/""'_ Advanced Level 2015 Chemi
- Chemistr I
Part A - Structuregd Emf fpﬂlmr )

Answer all four questions on the paper itself fEm;;;quﬂﬁM caries 10 marks)

I, (a) Consider the following chemical species
" XeF,NO7, SF Na SO, S0, HF

Which one of the above species,
(i) has both ionic bonds and covalent bonds?

(i) isisoelectronic with BE,

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

(iii) has a square pyramidal shape?
(iv) has an equal number of bonding and non
bonding electrons in its most stable structure?

(v) hasao - bond as a result of overlap of a Is atomic orbital and a 2p atomic orbital?

(vi) contains a bond angle of 180"

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

(b) The c'-““P”“m-l- H.O,QRT shows acidic properties. Tt loses H- to form the anion [H.O,QRT] When dissolved
in water in the most acceptable Lewis structure for this anion, the negative charge is on an oxygen atom. There
are no charges on the other atoms. The elements , R and T are non-metals with electrongativities greater than
2 (Pauling scale). The elements Q and R belong to the second period, whereas T belongs to the third period of
the Periodic table
The following questions (1) to (v) are based on the anion (H,0,QRT) It's skeleton is given below

H O

i ]
H-Q-R-T-0

0

(i)  Identify the elements QRunT

(ii) Draw the most acceptable Lewis struciure for this anion

{iii) Draw six resonance structures for this anion

(iv) State the following regarding Q R and Tatoms in the table given below.
I election pair geometry (arrangement of electron pairs around the atom
Il.  Shape around the atom
HL  hybridization of the atom
IV.  Approximate hond angic around he atom
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| , Q o
| L. Electron pair geometry
Il. Shpape
111. Hybridization
IV. Sound angle
%) Identify the atomic / hybrid orbitals involved in the formation of the following 15 bonds in g, iy
structure drawn in part {11) above
L ©Q-R '+ JT— o B e i
i H R-T - S —— : T
m 7T-0 T osessssssaerrampmsbisinssmmasanaames 5 TR —

ﬁﬂ- I State what information is directly pnwidtd by a Lewis structure of a covalent compound/fion

e

I State what information is not directly provided by a Lewis structure of a covpley
compound/ion

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

€} Stase whether the following statements are true or false, Give reasons for your choice
() The decreasing order of electronegativity of nitrogen in NH, NO,F and NOJ 1

NOF > NO, >NH,

BERAF RS EAA EESE R SSd FAA LR NN LR AR Fed bR A EE L ERAN SRR R R TR R A BiE

EE TR P R PR T PR T R e e L e e R L

T D e
EEECEY 1]

" R ~3FEES

(i) The increasing order of making points of lithwm halides is Li < LiCl < Libir < | 1]

............................................................................................................................................
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2.0 Xisap- block element in the penodic table with an atomic  number less th.m "[] 'l’ ln hummg X in air, he
eolourless gas X, 1s formed. X, has a pungent smell. X s readily soluble in water. When a solution ﬂfﬂ":ﬁ

is added to this solution. 3 whlte precipitate X, 15 formed. X, dissolves in dil. HC1 to give a weak acid X,
one of the products. X, decolorant an acidified solution of potassium permanganate. A gas X, is formed W
" X, is oxidized. X, is used in the industrial manufacture of the strong acid X,

@ 1 tify X and draw its structure in the crystalline state.




/ Structure of X

write the ground state electronic configuration of X
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) write the chemical formulae of the following compounds.
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(v) Sketch the most stable structures of X, and X_ indicate approximate bond angles, in each sketch.

(vi) Write the balance chemical equation for the reaction of X, with acidified potassium permanganalc.

(b) Test tubes labelled A w0 E contain the following solids (not in order) Mg(NO,), (NH,), CO,
(HN,), SO, NH NO and NaHCO,

A descripuon of the products formed when each of these solids is heaied is given in the table below.

Salid Description
A |. A basic white powder 2. Water vapour, 3. A colourless, odourless gas that tums |
lime water crean
B Three products w hich are in the Zasous state,
’ C 1. A strong acid 2. A colourless pas thut gives a brown precipitate / colouration with
IE Nessler/'s reapent -
) D 1. A while oxide which reacts with water to form o weakly basic solution, 2. A
colourless, diatonmiie gas at room temperature. 3. A red -brown gas.
E |. Water vapour, 2. colourless, lastcless, non-toxac, tnatomic gas with a linear
structure.

(1) Identify solids A w0 E
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() Write balanced chemical equations for the reactions that take place on heating each of the solids A 1o

¢ 1&1 The kinac, E
kinetics of the following reaction can he studied by measunng initial rates.

1
r
1

Alaq) + 5B (aq) + 6C (aq) —— 3D{aq) + 3E (aq)
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onof A. B and C al a given tempery,,.

Fou ine initial concentratt
rexpertments carned out by changing imitial o A with ime (1/s) was s,

m the Tollowing table |AA], . The change in concentration o

Exp. | () / (B, (€4 [3Al/ | SRt 'm
mal dm ' ol dm® | maol dm?’ mal dm ;

! 02 02 02 0,040 0 |k - —h-\“\

2 04 0.2 .2 {1 ARt o) | R o= __"‘-—-.,‘\
3 0.4 04 2 0128 40 1K = __—-_-—“\
4 02 0z 04 {1 80 2% |R = ___'_""----...,,<
T

(i) Calculate mitial rutes R.R, R amd R, and complete the table ‘ |
(1) Taking a. b and ¢ as orders with respect to each of the PEACTANCE A H_ and ( respeclively, g
constant as k. calculate a, b, ¢ and write the rate expression for the reaction using the caleulyey "“h%‘

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

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

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

.........................
------------------------------------------------------------------------------

(1)  State the overall order of the reaction

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

{iv)  Calculate the rate constant & of the reaction

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

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

(hy (1) 1 In another experiment, if the concentrations are, AL = L0 x 10 moldm !’ (Bl = 1.0 mol @

Land [Cl, = 2.0 mol dm' . show that the rute expression {or the reacnon can be given by 2!
= K'[A]* (k' 15 the rate constant of the reaction under these conditions

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

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

e
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(ii) In the above (b)(i) experiment, the concentration of A, [A] . changes with time (1) according to the ﬁlﬂ‘;‘f
qquutinn. At !AI N _k:l +2.303 log [A],{ [A], 15 the initial concentration of A). Show Mﬂ]‘#'
life {1,,) of the reaction is given by 0.693/k' and calculate L, by using the data in (a) tiv) and G050
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C are structural

 apwdCa somers with he >

W i«m, When rf:a{:t{'ti with alcoholje Kﬂﬂm:Iﬁ
‘““' rsm, while E and F do oy exhibi g
:‘: Wn .;umPlHI"d":;- G 18 structura) g
gructures of A . B.C. D E, Fand G iy,

E“‘Ia' tormula CH, Br. All three 1somer exhibit optical
and C give D E and F respectively. D exhibits geometric

52O e . _
-.;-i MENC isomerism. When reacted with HBr, E and F both give
CrolA Band €. G does not

the box giy . exhibit optical isomerism. Draw the
_“‘-—IN—IFLM (It is not necessary to draw stereoisomeric forms)
| A
|
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|
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b Write Ihe reagent(s) catilyst (s) Ho L 3 KL, M, N, O, P and Q (with suitable conditions, if any) of the
following reactions in the bexes piven on page 8

@ CH,=CH, —tLo HOCH CH.OH

(i CHN®CI® Lo

CH CH,
b VO

(i) CH,-=C=C—CHI L, o '1-<
! H

() CmH,cmHFU_.!-i kK CHCHCHCOH
OH
W) C:HsCH:UH —L. CHCOH

M) CHCH-CH, M CHCH=CH,

H
(vii) CHC=CH N CH,C=CCu

Wil ¢ necon L, cHcocl
W ¢ Heonn, P o CHCHNH,

| ® cu 2, cncocH,
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(b)  Write the mecchanism for the reaction of CH,COCI with aqueous sodium hydroxde.
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1 &=l maol-!
# Universal gas constant X = 8314 J:ia n'ul::v-lI
% Avogadro constant N, = 6.022 x 105 mo
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PART B — ESSAY

Answer two questions only. (Each question carries 15 marks.)

8. (a) Consider the following reaction at a temperature of 25 °C.
AB(s) — C(s) + D(g)
The following data are given for AH? and §° at 25 °C.

AH? K mol”' §°/) K- mol™!
AB(s) - 1208 100
C(s) - 600 50
D(g) - 500 170

(i) Show that the reaction is nom-spontaneous at 25 °C.
(ii) This reaction is spontaneous when the temperature is greater than T °C. This reaction is non-spontaneoys
when the temperature is less than T °C. Calculate T,

(iii) State the assumptions you made in the calculation in (ii) above. s :

(&) When the reaction described in (@) above is carried out in a closed container of volume 2.00 dm® g
930°C, the system reaches an equilibrium as given below.

AB(s) = C(s) + D(g)

(i) The pressure of the container was found to be 4.00 x 10° Pa. Calculate K, and K_ a1 930°C. State the
assumptions you made. (Consider that 8.314 JK-' mol-! 1203 K = 10 000 J mol )

(ii) When the above reaction in {b)i) is carried omt in the presence of X(g) at 930°C, the yield of
D(g) can be enhanced. Then the system shows a new equilibium as given below

AB(s) + X(g) = C(s) + 2D(g)

When this reaction is carried out with 2.25 x 107" moles of X(g) at 930°C in a closed container

of volume 2.00 dm®. the partial pressure of Dig) is found to be 750 x 1P Pa. Calculate K and K,
for the new equilibrium. d

(i) Explain qualitatively the changes that could take place in the equilibrium in part (5)(ii) in the following
instances.

l. Some amount of solid C is removed from the system.

Il. Some amount of gas D is femoved from the system.
(10.0 marks)
6. (a) XA(s) and YA(s) arc two sparingly water solyble salts,
(i) The solubility of salt XA(s) in water ig 20l m -3 -

o Aomg dm™ at 25, bilit uct

K,, of XA(s) at 25°C, (X = 10 g mol-'. A = 40 g mol 1 Calculate the solubility prod
(i1) A completely water soluble solid NaA is added g : inin
0.100 moles of X*(aq) and 0.100 moles of y* oWy 102 1.00 dm? aqueous solution containing

(aq).
I. Predict which of the salis precipitates firs -
I1. Calculate the cation concentration uml"i - (K (YA) = 180 x 1077 mol? dm-#).

when the second salt begins 1o Prccipilarl?mm 'n solution of the salt which precipitated irst

(5.0 marls)
—— /J
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(Wﬂk acid Hﬁ(ﬁ]} is titrated with 2 solution of NaOH, considering the hyd[ﬂlysis of A'(ﬂl:l)-

{h” . . g
Mmugpﬂdmewmmaldrmva!uwcpdmisgivmbypﬂ= %wa‘*"é‘l’xﬂ"' -;-Iog [A (aq)].

(Ywmgwmmp}{+wH=PK ’ PK.-i-pr:pK'and Kh= IOH-(H!H[HA(QL])
[A"(aq)]
. H at the equival : : R :
) Calculate the p ?QI.II\r ence point when a solution of 3 -3 HA(aq), is titrated with 2
" 110° mol dm soluion of NaOK. (, = 18 x 105 mt amy.

(i) A 500.00em” solution of 2x 10 mol dm Y'(ag) is added 10 a S00.00cm® of 2 x 10° mol dnr®
solution of HA(ag). Solid NaA was slowly added 1o this solution in order to precipitate YA(s). Calculate
the pH of the solution when YA(s) begins 1o precipitate. (K_(YA) = 1.80 x 107 mol? dm™).

* (7.8 marks)

genzene and 10'“3“5 mix compietely with each other to form & binary mixture. Boiling points of benzene
and toluenc are 80°C and 110°C respectively.

(i) Draw an appropriate temperature - composition phase diagram for the above system.
(ii) Consider the distillation of a liquid mixture (®) with 30% of benzene.
I. Mark the boiling point T, of liquid mixture P on the phase diagram above.
Il. Mark the composition (Q) of the vapour phase at temperature T, on the phase diagram above.

Ill. Explain qualitatively, the difference in composition between the liquid and vapour phases at
temperature 7). Name the technique which is used to separate benzene from the above binary
mixture based on this difference.

(€)

(iii) Draw the temperature - composition phase diagram for a binary mixture formed by two fully
miscible liquids with equal boiling points.
(3.0 mearks)

7. () Show how the conversion given below could be carried out using only the chemicals given in the list.

H
List of chemicals
i C"HS*;-C’H’ KMnO,, PBr,, Mg, dry ether, CH,CI
4 r] ' E. G €ther, ’
(Benzene) C;Hy C,H,0H, Anhydrous AICL,, conc.H,SO,
(5.0 marks)
(b) Show how compound B could be synthesized in less than 7 steps, using compound A as the oaly organic
starting material.
C4H,CH,CONHC H, C(H,CH,CH=N—CH,
A B (78 warks)

! ©) Methyi iodide reacts with ethylamine as shown below.
H

|
CH,—CH,—N—CH, + HI

! CH,l + CH,CH,NH,

(i) State whether ethylamine reacts as a nucleophile or an electrophile in this reaction.
(1)) Indicate the mechanism of the reaction by the use of curved arrows.

(i) Taking into account that amides are less basic then amines, explain why the methy! iodide doss mot
| react with propionamide according to the reaction given below.

CH,l + CH,CH,CONH, — CH,CH,CONHCH, + HI o, .

A A7
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PART C — ESSAY
Answer $wo questions only. (Each question carries 15 wmarks.)
e ———

Table. It burns with a yellow flame in 1,
ent with cold water M, gives a clear basi, M

block of the Periodic
solid, M,. On treatm

dified Ag,0 1o give a colourless diatom;c . ion
diatomic gas M, and a water soluble ')
solution of M, gives a white gelatinoyg Com- ;

dilute NH,OH. PreCipitg

8. (a) A metal M belongs to the s-
of excess oxygen gas to give a : :
ML, and a covalent compound. ML M, reacts with acl
Excess of M, reacts with metal T to give a colourless
M. The addition of dilute HCl dropwise to an aqueous :
M., which dissoives in excess acid. M, does nol dissolve in

(i) Identify M, M,, M,, M, M, M, M M, and Y
(ii) Predict the products of the reaction of M, with hot water.
(59 g

() A crysalline ionic inorganic compound Q (molar mass = 248 8 mol™") when heated gently rejeggy,
4

substance which turns anhydrous CuSO, blue.

Three tests (1), (2) and (3) were carried out with an aqueous solution of Q. Tests and observationg -

given below.
Test Observation I
(1) Added dilute HCI. Solution turned turbid with the evolution of a colourless
gas. Buming a Mg ribbon in this gas gave two solids

white and yellow in colour.
White precipitate. It tums black on heating.

(2) Added AgNO, solution dropwise.
White precipitate. It turns black on heating.

(3) Added PHb(NO,), solution dropwise.

(i) Identify @ and draw the most acceptable Lewis structure for its anion.

(ii) Write balanced chemical equations for the reactions taking place in tests (
the precipitates with an amow ({) in the equations.

1), (2) and (3). Indicate

(iii) Give two uses of Q.

(H=1, O=16, Na=23, §=32) (5 saerks)

(c) The foilowing procedure was used 1o determine the percentage by mass of KC10), and KCl in a mixture

X. Mixture X contains KCIO;, KCl and a water soluble inert material. '

A mass of 1.100g of X was dissolved in 50 cm® of distilied water in a 250 em® volumetric flask and

diluted with distilled water to give a final volume of 250.0 cm’. (Solution Y).

A 25.00 cm® portion of this solution was treated with SO,(g) to reduce the CIO; © CI". The exces
SO,(8) was_rcmoved by boiling the solution. Aqueous AgNO, was added to this solution t0 Pfﬂdp" .
the total CI” as AgCl. The precipitate was then filtcred, washed with distilled water, and dried 2 105°
until a constant weight was obtained. The mass of the AgCl precipitate formed was 0.135 g
Another 25.00 cm® portion of Soiution Y was heated with 30.00 cm? of 0.20 mol dm-3 Fe(lD solutio™
in acidic medium. The volume of 0.02 moldm= KMnO, required to oxidize the unreacted Fe(dD e

20.00 cm’.
Fe(il) reacts with CIO; as given below.

Calculate separately the percentage by mass of KCIO; and KCi in X.
(= 16, Cl =355, K=39, Ag=108) Y



manufacti’® .
;) S the raw malerials used in this process.
| i) wre balanced chemical equations with appropriate conditions, for the reactions taking place i tis
) the maximum amount of nitr i i
i) Calculate the nitric acid that can be produced from 1000 moles of the diatomic
(il gas present in one of the raw materials identified in (i) mc- rom m

i) Give three uses of nitric acid.

(v) Purc I:Onccnl‘._mled Inir.n'c ac:d is a colourless liquid. It turns yellow when exposed to light. Explain
| this observation with the aid of a balanced chemical equation.
i

(vi) Give balanced chemical equations for the following reactions.
[. S(s) + conc, HNO, —2-

:

} i uestions are based

J 1he following 4 on the properties of nitric acid and the Ostwald's process used in its
10

|

|

il. Cu(s) + conc. HNO, -

| I, Cu(s) + dil. HNO, —%—

; (b) The following questions are based on N, (the major component in the earth's atmosphere) and nitrogen
containing compounds which contribute to a variety of environmental problems.
| (i) Special conditions are required 1o fix N, due to its inert nature. Explain why N, is inert.
‘ (ii) State the two natural N, fixing processes.
(iii) State the name of the main industrial process used to fix Nz-
| (iv) Identify the iwo nitrogen compounds that contribute to photochemical smog.
(v) Explain how the compounds you mentioned in (iv) above contribute to photochemical s:ﬁog.
(vi) Identify two nitrogen containing organic compounds that contribute to photochemical smog.
(vii) Name two detrimental effects that photochemical smog has on the environment.
(viii) Idemtify the main nitrogen compound that contributes to the greenhouse effect.
(ix) Identify the two gaseous nitrogen compounds that contribute to acid rain,
(x) N, gas can be prepared in the laboratory by thermal decomposition of compounds. Give balanced
chemical equations fur two such reactions.
(7.5 marks)
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complex compounds) of chromium. ThD

. ) jum ion, three chiorine llmh:‘l which coulg :
geometry. Ali the compounds consist ;-‘ff a:l’;‘gl;:ll::n;bcr of molecules of water in the commlhcl St
ionic and molecules of water. idation state. The complex fop Van,
?é”::?f;n'fﬁ i:amicn all the compounds has the same oxidation s P (i Y

{ +3, +2, +1 and zerg ol
and ligands coordinated 1o it) of A, B, C and D have charges 0 "espectiyey, @
Nete: Disregard geometric isomers.

jum i ination compounds.
(i) Give the oxidation state of chromium in the wf:rdman '
(i) Write the electronic configuration of chromium in these pounds

(iii) Write the structural formulae of A, B, C and D.
Note: Disregard geometric isomers.
(iv) Give the IUPAC name of A.

(v) Give a chemical test that could be used to‘distinguish between A and DD,
Note: State the test as well as the observation.

(vi) Given below is the structure of the oxalate ion.

19. (@) A, B, C and D are coordination compounds (

oxalate ion (ox)

The oxalate ion coordinates the chromium ion through the two negatively charged
a complex iom part, £, which has an octzhedral geometry. Write the structural fo
chromium ion in E has the same oxidation state as the chromium

Nete: Use the abbreviation ‘ox’ to denote the oxalate ion in your

OXygens to give
rmuia of &, (The
in compounds 4 - D)

structural formula.

(b) The diagram given below shows two electrochemical cells connected in series al 25°C. M, M, and M,
metals are dipped in aqueous solutions of their own ions Mf‘(c’lﬂ). Mg'*{aq) and Mg*(aq) respectively,
The concentrations of all sojutions are 1.0 mol dm™. The standard electrode potentj
M, and M, are given below.

E =-236V
M7 (ag)] 1,5y~ 236

(iv) The electromotive force of cefl-] (E"
[=4
potential (£,

I|-1) was found g
i'(nulmm) of the Mg*(aq}/m
(v) Caiculate the electromotive force of
(vi) If you are provided only a metal

above set up,

be +160 v Calculate the standard electrod
2(8) electrode

. the
i tion 10
SUBBESt an experimengg] method in brieg o 4 (aq..m :no! c.Im‘-"Lm :ddi i



