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1. (13 marks)
Azomethane decomposes as follows:
CH3N,CHj(g) — Na(g) + C2He(g)
At 305 °C this occurs with a rate constant of k= 0.2310 min™.

(a) The reaction is first-order. How could you have deduced this from the

information above?

From Huc varke of the rate ponstand (C{ fiock-order reachon

hat @ Fake comstant  will, dimCasions of iaverse hase )

(b) For an experiment at 305 °C, the partial pressure of azomethane is initially 317.5

mm Hg.
Calculate the following after 120 s:

(i)  The partial pressure of azomethane

PA'O C’(P (‘k *\
NFS wm HS % e,x()(vO-Z'Mo i e 100 M;,\)
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(i)  The change in the pressure of Na(g)

From reachiom 6'\‘0;(}1;0/")(&(1 :
APNL - "APA - “(ZOD'O MHj/'Sﬂ'S"-‘M Hg\:‘f’ll'hgmm HJ




(iii)  The change in the total pressure
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F{‘Q"V\ gachon S—h):b\/l;ome{*r‘—l

pr{m\ = a PNL

RS me iy

(c) How long would it take for half of the azomethane to have decomposed?
F;(3+'0/c‘?zr -—':——-—> *k,/ - ln T = bn 2
P v/—ﬁ————-‘_
k 0-2310 mia"'

- 3.001 Ny

(d) At 325 °C the rate constant is found to have increased to £ = 0.5323 min~. What

is the activation energy for the reaction?

[R=8.314 Jmol ' K™'; 0 °C =273.15K]
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(7 marks)

The diagram below relates to two possible pathways for a reaction.

A

potential
energy

Fransition ctates

[
P

Reaction progress

(a) Is pathway (A) that of an elementary or complex reaction? Explain your answer.

E\Qw\(w“’mr\’.
BQCO\‘JSQ “/\ﬂg i)o\i"nv\!u-.l s/zf'i“s Qm{\/ Dwvg, LAUMP; W\/‘"OL“ Vi € (1 '\/fo/(b

h’ O-ﬂ\‘{ o ne FL(AL,HQV\ Ve H,‘:, Mfzb(’)um:sm'

(b) Is pathway (B) that of an elementary or complex reaction? Explain your answer.

(/0 ""P\“(‘

Becavse the Ph“ﬂwfwl \fu(a\’ Yoo L\w.'v;PY | "‘JL“‘“L’ & ang 'H\&r(_

O\rL “‘\—J(J reuL‘({QWT \‘/\ +L\C v/\f]i(/"\mm:Sy‘At

(c) Which of (A) or (B) represents the pathway of a catalyzed reaction? Explain your

answer.

(e}
The Luﬁw of Yl \m‘jhes# homp 7 Mo acbvahien
Q/V\QFS\{ (_me 60 (G\ \AC\Y lD\,\/Qr Eq‘ n/,!Z,c.m?/‘j ,%

IS Cc“m\\('az.é,

(d) Indicate the location of a transition state on the above diagram.
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(14 marks)

Nitrous acid (HNO,) is a weak acid with Ka=4.5 x 107, [Kyy =1.00 x 107

(a)  What is the pK, of nitrous acid?

prRe = —log, K = —Jog (450077

= .35

(b) What is the pH of a 0.0500 mol L! solution of nitrous acid?

Dol > Yiiran
a0 o J o ¢
3 1/4 50 K0S f ats
- e, s
S 470 4. S2w0
= .32 2. 34

ﬁ/f

(¢)  What is the pK, of the nitrite anion (NO;)?

/;) Ki (neid) + /)/{, ber) = /7
‘ n K7 //// vo. )

/) /(b W()z) = /4 - /
= 0ds

(d) What is the pH of a 0.0250 mol L' solution of sodium nitrite (NaNQ,)?

-/

[0/#' J = 4/ P C &/Q\T)ﬁ_wu +0 ORS

-7

= 2 ?”‘5 ?(/(f)
off = 1Empol]
= 787

I~
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/.

(¢)  The plot below was obtained from a titration involving 0.0500 mol L™ solutions
of nitrous acid and sodium hydroxide.
A
E S !)}‘%%)m\/ /\5?01‘6!‘”/\
0 100 20.0 VimL
(i)  Tick the box that correctly describes the titration:
Nitrous acid solution is being added to sodium hydroxide solution
OR sodium hydroxide solution is being added to nitrous acid solution L
(i)  Indicate and clearly label the following on the above plot:
e The equivalence point
e The buffer region
(iii)  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.
N /9%7[ N /‘?ﬂmf\

&)H — i) //q 4 /O (NOEM)

7""(/7;5 2)

- ﬂ) /< ‘ O l/f WW.,Z /7 yj’%f{“ﬂd‘
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B
(iv)  Using your answers to earlier parts of this question, what is the pH

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

/7{%/ £ all N0, b oA
76 /VC)) ) {/7 Vadd c/(/(:r;’\

HNO, + off  —e N0,  FH0

Volonee o clonblud c L JwoT) =002 | M

= 77 (et )

4. (10 marks)

(a) Provide definitions of the following terms in the context of acid-base equilibria:

(i) A Brensted acid

(ii)) A Bronsted base

/ ’7 / /U 7/ C:h”) aecC % /él/
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(ili)) A salt

3

ﬂ/w/éa c/7l : 47“7/ & ( m@g}%é}{ 42/7(&‘1/‘7 ) VAL 4 (7%1\ A /{mﬁ
Pute

o acal o o 9.
¢ . D ' L N
Y T —— &meQ%a)
(iv) A buffer solution
«7 7 . , , ) (79\ - . “ \7 . 7/ P (
wgﬁ/lﬁf/{/ Cin w%ff (VZ 1 Con, oA { S ﬁ% 772l é
COND G / é (l‘ﬂvtffvwif/f ﬂk/ M A ﬁj‘z&‘l/ cec )
+ a0 nhe cc,é bote o Mj ol Dy 5“ 4 o
Akein pechices Fe pF smege  If acun o tee
S dﬁb){ on ﬁ?w‘?\lﬂv&*ﬁ 4 ;L/ / O wap A . .

(b) A 0.10 mol L! solution of caffeine has a pH of 11.8. Circle, below, two words

=
BASE

that best describe the acid-base properties of caffeine:
oA
STRONG WEAK ACID

(12 marks)
(a) Give brief definitions of the following thermodynamic terms:

(i)

5.

first law of thermodynamics;

E?ﬂ é?,,s«sy‘jj
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(iii)  surroundings;

Tre pat of e Unberse Trak s 7 pudoide of
%UE)‘«’/M’

(iv)  spontaneity;

A gpom)-awo/\a [rocemn IS owne Na&i‘ octarg
UWA\P? e ﬁ“ e V?f»uux“ﬁ (’Q*p«@bﬂhﬂg C:* M ﬁf o
— “}f’\c&} s f wﬁ\ﬂu\fd’f ‘:‘é’?wv!\f“ﬂ z:\ c,{mmﬂﬁe; e:?s(

A F’-uﬁ-‘» o o —aid "‘.aﬂ AL o

[
A 0 g ey . ;dﬁw [(jv i<z wwa!

73}7\/ NAG>0 vevon elav’

(v)  equilibrium.

f ‘5@6’;6"“ s ot eq wabibridim whew e ghabe.
(os dohnec?t h’?aj shede ﬁkﬂd\ﬂauﬂd) cloeq nsh cha “ge.
e R ( @& e fﬁﬁm"}“@lﬁi‘!‘)a AG=0 fcﬂ/ﬂ

R AN

NACD LB 4
D i 2 A o

(b) Give the names of the functions G, T and Q in the equation:

AG = AG°+ RTlog.Q

O = G \ubhis {7‘3‘& Crerg Yy
1 = A beolube  Jevnperature
Q = Yeuchon gim.c:}%&v&}
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6. (12 marks)

AHP¢/ kJ mol™ S°/T mol ' K

H,S(g) -20.6 205.8
R=8.314J mol' K 04(2) 0 205.1
SO4(g) -296.8 248.2
H,0(g) -241.8 188.8

(a) Forthe reaction: 2H;S(g) + 302(g) =280,(g) + 2H20(g)

use the thermodynamic data above to calculate the following:

(i)  The standard molar enthalpy change, AH®;

A\’H@w ZAHf(%Qg%!§§% .y {-l/”(LLLO(ﬂ)) — ZAHf(HzS@)} -3 A,,ﬂ@}(gﬁ
7 =(2 x (~296-5) + Dk (-2u1s8) = 2x (=20-¢)) k T o’

= ~— 1026 kT mol”!
(i)  The standard molar entropy change, AS®;

ASP= 23 ME - R 2,§°[HZO(33\- 25°(H S(«y)) —35° (02!3)3
L = (2% 2062 + 2x 185% = 25205:% — 3% 20S D) T el K
= =529 F mel™ £~
(iii)  AG® for the reaction at 25°C;
ACC = AM® -Tas® = 1026 kT mol™ — z%}/x (- 1529 )
Ik
7;,» = <036 EJwmol™ + S-S54 LT ol ™’ T o 5/
= =990 kT mot™
(iv)  The equilibrium constant, X, for the reaction at 25°C.
~AL°IRT qaox 10° :rmor’/(@-.%w T ot~ A 2k ey)
5 K=e < e
koo
= h‘ﬁ]c,’

(b) For the reaction in (a) predict, with an explanation of your reasoning, whether K

would increase, decrease, or remain unchanged when the temperature is raised
to 100°C.

63%}@ A ﬁ 5\5&)\&: S?' PN VW e mc} & M ity € eg"“ :;@c:}*&wﬂ .
1 {ve AP« 0, e eanel phevinne f": ire e hoe, 18
)\(\k vE VeV &t Cf»\«\\we Q}\Z,,;;\f*\ . A shi 7Z7L | M V€ vl G0

cvechon  wroans lower K. . So K warl)
Ao pecce




Question 7 has not been added because it is
no longer in the 2010 syllabus
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(3 marks)

The hydrogen bond energy for water is 25 kJ mol™!. What is a hydrogen bond (why is it

formed)?

The H),O uw'\ec-,uig, has o bert Shoetue (104.5°)
otk 2 lene pomrs melins op s detrahedion  Due
do We Seporehon o clorpe (H L S, lone ponrs & -
Ho koo o Rerge clopste momers (1.25D) . ol -borek
v elo chro st ndeeetero bt o S +F
A aren Jé e e cite ord TTE ol Pean S

(2 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
Recarnse Hyo a H—bonded (kkgﬂ heetc cczfmj)
o e _L&N‘W\m. i~ereimes o Suncae oot w
chmoted ot dishopts (breds) b —boncting wns]
P, iy o Ceean j(/,»_‘o (e otiar J(}oagt)«. ~o v
Winter

=
) P S
L~ e |

P

ez;éusfm’%msi - LA——\W .
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10. (4 marks)

(a) The mobility of alkali metal cations in aqueous solution under the influence of an
. . . . . . . . —+ . .
electric field increases with increasing ion size, i.e., Cs' is more mobile than Li'.

Explain.

Becase: C;ﬂ o) Lj. bt lone one R
Moirge | Qe Loryer C5 hes o e choce dearaty
//UL‘*{/ ooy L é}«fu’(m e de Ceeller peirSzed (g HLO
- L el aloctim AL bound b e e
L™ berns sameelcs Pos o L«*S/MSM(/M choige densHy
et | Ameleco s alffectatt,

N O

(b) Despite the trend in (a), the H;O" (H") ion in aqueous solution exhibits a much
higher mobility than expected. Use a sketch to illustrate the mechanism

responsible for this apparent anomaly.

L o5 4o clyoest H bordad
Pfo C‘J"’\iWLt:LC‘J(/ ra‘%(’)j‘_f"'aj s G~ .

NonH H H
w7 Mo/ /
St \
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11. (4 marks)
Using the plot below
100 HO

S
£

g 0
op
=
=
(=]
A

-100

2 3 4 5
Period

(a) Explain why the boiling points increase from H,S to H,Te?

[\’\:D)ecu&m’ S Ze. iNcTOnes —Fpsww\ H LS = H,Te
pgeorcowj nNesz oneo

~thechm~ o M}kﬂﬂ_ bcw(v\j INEST e )

(b) Explain why the boiling point for water appears to deviate so drastically from the

trend evident in going from H,Te to H,Se to HaS.

H o Ros KSX—&L»«\)«Q«,WM/F’M
o- 3D ary | H —bovdo

Enereyy reqpred lo breale A
pelocts com Spr— @) S el frea
A Bgpmdm inereened bty pevar
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12. (3 marks)

Complete the Table below to qualitatively indicate the solubility of the salts made up
from the cations and anions given. Use 1 for soluble, 2 for sparingly soluble and 3 for

insoluble.

solubility Mg** Ca® Ba:;+
3 l I

COs” ol (Z, ol 3) 2

SO . ' 3

OH"

13. (9 marks)

(a) Explain the difference between static equilibria and dynamic equilibria.

,LZ/ (/{«A‘ b ﬁ?f@«{g W pleprg A0 ¢ e h 9@ 1A e €ledhe ‘“’j ﬁ‘ 4
supadena . T sledic equibbvice  po mocesses occyr.
& (ﬁ 7 ’ ﬁ

T cgpranic <quiibray process occuving in oppesi
ﬂt@\f@@%m’:@ canel ewl.

T

(b) Are chemical equilibria dynamic or static?

Dﬁ%ﬁ%@é

(¢) Consider the chemical equilibrium given by equation (1):

rzia?ﬁ?(g) ]’3r2(;‘:;>D”r 3F(g)

(1)  Give an expression for the thermodynamic equilibrium constant for

reaction (1), K, in terms of the activities of the reaction components.

C}Bv’?’»@?& ")3
((D‘ @V?“g j “L

Ki =

(1)
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(i)  Give an expression for K; in terms of the partial pressures of the reaction

components.

K - fea ()
({)%f?fg)

(iii)  Using the data below, calculate the value of Xj.

Tovaral x 2BrF(g) Brz + Fa(g) K=457x 107
PRevewse x 2 Fag) + Brf(g) =Brin(g) | K=0.0156

2BAF) = Brpigd v Ry K BRI

2. BeFtyy & AR (9) +28F SR
(0015 é}?—

2R3v Faeg) & Bryrg)+ 3 F%,fg)
< = KIK7= L sTn0T
(0.015¢) %

O- g8

14. (9 marks)

(a) Explain the difference between a reaction quotient and an equilibrium constant.

F@V lré’CW; %"f I’}‘n::a&i"&

Q m?}
[Leachsn c? wohen | (- e

N veae b

P"v"fﬁ" Vﬁi%»f’; i 3 g;ﬁij ‘fy\f Aﬁ %XW«Q
E,x; b lev i mn K = @f&%{

I Efww%% fé«:&;ﬁf eA f’“ﬁ%f a%‘*‘é%ﬁa r @/1 C{,{Ze "‘/Z:? W s Q:;imgf,’&tf}‘*y(:;{%ﬁ

whore e achatien  velule o Mo torebihe
{

W4Ty

cvie e s SY § e v %QE;, recchocl 1l €7LA4,LA\Ya b yhA 1

g;

Slede
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(b) For the reaction given by equation (2), the equilibrium constant is K, = 1.05 at

25°C,
PCls(g) = PCli(g) + Cla(g) @)

(i)  Calculate the reaction quotient for a mixture of 1.0 atm PCls(g), 1.0 atm

PCl3(g) and 0.5 atm Cly(g).

% “jwa = {Q ¥ Wg
-0

P

05
e

(i)  For the mixture in (i), predict, with reasoning, the direction in which

reaction (2) will proceed (at constant temperature and volume).

Q=055 K= )05 G, < Ky Se e
recepon  will W@ceéol N e ](Wwa/wd Adve chisa .

(iii)  Some time after preparing the mixture in (i), the total pressure was
measured to be 2.70 atm. Calculate the partial pressures of each of the

three reaction components.
0/ ben

o MP@V\,@MJ” T hel A ffi’m? " .7
}%&g J» O N O-x = 0% atm
Fid [ O | OvZ = 1o 2 atm
(2, 05 0.5t X = 0 b
25 TX J
PTM"&(I = L Str = QA0 = = 0.9

(iv) At the time of the measurement in (iii), has the reaction reached

equilibrium? Give your reasoning.

ATy )2
G = Ot v )2 = 05 =
2. ‘ J-O5 K >

t

ﬁ\xff\ ¢ € QE« = Kg ?M gzjﬁl@m b g o } & ?éﬁw( Qé kj; ¥ AwA

P,

END OF PAPER

(Physical Chemistry Formulae and Periodic Table on following pages)




