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1. (24 marks)

pH

4.90

—

0 11.4 22.8 342 " Vaaon/mL

The figure above shows the titration curve obtained (using a pH meter) when a 25.0 mL
sample of a solution of weak acid, HA, of unknown concentration, Cua, is titrated with
standardised NaOH solution. The NaOH solution has a concentration of 0.108 mol L!
and VNaol represents the volume in mL of NaOH which has been added. [Data: Ky, =

1.00 x 10-14,]

(a) What pieces of laboratory equipment would be used to measure out:

() the volume of HA solution? Pipette

(i)  the added volume of NaOH, Vgon? | bure +re

(b) On the figure above, clearly indicate and label the following:
(i)  the equivalence point;
(ii)  a buffer region.

(c) Calculate Cya.

At equivaleace poink (ep) inikial noles HA = moles ORT addes
= Cua vHA"\/\IHM‘ = Cygom VLp

0-109 aot L'« Z21-9 mL
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i
v
1"

2§50 AL

Cuypg = 00485 mal L
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(d) Using the given pH value for the solution at point B (4.90), calculate K, (the acid

ionisation constant) for HA.

nNn_- = N

A-" B‘ Lo V\Q\(‘/C(‘\/:Ju\(-ﬂoc P();ﬁ.‘.| A ua

USCL fuis ta \OJ-P‘(C( Q(Jluu‘—i(?/\ . qu 2 PH - (ij (nﬁ_//\,m]

= Llr-fm - ‘03\0 (1—)

= Y90
-pkK - 4.
pKa = -lo<3“, ke = K, = 10 PRPe o 40 26 x (070
() What is the pH at point A?
pH s dekermiaed ‘0\( S L — R T Y o
(’HA \Od-, Y, (;/I'i‘Hu‘ C ;4 !\-|Dl L'l)
Cpp -2 \0'-’+>L 3 (qu:\:\grlu-—. Coia L")
ko = Oyr Op- o™
- + 2c C
- ( 2 ) (3 \ pld Jc S:I\LL 7€ >> lo-"‘
Clyg Cha - Cua w0 K Oy,
—_— —
= : = . -G
= s A o B di-2ex0™%) s (00qgs) = (114 x 107
= P“ = —\O%\u w = 2946 '
FO«(* QawSwer PH = l.,' PV\q - l-,, |°‘j|; CHA. - qug + 0.0 - 2°496§6

(f)  Prove the general result that K (base ionisation éonstant) for the base X~ (i.e.
conjugate base of the acid, HX) is given by

Kb(X—) = Kw/ Ka(HX)

RC;C\« L“(Arok\‘ Si¢

Hx + U0 &= X7+ Hy0" Kg = Ouor Oy -
" U x
u*t/ ‘\Ov\:tukt)\q; u 0 —_ + -
v + Hyo & HWo' + oM ko - Chy, ot Gy -
Busc \m‘ drol G X + w0 = - ]
\‘ T < H)( ‘} OH Kb - (‘AHX QOH_
= Kk Gt G %x-
_> “w Hao¥ o4~ - aHx qou' ‘/
= \
ke\ Oy,or G- Q)(_ b

Gux
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(g) Calculate the pH at the equivalence point in the titration.

Tidrakon reouclion 1S HA + O™ — p~ + HLO
Ay Qquidu\(nu( (m,\# all HA Louc beewn (onverked -MJ(O '

T\—.\J( buge \rn‘cxroL’ Sf odlvrs av\“ Ac{-@rwﬁ«\(( é)H,

AT+ Hio = HA + ou~

CH' o) lO’_' (En:#:o.\ ¢ i gl L'\\
Cg' - e kOI-‘{')&, (e,c‘v'.\I\or'.JM C i Aol L")
K\o = Oyp Yoy = 3 (107 k) :
~X e Ciace D >) lO’7
Q,- -
A C.-. -
A Ca 2L Cp-
=) {ouwd =% = AN Ky (s
kb z _‘_/\—\x_l (Sel previtvs C‘VQSHQV."
e
- ’
- -q4 -
- lo - IO . —lclq_ % (0 {0
o™ ¥4
Cor = MNa- = Meles OnZodied Crgor Y Naou adics
Mlotuy VHA\‘MZKM + VNQOH‘utUtJ 25.0mL + 12-8 alL
= 0-10¢ mat L' x L8
-8
= 00619 o !
=) f_OH-i\ - 6349 x ‘O-(p Aol L"
= pOM 2 ‘lo<3w Covw™) = S.iq

= pH = % - poM = §-91
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(h) 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)
Ethyl red 4.9
Bfilliant yellow 7.2
o-Cresolphthalein 9.0
2,4.6-Trinitrotoluene 12.3

vaé?(,m’cﬂf (}\nuv“‘sex‘(q‘)kov( w\«@m PH ~ Pka('i—,é‘.cuhf\

I"\A: (/(A\—nr S\"?J\é (/\n(AV.SQ LOlO.,r

ot qu:uu\chcc pg:,.,*_
H4 'Zolu:J“\e,,,Lc \QQ;,‘.(—\ '

PH > 8-¢1 (gee frevie~s qva“i“‘”\
= chooge

indicabr wit, p K, lindivebr) x 8-81

= 0- cresolphithaler,

' (\/1?3"’ suitable -

(i) What is the pH at point D?

Be\‘o«\é Yae eqvivaleaee @e:,J" PH v debermiaed b

‘[ ‘H'\C S A AN
of OH~ . (od™) = avles ou-

v Cxcegg

Ystal volume of eloken

- (-b!fu\ moleg on ™ Ldded \ — ( ~moles o™ ruad'cé\
m

\/\;\.:(A usloaqe Y voluae UAA(—J

CNqu VUqOH(uma = Cngom VNUOH.eq. pt.

\/Lm 4 Voo added

0109 aol L' x (3%T »L - 22.€L)

(250l & 342 a0l )
= O'O?/Og V\AU‘ L’\

i}

‘\Of&w Tow~1 - 1-6%

0
-
=
\J

f& - poH - - 12,32
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(10 marks)
(a) Give brief definitions of the following thermodynamic terms:

(i) system;

The Pﬁw‘% o] e uwivevee et 1% @?ﬁ
)‘V)";@W%&‘% T he )_5 lace whare "/‘Wz "/avzﬁf@%w !

OCLUYS

(ii) state function;

b
e slede o éi he emalen wd el ov biews feed
For Slede funchon ¢

A fmmgwﬁ P I Y Eﬁg% o Whkowe verlee ele e ela e

waie wes  cachieves)

(iii) ~ enthalpy/ ¢ ho wge

Heah (dransfe ww@@l> ok Censlant prewsure

(iv)  second law of thermodynamics;

(>F ng) (Q\/\/“d WL OIAS )(b\(\/ O EeAD I\WC VERSEC S A 7%{«%? & M\%Vgﬂ,}g)? Q"‘i‘ M
AV f7 \A/flxy\/zrv‘. “uw yn«p( ens Lo ves e
vl | (ANASLrS e A e et 5o

ASMF\/E%@ 0 ‘};“ @

WiMver £0 7
@?/‘AT%VQW&@ @J%

(v)  third law of thermodynamics.

The  alse hwle e W@ﬁi} A o P v{?wy} L Jal ot
A vlg/’myye;wa,ng@ @f 0K s C‘“"’%Mm‘\ Jo ZLVO

S (Pw@/@c% vy f;,}m?j Qk) = O
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(14 marks)

The data in the fbllowing table pertain to reaction (1) at 25°C:

HO(g) + C1o0(g) = 2ZHOCI(g) (D
AHof S
substance (kJ mol™) (J mol' K
H,0(g) -241.8 188.72
ClLO(g) 80.3 266.1
HOCl(g) -75.1 ?

(a) Calculate AH® for reaction (1)

ZEHO:,ZAH;(HOQQ@}_.Aﬁf(%ﬁ@ﬂwAHfY(qaabyﬁ
2 (=150 £ 201 B ROE) kT mol! & 1T S ol

(b) Given K = 0.090 for reaction (1), calculate AG° for the reaction at that
temperature. [R =8.314 Jmol” K]

AQ@‘? — 27 E@g@ K R - T me)\"\’ K’“}g 299G Kk
¥ (@@g(o¢@9@7

= 97 kT el

(¢) From your answers in (a) and (b), calculate AS° for reaction (1). (If you were
unable to obtain answers, use the incorrect values AH° = 10.3 kJ mol™ and AG® =

5.0 kJ mol™)

NG ABP- TAS® = As”- (an-8¢°)
| T
Ne” . /“.igm Q«G’l”%’;,.}}a‘ﬁf“wa\fh . 43-9 T ol K
LAY K ”
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(d) From your answer in (c) and the data in the table, determine the absolute entropy
of HOCI(g) at 298 K.
Ne® = 25°(Hockeg)) = STHOwY) = S$ 9 cx,0)
= ]if;}Q{ T wol™! 17
Seo

S (Hocti) = ﬁy (13-4 T wel F!

¥ S@{ Ha0 f’ﬁ};)
4 g? {C«h,@f’a?}}

% [Ji?wﬂ ¥ 18872+ zé!:)«r) J

JE—

ol E

=
o

2301 T mel! &7

(e) Calculate AG for reaction (1) under the following conditions:

Pryo =024 atm; Pciy0=2.6 % 107 atm; Proci = 7.5 x 107 atm.

? C’lHocﬂg)%r
NG'= AG"+ AT (oja[mimwm

CJ’HEQ Q CR@O

- ALt eTlog, (’ (Proce ) >

p%l o PCQ PLZ

R

P

SAT LT ol + &3l T wel K0 296K

% IOj (?ﬁg)ﬁj}i )

092@) N 2_»‘9)(?@.&3
5L mol™ = 590 LT ool

—

— 0.0\ T mot”!

(V\ém/\zj g&/@) Sto Mcfc,,vfy et @6’7\%;\,/%}}?}%%%)



4. (8 marks)

potential
energy/kJ mol™

A
600

400

200 1

. reaction
" coordinate

Using the figure above, answer the following:

(a) Is the overall reaction mechanism elementary or complex? Explain.

CHEM 111 # 13

1 mev & -1 C OW\#O,X

(ﬂ TV\QW’ VS Move *MW\ O ne rLﬁWMf‘/‘) S-lf' P
1 mavk (ot ac et~ Y vf’ctt(higa) W vol Vel
ﬁ?’ elher { T heve ave o ver warhun g {abes ( 8 crd D)
\ QV\VA ct»m lnv‘fvaMq‘,c
(b) Is the overall reaction endothermic or exothermic? Explain.
| mavk L5 Endoterni

1 wavk

Yeackants (F> .

The PMM C’/V“eVCJ*j ol e (Yvool.uc,{s
(C) S ffypcx-}cﬂv 'I\r'r‘nf\ 7"\‘ '-‘; C"( I‘V\.e
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(¢) Indicate the point(s) (A-E) on the curve that correspond to:

(i) reactants A _
(ii)  products E
(ili)  intermediates &

iv)  transition states
© 3, D

5. (12 marks)

The rate data in the following table were obtained at 700°C for the reaction

Hy(g) + NO(g) — Hx0(g) + “2Na(g)

Expt Initial concentration (mol L") Initial rate

[Ha]o [NOJo (mol L™' s
1 0.0100 0.0250 2.4 x10°
2 0.0050 0.0250 12x107°
3 0.0100 0.0125 0.60 x 107

(a) Give a general rate-law expression for the reaction in terms of a rate constant and

the concentrations of the reactants.

7 woxrkeS Rale = /I\EH;_—] (XENO]P‘

(b) From the data in the table, determine:
(i)  the order of reaction with respect to Ho;

Roded W L0:00) (90050777
Roler | Jx (oopso) (st ’

) ron¥s _ A A -
) f..zzeo"' = 2 = 2'=2
> o =1

Fiesl orddor weod H,
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(ii)the order of reaction with respect to NO;

Roded _ W(O'O%O)B _ 9F
Pl T gowor” (0-0ws)t

1 ok £ Z;Lﬁ’_(_\_bi = i = Zﬁ: 4
. on)g!O"’
%k odow work No | TP

(iii)  the overall order of reaction.

) arbe ovevall ovder = o4 B = 3
Yow

(c) From your answers in (b) and the data in the table, determine the value of the rate

constant at 700°C, specifying its units.

Role 1 = R (0-0\00)' (0\03_.50)1 mol 3 L3

- -3
= ky (25x10 © weltt

L oot = 2L yYIQ" wol L") -

2 k= (2“{)(|0-"/6'2§)\10’L)wlo'—2 L™ s ! = 03840 mol fL™s

(d) From your results, is it possible to tell whether this reaction is elementary or

complex? Explain.

A wowk T Nes . The veechon is cowply
[ The ovdor of e veachow is nst Simp!y
L whark fe,n&‘led {"b Ma S‘}O{,\'\(Q PV'G']l\Aj
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6. (18 marks)
(@) Use the following table of standard reduction potentials to answer the questions
below:
Reduction Half-reaction E°/NN
Autt(aq) + 3¢ — Au(s) +1.50
Cu**(aq) + 2¢~ — Cu(s) +0.34
Fe'(aq) + 2¢~ — Fe(s) -0.44
Zn?*(aq) + 2¢~ — Zn(s) -0.76
Sr**(aq) + 2¢ — Sr(s) -2.89

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

motd HVE EOJ

”%ﬁ)

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

-0

Cry - mat —ve €

(iii) Which of the ions in the table will Zn(s) reduce?

34 ¥ o ‘
A 8 Rt € o e flan 24

(iv)  Write down the conventional cell diagram for a cell that involves the zinc
and copper half reactions above, and has a positive cell potential.

Calculate the standard cell potential for that cell.

Ovaeleihron Iy et ion
© %’\ (9) I 2" (ag) ” I &4@ ® C(xftute
(uneely

= t(&“/&/t)
= o -(on)

A

&vule, -

6(uhu[c E@@im/ ?:v\)

1
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(v)  Calculate the equilibrium constant for the reaction of Zn(s) with Cu**(aq).
[R=28.314 Jmol' K]

O €- % | K
(@ CD ﬁuwhm 2"@) u . (Zq/) — zm(c\cv) u &‘(.S)

N=2

@ = ljo = 0-012%8 an
|nK = §S-b% @ = K= |6 7<|0ﬂL

(vi)  Calculate the standard free energy change, AG®, for the reaction of Zn(s)
with Cu**(aq).

® AL=-nEF
= =2 % O X 9b4&q

Al = -RT mK

= —R314 X298 X 856k

® o - A T wol”

= =220 Jwml”

{(

= =202 K I mol” UL U Tnel”

(b) Give two methods that may be used to protect iron against corrosion. Briefly

explain how they protect the iron from corrosion.

ém\/uwmga%

— 2 opdised peflen b kb
6 ket~ profecks il all g tontite|

Clurpy &€ JE™)
ﬂ)«ka - nofft  forfund zy/ yw/m,/ /&ﬂ,’

witgen ol &/(77%,'/7 o,
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7. (4 marks)

100

Boiling point / °C
(el

-100

Period

(i)  Explain why water exhibits the highest boiling point for the group 16

di-hydrogen compounds shown in the plot above.

H)_O Ros o 'u_?a’db?ée‘ prcreint (WM t,s — H476>
cd B W bovss | Tn oo &5 bt

i ey gy ot b Spptes
et 2z oy Lo e o

el S | A AN IO et -

(i)  Explain why the boiling points increase from H,S to H,Te.

(\L;/’tiw,o-w U e FLie. o) b o

o A e P«’_.u—i.rd—w@ﬂ? He =S
s H,8 —L-HJE,M@MIM,@-«.
.. \,_:e,,_,_hs&h,q,_/co:; Non der bl octs frea |
bes o Atrpen el T esppre—s =

bt oy wpt £ botog
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8. (1 mark)

Ba(OH), is soluble in water but BaSOj is insoluble in water. Explain.

Sotebdiry o Craest wlon Cotion od Gacon
N &u-(ﬂﬁqu%wt\%w_}
ad Cotedhetds 1o Lplevh fom 0T Lo,
o Lo, dflemnce o e '

BAL(O*(-())’ 4::2+ Fore > OH ’;Lu S Sseei b,
, _ . .
9. (4 marks)

The oceans, covering 72% of Earth’s surface, exercise a moderating influence on the
climate that limits high temperatures in Summer and low temperatures in Winter.

Explain.

Summer

Beca/u_fa wdcle '3. Ltgd-mj@\ bJV\d—\ld' ( ‘\-'.51}\ L-ep_-(:

LC—")G-O-«CLj) a.n‘CQe_"Er‘-P iNCresmen e kc@— e FavSre

ju—f/-) inTo ‘oa-u,fbvj H—-ch‘ﬂ AVES S WWL\_ ST 2l

-LC/“-f) (MW qzu——*) { q ot an e AST Pl @CLLJSI‘A;Q‘-]WJQ“U
Winter S =

O e anA




16 CHEM 111
10. (1 mark)

Circle the value in the list below that most closely equals the hydrogen bond strength in

water,
A. 6 kImol'
C. 44 kJ mol™

D. 102kJ mol™

11. (2 marks)

Answer the questions on the influence that hydrogen bonding has imposed on the value
of the physical properties of water listed below by writing I for increase or D for

decrease in the boxes provided.

Boiling Point

1T
Vapour Pressure D

Surface Tension I

Density of ice

o
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12. (12 marks)
At a temperature 400 K, the following reaction has a thermodynamic equilibrium

constant of K =0.0255

2NH;(g) = Na(g) + 3Ha(g)

(a) Give mathematical expressions for K in terms of:

(i)  the equilibrium activities of the reaction components;

K _ \) L | ;«? 2 ; 1 g'é %
1.
(a NHS)

(i)  the equilibrium partial pressures of the reaction components.

(b) What are the units of a K? Explain your answer.

k 1S U W %\‘?(“:‘ cSPiie ﬁ(/!~f» et W ey jem

(C/’:) ( ‘H‘ :) }W”i " WL velaetNewnd w’f‘?«"ff » 1S
o, = P Jp° wwwe PT= 1 ok
b 4 1

—

(¢) At a temperature of 400 K, the equilibrium partial pressures of NH;(g) and Ha(g)
are, respectively, found to be Pyu; = 1.00 atm and Py, = 0.1 atm. What is the

equilibrium partial pressure of Na(g)?

(D'ﬂ?f_f%g% _ 10X Ry O~ 0255

IRSR————-_ —

{100y ’

K =

==

{V':’»{,f - lO 3 e w ﬂ 2.5 S éﬁ‘} wm = 25 - S Q’h""\




18 CHEM 111
(d) Each of the following cases, (i) to (iv), presents a change (stress) that may be
applied to the system at equilibrium. You should use one of the following letters

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

(A) Shift in the direction of the forward reaction.
(B) No change.
(C) Shift in the direction of the reverse reaction.

(D) Cannot say.

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

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

(i)  Na(g) is added at constant volume and temperature.

System response:| (_ | Additional information:

(i)  The volume of the system is increased at constant temperature.

System response: A Additional information:

(iii)  He(g) is added at constant volume and temperature.

System response: 6 Additional information:

(iv)  The temperature is increased at constant pressure.

System response: D Additional information: | Neeel o kwnow
rh OCem |S €10~

o g WOM,.VVWCC
‘T/ AH S0 Mmen A

T av <o Pen £
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13. (10 marks)

(a) Give a written explanation of the statement that a system is in a state of dynamic
equilibrium.

Theve ave ok

Mo rfovw cvel and  vewerse clvechown M
e camme vedes . The owverald eflcct s
no net ¢ ‘/tumcé ¢ it e She ol e

5 U;‘:w-)»w

w4

OC ENVes OCC UV IN

(b) By considering the reaction B + C = L + M, clearly distinguish between an

equilibrium constant and a reaction quotient.

eachon q nohent
@ _ A, Awm whove e QC’\VH\ = GP)D [:' to
. AsQc any giren stade 2 M2
Equitivm coment ST
k - Q whev e M GC?’\V\“)}‘&A o 7ho\3,.e_
" et a,”}"‘*j fo  an egtubiler un
(¢) At 1123 K the following reactions have the equilibrium constants shown:l [ Yetde -

Forwavd X | (1) (C(s) )+ COz(g) = 2CO(g) K| = 1.3x10l4
Qeverse X 2 (@ | COCL(| = CO() + Cle) Ky = 167
(@)

Iculate K3, the equilibrivma constant for reaction (3) at 1123 K:

3) (CE) COse) + 2Ch(g) = (2C0Ch(@) ]

[ Ces) + Cozla) ﬁ 2%) K/:l-'g)\)O)L)
e
} M3)+2612(6,) ;-A Q(OCJZ(j) )4' (’(?—.’-/

>2

C(S) 4 (07_(3) T?-('lzf‘j)ﬁ ?_(0612_[3)

'y q
= ¥/ = FRER - btexio
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(i)  Write a mathematical expression (no calculations required) that relates the
equilibrium constant K for reaction (4) to K3 for reaction (3) at the same

temperature,

(4) COCly(g) = %C(s)+ COx(g) + Cla(g)

|
Reverce x 72

N
£
]
~~
3]
w
v
7
A
w

END OF PAPER




