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QUESTION ONE
(a) Complete the table below.
PF, SeCl*

54 51 o el o

A b ) 8 1

Lewis structure i K‘ — P T ? ) Ql ‘S.Q.y ("_

QT |+x7+2 ' . - ! .

= 3¢ X

Shape T‘“*SQ‘\O\\ B;py(.m}}\ o\ See- Sow

(b) (i) The reaction between chlorine trifluoride, C1F,(g), and hydrazine, N,H,({), is explosive. It
was investigated as a potential rocket fuel. The reaction is shown below.

4CIF (g) + 3N,H,(£) — 12HF(g) + 3N,(g) + 2Cl(g)

Calculate A H° for the reaction, given the following data.

(1) NH,(0) + O,(2) — Ny(g) + 2H,0(£) AH® =623 kJ mol!

(2) 2CIF(g) + 2NH,(g) — 6HF(g) + N,(g) + Cl(g) A H®=-1200 kJ mol"'

C3) 4NH,(g) +30,(2) — 2N (2) + 6H,0(g) AHP° =-1270 kJ mol”
W) H,0(4) — H,0(g) A, H° = 40.7 kI mol

T+ TNV Y 4N, +Y 6, 89) « 68,000
* R o) YR+ 20, () Y250 A (W, o€

I +20) ~6) £ L = S2ISES
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= ~215%§ k"j‘Mo\i‘
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(ii) Justify, in terms of the entropy changes of the system and the surroundings, why the
reaction between chlorine trifluoride and hydrazine is spontaneous.

4CIF (g) + 3N H,(¢) — 12HF(g) + 3N,(g) + 2Cl,(g)
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QUESTION TWO

(@ @@

(i)

The table below gives the electron configurations of three elements.
Argon, Ar Neon, Ne Phosphorus, P
1s2s?2p°3s?3p® 1s2s?2p* 1s22s22p%3s%3p°

When considering the 3p® part of the electron configuration of argon, what is represented
by the following?

3 Al ok Rav(gy \wvels.
p @AgY ofsikal /way ¥ Ceclon oW dhe duclu
6 Nwmb@C ok eleRisAg  in X Oflgifel.

Arrange the three elements Ar, Ne, and P, in order of decreasing first ionisation energy.

Use your knowledge of periodic trends to justify your order.
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(b) The two possible shapes of bromine trichloride. BrCl,, are T-shaped and trigonal planar. Both
of these shapes are based on the trigonal b:pyramxdal arran_gement of electron pairs around the

central atom. ﬂ ‘ 7+‘7{5 1%
Research shows that the BrCL, molecule is polar. S Br = €1

-

Compare the two possible shapes of the BrCl, molecule to identify which shape would result in
the BrCl, molecule being polar.

Your answer should refer to bond polarity and the arrangement of the bond dipoles.
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QUESTION THREE

(a) (i) Identify all the types of attractive forces between particles of the following substances in
their liquid state in the table below.

Substance Boiii;:§cpoint Attractive forces

Ammoni ‘T“\f‘h{y a‘"?‘h Ratees (TD f\
< a, 33 Nwt dipolt Lelees (pr)

Sulfur dioxid TD¥

u ioxide, o PDF

SO,
Pentane, ‘. TDF
CH,CH,CH,CH,CH,

(i) Explain the difference in the boiling points of ammonia and sulfur dioxide.
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(iii) Explain why the boiling point of pentane is higher than that of sulfur dioxide.
Pentane Wes & VM’ \nb& wasSS and Se has \\E}K
QAN o (M\J\L\'\ \4.(5\( s SQ?J‘F““'S alows DH'M:U
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Eeint dnt Ae hauiay R Silony( Aetal YN[ melienlyf
Lty Sq fals Mol engy oS heoX (RAdi mq)y)
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Question Three continues
on the next page.
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(b) The enthalpy of combustion of ethanol, C,H OH, was determined experimentally using the
apparatus below. The ethanol was completely combusted to heat some water in a beaker.

By
glass
beaker
— water
ethanol
burner

The following data was recorded:

. initial water temperature = 22.1 °C

. final water temperature = 31.2 °C

. initial mass of burner and ethanol = 59.2 g
. final mass of burner and ethanol = 58.7 g

The student calculated the experimental enthalpy change for the combustion of liquid ethanol,
A _H(C,H,OH()). to be 770 kJ mol .

The specific heat capacity of water is4.18 J g °C"".
M(C,H,OH) = 46.0 g mol™'
(i) Use the information provided to calculate the mass of thglva__terthat was in the beaker.
a2\ =93\ ¢
C Saa -anl
N ran) = wo = 0.6169 m.\
B . =8 H
4= 110x 001 Y2 BICK) =1Ly
chmch c=4 8 w=? pl =9|
S
M = (._bf‘.'Q ¢
M= Tgxs) | T 2299
MalS ok walkd s ?_’)_C)j L3 3£
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(ii)

9

Which of these quantities calculated would have been a source of error in the calculated
enthalpy value?

Circle your answer.

@‘amm chan@ mass of fuel combusted

Explain your choice.
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Extra space if required.
Write the question number(s) if applicable.

QUESTION
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Merit

Subject: Chemistry
Standard: 91390
Total score: 16
Q Grade Marker commentary
score
Correctly applied Hess’' Law to calculate the enthalpy change for a
One M5 reaction and explained aspects of entropy changes during a
chemical reaction.
Explained the polarity of the T-shaped structure and explained the
Two M5 . S
trends in 1st ionisation energy.
Explained the differences in boiling points by comparing the
strength of the intermolecular forces, including linking the strength
Three M6 of temporary dipole attractions to the molar mass/ larger electron
cloud and greater surface area /linear shape of the molecules.
Calculated the mass of water correctly.






