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QUESTION ONE
Sulfur forms a range of different fluoride-containing ions and molecules.
(a) Complete the table below: \ 48-\Z * 3¢
gal-6 = 2ie
Lo maw
-\ S i
AV > v
B\ ( / ]
Lewis structure = S .
B
-F:
Name of shape 0 C*OW\

(i) Identify and explain the polarity of SF,.
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(i)  Justify why the F-S-F bond angles in SF, are different to the F-S—F bond angles in SBrF.
SBx WOS S veigons of elechon O‘Qr\i‘i‘j leve G
SRy ng o S \'ei90l’\3 of QLQC‘\W o’%({\’\j,
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since Yo ove 1231 Alorme Sweonnding e £ adone
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Finely powdered sulfur, S(s), readily reacts with fluorine gas, F,(g). in an exothermic reaction to
produce sulfur hexafluoride, SF(g). The equation for the reaction is:

S(s) :‘ 3F(g) — S\F &)

Justify, in terms of the entropy changes of the system and surroundings, why the reaction is
spontaneous.
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QUESTION TWO

(a) (i) Complete the table below.

Symbol Electron configuration (use s, p, d notation)
2 2 € %A -
Cl ks  ds e By =e
¢ - ¢ \ \O
Cu A\ axv ap R 50, 4%)30\
S ) J 1 (D J ’5 J f ) S )

(ii) Tron, Fe, can form two different ions, Fe?* and Fe**. Their ionic radii are given below:
Fe?* 92 pm — g O\wouo R7e\ecAvOng
F' 79pm - gnt aweq 2 2lechans.

Explain why the radius of the Fe>* ion is larger than the radius of the Fe** ion.
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(b) (i) Identify all the types of attractive forces between particles of the following substances in
their liquid state.

Substance A, H°/kJ mol™! Attractive forces
: Nadveq e \condh i
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20 g\
(i) Explain why the AvapH ° of HF is higher than that of HBr.
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(iii) Justify why Br, has the highest A, /7° of the three substances.
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(c) Dinitrogen tetroxide, N,O,, was reacted with methylhydrazine, CH;NHNH,. The equation for
the reactionis: v
4CH,NHNH,(£) + 5N,0,(f) = 4CO,(g) + 12H,0(g) + IN,(g)

(i) Calculate the standard enthalpy change of this reaction, using the following data.

C(s) + 3H,(g) + Ny(g) = CH;NHNH,(f) ~ AH°=+541kImol™' == 324.¢
C(s) + 0,(g) = CO,(g) AH°=-39%4kImol! = =\ S716
N,(g) + 20,(g) = N,0,(0) AH°=-200kImol”" = +\&O
H,(g) + 2 0,(g) = H,0(H) AH°=-286kimol™! = ~343A
H,0(£) — H,0(g) \q AH°=+40.7kImol™! t4R0

ATV NN, (15 T ¥ BPeg AN, 9
%65) \m(op - «C«S_Oq_up 2 G
SaN 20a) =) %Nlccy "%3
ORYy o thds AL

\ﬁb:@eﬁ “%\1\0 9

ACRT NN (0 + SN, 0400 =2 4 €0, gy + 1AW gy ¥
AN AN =AGET3kgmol !

A= 204 ¢+ -\ST7C + V80 +3 432 +4L0° —‘\G‘)Q.ékf:

(i) Explain the effect on the standard enthalpy change calculated in part (c)(i) if the water was
produced as a liquid.
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QUESTION THREE

(a) Nitric acid, HNO,, is manufactured from ammonia, NH,. The equation for one of the reactions in
the process is:

4NH,(g) + 50,(g) — 4NO(g) + 6H,0(¢) A H°=-1172 k) mol!

(i)  Write the balanced equation to represent the standard enthalpy of formation of ammonia in
the table below.

Substance Equation A" kJ mol !

NH;(g) Ng_co)x > \'\’LC-Q)') = R

3%
NO(g) ¥ N,(g) + %40,(g) — NO(g) +90.3

H,0(¢) H,(g) + % O,(g) — H,0(¢) 286

(i) Calculate the standard enthalpy of formation for ammonia, A 7 °(NH,(g)). using the data
given in part (i).

Bk CL £AM° (poducks) - AFHY eodieints )
A AU 90.3 x4+ AB6XC )- AMY(4180)
AP« ~1$34 .8 kymol?

At = ~183 S fepmaol ™
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(b) (i) Justify, using your knowledge of periodic trends, why magnesium, Mg, has a greater first
ionisation energy than strontium, Sr.
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(i) The atomic radii of five elements from Period 3 are shown in the table below.

Period 3 element Na Mg Al Si P

Atomic radius/nm 0.191 0.160 0.130 0.118 0.110

Explain the trend in atomic radius shown in the table.
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(¢) When solid calcium chloride, CaCl,(s), dissolves in water, the temperature increases from
204°Ct023.2°C. AT

CaCl,(s) — Ca?*(aq) + 2Cl (aq) AH=-81.3 kJ mol™!
\

Calculate the mass of CaCl,(s) that must dissolve to cause this temperature increase.
Assume the specific heat capacity of the calcium chloride solution is 4.18 J g~! °C!, ol

Assume the mass of the calcium chloride solution is 68.0 g.

M(CaCl,) =q\lll g mol™! AN I
q/'- WMC AT

Qe 4 68 0x & 8% (23.2-20.%)
Ct/-* 2I19% .91

N GRAN,
N -S3lK-g1 9 Neg 19

SLANR IO\

oA 1Tl

W < \Ogé-éqjmo\v\
M = 1081 gme) 7|
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Achievement

Subject: L3 Chemistry

Standard: 91390

Total score: 11

Grade
Q score Marker commentary
Drew the Lewis structure and named the shape correctly,
recognised the different number of electron densities in both
One A4 molecules, described entropy as an increase in disorder, and
recognised that the reaction was exothermic and released heat
into the surroundings.
Wrote the correct order and electron configuration notation,
identified the different number of valence electrons, correctly
Two Ad . o . .
identified attractive forces in two substances, and correctly
manipulated two values to find the enthalpy change.
Recognised the difference in energy levels down the group and
knew that across the period, atomic radii decreased due to an
Three A3 . .

increase in protons, and calculated heat energy released correctly
in Joules.




