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1. (22 marks)

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

Reduction Half-reaction E°/V
@) Cl(g) + 2 — 2CI(ag) 1.358
(i) Oxg) + 4H'(ag) + 4¢~ — 2H,0() 1.23
(iii) NOs (aq) + 4H'(aq) + 3¢~ — NO(g) + 2H,0()  0.96
(iv) Fe*'(aq) + 2¢” — Fe(s) : -0.44

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

Cey(5) ar Cy(5)+de” >0 (ag) ET 1. 358V

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

F—é(‘) o Féu(ﬁﬁ +2e” = Fe(s) £ —or gy V

(c) Which of the species in the :t'ablc will Ox(g) oxidise under acidic conditions?

No(5) s  Fels) E4-E_ >0

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

couples ((i1) and (iv) in the list abm}e) which has a positive standard cell potential.

Fele) | R (5) | 0.(2) [u*(eg) [ fete)

Question 1 continued on following page
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Question 1 continued

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

e bl -+ f.,.— = EO).“’(}O -—E.',:.&)__;.IF.E

[-23 = (=o44) = 167V

-

(f) Calculate the standard free energy' chénge, AG®, for the reaction of O,(g) with

Fe(s) in acid.

AGT = — nFE®
mcatd-f;'\ ‘ F_e(—f) — F&l—‘—(ai) + 2e <><;2.)
1 f . -
reel O).(fi)—i-‘l——i—f"’(aﬁ) s - T— ?-HLC’(e)
Q,‘F'e_(siw—-l— Ol(s)_,,_.a_ﬂ +C“‘j,) — 2——';—&2—4-(%) 4+ .Li—ibo(e_)
N = -4— .

AC—FO_-::« — e x Geyw35 C amee w 1.7V

= — g § KT s

(g) Caleulate the thermodynamic equilibrium constant, X, for the reaction of Ox(g)

with Fe(s) in acid.
DGT - — Rrea K
- bwdSe0 = —F-ld x2G3 w K
Akl = 2.601 3 > o ' o 0.059]}
T e PV
K = e po- | _/%NS / .
- i-C7 = 14775 % 10 LS K
/'/
. 2
/"/ : ‘&5‘D\< = [ 1323x10 Ao(S
' e

Question 1 continued on following page
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Question 1 continued

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

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

-
E = g _ - &F¢z+
| nr Lo —=
o Q'U)___ q/‘_},.‘-
= 1-&7%
= 4

> [

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

80&@&.@;&” Zn ) Zn me Copet; seldeend @m Fg

reast @We Loffee ok KO, X Gpit \L
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(10 marks)
(a) Provide definitions of the folowing terms in the context of acid-base equilibﬁa:

(i) A Brensted acid

A oni-ov\' Adornov

(ii} A Brensted base

A r?'vbf*oﬂ: cuece ptor

(i) A salt

The rwoc:»l/ue/f ol a veachi>e betbwesn
Ocid enwd EJC*%Q

00+ bage — salt (+ wakv)

(iv) A buffer solution

B s olunhon Pt (or\}zq\n;a a‘._-,{awjf[w',(amj ok
o mhaawof\a&. Civounrds o\ o w-eak acicl~

wrak \oucya (@n)uaﬁiﬂ‘ &‘Dwir, I+ run
e it Tre elect of adedecd cicicl o lage

on e pH  of e susiews

Question 2 continued on following page
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Question 2 continued

(b) A chemist discovers a new, water-soluble compouhd, exoticaine. A 1.5 x 10°®

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

) | pH > 7
WEAK - ACID @S‘é

| < pOH = -—Io%bsx?o"': S. €2

that best describe the acid-base properties of exoticaink:

3. (18 marks) prr= 4= pot = €-1%
Formic acid (HCOOH) is an orgé.nic compound with K, =1.8 x 10,

(a)  What is the pXj of formic acid?

Ptza - -t%o Koa= 3.7y

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

HFor & H¥4 For”  y. < CH]CFerd
o _ CuFerd
~ E-“,*]a— L Ka> K,
pit= —log,, Cortd . | T e Kak!

= 2.87% = (1] = J¥ala

- 00032 mol L™

(c)  What is the pK, of the formate anion (HCOO™)?

PKOL*PKB':M- P_Kb-’- |~ p¥a
= “4,"37[1.
~ 1026

Question 3 continued on following page
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A Question 3 continued
- For Na
(d) What is the pH of 2 0.0050 mol L™ solution of sodium formate (HCOONa)?
foc + H,0 & HFor + 017 ¥, - CiroiCoud
. CFerd
Kb = lO'”Pmz= = !0..;0-2@ ' > [oWd?
. - C—S«H‘ - ‘ s
- Ssoo > Cor = et
POH = “,Dﬂ' LOH . -
0 - = <. 20 x10

= 62%
'p:—tr-- = _I14-pOoH = F-72

e)  The plot below was obtained from a titration involving 0.0100 mol L? solutions
( P g |

of formic acid and sodium hydroxide,
A '

Buf#,v reeion

0 10.0 20.0 V/mL

(®  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 -label 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 your

- answer.

Pn,,z%: pKa = 374  fon

(iv)  Using your answers'to earlier parts of this question, what is the pH

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

At ea(W\"“L@-We we hawe a  sall seluhon
Wibn ot (oncewivethion o C"/}/mm = 0005
)
mol L. So

PH@?{ = 7'7.2— &am (_af)

(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 pK, (indicator)
Bromophenol blue 3
Brilliant yellow
Thymolphthalein .0
2,4,6-Trinitrotoluene . 12.3

We want an wolicedor wila
’Pka('\ﬁﬁufm)’}: P]"e«l .

B@S:}" chovve o br;iLl“cah+ \/&”Dw




4.

(28 marks)
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(8) For the combustion of ethane (1), use the thermodynamic data given below to
calculate the following parameters at 298 K. (R = 8.314 J mol-1 K-1)

C:He(g) + 202(g) — 2C0a(e) + 300 (1)

\

—
——

[—-f5.5_9*7 #f—/«giézg)] ® (800

AHF/KImoll  AG%/kJ mol-l 8°/5 K mol™
C:He(g) -84.7 328 unknown
Oa(g) 0 0 +205.1
COu(g) 3935 -394.4 +213.7
H,0(1) -285.8 2372 +69.9
) AP
AN = 2 AR ) 1 3.000he) — ZiE o)
= 2.(-3935) + 3(—2%5¢) ~ (-g¢.7)
= — [557F T ol ™!
) AG° ' |
AG° = 2. AG(0) + 3. 86 (1:0) — AT G )
= 2(-394-4) +3(~2372) — (-32%)
= — 4476 KT mal”
(i) AS°
AG® = AH°— T. AS®
AS® = (AW —AG)/T

————

298

— J2:( x (000
29¢

- ~f
= —-309‘! 'J—K‘h‘ﬂL

Question 4 continued on following page

(3

3)

3)
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Question 4 continued

(iv)  S° for ethane (CgHs(g))

—
——

- AS= XS + 3*5(%,0) Sla)-2¢ S (o)
. Stak) = 2<Ss) + 35S o) ~Z+St.) — AS®
2x2137 +3 %699 ~ Zx2051 — (309 )

+ 22% 4 j_.i(r' mot”’

——
a—

—

—
—

( 4— Mrla‘:

. {v) K (tbe thermodynamic equilibrium constant) at 298 K

AGO: “_QT"ée /(
K = -e,xf) (——-AG:O/Q'T)
+1467-6 x(o00
- @&fo{ B3IE x 298‘}
= e!xto (592 35j IS’xIOZS?) Y
R Full maplks Ho hee Y% avm%.u ( )
(vi)  Kat400K (assume that AH® and AS® are constant between 298 and
400 K)
Cn 22 = AH"[_J_ — L T, = 298K
K (T A T, =400

. Z’& Koo _~[53%: Fxtoco {1
Kag| = “gai4 | R7
= — /6053

p—
—

~70 .
= -/‘?2 x/O * Roay G“:
4

K/l o
Koo

—_
400

/72 o7

Za 4 x /0/8'z

[

Question 4 continued on following page

Full macks 4o A.arc /Ca/aﬁm(f/ Ve.rﬂaw)

@
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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®.

/@mﬁ%rﬁﬁ' Conprrse /_‘f“%-:4-f$' motes “)’ij‘f |
Prodducd's “ 2 mots of 7z +3 mates of G wid

. Lower Yol ~en«7;0¢0 &;ﬂgq@{ a5 Machm Jroceedf

yéfcwffﬂ‘,_b( /ﬁdf—e s meore. arclered (%ém(fa_f).. _
AS® eppectd S he  NESATIVE

£ 4

(c) Caleulate the changes of entropy of the surroundings (ASgyy ) and of the universe

(AStniv) induced by reaction (1) under standard thermodynamic conditions.

—— -

ASE - ‘AH?W _ = At

o G

= +[5597 /000
| - 2498 o
= +5233-§ J K met

AS:;,‘VM = AS‘{;STEM + Agg'uﬁ'

~/

= —30% + 52338 = +4£925 |

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

.thermodynamic conditions.

(TR )

Under  stontasd — tmcliims @ AGE = AE® = ~/4{74

' kT mri-"
% v a /ﬁﬁe NESATIVE 25(4/-%‘7\/7 | ( 1
Hlerefire  vndy standsa cordlifons (all §ar prosors
at | afem  + pur &‘7(44‘0( r%,(y Hs  pecbhon  w'll

o —

pmcezaf S/anfamoaJ\/g n e FppwARD ek

(Q zmﬁ

@)
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5. (14 marks)

A reaction has an energy profile given by the figure below.

potential
energy/kJ mol™
4 0A
300 1
200
100 -
0 reaction
> progress
(a) Isthe reaction elementary or complex? Explain.
E/é’_mmja-f“ as L preackon WfaCéQcZJ‘ wa.-—

a S‘uy&z 75'&175‘;74«»-‘ sH e e ("‘ achvated C‘amféfx
o o bertiec’) (/4 Ce?;u/@x reachon. @i

Awve  Awo (v meove) Syt Boa S‘%)

(b) Isthe reaction endothermic.or exothermic? Explain.

Erdottecmic. a5 ropmy  of poduck
Aiglor Fhon fLe Mj I raTn .

Question 5 continued on following page

6.
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Ouestion 5 continued

©

(d)

©

Indicate which of the poinf(s) (A~E) on the curve correspond to:

(1) reactants B
(ii)  products ' D | (g }y{ﬂf’é_y
(i)  transition state C |

Estimate the values (including units) of the following parameters (no significant

“calculations required).

(1) AHPreaction +/2O (—tZOj kj MH{HI
@ B +240 [:f:?p)' T | (4)

In what way would you predict the rate constant for the reaction to be altered by

an increase in the tfemperature of the system? Explain your reasoning, sketching a

figure if you wish.

k = /4 &cp(—Ea/ﬁT)

_' @W/wos faw )
ok = G A — 'fa/@'?j\

e

/

A |
shpe = R (

L. _-79 .- . iy i | .
T _ ( (e'fwjr\%ﬁ& ( »; /}

. .
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6. (10 marks)

‘Three experiments were undertaken at constant temperature to determine the rate law
for the reaction '

H:PO4 (aq) + OH (aq) — HPO4 (aq) + H.0(aq)

The results were:

- Experiment#  [1,PO, Jo/mol L™ [OH Jo/mol L7 Initial Rate / mol Lts?

1 0.0030 . 0.00080 0.0080
2 0.0030 0.00040 0.0021
3 0.0090 " 0.00040 0.0062

Asseme Ll = k 1743/’@]’( [0/7‘]

(a) Detemﬁne the orders of the reaction with respect to H,PO4 and OH .

7 - R (3) 0-0062 %@’as.aogpd@/@(aﬁﬁ
E)qu_gllg 5’{' 2 =+ TR(Z) = "_"‘0,002/ = /j(ﬂ)=003)d(fwﬁ

= 265 = 2%

otg S = 4 (e wed Habap) | (3)
Ep? 1 “557”f2:£> IR 00080  _ (o-ooam)g i

I

TR(® 6002 000045
= 3§ AN
B = 7L (obr wek oK) (3/

{b) What is the overall order of the reaction?

1}

Oveall ol = 4+ B = 2+ = 3 (/')

(c) Calculate the rate constant for this reaction. What are the units of the rate constant?

Tk Bpt (U Tl RE = [hr 1o ]

L/ 00080
¢ 00030 % (. oooS*D)z'

P ST LZ_MoJ—L -/ (3/)




7. (18 marks)

15
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(a) Use the data below (for reactions 2 and 3) to .calculate the equilibrium constant

(KO for reaction 1 at 298 K:

L 280:(g) +O2x(g) = 280s(g)

2. S0y(g) +NOx(g) = SO5(g) +NO(E) £ = 1.74x10°

3. 2NO(g) + Ox(g) = 2NO(g)

K; = 2.32 x 10%

Prucfion @)% 2-
2.3

frochin(3)

A&éﬂ‘,ﬁ jf'w’sf .
Thad IS

&

T e

250, + 2NO,

=\ 250, +2INU

———

= 2HNJ,

250, + O
@@c/ﬁ'vr_ ({)
K

- KK

= 2 503
= 2% Rocimn (2) + Backan(3)

= (17 «108) % 232x10"]

: : 2
= JO02x (0O F

/ |
\gmaréy

Question 7 continued on following page

N
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Question 7 continued

(b) Consider the case where reactions 2 and 3 represent a two-step mechanism for

reaction 1.

(1) Which of the reaction components (products or reactants) in reactions 2
and 3 would be the catalyst?

NO,.

(i) Which of the reaction components in reactions 2 and 3 would be an

intermediate?

NO

(c) Provide a short definition of Le Chatelier’s principle.

When  a ”sﬁerf ‘ ov f}%rfw/ﬂa/ﬁ‘mn "4 | aﬁ?ﬁmt
fo a Suston o7 Uhriv, ( %-0?4,
7[D/7é’€ /’”m’_”f); ov Wm Ma,?z) He
/27»5//@% /)0577{“%' off e J&f@ 5%(7%
SO &S A nimlSe- He %&L ﬂ%-

A Wr:/ﬁqu%m .

Question 7 confinued on following page

0

()
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Question 7 continued

(d) Each of the following cases, (i) to (iv), represents a change (stress) that may be

applied to a system at equilibrium. You should use one of the following letters

(A, B, C or D) to indicate how the (equilibrium) system for reaction 1 responds to
the change:

- 1. 2804(g) +0y(g) = 280s(g)

[A] Net shift in the direction of the forward reaction
[B] No net change | o B
[C] Net shift in the direction of the reverse reaction

(D] Cannot say

If you answer D for a partienlar question, you should then indicate the additional

information that you would require in order to decide whether A, B or C occurs.

®
(i)
(i)

(v)

SO2(g) is added at constant volume and temperature
System response: A Additional information:

Volume is increased at constant temperature
System response: ( Additiona] information:

Na(g) is added at constant volume and temperature
System response: B Additional information:

Temperature is increased at constant pressure

System response: D Additional information: %}’? 074 AH ° ’ﬁ\/

reacinn,

(5)

END OF PAPER



