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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 expected to pay proper atiention to significant figures.

-204

;e Standard Enl;halpy of : Absolute Entropy, §°,

Formation, AH, [ kJ mol Mmool K
C(s) 0.0 : 5.7
CO,(g) ~393.5 213.6 ;
H,(g) 0.0 130.6 :
H,0(1) J ~285.9 (9.9
0,(g) 0.0 205.0 |
C,H,COOH() 226.3 '

The enthalpy change for the combustion of butanoic acid at 25° C js -2183.5kImol™, The
combustion reaction is:

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

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

FCop + Aoyt 016y —> Coulty coolyy o

|
faeed shali, G wavk) R R e ;
!
|

(b)  Using the above data, calculate the standard enthalpy of formation, Mf;’, for butanoic
acid. 3]

Via® o o :
............ dHrjm=2AHQP'zdﬁ .@r:

--------------------------------------------------------------

.................................................................
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(This question continues on the following page)
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{Fluestion | continued)

(c) Calculate the standard entropy chan ge, ﬁﬂ , for the formation of butanoic acid at 25° C. [3]

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

N s S LB TR P e RS N R B T T T B L T R W e S R R e (A b e S i

=, 75284 7 g —05239
...... Dl T H}C‘(D
\§ valy = Bk orle) one m{anﬂﬁl penaliie H | werk (U-l))
(d) Calculate the standard free energy of formation, ﬂGﬁ, for butanoic acid at 25° C. [2]
AGP: Al - TAasS®  (can be impliclk w nenr siep)
z.-53a.1ky — 29K Lo-s3q RT )
.............................. ST BRI s, T S
"“’f”{’ ................ FeoSe G Gull) o ®
‘% &hﬂﬁéfmd-
{e) Ts this reaction spontaneous at 25° C? Explain your answer. (1]
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(a) C,H,OI is the formula of an alcohol.

(i)  State and explain whether the alcohol is a solid, liquid or a gas at room temperature.

A sded  (ro wark for h'I\M'C:P

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

(i) Dodecanol is only slightly soluble in water. Explain this property, {2}
..... ae ame | number of (-G awdh GH bends
MR the | Wi polan  Clhauns (:'E.:)

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

Sl hh‘rmucmmkﬁp.q. i s SRR
(b) The BF, molecule has a trigonal plane (planar triangle) shape while the NF, molecule is a
trigonal pyramid (triangular pyramid). Explain this difference. [2]

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

Rap. o W e foun a4 eledvens (3 bmededh +1 lone.e e

ok eyplanilion in toams o S [5p

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

c ‘i L Lf____'lﬁg_h'm:____@

-
5
" 2 Squang F‘\aﬂm’ﬂL 3 e
P @ oR " based ow amm"fqﬁ ";f-_m_
(d)  Give the number and types of bond between the two carbon atoms in a C,H, molecule: [2]

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

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

( \ wohle- i anowen v taple- band
Ory gl b

! "deuel”, Wam O




=3 = M99/420/H(2)

Dinitrogen tetroxide, N,0,, decomposes endothermically according to the following equation:

N,0,(g) =2NO, (g)
(a) Give the equilibrivm constant expression, K_, for the above reaction. [1]
~ 7
........................ LNQ; ‘bmhlﬁ
o . hc!d < LRI
................... e pemor e A ov wark (D
[”:.Gn-]
(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) Mare N,O, is added to the equilibrium mixture in the flask. [2]
........ Wenl | neaass  or M deemty DO

Equaliitinm ¥ duynbed 2w b Aue el b war wp (D
Aows £t 820y added (Lo choddieds pweaple).
Since el inorans owd e o cawﬂm-@‘yn,,] w a2 eS)

(ii) The pressure on the system is increased. [2]
o [Mov] dsnzaces or widd  deoesses ..
oeased  fueune  Awallor Volume tui equlinian iy
Lo hme g B 0 s s S ST G e A S s AN e Q.

[2]

..........

...........

e coante -

( This question continues on the following paee)
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(Question 3 continued)

(¢) The | mol of N,O, in the flask at 25" C became 0.8 mol of N 204 when equilibrium had
been established.

Calculate;
(i)  the mols of NO, present at equilibrium, [1]
.............. Bifum st o
i s e S L S o Sy Sest L
......... W R e PRI Bl e e (e e ]
(ii) the numerical value of K, with its units, [2]
(o 9F e
...... E}Jg..-i_.;..-ﬁf’.-._......................4....,.._-:-.‘.@
-3
o2,  wmol dn
............................................................
el - e - ¥
ﬂ':‘uS: ..........................................................
(d) State and explain the effect on the value of K, if the temperature of the reaction were raised
to 100° C, 2]
.......... W“““WGLWWW (
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The following data were obtained for the reaction between A and B:
Afaq) + 2B(aq) — 3C(aq) + D(aq)
Initial con:.‘:unu"atiun_ Initial Rate
Experiment | of Reactants (moldm ™) of Reaction
A B {moldm™ hr™)
1 lor 0.200 02007 | g, 050 [ )dmbles , wli
2 Y 04000, ) 0200) [ S2.003 e
3 0.400 ) | [ 0.800 8000 ) | «wADn)

(a) Give the order with respect to A.

\*{s}

fwenaesats by U
pabi innesaes by f—f/.'. | el

L w«(s)) @O

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

(h)  Give the order with respc.r:l to B.

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

{c) Write the rate expression for this reaction.

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

(d) Using the data from the first experiment, calculate the value of the rate constant and give its

unils.

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

...............
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Evidence supgests that reaction between the gases nitrogen dioxide and fluorine is a two-step
Process:

2NO,(g) + F,(g) — 2NO,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. [1]
e 2R N awice el M sles SBp @...
.......................... (.mwdn...mphuhm.@‘;K.H!‘!'-}.......i......

(b)  State and explain which of the two steps is expected to have the higher activation energy. [2]

e Bl L e e O

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

[
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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)
()

(e)

()

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 is written as
N: 1s*2s*2p'2p'2p’ rather than N: 15°2s*2p*2p'2p°.
Write the electron configuration of titanium.

(i) Name the instrument used to determine the atomic masses of the lwo naturally
occurring isotopes of gallium. Brelly 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 Ist jonisation enersy of beryllium is 900 kJmol™ whereas the 2nd ionisation
energy of beryllium is 1757 kJ mol ™.

(i) the lst ionisation energy of aluminium is 577 kIJmol™ whereas the Ist ionisation
cnergy of magnesium is 736 k] mol v

(iii) the lst ionisation energy of aluminium is 577 kimol™ whereas the 1st ionisation
energy of boron is 799 kJ mol ™.

{2,

(2

12

[3

6]

(4]
(6]
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This question is concerned with acids and bases.

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

(1)

(i1)

(iii)

(iv)

Explain why NaHCO, could be described as hoth a Brynsted-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 reasons 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)

(111)

(@) (@

(ii)

(b) (i)
(i)

What name 1s given to this type of behaviour?

Wrile jonic 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 Lo 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 mp./K | bp/K
Sodium chloride 1074 1686
Aluminium chloride 5 5 e
Phosphorus(IIT) chloride 161 349 |

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 oceur.

3]

(4]

[6]

2]

[1]

{51

4]

(9]

(5]
[4]

{71



(a)

(b)

(c)

(d)

()

()
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A compound C with an empirical formula of C,H, 00 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.
(i1) account for the peak at 39.
(ili) 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 I which has an infrared spectrum with a band at

16201680 cm™ .
Use this data to;

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

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

D actually forms E, CH,C(Cl)(CIH,)CH,, when it reacts with hydrogen chloride. Which
structural formulae of D produces E?

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 S,,2 mechanism occur?

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

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

12,
[1,

1

(2,

(1]

{2

[3]

[]

{31
(3]
5]
[
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=10= MO9420MH2) 7.

This geestion is concemed with acids and bases.
{al  Some of the active ingredients in commerzial antacids are NaHCO,. Al{OH),, and CaCo,,

{1} Explain why NaHCO, could be described a5 bath a Brensted-Lowry base and a Lewis

base, Which of these two descriptions applies to CaC0,? ES
(i}  Write balanced eguatians showing the reactions that occur when excess slomach

acidity. represented by the farmula HCL is decreased by each antasid, 4]
{iii} Calculate the number of mol=s of antacid precent in | gram of each sample and hence

compars their nevtralising power. [a]
(iv) Give two reasons why these aniacids are used in preference to sodium hydroxids {24

(b} Zinc hydroxide is a white solid that reacts with both strong acids and strong bases,
) What name is given to this pe of behavigar? I

(i) Wrile jonic equations for the reaction of zine hydroxide with strong acid and strong
base. Give another sxample of a compoend which exhibits this behaviaur. 51

(iii} Define a Lewis acid. Explain why transition meta! ions can function as Lewis acids
and give 2n equation to support your snewer. 4]

@ NaHCO,: Bransted—Lowry base because proion acceptor,

{1 mark]
Lewis base because electron pair donor. {1 mark]
CaCO,: Both T need Lox mark 1 mark]
(i) HCO;+H"—H,0 +C0, . {1 markj
OR  NaHCO, + HCl - NaCl+H,04C0, ; Iff W8y o mark
AOH}, +3H" = AI™ +3H,0 g /2 marks)
OR  AI(OH), + 3HCI - AIC, + 3H,0 Ve ...ir..__ F...R. __
OR  Al(OH),(H,0), +3H" - [AH,0)," L For i
CaC0,-2H' = Ca" +H,04C0, 4 Wy(0, OHaW, WO [1 mark)
+IHCl — ...um...“—u 1;5
1 mal
(i) NaHCO, =1 nxaﬂ =0012 {1 marky
| miol
I mel ;
.___lu.._n..nna..uu_ HHNXQﬂEIn__HHQ.n_.ﬁ_ Fi .__-._n-‘._n‘_
AI(OH), reacs with 3 mol of B s0 it is more efective than
Cal0, which reacts with 2 mel of H* whneh is more effective than
NaHCO), which reacts with | mol of * {3 marks)
OR AI{OH), bes: \memrke {1 mark)
Caco, w a .ﬁ.r-””r. 1 wehles L gbictiomalng /) maris
NaHCO, worst | s é?l?#ﬁiﬁﬂ.ﬂa (1 markj
N
Nate: If order is wrong look for consequential marking
(iv)» NaDH isa itrang alkali w.ﬂ!ﬁiﬂ ety Ghiwtna [ mark]
. mﬁ.un &5 body tssuss / camosive o body ' {1 mark)
. _Mm & 4o Nlart v watrik
(B (i)  smpbotaric f1 markj
Gi)  Zo{OH), +2H' 4+ Zo™ +2H,0  sguation J, halanced {2 marksf
Zn{OH), +20H™ - Zn(OH)~  (OR Zn0;" +2H.0) {2 marksf
wot O AIOH), / Pb(OH), /Sn(OH), o, Or (e [T mark]
I.r. ¥ o%ar \ axnidin yides
(iii) Electron pair accepior, {1 mark]
They have avajlabls / na_ui..rnwma_u. f1 mark]
I marks]

& F.-W
m% M eg. Cu”™ Em:uwl [Cufremt,, ] u@?c_r.pub *
e be

choice of base 1, formula of compler | DF (no) 5 ohl. Tovad (25 marks)
Lo

s
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A compound C with an empirical formuia of C, HgO has a mass spectrum which includes
peaks at 74 and 55 and an infrared spectrum with 2 band at 3230-3350 cm
Use this data 1o;

ZSRB& 9

25

(il  determine, with reasoning, the molecular formula of C. 2]
(i} acconn: for the peak o 59, i)
(i) identify the functional group giving the band at 3230-3350 em™. [
(b} € reacts with zcidified dichromate( v} to Pprocuce: an organic acid. Give the twe possible
structurzl formulae of C.
[2) When Cis nn_._ﬁ_ﬂﬁ_.._ il gives a compound D which has an infrared spectrum with & band at
16201680 cm™
Use this daga to;
{i}  identfy the fenctional groop pressnt. f1}
(i} pive lwo possibie structusz] formulae of I, f2f
(i) give the four possible structirss of the compound formed when D reacts with
hydrogen chiotide. i3]
) D actoally forms E, CHCICINCH, JCH,, when it reacts with bydrogen chlorde. Which
structural formulse of D produces E7 {1
{e)  Eis hydrolysed with OH™ ions o produce F by an 5,1 mechaniem.
(i}  What is meant by an 5,1 mechanizm? [}
(i) Why does an 5,1 rather than an 5, 2 mechanism geour? 13}
liii} Give the stepwise mechanism for the conversion of E1o F. 3]
() State and explain whether or not F reacts with acidifiad dichromas{VI). i
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(a}

)

(e}

(d)

(<)

(f

ﬁ__ n_.m._-nnu_ =74 -1.5 .i.n-..m..___
Therefore molecular formula = CH,O {1 markj
() Removalof CH, ! C,H,0" is present [! mark)
{ai) OH fl mark)
CH,CH,CH.CH,OH
CH,—~CH—CH,
H,OH . {2 marks{
H
(i C=C b Fn{ I.-.ft’i__._. t-_ns__.ﬂ% ! {1 markf
or sllcent L v Yoy begs, mulsw
{ii} CH,CH,CH==CH, CH, Iﬂlnr 12 marksj
(i) CH,CH,CH(CICH,
CH, nmunm _H_.Huﬂ
i ]
i §
CH,—C—CH, ﬁ:w|...w|ni.._
D_m_ﬁ_ CH,
given below sa
00 mark awarded f3 marksf
g~ T ?E_G Yoo Jutshan. Wiy (1 mark]
CH, dalis 4o ﬁa.. w e
(i} substimution ..?.l_... L iﬂl_ﬂ.. 171 mark)
nucleophilie nT._.. lrrrect oSty J f1 mark]
Ist orderiunimolecular -T’F eyt ST mark)
(if} Stedc effects of CH, {1 mark}
CH, electron ralsasing T mark]
The (CH,),C" ion is stable {1 markf
CH,
(iii) nm,lnﬂ.n.Ei.ln ].lr___ln: IWI%
o a, rJu/?l
____muﬂ.ﬂ {1 maek} O™ jon = product ___.h::l rk i {5 marks)
A tectiary aleobol cannot be oxidised, [1 mark}!
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