JC1 Continual Assessment 2 / 2025



(b) Ammonia Is currently under research and testing as an environmentally-friendly altemative
to traditional jet fuel, as it does not contribute to CO; emissions.

The two graphs below in Fig. 2.1 show deviation from ideal gas behaviour for 1 mole each of
CO: and NH; gas at 25 °C.

A

--------------------------- ideal
>P
Fig. 2.1
() Identify the graph for NH; and explain your choice.
NHs ... '
Explanation:

SRR | |

(i) On Fig. 2.1 above, draw a graph to show how 1 mole of CO; would behave at a
temperature of 70 °C. SRR [1]
~ [Total: 7)
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?
3 (2) Methanol, CHyOH, is a volatile and fsmmable liquid.

An experiment was conducted fo delermine the enthalpy change of combustion of liquid
methanol. The energy obtained from buming 2.12 g of methanol was used to heat 150 g of
water. This process was efficient, and the lemperature of the water rose from 25 °C to
89 °C. The specific heal waleris 4.18 JK-' g,

() Define the term standard enthalpy change of combustion,

SRR | ||

() Use the data above to determine the heal released from combustion of methanol and
hence deduce the enthalpy change of combustion of liquid mellugol

&

2]
(b) Methanol, CHsOH, can be synthesised from methane and steam by a process with the
reaction for the final stage as shown below.

CO(g) + 2Hdla) — CHiOH(g) AH'=-91 kJ ot

The standard enthalpy changes of combustion of carbon monoxide and hydrogen are
-283 kJ mol™! and -286 kJ mot',

()  Using the data above, calculate a value for the enthalpy change of the following
reaction.

CHyOH(g) +  O(g) —+ COAg) + 2H:0) Ak,

- s -
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(i)  Hence, calculate the enthalpy change of vaporisation of methanol, using your answers
in (a)(if) and (b){1).
If you were unable lo calculate a value for (b)(i), you should use -800 kJ mol',
This is not the comect answer.

)]
(i)  The entropy change, AS, of the final stage, as shown below, is —219 J K™' mol™.

CO(g) + 2Hg) » CHsOH(g)  aH=-91 kmol™
| Explain why the above reaction has a negative entropy change.

I Calculate the standard Gibbs free energy change, AG” and predict whether
the reaction is spontaneous under standard conditions.

--------------

----------------

------------------------------------------------------------------------------------
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c) (O Udrauurommgm.uwuunhmaummmw.mpm
mmmw.mhummmwmmumw
mmmmm.mmmmnmm

AH® | kJ mol™!
Standard enthaipy change of formation of CaSOx(s) -1433
Lattice energy of CaSOu(s) -2489
S(s) + 202(g) + 26™ - SO(g) -839
Energy/ |
kJ mol™! |
Ry Ca™(g) +S02(0) |
Ca'(g) + S(s) + 20:(g) + ¢
-1 ——
,; = i
= |
AH weq= "7 /
0 Ca(s) + S(s) + 202(g)
-1433
; C.SN'I v lsl\

(§)  Hence, calculate the standard enthalpy change of atomisation, 4H" u of Ca(s).

1] /
[Total: 13)
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10
Carbon monoxide and hydrogen react fo form methanol, CH;OH, under suitable conditions.

COlg) + 2Hg) = CHOH(g) AH=-81 kJ mot!

A mixture of CO and H: in the molar ratio of 1:2 is placed in a sealed vessel and healed fo
500 K with a copper catalyst. At equilibrium, 25% of carbon monoxide has reacied. The tolat
pressure in tha wessel is 60.0 atm at equilibrium.

(a) Emhhwhmnlbydmw.

(b) Write the K; expression for the equilibrium.
Use your expression to calculale the value of K, for this equilibrium.
include its units in your answer,
»
Kp*®
(4]
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(c) Tomwmemuﬁmm,awwwbmmm
Pressure or lower the temperature for this reaction.

(1) Explain how the equilibrium amount of CHsOH would change based on the shift in the
position of equilibrium, if the reaction Is carried out at a lower pressure while keeping the
temperature at 500 K.

]

(i) Exphi\munmnpodﬁondhmcuonmmmhamdesrﬁnh
the position of equilibrium, if the reaction is carried out at a lower temperafure of 400 K
wmmrmvﬂn&)ﬂdng?o.

LA SRR R RS RS SRS EE RN R
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