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1. (22 marks)

 Use the following table of standard reduction potentials to answer the questions below:

Reduction Half-reaction | E° NV
@) Clhg) + 26 — 2CI(aq) | 1.358
(i) Ouxg) + 4H'(ag) + 4~ — 2H0() 1.23
(i) NOs(aq) + 4H'(aq) + 3e” — NO(g) + 2H,0()  0.96
(iv) Fe¥(ag) + 2~ — Fe(s) | -0.44

| (2) Which of the species in the table is the strongest oxidising agent?

Cey(5)  an C,06)+2e >0 (o) £ 1. 358V

(b) 'Which of the species in the table is the strongest reducing agent?

(c) Which of the species in the :table will Ox(g) oxidise under acidic conditions?

NO(?) 2 Fe(s) A e

(d) Write down the conventional cell diagram for a cell involving the oxygen and iron

couples ((ii) and (iv) in the list ab()\}e) which has a pesitive standard cell potential.

Rl | 7 Ces) | outa) iteg) | ot

Question 1 continued on following page
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Question 1 continued

(e) Calculate the standard cell potential for the cell in (d).

cetl * f’ = EOJ-""!O Mt—"ce.)'ﬁ Fe

= 23— (—o-du) = .67V

(f) Calculate the standard free energf change, AG®, for the reaction of | Oq(g) with |

Fe(s) in acid.

AG® = — aFE®
owdn - Fols) —» F t(4) 4 2e— (x2)
f | _
AN 0,(3) 4 avt(ag) pde— _5 2eiysle)

aFe {s) + O3 (5) + 4 +(eq) —> 277 (ag) + 21, 0(e)
n= 4- ' ‘

il

AT = —uw xqew3s Coe b w1 o7V

= —eygs§ kT mecl

(g) Calculate the thermodynamic equilibrium constant, K, for the reaction of O,(g)

with Fe(s) in acid.

AGT - — Rven K
—bdihSoo = —B.d w298 % i<
- 2 o. i
‘e"\ k‘} = 2.6o13 > 1o - /"_./""‘ = 9':_ - Oﬁs‘q 'Q‘D\j(a |<
K o L2603 s //,./ ’
= - i-C7 = | .44775% 10 AoSw |
- / 0
//// ' +
/,r ) _&5{3]( = {1 3@3)“0 A_'J—S‘

AN

Question 1 continued on following page
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Question 1 continued

(h) Write down the Nernst equation for an electrochemical cell in which the cell

reaction is the reaction of Ox(g) and Fe(s) under acidic conditions.

s,
E = E *-—@Iﬁm A, 2+
nFE P
Lo, Y+
E‘e;..é,m
N o= 4

(i)  Describe one method of corrosion prevention and explain how it relates to the
~ equation in part (h).

ﬁC’QVWZ&M Zn / Zn ez Comadly enelhed o, T:€_.
T ez &T\ Clire?--r \P

Alio | Pavshey o= In o Gn oy O oo Mt o
Ftoct o ﬁ&-—tf——zﬂ--&u&'@k/d‘f"f’ ‘#
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2. (10 marks)
(a) Provide definitions of the following terms in the context of acid-base equilibria:

(i) A Brensted acid

Pf PWJJ‘DV\' doﬂo/

(ii) A Brensted base

A maf“of\: cuece ptor

(i) A salt

The  procluet ol a veachom betmetin cin
acid and a  lhose

(iv) A buffer solution

A s ot M (om‘u,fvx;zs %{SM{Q(O‘VJ oA
(.OMPMQ\‘-\L‘L Civounrnds e\ o weak aciel —

orter \ga«:,c (M)uﬁw}m pesir, TL Fun
r@oLwt. elfect o adeleedl ciciel o bate

on M et o+ b susien

Questlon 2 contmued on following page
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Question 2 continued

(b) A chemist discovers a new, water-soluble compound, exoticaine. A 1.5 x 107

mol L™ aqueous solution of exoticaine has a pH @Circle, below, two words

! | pH > 7

N p0H=- -—loawl‘Sx?Dd’: S. €2

that best describe the acid-base properties of exoticai ¢

3. (18 marks) Pl"}': “4- POH = €-1%
Formic acid (HCOOH) is an orga'nic compound with K, = 1.8 x 107,

(@) What is the pX, of formic acid?

P[(a = -(O?m K = 3.9

(b) What is the pH of a 0.0100 mol L solution of formic acid?

HFor @ H*4 For™ K, = EH]C Ford
CvFerd |
f“"] 2 L K ;50K

pt=—log,, Cut | L. e Ka&!

= .87 = (ut] = ) kel
- 0 0032 mol L™

e
—~

(c)  What is the pK, of the formate anion (HCOQ")?

PVGH-PK[,,ﬁHr ‘Pkb: Jb— p¥a
= “4."3?‘!-
~ 10O26

Question 3 continued on following page
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Question 3 continued

For Na
(d) What is the pH of 2 0.0050 mol L™ solution of sodium formate (HCOONa)?
for ™+ H,0 = HFov + o4 ™ £, = Lirecllond
: : C Fer™ 1
Vo = 1072 7% > Lowd?
= S50 0p™" T
- ooeYx Cop-2 | = Cot ] & Ky Loart
POH B —ﬁ“?zfj;: | = ‘S.?l-ﬁxlo"'?
pt = 14-poH = 372

(¢)  The plot below was obtained from a titration involving 0.0100 mol L solutions

of formic acid and sodium hydroi(ide.
A '

()  Tick the box that correctly describes the titration:

Formic acid solution is being added to sodium hydroxide solution

OR  sodium hydroxide solution is being added to formic acid solution \/

(i)  Indicate and clearly ’Iabel the following on the above plot:
» The equivalence point '
¢ The buffer region
¢ The approximate position of pH = 7 on the pH () axis

Question 3 continued on following page
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Question 3 continued

(i)  Using your answers to earlier parts of this question, what is the pH
corresponding to point A of the plot? Provide an explanation for yoi:r

- answer.

!anzeo[( = Pl<6{ = 3:“/. Fvow\ ()

(iv)  Using your answersto earlier parts of this question, what is the pH

corresponding to point B? Provide an explanation for your answer.

h+t €9 wivelovee we hawe a sall soluhon |
Witn et (encendethon o C"/Woial = 00035
wol L. %0 |

pH., - 772 fom (o)

(v)  The endpoint of this titration could be detected using an indicator. Of the
indicators listed below, which would be the most suitable? Explain the

reason for your choice.

Indicator pX, (indicator)
Bromophenol blue 38
Brilliant yellow C7.20
Thymolphthalein [0.0

2,4.6-Trinitrotoluene . 12.3

We want an indicedeor vwida

Best chove ‘a“ﬁ hrillicom+ \/EHDw
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(28 marks)

(8) For the combustion of ethane (1), use the thermodynamic data given below to
- caleulate the following parameters at 298 K. (R = 8.314 ] mol-! K-1)

CoHi(g) +202(8) — 2C0a(g) + 300 (1)

AHF/XTmoll  AG}/kJ mol-! 871 K mol’?

CoHg(2) -84.7 -32.8 unknown
Ox(g) 0 0 +205.1
CO(g) =3935 -394.4 +213.7
H,0Q) -285.8 -237.2 +69.9
i) AR

AW = 2 A () ¢ 3.40 ) — AHFCGH)
= 2(-3735) + 3(-2%59) ~(~g¢7)
= = (5377 K wol”

(i) AG°

AGT = 2. AGHCo) + 3 DG o) ~ AGGH:)
= 2(~3944¢) +3 (-2372) — (~32%)
= — [ 4476 kT mol”

Gii) AS°

]

[+

AG® = AH°— T. AS®

AS® = (AH° —AG)/T
= [-18597 —(—14678)] xtee0 (KT T 1N

—_—

298’ el E¥ K}

— — 92l x too0
295

. .—_’ _ y
= HBC’?‘{ sJ K’”‘DL

Question 4 continued on following page

(3 e

(3)

63)_
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Question 4 continued

(iv)  S°for ethane (CzHﬁ(g))
Agﬁ-‘: QV,SO(CW:_) + 3”5?[’/10) - S?CJ;%)“‘%F S‘?bz;

Stat) = 255 En) + 35S o) ~Z«St.) — AS®
= 2x2037 +3r699 ~ Lx2051 — (-3203)

= + 2284 j__](r' mo[—’

(4 vk

(v) K (the thermodynamic equilibrium constant) at 298 K

AG=s —RT e K
K = ~e,x’o(——A€r’o/QT)

_ +1467% xlooofz
o @&/D ®3(4 x 295

oxp (572:35) ( 8 x10%
4
& Full mapks +o hae ( calculalor omﬁé»ﬂ

L

(vi)  Kat400 K (assume that AH® and AS° are constant between 298 and
400 K)

(KZ- _ AR L L T, = 299K
R [T & T, =400k

o 5' Kioo\ 1559 Futooo L __ |
T Kag) T TBas 27 4

= —/60-53
* 1 /(H//(Z‘f( : ‘@Kf) /" /60"53) —_— /, ?l ,(/0_-7-0
Koo = 192210 xbiny E 34« /0/8}9 ‘
'r <
/ Question 4 continued on following page

M /mﬂéf 7{5 ;{ﬁft /a@/m%f ov:_zfﬁam) :
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Question 4 continued

(b) By considering the phase and number of moles of each reaction component in

reaction (1), comment on the sign you have obtained for AS®,

/2’4@7%/]76- 60/170/‘7:(& /‘f’—%zq—‘s— melos 072’&5{ |
;WI’DC&LJS‘ Y 2 motr of (ﬁ_@‘ + 2 motr 4% Z}?ML

¢ o

,éecmrﬂ%b( fﬁﬁ;.e, 5 mo-re. agrebesrcd (%ém(.faj)q
L AST egectd Ao b NESATIVE

& %

(c) Calculate the changes of entropy of the surroundings (ASSy ) and of the universe
(ASipiv) induced by reaction (1) under standard thermodynamic conditions.

A owr  — Allomn

T G
+168%:7 %/000

298
+5233-8 T K mit”

Ago = 'AS;:‘;S‘»EW\ + Agguh"

ASE =

)

/

ff

univese

= —30%( + 52338 = +4925

/ ~/ -
(d) Comment on the direction of spontaneous change for reaction (1) under standard

thermodynamic conditions.

Uiy stondacd Grclifins 1 AG = AC = afTh

‘ kTMt-J
% v a /aya NESATIVE Zazw{‘{y ' ( 4
%ereﬁr’ez vndy Standsct corclAons ((al J prssores
af | atem o+ pue bl $0) Ao peatAom wn'td

o

proceed Sf?ay‘famaa{/y n Ae FpowARD ,gf}»gcﬁm

prer 7‘072[ -enj;of &fﬂcﬁépﬁ a5 Naaﬁ’im //aceed?“

// 13

(Q e



5. (24 marks)

(a) Barium metal crystallizes in a body-centred cubic lattice. The density of the meta]

is 3.50 gcm™. Calculate the radius (in pm) of a barium atom.

M(Ba) = 137.3 gmol™; Ny = 6.022x 10® mol”; 1 pm=10"2m.

For 1 unit cell:

m = 2x137.3/6.022 x 10

456x10% g

V = m/p

456 % 107435

!

= 1.303x 10% cm’
= 1.303x 102 m>

= 1.303 x 10" pm°

10 m®

1 cm =107 m; 1cm?

1m=10"pm; 1m® = 10w’

Cell side length a = V' = 506.9 pm

Cell diagonal length = 4r = \fa

Atomic radiust = \3/4 a

= 219.5 pm

Question 5 continued on following page
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- Question 5 continued
(b) Using diagrams briefly explain the following terms:

(i)  Hexagonal close-packed structure;

A close-packed arrangement, where an atom in a plane is surrounded by six other atoms in
a hexagonal arrangement and the planes are stacked on each other in a ABABA arrangement
i.e. the 3™ layer lies above the first layer. The second layer atoms lie over half the channels

in the first layer.

(ii)  interstitial impurity;

An atom or ton in a lattice which is:
1) Not a lattice site — hence interstitial

i) A diiferent species to the lattice atoms or ions

Laftice aToms

irtershihial v P u-n’f}

Ouestion 5 continued on following page
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Question 5 continued

(i11)  n-type semiconductor (give an example of an n-type semiconductor);

An n-type semiconductor is an insulator doped
with an element with more valence electrons

e.g- Si doped with As. This gives rise to a donor — Cpndu C+rﬁh
band close to the conduction band band

™~ Donar band

Ve
- vasenee

(iv)  condensation polymer (give an example of a condensation polymer).

| Polymer formed from 2 different monomers with different functional groups at the ends
or a monomer with 2 different groups at the ends. The formation of the polymer involves the

formation of a smaller molecule, usually water.

e.g NHz~(CHz)-NH; + HOOC-(CH,)-COOH -
NH,-(CH;)s-NH-OC-(CH,)-COOH + H,0 -
[-NH-(CH,)s-NH-OC-(CH3)-CO-],
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(18 marks)

T‘/

X1 X2 X3

Xn ——

The boiling point-composition (I - x,) diagram for a mixture of A and B is given

above,

(a)

®

(©) .

Of the four curve segments labelled as o, B, v and & in the diagram above, which
two segments indicate the composition of the vapour, in equilibrium with the

liquid? (Tick one of the following boxes.)

o and p B andy  oand 8

B and 5  aandy |V v and 5

Which pure liquid, A or B, would you expect to have the higher vapour pressure
at a particular temperature? (Tick one of the following boxes.)
A B |V

Which of the following occurs when the two liquids are mixed? (Tick one of the

following boxes.)

v
Heat is absorbed No heat 1s absorbed Heat is released
(endothermic process) or released (exothermic process)

N

Question 6 continued on following page
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-Question 6 continuned

(d) What is the composition of the distillate formed when each of the following liquid

mixtures is distilied in an efficient distillation column?

liquid distillate
mixture composition
(i) X1 Xa =0
(11) X2 Xpa = X2
(iii) X Xy =1

(e} What is the composition of the residue left when each of the foIldwing liquid

mixtures is boiled in an efficient distillation column until the boiling point is

constant?
Liquid residue
mixture composition
) X1 Xa = X2
(ii) X3 Xa = X
(111) X3 Xa = X2

Question 6 continued on following page
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Question 6 continued

(f) Ethanol and methanol form an ideal solution, At 293 K, the vapour pressure of
~ cthanol is 44.5 Torr, and that of methanol is 88.7 Torr. Consider a mixture of
these liquids where the mole fraction of ethanol is 0.60 and the temperature is

293 K.

(1)  Calculate the partial pressure of ethanol above the mixture.

PE = Xgpg®

0.60 x 44.5

26.7 Torr

(ii)  Calculate the total pressure above this mixture.

Pm = XmPme | Prowt = Ps - PMm
=(I1-xe)pw = 26.7 + 35.48
= 0.4x88.7 = 62.2 Torr
= 35.48 Torr

(iii)  Calculate the mole fraction of ethanol in the vapour above the mixture.

X = Pp/Pronl = 26.7/62.2 = 0.429

Question 6 continued on following page
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Question 6 continued

(g) Sketch the p-T phase diagram for a pure substance (one-component) whose

normal boiling point is 80.1°C and whose normal freezing point is 5.5°C.

(i) Indicate on the diagram the positions of the triple point and the critical

point.

(i)  Indicate where sublimation would occur rather than melting or boiling.

Liquid :
\ Ce. 1tical
SOII(L Poﬁp n'l'
';o:i”m +
P
Jearte
Pa pivt
\)
Cublmation +—>

55° 80.1¢

END OF PAPER



