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QUESTION ONE
Sulfur forms a range of different fluoride-containing ions and molecules.
\
(a) Complete the table below: g T % 9 s /
Y a3
SF;~ SBrF,
r'" s F f e 0. & ; ‘S( 2
F v I Ve
° | . s \.S /F ¢
Lewis structure ks U o ‘s
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(b) The Lewis structure and shape for sulfur tetrafluoride, SF,, are shown below.
:E—?.—E:
:E:
(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..
1y Mo Ot  bod gl ol fe  F-S—F lbed
m euch vdgae  dw to fo ngmba of
Qedien  dome  Gmas i fach  nlewde. SBYF,
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a1 spoe o Sepureke  Hz S

(c) 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) = SF(g)

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)

Cl ‘61,/ 25a13(61351/3?5

o [Ar] s -So\‘\

Fe* U\“B ; 3d5

Iron, Fe, can form two different ions, Fe?* and Fe**. Their ionic radii are given below:

(i)
Fe?* 92 pm
Fe’* 79 pm
Explain why the radius of the Fe?" ion is larger than the radius of the F e>* ion.
bth Fe® ad B hae W Sume Wi
dane  bat Fe s an edu et
Fe*'.Sinee tle Muder e is o sowe  od
e wleve oo o o Ko spwe ewmy
lwe\fskell 3} & due o eledmn - dectw
cpulsion  that twuses  Fet - davdews  eecons bo be
pusked Paifr from A nudews, 3&1@ it oa l(m)w
whing o Alpm  compwed to  F3t e
(b) (i) Identify all the types of attractive forces between particles of the following substances in
their liquid state.
Substance A“pH"/ kJ mol™! Attractive forces
v Hydrogen bromide, 173 KWD ,QCINAM‘-
HBr(f) :
nend , R
Hydrogen fluoride, 5.2 l@’ y "‘WD
: HF(#) ;
; Mimag
Bromine, “"f"
Be(d 29.6 ?
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(ii)

(iii)

5

Explain why the A, H° of HF is higher than that of HBr.
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Justify why Br, has the highest A of the three substances.
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Dinitrogen tetroxide, N,O,, was reacted with methylhydrazine, CH,;NHNH,. The equation for

the reaction is: | v
4CH,NHNH,(£) + 5N,0,(£) — 4CO,(g) + 12H,0(g) + IN,(g)

(c)

(i) Calculate the standard enthalpy change of this reaction, using the following data.
C(s) + 3H,(g) + N,(g) — CH;NHNH,(f) AH°=+54.1k] mol™!

¥ 4 C(s) + 0,(g) = COxg) A H°=~394 k] mol ™'
%5 Ny(g) +20,(2) = N,0,(0) e AH°=-20.0kJ mol™
" @)+ % 0,@ = H00 st L AH°=-286kI ol
H0(0) = H,0(8)  x\2 A H°=+40.7 kJ mol ™!
2 Ldp, —  Algy v Sl L 81
§ N,04 v —= Wby 1+ O N, =~ \66
\ZP0, C AN .
1Zhe 4 60, 1. AL Nal, % =AY
(U Ha 0, 7 W - 4334

AC“}NL\ Nul(‘; 6’\](04“) - A(Uz(()) 1 \1“1'0(,)) i qu(7)
=AM = '—4636\(3W¢,\U‘

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

-.F Wik Weve Qw&md i B \qu‘é\ V18 o“tb(o' to
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gosidive .

Chemistry 91390, 2025 08138




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(¢) AH®=-1172 kJ mol"!

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

Substance Equation AH° kJ mol™!
NO(g) Y N,(g) + %40,(2) — NO(g) +90.3
H,0(2) H,(g) + % O,(g) = H,0(¢) 286

(ii) Calculate the standard enthalpy of formation for ammonia, Ad1°(NH;(g)), using the data
given in part (i).

prodecks - vaghinky. = S W
(4CR03) 14 4 (-2%)) - (@ (Nhy) > -wTe
(-1394.9) — (ANHKy) "z —n#2
ANl = 12729
ANty - -\21-4
Ny = 49,7 Cea™
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(i)
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Justify, using your knowledge of periodic trends, why magnesium, Mg, has a greater first
ionisation energy than strontium, Sr.

atl Sy ‘3?% W e soe Qrinp - iowisation eHbj
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\f\u\mj " ka}\u hule s [‘Nna,( ag hs ik
e dectars  ja 3\4\\3[?%3 edels , v fom
s wwlens, oy e Yo \ﬁ&ﬂmm .fLedY(M'
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g Nj ao kﬂw J 1€ wﬁ%r. .

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.

Ak adomic adiy  dectys  Wan M A sS

e otewd iz % de b & s dadw
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ek 3 od € s e dallst with
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(¢)  When solid calcium chloride, CaCl,(s), dissolves in water, the temperature increases from
20.4 °Cto 23.2 °C.

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

M(CaCl,) = 111 g mol™!

A=19°€C AW 2 \Ljﬂ"%\
m (Calld < 65.0. ARz —BLR

4 6% x A8W°> % 29

920195311

A= i m= ny M
-0 T i SN
i 7 0= A«

A 033407 e w\([‘u(lt(s))‘f \0‘\3
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Extra space if required.
Write the question number(s) if applicable.
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Merit

Subject: L3 Chemistry
Standard: 91390
Total score: 16
Q JEls Marker commentary
score
Correctly drew both Lewis diagrams and named the resulting
One M6 shapes, explained the polarity of the molecule by recognising the
arrangement of bond dipoles, and explained the spontaneity of the
process by referring to the change in the surroundings’ entropy.
Explained the difference in the ionic radius of the ions (Fe?* and
Fe3*), correctly applied Hess’ Law to calculate the enthalpy change
Two M5 for a reaction, and explained the differences in A, A° by linking
the strength of temporary dipole attractions to a larger electron
cloud.
Explained the difference in first ionisation energy and atomic radii
Three M5 in terms of the number of energy levels, nuclear charge, and the
attraction between the nucleus and valence electrons. Calculated
the mass of a solid dissolved correctly.




