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SECTION A ‘
Answer ALL questions. :

In order to receive full credit in Section A, the method used and the steps involved in arriving at your answer
must be shown clearly. It is possible to receive partial credit but, without your supporting work, you may
receive little credit. For numerical calculations, You are expecled to pay proper attention to significant figures.

g
: Standard Enthalpy of Absolute Entropy, §°,
Substance Formation, &Hﬁ / kJmol ™' /I mol™ KP]}' —I
C(s) _ 0.0 ST
CO,(g) ~393.5 213.6 l!
H,(g) : 0.0 130.6 i
H,0() i ~285.9 69.9
0,(g) 0.0 205.0 !
C,H,COOH(T) 2263 '

The enthalpy change for the combustion of butanoic acid at 25° C is —=2183.5k] mol™, The
combustion reaction is:

C,H,COOH(1) +50,(g) - 4C0, (g) + 4H,0(1) {

F

(a)  Write the balanced equation for the formation of butanoic acid from its elements. 1]

..................................................................

faeed shalis Gor wavk)

(b)  Using the above data, calculate the standard enthalpy of formation, M}’fu, for butanoic
acid. [3]

-
-

i
§5
M
B
=
Sl
-
™
B
2 O

.................................................................

.................................................................

ﬂ’rii; = (21835 k3 -=M3.6) Ay _
2By R (e 'lTuaL") (l:}
Can o

(This question continues on the following page)
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(uestion 1 continued)

(c) Calculate the standard entropy change, ﬁ.ﬁ'?, for the formation of butanoic acid at 25" C. [3]

........... As® = = . Fep = B _prassey @O O

= (22630 = (CA(ST)+£(130.6) ¢ Qﬂ?&)} st g ')

.....................................................................

£ = 28R T k.. 0521
T cEaf oo SR o TR S e s O
\f vl ...L(b)* orll) o H"‘Iﬁ(@m?“til pennhie H | werke (U-I))
(d) Calculate the standard free energy of formation, ﬂG_E, for butanoic acid at 25° C. (2]

.........................................................................

= - 534.1k3 — 29K Lo 5134 RT D)
............................. . 1|.1|-.th---!1-1.|- qp,,....--m-k‘:-a......a
(ﬂ:’. dvb T —3% .0 3 wLI) @
- '\_i} ] . .E;_.A:-I'; .............................................................
gﬁ‘h iy e e
(e) Ts this reaction spOntaneous at 25° C? Explain your answer, [1]

...........................................................
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(a) C,H, Ol is the formula of an alcohol, : »
(1) State and explain whether the alcohol is a solid, liquid or a gas at room temperature. (2]
...... LR e o e o,

. Relaely Wne vordin Voalts Minbvmoleontar foeen
..... broswa g Hn voy e size ot R qep O
........ (owst. have  powe. diSoussuan, o . hewding. foreend

(i)  Dodecanol is only slightly soluble in water. Explain this property. [2]
..... e e numbe 08 (-6 d GHbds
LR M g owspolan Chans 4B

o H-»“rmur_qhsm:hn,q o T P B e
(b) The BF, molecule has a trigonal plane (planar trian gle) shape while the NF, molecule is a
trigonal pyramid (triangular pyramid). Explain this difference. [2]

.......................

...........................................................

OR ayplawdion in teAme of if"/iri

(c) Draw a diagram that represents the correct geometry of the Brl§ molecule and state its shape. [2]

= \® F L___,__J&!._lh_lﬂﬂg’____@

L r\ g wadl % d:)
g @ E Oﬂ“m n%l‘lb"' ﬁ'}"_m..

(d)  Give the number and types of bond between the two carbon atoms in a C,H, molecule: g 2]

( \ owohle i€ answen v TARple. band
G“L) wg‘ﬁ'ﬁﬂ't \ P >
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Dinitrogen tetroxide, N,0,, decomposes endothermically according to the following equation:

N,O,(g)=2NO,(g)
(a) Give the equilibrium constant expression, K_, for the above reaction. (1]
- -
........................ T ey ik
............... GRS ST el age e B
s [Miﬂ.“'l ......................
(b) 1 mol of N,O, was placed in a 1.00 dm’ evacuated flask at 25° C. The flask was stoppered

and equilibrium was allowed to be established at this temperature. State whether the yield of

NO, will increase, decrease, or remain the same when equilibrium is re-established after

each of the following independent changes. Give a brief explanation in each case.

(i) ~ More N,0Q, is added to the equilibrium mixture in the flask. (2]
........ Wosl | onesass or 9\ denemner D
Aowr Kt K20y added (L choddieds pwmaple).. ..

Siwe tﬁtﬂql MNLadls g Ce o CuwﬂmL'Lﬁ.cﬂ,,j i taaes)

(ii) The pressure on the system is increased. 2]
B LNl dethesots o qild dagesese. A8
moemd P fasune  aweallir volume i, equiliinium gty

s SRR R e e e ik Q.

‘oo canor

{This quiestion confinies on the following page)
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(Question 3 continued)

(¢) The 1 mol of N,O, in the flask at 25" C became 0.8 mol of N,0O, when equilibrium had

been established.
Calculate;
(i)  the mols of NO, present at equilibrium.
.............. s OF S bt RN E ES
ol 1+ o s
B TR e it O BN SR @
(ii)  the numerical value of X, with its units.
(d) State and explain the effect on the value of K, if the temperature of the reaction were raised
to 100" C.
Prwed  stadien b endshevmc iR ¢ he s

..............................................
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The following data were obtained for the reaction between A and B:

A(aq) + 2B(aq) — 3C(aq) + D(aq)

Initial concentration

Initial Rate

Experiment | of Reactants (moldm ™) of Reaction
P B (moldm™ hr™")
| ko 0.200 0.2007 wiy~ 0.50
5
2 u.4uu‘t,,;w,_. 0, 2{]{}} 2,00 .T.r
3 0.400 ) | [ 0.800 8.00 /

(a) Give the order with respect to A,

Cs{e& (usmniabe Wy b /
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.........................................................................

{(b)  Give the order with raspe.cl wB.

‘- &>,
{c) Write the rate expression for this reaction.
L
............. mh 2 R CBY L newd sybmien ()
Ay
(d) Using the data from the first experiment, calculate the value of the rate constant and give its
units.
k %
o Al PSR LOoh (D e gL
e h_l_ ln a

ihmftt'f

[1]

(1]

(1]

(1]
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Evidence suggests that reaction between the gases nitrogen dioxide and fluorine is a two-step
Process:

2NO,(g) +E,(g) — 2ZNO,F(g)

Step 1 NO, +F, = NO,F+F (slow)
Step 2 F+NO, - NO,F (fast)

(a)  State and explain which step is the rate determining step.

5%@.1;1 Aace. & v e slew 5519 ........... a9,

.........................................................

(b)  State and explain which of the two steps is expected to have the higher activation energy.

........................................................................

.........................................................................

(c)  Give the rate expression of the reaction based on your answer to (a).

............. vake = R [Nod [Fr) . s reed T3 formae O

(1]

(2]
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SECTION B

Answer TWO of the questions in this section. You may use the lined pages at the end of this paper or attacl
extra sheets of paper with your candidate number clearly marked at the top,

6.  Use the modern theory of the atom to answer each of the following.

(a)
(b)
(c)
(d)

(€)

ity

List the d, f, p and s orbitals in order of increasing relative energy.

Give the number of each type of orbital, d, f, p and s at each energy level.

Describe the changes which occur when hydrogen produces a line spectrum.

Explain why the electron configuration of the nitrogen atom 1is written as

N: 1s*25%2p'2p'2p’ rather than N: 1s*2s*2p*2p'2p°.

Write the electron configuration of titanium.

(i) Name the instrument used to determine the atomic masses of the two naturally
occurring isotopes of gallium. Briefly describe each step involved in the operation of

the instrument.

(ii) A certain sample of gallium contains 60 % Ga-69 and 40 % Ga-71. Give the nuclear
structures of these isotopes and calculate the relative atomic mass of gallium in this

sample.

Explain the difference in the two values of ionisation energy for each of the following pairs:

(i) the lst ionisation energy of beryllium is 900 kJmol™ whereas the 2nd ionisation
energy of beryllium is 1757 kJ mol ™.

(ii) the Ist ionisation energy of aluminium is 577 kImol™ whereas the Ist ionisation
cnergy of magnesium 1s 736 kJ mol -

(iii) the lst ionisation energy of aluminium is 577 kImol™' whereas the 1st ionisation
energy of boron is 799 ki mol™.

2

2]

{3,

{6,

[4]
(6]



S0~ MO99/420/H(2)

7. This question is concerned with acids and bases,

(a)  Some of the active ingredients in commercial antacids are NaHCO;, AI(OH),, and CaCO,,

(i)

(i1)

(iii)

(1v)

Explain why NaHCO, could be described as both a Ergnsted-Lowry base and a Lewis
base. Which of these two descriptions applies to CaCO,?

Write balanced cquations showing the reactions that occur when excess stomach
acidity, represented by the formula HCI, is decreased by each antacid.

Calculate the number of moles of antacid present in 1 gram of each sample and hence
compare their neutralising power,

Give two rcasons why these antacids are used in preference to sodium hydroxide.

(b)  Zinc hydroxide is a white solid that reacts with both strong acids and strong bases.

(1)
(ii)

(iii)

(11)

(b) ()
(i1)

LV T T

What name is given to this type of behaviour?

Write ionic equations for the reaction of zinc hydroxide with strong acid and strong
base. Give another example of a compound which exhibits this behaviour.

Define a Lewis acid. Explain why transition metal ions can function as Lewis acids
and give an equation to support your answer,

Use the data in the table below to identify the type of bonding in each of the chlorides
listed and state how the given properties depend on the type of bonding. Support your
answer with appropriate diagrams.

Chloride m.p. /K l b.p. /K
Sodium chloride 1074 1686
Aluminium chloride 451, times
I Phosphorus(III) chloride 15l 349 |

Describe how the chlorides behave when added to water. Give equations for any
reactions which occur.

State the bonding in the oxides of sodium, magnesium, silicon and phosphorus.

What happens to the pH of pure water when these oxides are added to separate samples
of the water? Give equations for any reactions which occur.,

3]

4]

[6]

12]

(1]

[5]

{4]

[9]

[5]
[4]
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(a)

(b)

(c)

()
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A compound C with an empirical formula of C,H,;0 has a mass spectrum which includes
peaks at 74 and 59 and an infrared spectrum with a band at 3230-3350 cm ™',
Use this dala to; ;

(i)  determine, with reasoning, the molecular formula of C.
(ii) account for the peak at 59.
(iii) identify the functional group giving the band at 3230-3350 cm™'.

C reacts with acidified dichromate(VI) to produce an organic acid. Give the two possible
structural formulae of C.

When C is dehydrated it gives a compound D) which has an infrared spectrum with a band at

1620-1680 cm™ .
Use this data to,

(i) identify the functional group present.
(i) give two possible structural formulae of D.

(iti) give the four possible structures of the compound formed when D reacts with
hydrogen chloride.

D actually forms E, CH,C(CI)}CH,)CH,, when it reacts with hydrogen chloride. Which
structural formulae of D produces K7

E is hydrolysed with OH™ ions to produce F by an S, 1 mechanism.
(i) What is meant by an S, 1 mechanism?

(ii) Why does an S, 1 rather than an 5,2 mechanism occur?

(iti) Give the stepwise mechanism for the conversion of E to F.

State and explain whether or not F reacts with acidified dichromate(V1).

[2
[1

{1,

{2,

[1]

{2,

[3]

[1]

[3]
[3]
[3]
[1]
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7.

= lp=

This question is concerned with acids and bases,

(a)  Some of the active ingredients in commercial antacids are NzHCO,. Al{OH),, and CaCO,.

MOM20HZ) L.  (2) (i)

(i)
OR

{i)  Eaplain why NaHCO, could be described 25 both a Brensted-Lowry base and a Lewis

base, Which of these two descriptions applics to CaCQ,?

(ii} Wriltz balanced egquations showi ng
acidity. represented by the formula HCL, is decreased by each antacid,

(1ii)
compares their neutralising power,

(iv)
(b)  Zinc hydroxide is a white solid that reacts with bath strong acids and strong bases,

i) What name is given to this type of behaviour?

the reactions thal occur when excess stormach

Give twe reasons why these antacids are used in preference to sodium hydroxide,

(3]

Calculate the number of moles of antacid present in | gram of each sample and hence

(i) Write ionic equations for the reaction of zine hydroxide with strong acid and strong

base. Give another sxample of a compound which exhibits this behaviour.

{iii)
and give an equation to support your answer,

Define a Lewis acid. Explain why transition metal ions can function as Lewis acids

OR
QR
[4]
6]
2] : {iii)
i
{51
4
OR

(iv)s MaOH iz a strang alkali

®
(i)

war

(ii)

i o
gﬂ.‘bﬁ- M eg Cu™ .I..y... —+[Cu(NH,), ]
e ba

NaHCO,: Bremsted-Lowry hase because proton acceptor, {1 mark]
Lewis base because electron pair donor. {1 mark)
CaCOy: Both T need m v vaarle {T mark)
HCO; +H" = H,0+00, {1 markj

e,
NaHCO, + HCl — NaCl+ H,0+CO, ; [ff Wy(0y ¥ ™© k

ANOH); +3H™ — AI™ +3H,0
E__,..n:.._r+mzn__n+m._nr+um_0
AI(OH),(H,0), +3H" —~ [AlH,0),]"

#T ﬂsﬁ_ﬂ” {.or_u u_..-u. ﬂ_.._uﬁ..#._..-_.
(O r._.f.inrl.ﬂﬁ

CaCO,+2H" ~Ca®* +H,0+C0, g W (o, agaw, wo {1 mark)
+2HCI — CaCl, 1.1.’-&.“.
! mol
A MNaHC O, n_.nxm.amuu&z =0012 [T markf
| mel
4 ANOH), u_mx.___mma_&-._ =0013 {1 markf
I mol
A Call, =1gx 100 g ol =0010 {1 mark)
AI{OH), reacts with 3 mol of H” 350 it is more effective than
CaCO0, which reacts with 2 mol of H* which is more effective than
MaHCO, which reacts with | mol of H* {3 marks)
ANOH]), best Lremrle {1 mark)

{1 markf
[l markj

aCQ, 1 oamiley tedmp
m.pmmc. .Ea.w ﬁs.ﬂitbt\cg +ul1hm.\.ﬁ ek ....u....w..aq

Nate: If order is wrong lack for censequential marking

E.Fiw ofelyr Ongeitra 7 mark]

. nu.ur.ﬁ =5 body n_.....—..u_..nu { comrosive o _u_u&.w " werik {1 mark}
- difhewlt s Nlwre

amphoteric £ markf

Zo{OH), +2H ~+ Zn™ +2H,0 aguarion . bakmeed | {2 marksj

In{OH), +20H" — Zn(OH)™  (OR Zn0}” +2H,0) {2 marksj

AI(OH), / PB(OH), / Sn(OH), .._. GL Cr ﬁo {1 mark}

¥ O%tr s oxidiy wides

Electron pair acceptor. {1 mark!

They bave available / naua.ﬂvn_umﬁn. 24 {1 markf

5 @E@fpv.b 24 (2 marksj

choice af base 1, Jarmule of complex |

hﬁf ?ﬂvr TF Total {25 marks]
ocupleble .
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A compound C with an empirical formula of C,H O has a mass spectrum which includes
peaks at 74 and 55 and an infrared spectrum with 2 band a1 3230-3350 cm.
Use this data 1o;

?q@mans.g

2p

(i}  detcrmine, with reazaning, the molecular formula of C, {21
(i} account for the peak at 59. [i)
(iii) identify the functional group giving the band at 31230-3350 em™ {1}
(b} C reacts with zcidifisd dichremate(VI) to produce an organic acid, Give the two possible
structurzl formulae of C.
() When C is dehydrated it gives a compound D which has an jnfrarsd spectrum with a band af
16201680 cm™.
L'se this data to;
{i)  identify the functional ErOUp pressnt. [}
(i}  pive Iwo possible structura] formulace of D, 2}
(iii) give the four possible structures of the compound formed when D reacts with
hydrogen chioride. - 3
(d) [ actually forms E, CH,CICINCH,}CH,, when it reacts with hydrogen chicride. Which
structural formulae of D produces E? (]
{e] E is hydrolysed with OH" ions te produce F by an 5,1 mechanism.
(i) What is meant by an 5,1 mechanism? 2]
(i) Why does an 5,1 rather than an 5,2 mechanizm oceur? 3]
liii) Give the stepwise mechanism for the canversion of E 1 F. I5]
(1) State and explain whether or not F reacts with acidifjsd dichromats(VI). {1
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() n..m.uﬁ__lu.h i markf
Therefore melecular formula = C,H,,0 {1 markf
(i) FRemovalof CH,/! C,H,0" is present {1 mark}
{ili) OH [1 mark)
CH,CH,CH,CH,0H
nm,meInm_
CH,OH . {2 marksj
wept " Primary alkansl' ot oM )
i) C==C L e {1 mark
s-q Alcene ! andshen ¥a bees E%ﬂ& y i
(i} CH,CH,CH=CH, ﬁmuiﬂrnmu {2 marks]
145
{iii) CH,CH,CH(CI)CH,
CH,CH,CH,CH,CI
; )
{! o
_n_.r|__“u.|ﬁm_ ﬁ:w|__.._u.|nm—.,
CH,C CH,
given below so
\ no mark awarded | {3 marksj
n?f.muanm_ g ._m!_..,b.?o of Yoo Gueshon WY (1 maris
CH Lot corandali, 4o offex ...E__.ﬂ_.ﬂ.
(i} substimution .-7-’_1 Mer  Omlwer, EF e f1 mark}
nucleophilic nT.. lrrfect Ombuwrtyr - ___Jr!__. [T mark}
Ist orderfunimelecular o Yept {1 mark)
(i} Sterc effects of CH, {I mark]
CH, electron releasing {1 mark/
The (CH,),C" ion is stable {1 markf
e o _
(ifi) CH,—Cpmgy SLO® .:a!.__..__]nm.i_.u. FAST T Jﬂw__ln:,lﬂlam
=TH cx, F\/p{u‘\
._ﬂn___-ﬂ..._. {1 mark! OH jon = product [f merky {5 marks}
A tertiary alcobel cannot be oxidised, [1 mark)

§ cadidate hao given & bt of debsil
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E.wn.&ﬁ u_.z.zau.*gg
qﬁnﬁw Sﬁfoqﬁw P

Toral {25 marks!



