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1. (24 marks)
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4.90

»

0 11.4 22.8

342 i VNaOH/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 VNz0H 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:

(i)  the volume of HA solution?

(ii)  the added volume of NaOH, VNaon?

Prpette

bure e

(b) On the figure above, clearly indicate and label the following:

(i) the equivalence point;
(i) a buffer region.

(c) Calculate CHA-

A+ e,c\u'\"h\(,f\ub PO:IH- (CP\) t~itial aaoles HA = noles OH™ wdded
-.:':-) C’Hﬁ VHA"\/\:HM! - C'NqOI—\ VCP

= Cung = 0-109 ol v 218 mL

Cya =

0.04985 nol L’|

18-0 ~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.

At B b halé-equivalence posat  N,o = N

A HA

USQ« fig (A &)d-{‘/-(c( Qc\uu\—i(?/\ : qu :" PH - (Dj“’ (nﬁ-/f\“n)
= 4.90 - ‘0(3\0 (1—)

= Y90

ok -y,
y\q = ~lo \o k'q = \/\u = {0 L - (O 4o - - 26 x (()-g
P ) .

(¢) What is the pH at point A?

pH s determiaed \0\{ . WA = wt o+ .
C’HA ‘Od‘, 0 ((rn'hu‘ C in nol Lvl)
Cun -2 \O‘ThL Y0 (Cqu:\:\orlum Cfa anl L")
ku p CAH+ QA" ‘o’—'
- + e ¥
- ) ) x 2 Srace 0D o7
Gya Cya - Cun LN
- o
= = . ) -S _
= ’Jk“ Cua B ’/U 26 x 19 )*(0-0‘185) = g x to ?
= pH = '\Ocs\“ w = 2-946 '
Fust amswer @ pH = 3 pKq - $ 1040 Cup = C-%5 4 0.50 = 2°95

(f) Prove the general result that Ky (base jonisation constant) for the base X~ (i.e.
conjugate base of the acid, HX) is given by
Ky(X) = Kw/K{(HX)

Acuid ‘M(ér"wsis’ : Hx + Ho0o = X+ H,)o‘r Ky = Qu3o+ Oy -
" X Oux
ak¥er 0nitation 0 —_— ¥ -
Wy $ U0 S Hyo' + Oou ko - Uy ot Foy-
Base by dralqar -
\ : )¢ 1.0 = - .
1 1 ¥ W0 = HXx 4+ oow Ky = Gy Clou-
= k Oly,or @ %x-
.__> “w - Hao* oy- _ aHx qou' ‘/
= AN
ke Guyor Ose G- b
Ghix
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(g) Calculate the pH at the equivalence point in the titration.

Titrakon reackion i HA + Od™ — p7 + H. O
AJ( Q(1\J“J<A\(-ﬂb( PD},\-\' all HA L \oecﬂw (onverted i~to H‘
TLu( b ouge \n~1éro\.’g:g oC(urys (,Mi Ad’@rw\:mu (()H:
AT+ Ho = HA + ou~
C 0 ‘O’_, (;;ni-ko\‘ ¢ 1A /\49\ L-‘\
A~
Cor = © A o™ 2e (6ctvl\2\or‘-Jm € ta ol L'l)
% -
‘\\o p QHA QOﬂ = 2C (\0 '(‘)u\ —~ 2. I Coce X >\> (6—7
Aa- Cp- 7" Ca- 2 <LK Cpm
=) YOH'—B =% = A Kb CH’
kb - ﬁ/ (S{l previdve c{\,esHOV\\
e
oy . ' .
= 10 = lo—q‘ = 9% x (o °
-¢.q0
o
) - (lél.rl - C \/
CA' : Da- - M_\es/gi_o___ = NuoH ~ Nool added
Viokal VHA“m:kul + V“nOH‘u‘ULJ 250mb + 118 L
= 0-10Q mo{ L7' % L8
$1-8
= O-OS\C mo\ L’\
=) [OH'3 - 639 x lo Aol L
= p6u = “log Cou™) = S.q
= PH = (4 - POH > 6-91
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(h) The endpdint 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 ;;Ka (indicator)
Ethyl red 4.9
Brilliant yellow 7.2
o-Cresolphthalein 9.0
2,4,6-Trinitrotoluene 12.3

Iné\‘(,m‘h’" o\nu\nﬂes (,S\OU( w\ne,n PH = Pka(i—\é}cahf\
T adicador  slouly c\qlw,jc wlovr of e,ﬁu;\)u\z,hcc P”:’J',

A4 Z('\U.'Ju\e.«n‘“" @Na#\ PH > %-¢1 (gee previeng c‘ucsl-.‘hn\
=

Cloose jndicabr willy  p K, (indiveter) x §-81

= - Craga\‘)\q%u\e,\‘,\ “nost suikalble -

(i) What is the pH at point D?

BQ\{\)«\A Mae eo‘u_idu\(.ﬂoc \OQ:,.'\" PH iy A(_.i—Q‘,M?ALJ b

‘[ ‘H«xt (2S¢
O( OH- - (/oH-_} - m:les OH -~

T Cxceqy

Ystal voluame of elukewn

= (Jrslm\ aoleg Ov 7 Ldded \ — [ ~oles OH7 reached|
N S skt e |

Yoikigl vslome & woluae udded

= (’NqOH VNMOH(M&JLé = Cgou V

NUOH‘ 9/61- P“’

VHA + \/NQOHIO\&J&J

1

0198 a0l L' x (3%T wlL = 22:¢~L)

(150l + 342 AL )
= 0.020¢ mol L7}

-\03“, Cow™]
& - poM

p oM

1

1B}

1-6%
pH

\J

3}

232
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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\%;\,/%}}?}%%%)
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4. (8 marks)

potential
energy/kJ mol™

A
600

400 T

200 T

- reaction
" coordinate

Using the figure above, answer the following:

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

i mov & — C OMF(D,x

(‘ The VG VS Move '1Y\cnﬁ O ne ptﬁwev\?{f‘/‘} S'l*f' f
1 mavk (@L@(«MM(L— 4 vﬂctch@n) Wvol vec
fbf eibsr < T\/\.c ve ovre two  ver warhun glabes (B C"’”‘*D)
{ av\/\ ctn ln‘kvth&\\q‘,c
(b) Is the overall reaction endothermic or exothermic? Explain.
| mavk L Endotrerwaic

fomn.

The pole\’M erery Y ol re (‘rvoduc{s
(C) ) S {I’Y‘pc/\*ﬁav Perera 7‘!\%‘/\ of hoe

reackants (L"> .

1 wavk
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(¢) Indicate the point(s) (A-E) on the curve that correspond to:

(i) reactants A .
(i)  products F
(iii)  intermediates &

iv transition states
e 3, D

5. (12 marks)

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

Hy(g) + NO(g) —» H0(g) + “2Na(g)

Expt Initial concentration (mol L™")  Initial rate

[Hz]o [NOJo (mol L' s
1 0.0100 0.0250 2.4 x107°
2 0.0050 0.0250 12x10°
3 0.0100 0.0125 0.60 x 10

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

the concentrations of the reactants.

7 wowkS Ra-\é = hfnzjd[NojP

(b) From the data in the table, determine:

(i)  the order of reaction with respect to Hy;

Robed K loowo)* (0.025ey™™
Pale2 J (o.0p50)* (puueesy®” /

) wonks _ x0T % _
= %—:-i*l:‘""ai"(. = 2 = 2 '= 2
> d =1

Fiesl order wevd H,




)L wonles

2 wor ks

2 ot s

d ok —

1, wavk
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(ii)the order of reaction with respect to NO;

Roved _ };.Je@ﬂﬁ)"((o'ozso)’3 _ 9f
pe3  pews” (0-01S)"

-b »
so2wet oy 2 2F5
o-bylo™"®
) - = =2
Ind odev w.r-t NDI &
(i)  the overall order of reaction.
ovevall oedor = oA (3 = 3
(¢) From your answers in (b) and the data in the table, determine the value of the rate
constant at 700°C, specifying its units.
Qale 4 = R (0:0160) (9:0250)% mol* L7%
-G % ,-3
= }Zy (-25% 10 we) L
) )
= 2LyYIg* wel LTS
_ - N 2.2
=2 k= (2¢4x10 "/6'25&[0 ")mol L s "= O3%4LO mol [L
(d) From your results, is it possible to tell whether this reaction is elementary or
complex? Explain.
5 Nes . The reachon is CO'W\P\O' Y

. T(/\é OY&Q.Q»/ O( M peoo’{bv\ i< f_6_+ S’lyﬂp‘j
{60&%& +Z> Ma S*Oﬁ\/\lo Vw@.if\,w«,j

S
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(18 marks)
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(a) Use the following table of standard reduction potentials to answer the questions

below:
Reduction Half-reaction E°/N
Au*(aq) + 3¢ — Au(s) +1.50
Cu*'(aq) + 2 — Cu(s) +0.34
Fe**(aq) + 26 — 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?

0 M@; - mott pve E

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

~0

@ gr(s) - vt -ve €

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

21 _ i .
A G Fe T mor e fhan 2,{“/&4

(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.

Oaeleehron Ml et ron
@ C?Dd( %{\ (9 l 2"‘ (ag) “ (Mz ’ &/\@ ® C&{WQ

EO - 60\”“& aw:z,l(’, - ((M'u ) E @h’u/ )
@, |
= bos -0
|- 10V

1"
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(v)  Calculate the equilibrium constant for the reaction of Zn(s) with Cu*(aq).

[R=8.314 I mol’ K]

CHEM 113 #1/

®=ﬂw
@ fuwbm %/\C) + (’*(a 1)
Nn=2

@ = ljo = 0-012% ‘nK
lm( = §C 0¥ @ = K= |6 7<|0ﬂL

—>

(“‘l/) ¥ C“(s)

(vi)  Calculate the standard free energy change, AG®, for the reaction of Zn(s)
with Cu**(aq).
0 )
© AL=-nEF Al = -/T lnK

= ~2L % FO X Tb4&d = —R:314 X298 X 9565

B N P
O - 22,238 J ol = 2285 Ju| ™

= -212. KJImol" = = UL UTnol”

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

explain how they protect the iron from corrosion.

L s

§ = a Opduted reflen ke
ordot - profecks tunfi|

Lo
PIAN ,é%) Lonkum

&

d

Eb(u”/u) {E @“/E“)
ik = prebcls onbued of gy fom

Wl‘/b/ru/\ ol 0~/L7]b4 T loa§.
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(15 marks)

(a) Sketch the phase diagram for a system, such as CO,, for which A¥{solid — liquid)
is positive. Indicate on the diagram: (i) the triple point; (ii) the critical point, and

(iii) where sublimation occurs.

\ CIZ(T"( ¢c L pD\ﬂ’t

\

Sublimetion occues

I — - e

T

Teiple Poin®

(b) Two liquids, A and B, form mixtures that exhibit pesitive deviations from
Raoult’s law. The boiling point of A is 105°C and that of B is 153°C.

(i) Which of A and B will have the higher vapour pressure at 95°C? | (-

(ii)  Sketch the boiling point (T-x) diagram for A and B. Indicate on the

diagram the azeotropic composition.
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(¢) Dibromoethene and dibromopropene form an ideal mixture.

CHEM 113

The vapour pressure of dibromoethene is 172 Torr, and that of dibromopropene is

128 Torr at 358 K.

A liquid mixture of dibromoethene and dibromopropene is prepared in which the

mole fraction of dibromoethene is 0.40.

(i) Calculate the partial pressures of dibromoethene and dibromopropene

above this mixture at 358 K.

P

E

R

O.u0 x 1713
6bT.§ Torr

'['-'KE: |-—OL),:O(DO

Vi

A

Xp

P = Q.60* 3%
168 Torr

1

(ii)  Calculate the total pressure above this mixture at 358 K.

P.= B *+Pp = 68.€+716¢.8
T uS. 6 Tom

(iii)  Calculate the mole fraction of dibromoethene in the vapour above the

mixture at 358 K.
P g
Xe = Te =638 = 0173
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(7 marks)

Europium forms crystals with a body-centred cubic structure. The density of crystalline

europium is 5.244 g cm™. Calculate the atomic radius of europium in angstroms (A).

MyEu) = 152.0 Na = 6.022 x 10* mol” 1A=10%cm

bCC — L Q.J"Ot’n_s in ounttocl

DGHS("B S) = _'”:L_ (9 Mn\'l)
V4 /
~\/ - ML = 21X \S 1@ -3
wi = Lt (cm?)
9 .02 L~ID /5 L L

mel

-23 3
= g 63 xI10 cm
-
= Q63 R10TT e

— -
Cld_ edye lzngth = IVCQM, = L§g xD\O o
= L. SEA

@ Fov bec. LT = rCL

:@Q'L—i—

[}

1.94¢ x10 e
1.4gS A

\t
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(12 marks)

(a) Electronegativity can be used to predict the nature of bonding in materials
composed of two elements. Using the provided van Arkel diagram (below left) and
a 3-D chart of the trends in electronegativity across periodic table (below right)
predict type of bonding for the following materials: Na-Rb, Na-Br, N-Cl, B-H.

Ay,
4.00—7

CsF

3.00—

1onIC BeQ’
2,00 — @

®Ls [
Be}érz
o H,0
“ uH S ®c0 )
@ ) ger, ®
N, Bet, @ NO

B,0;
o

CsH

1.00—

@
METALLIC ','"‘.\ BH, .CBr4
J R COVALENT

0.00
Cs
0.75

SEMIMETALS

(M)

(i)

(iif)

(iv)

Na-Rb

Na-Br

N-Cl

B-H

Metalhe

o

Covalet

(ovezlent
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(b) You are making an n-type semiconductor using very high purity (107 atomic %.)

silicon (Si). Choose all possible dopants you could use out of the following list:

B, C, N, Ti, Ga, Ge, As and briefly explain your answer.

n-semiconductor requires dopant with more electrons than the host matrix element. N
and As have 1 more electron in the outer shell and thus satisfy this criteria.

N, however, has problems substituting Si in crystalline lattice (as it has higher
electronegativity and is smaller).

(¢) (1) Whatis the difference between a homopolymer and a copolymer?

Homopolymer — one type of monomer is polymerized to create chain of the polymer.

Copolymer — more than one type of monomer is employed in production of polymer.

(i) Why does syndiotactic polypropylene melt at 270 °C whereas atactic
polypropylene melt at 90 °C?

Regular structuer of syndiotactic polypropylene results in significantly better packing
of its molecules increasing effectiveness of intermolecular interactions. Thus, it has
higher melting point. Aatactic polypropylene has irregular structure and thus
intermolecular interactions are not as efficient leading to much lower melting point.
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(d) There are four diagrams (a-d) presented below describing conductivity in

semiconductors. Group these four diagrams into two pairs describing the same

type of semiconductor. Briefly explain your choice.

a) b)
Temperature (°C) "
; a
3x 1021 -ZIOO -],IOO ? 1?0 ZCI)O 300 10 i T ] L LI T B R B l T ]
sl . -
: 10%4— -
; Infrinsic i i
& ‘ i!?ion 1072 - —
Eaxro2p- - e Tl i
E : i | € 1020 —
E ‘ -g 1018 B —
; | B -
§ Freeze-out § 161 _]
8 region , . £lo
e sl Extrinslc region ————| 8 - N
é 1108 | -~ ‘g“’"‘ ’]
o | » M
w f g 1012 —]
£ i ]
n J =100 -
) L i
0 ' ' ' L] d I
s 4 EOO A 1 L ] i ' ] 1 1
° 1% zoqrempesrg&re (K} ® 600 1060 200 400 600 80D 100D 1200 1400 1800 1800
T(K)
c) d)
5 = § = & E E
£e = = 3= = =
§E = %E = gﬁ = =
= 3 = || Fre - 4+~ Free election in
1 T Ll Blectron T . T o +——7 Donor state Y bard
&
h-1 h-2
a 385 HS . Lo | B 35
H -L wclation | € ® J-
w (7]
- - »
§g E £ ?\~_ Hole in gg $ E
580§ LI S - | 3
3 3 3 4

1 — 4 (both correspond to a doped semiconductor)
2 — 3 (both correspond to an intrinsic semiconductor)

END OF PAPER




Physical Chemistry Formulae

PV = nRT
ni
Py = x4 Pyl where P =P,+Py and x;= y
Py=X\Py’
Py = (kg Xp
AU=qg+w
Wp = -PAV
H=U+PV
AH = AU + RTAngys when AT = ( AH(Ty) = AH(TY) + ACKT, - T))
Cp = dH/AT (when AP =0) Cy = dU/AT (when AV = 0)
AHeaction = p%svprodAHf(prOd) - reazctsvreactAHf(reaCt)
-1d[A] -1d[B] 1d[C] 1 d[D]
For aA + BB — ¢C + dD, Rate_adt bdt_cdt_ddt
-d[A
For Rate = ‘J—l =k, [A]l=[A]y - &t
For Rate = —[—1 = k[A], [A]=[Alee™ and 11 = (1/k) log,(2)
_ 4 Eo/RT bl _E(1 L
k=Ae loge[klj R (Tl "7,
K = [HI[A] K. = [BH'][OH"]
a [HA] b [B]

pH = -log;o[H"] ’
A -

PH = K, + logyo 11) = pE, + log, (A Yn(E1A))

AS = pz;js VprodS(pIOd) - rc%ts VreactS(r eaCt)

TO!

AH}ghasc change | _AI{szs
ASphasc: change = T AS’surr = T
critical

AG= AH-TAS
AG = r%:d VyrodAGi(prod) - reacts VreactlDGe(react)
AG=AG° + RTlog,Q AG°= -RTlog,K

AH° AS K AR (1 1
log,K = R gk, )= & \T,"7,

Ecen = Erus - E1ns = Ecathode = Eanode
Weleet = AG = -nFE
AG’ = -RT log,K = -nFE’

RT 2.303RT 0.0591 V
E°——‘ log K = —F  logik At25°C: E’= —long
RT 2. 303RT 0. 0591 \%
E=F -_logeQ=E° - lOgloQ At25°C. E=FE - IngQ

R Gasconstant (8.314 ] mol IK-1 or 0.082 L atm mol-! K-1)
F  Faraday Constant (96489 C mol )
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