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QUESTION ONE

Sodium chloride, NaCl, is used as an antiseptic and antimicrobial agent. In analytical chemistry, it is
often reacted with silver nitrate, AgNO,, shown below.

NaCl(aq) + AgNO,(aq) — AgCl(s) + NaNO,(aq)

(a) When silver nitrate, AgNO,, is added to 73.0 g of sodium chloride, NaCl, 81.8 kJ of energy is

released.

Calculate the A H for the above reaction.

M(NaCl) = 58.4 g mol™!
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(b) (i) Identify which substance below matches the information provided in the table by placing it

v
b,

into the correct row.
Zinc (Zn) Ammonia (NH;) Diamond (C) Sodium chloride (NaCl)
Solid type Melting point (°C) Substance selected
3D Covalent Network 3550 0['6\ mo r\cl (C )
Ionic 801 SO({/AM (L/O(fdf (UD\C ”
Metallic 420 Z A { 70 )
Molecular -78 m /)m v ( N u})

(ii) Relate the bonding and structure in ionic and molecular solids to their relative melting

points.

In your answer:

. describe the bonding and structure in ionic and molecular solids

. explain what the melting point of a solid indicates about the strength of forces

between its particles

. link the strength of forces between the particles to their relative melting points.
Mo(u n lw ;0(;(9) e Madl MV 0 { Moj\e (uJe pafir'c{ﬂs be 7/’9 )\eld
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(¢) Diamond, C, and gold, Au, are both used frequently in jewellery making, but their properties are
very different.

Diamond is very hard and can only be scratched by a substance equally as hard as itself. Gold,
however, is malleable and ductile, and is used to craft intricate shapes and patterns.

Explain how the structure and bonding of each substance results in these properties.

Diamond, C, hardness: ﬂ('w/w(\u' (5 a3*{)covn/€{‘4 M/W/k whr'l}* 15 3[?
I“H"c‘? ﬁ£ éMLo/l o‘{oms.éw\o{zd fo e ﬂfmof‘;e( Ej 5{0’0/\1] CUW/&]/
bonds. Decowse these (ovalent bonds ore veqy g ond s
ooireuﬁa,’M{, J’drﬂaﬂ\l cen Wr“j{am! ,Qngly /'mfmc{ 20 very

hal.

Gold, Au, malleable and ductile: beld 7> mda”ic 50/4/[ w“[cL ‘s a 30 |ofhe
ok A cotions beiny borded 4o me mmothe by metlke bonds These
50{0{"3 MY Wrw:\avl N o Sen op ffoe mod{n& e/(o%/c?ns. &'o[d 5
Mu”wb/c bc(awe JLL, mHa’lf'c hyncﬂa ale ﬂon’tffrgclfma’ b~
&/L\(/\ Fo{ce (9 ﬂp/,‘c% '“'e Au 006'0/15 th/y wfe F&jl\(ﬁ/l/
NZ&J’ﬂy o{mi wh e ‘Cpb vaw “ g(f?f/ieo(.
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(d) The development of the Haber-Bosch process, shown in the reaction below, is historically
significant.

N,(g) + 3H,(g) — 2NH;(g) AH =-93.0 k] mol!

Calculate the average bond energy of the N=N bond in N,, using the average bond energies
listed in the table below for this reaction between nitrogen, N,, and hydrogen, H,, that produces

ammonia, NH,.

Bond Bond energy (kJ mol™') e
H-H 436 N=N H-H |
39 5

A(H = ﬁ? Lo/\ds 10(0]*6:’! i Lor&s i:omql

DeH = (WEN+ 3 x436)— basen = -93
(NZN+ 130%)- 72346 =- 13
NZN 304 = 7253
MZN =225 3-130 5= 945K Mg’
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QUESTION TWO

(a) (i) Identify whether each of the statements apply to endothermic (Endo) or exothermic (Exo)
reactions by circling the correct term only.

. The products have more energy than the reactants. 'm‘ Exo
. Energy is released to the surroundings. Endo / [Exo
. The change in enthalpy (AH) for the reaction is positive. @ Exo
(ii)  State whether the following process is endothermic or exothermic, and give a reason for
your choice.
H20(§) = H,0(?)

eZertotie (115 exo fherttic. When o guseons ma{{cule,
such ws U0 here, i9 fupeo Mo 4 i w?, el moletulos
lorees e mede betwean 4he wolecales. This formafion o} fhese
COIOL} (4 e,yO'HA&fm;c, H\{(Z Fo(e "/;O(g) —-}/’{;Ou) > Uoﬂwlm«‘c.

Ammonium nitrate, NH,NO,, is used in first aid to treat injuries. The energy change in the
reaction is shown in the diagram below.

NH,"(ag) + NO, (aq)

Energy

PGS

Reaction progress

(iii) Is the reaction in the graph above absorbing energy from the surroundings or releasing
energy to the surroundings?

1{ s 0\650/5//\\9 eneqy as A 5 gosiive, Here fore
('("5 Cndo oM C. 9& 60

(iv) Circle the correct option for identification of the enthalpy change of this reaction (A H):

A H <0, negative A H > 0, positive

Chemistry 91164, 2025 13349
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(b)  All three of the compounds given in the table below contain polar bonds, but only two of them
are polar molecules.

Methanol Tetrachloromethane Water

H
I

H—?—OH M0 +H
H

(i)  Define what makes a chemical bond polar, and give an example from one of the above
compounds. %r(
an,

Bond clipdes ore fomed phot) @B Al futo atoms on ead:/s;iu
OF ﬂﬁﬂ lﬂa(lu( ]/we (/!uLua,f a’eéffoﬂegw‘!}/{{% [n V"Her’/’ﬂd
tlectiomnegodivit o 0Ygen 13 mac | highe! fhon Hhot of
}\jd/()ge,\/ Ll‘@(e?ofc ‘H’t(’. &t IDOA(L‘. ¥ H>0 ofe $\ o,o«( =
oxwm b&mg S énzf,a-fi'/e and Ayo//ogw b""'j ? fvsf‘/,}/{.

(ii) Circle the compound in the table above that is the non-polar molecule.

(iii) Use your understanding of structure and bonding to justify your choice of the molecule
you circled above.

Fﬂ{ /3 mﬂfemlal _w’f(, Bor'J J«‘(ﬂ[es 4o }M (v/al, 4&5 bw,,! J.'(o(q
uavz %0 b(/ Symmgiﬂmﬂ .:gge’:??é?%i-?!?’ 0/9an.’s€ 6[ f'o/
‘H"(/M {ﬂ Caml,l €ac0| % ‘ 4 oc,d[, Fo{ —Ha{j ‘(0 I\a»/eﬁ, 4{ 511, 2
of The n'wlecu ‘e [aos o be sym e{r(mf, TZ[IML! (v mdltmf Zao

A opps of eletion u{msr'{yl, md becanse all areas ore bmd«&
i, 5£.Q'Oe (s fe*rm}lu}m'. his {9 @ 5ym«4e4n’cal 3)4arfe,
Gnd Because fhe Wr'(g of al| 4 Lopd Aipoles (> equal,

w5 All 4 oaspes—bonds oie ende 4 0l e hon g{ffb[tj

ML{{ ewz}t a(l\a oaf o/w( “«Me {o/e frohe s ‘/45 mo(écu’e
401\’\00{0{, Mdl\onwl/ ‘(A(J(,Lg}. m/sp be.‘a ‘{g'{fa[m{m/ (5 fp(of
(19 i b on/g one O bond M.’fe the othe 3 ate H, ond
’f{f\’fépa/t ‘% édncj 0{"{2?[@5 Con nof Um’ke, éacL m‘{\er. H.0 La? ﬁl

o bont 5horc, which > g 055ymedfical 50.,(¢ flefory
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N(\,U (oun &v’ﬁﬁo’\/é a water.

Diagram to show NaCl dissolving in water:

13349
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QUESTION THREE

(a)

Different forms (allotropes) of carbon have different electrical conductivities. Diamond does not
conduct electricity, but graphite is a very good electrical conductor.
Compare and contrast the structure and bonding of these two carbon compounds.
In your answer:
explain the structure and bonding of diamond and graphite
define electrical conductivity in solids
justify the difference in electrical conductivity between diamond and graphite.

You may include a diagram to support your answer.

For o suhslunce 4o om condocf @Iéc!m,!j, i1 wist e Preo

WoViny 0(/'0(34’1 ra{'ﬁllc‘»- Dismond 15 « 2otthee 3D covulad

ndwerk where  corbons ale bonded 4o Cuch ofher é,v cova len
bods in o 3D lobhce . Each corhon i3 bonded 0" 4 mopy
M‘-I’LUM, ‘FLa{gﬁofe {{'t tasznj 1’(0 ol l‘la\le o Pntlyleﬂfrt f[éc(fgngr
Tws meons Fhte we 1o tHae moulny clxa{yd pot Licles 11
cwlw, \[(AW 22 ﬁ Qy/'o‘nw\() (3 /\on/cmo(udf'/{.
C({a h(fe /' A/so o SpCOvAfeﬂ/ '\4‘(“/0}’}‘/ a 3D Ia”r'u DL

[m borded 4o each of ha by (vilent bonds. Valike cliamand,
Carbon ofoms (1 gfofﬁ:'*'e nly Dond 4o 3 othyr cofbons,
from:’/\y thia, 2D sheeds, These sheets afe stacbed on oy
oF euch other 45 Form @r«(ﬁ:’fe, Becavse euch carhon 0"!7
has 3 bonds, | valence electon 15 e M. This volence electon
r5 bree moving wefhin £he {Agers, bk holtton o
& yieQ MOv’\'ﬁy ngeoo (M‘f:’c le, ’1//owk9 ym(l\"lé’ +o
cord u efft*rl'ci{y.
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(b) Combustion is a chemical reaction in which a substance combines with oxygen and produces

heat.
When ethanol, C,H,OH, is combusted with oxygen, O,, carbon dioxide, CO,, and water, H,0,
are produced.

C,H,OH(?) + 30,(g) — 2CO,(g) + 3H,0 (¢) A H=-1370 kJ mol™!

(i) Calculate the mass of ethanol, C,H,OH, that must react to release 17 500 kJ of energy.
5 gl(C‘ZHSOH) =46.7 g mol™!
9~ = 1L772727¢3
15, m=oM
m=12.777372263 x 46.7

m:w §q73 (3 5. F)

(i) Calculate the energy change when 187 g of zinc oxide, ZnO, is produced in the reaction
below between zine, Zn, and oxygen, O,.

2Zn(s) + O,(g) — 2Zn0(s) AH=-696kJ mol!
M(ZnO) = 81.4 g mol™!

n-
P e TG g T
L=
2247047247 x@4 3%% =799 legmol” (35 k)
Question Three continuos)
on the next page.
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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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Subject:

Standard:

Total score: 21

Excellence

L2 Chemistry
91164

Q

Grade
score

Marker commentary

One

E7

The candidate was awarded E7. They correctly calculated the
enthalpy change for the given reaction, but failed to assign correct
units and sign. Types of solids were correctly identified from given
data, and the relationship between melting point and forces
between particles fully discussed, with correct details of particle
types and structure. In part (c), they lacked detail when describing
the hardness of diamond, and implied that cations were pushing
rather than sliding when discussing the malleability of gold. Part
(d) had no calculation errors and correct units and earned an
excellence point.

Two

E7

The candidate identified exothermic and endothermic statements
and correctly identified that bonds were made and that
condensation is an exothermic reaction, but failed to mention that
energy is released. They were awarded an achieved point for part
(a). In part (b), tetrachloromethane is correctly identified as a non-
polar molecule, and electronegativity is explained appropriately.
The explanation in part (b)(iii) discussed bond dipole cancellation,
symmetry, and the size of the dipoles — an excellence point was
awarded here. All of three solubility options were selected
correctly in part (c), and in part (d) they recognised that attractions
(or lack of them) were required for a solute to dissolve in water,
with a correct hydrated ion diagram. The discussion was robust in
terms of specific solute-solvent forces overcoming solute-solute
and solvent-solvent for NaCl, but lacked a description of the type
of forces overcome for iodine. This was counted as a minor
excellence error, resulting in a score of E7.

Three

E7

The candidate was awarded E7 as they comprehensively
compared and contrasted the conductivity of both allotropes with
reference to the inherent structure and bonding. An excellence
point was awarded here. A merit point was awarded for part (b), as
they correctly calculated the mass with correct units from the first
calculation, but had incorrect units and a missing minus sign for
the second calculation. All Lewis diagrams and shapes were
correct in part (c). In part (d), the shape and bond angle of
methane and ammonia were correctly discussed and compared
concisely using VSEPR theory. The second excellence point was
awarded here.




