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Nitramide (H,N - NO,) is a weak acid. It decomposes to Hzo and H,O in t-he presence ofa
base. answer the parts (i) to (v) which are based on niramide. Its skeleton is given below:

10
H-N-N-0 .
(1)  draw the most acceptable Lewis structure for this molecule, -

(i) Draw the resonance structures for this molecule. Gj

ving reasons, comment on their
stabilities.

(10)

(iii) State the following

I electron pair geometry (arrangement of : .
ele
1. Shape around the atoms. clron pairs) around the atoms.

III. Hybridization of the atoms,
given in the table below

0
1. | electron pair geometry ——-T—____t‘_”_?_l;l_eltnms The N attached to two O atoms _
11. shape i 72 B
-

(iv) Is this molecule polar or nonpolar?

TR | J,



(v) Identify the atomic/hybrid orbitals involved in the formation of the following bonds in the
Lewis structure drawn in part (i) above. N atoms are labelled 1 and 2 as given below:
&
H-N' —=N?-0

LT o RECR——

JL N'and H ......ccconneneiaena

Note: type of orbital need not be spec;'ﬁed.- For hydrogen only Is accepted. 1(b) 65 Marks.

(v) Xe, CH.Cl HE ‘
Of the substances given above, which one / ones will have the forces given below?

(i) dipole - dipole forces
(i) Hydrogen bonding forces — .....commmisiinniniinnnes

(iii) London dispersion forces 10 marks.

2. (a) ElementA belongs to the s-block. Its first ionization energy is the highest in the groups. A rea.cls
with water liberating a gas B. The resulting solution from this reaction gives a red colouration
to a Bunsen burner flame, and the metal oxide on evaporation. A reacts with N(g) to give
compound C. The reaction of A with H,(g) gives a salt-like basic compound D. On treatment
with H,0, C gives a gas E which turns red litmus blue.

(i) Identify A, B, C, D and E giving their chemical formulae.

R e B e MG BF T S P atiirn:

(ii) Give balanced chemical equations for the reactions described above.
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(vi) Give one use of the metal V.
)
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given.

/l’_—;'h!nnnc gas 15 uscd ns an oxidizing agent 1o oxidize the metal jon M*

g

The following data arc

Reaction

Standard enthalpy change A H® at 25 “C(kj mol-1)

M(s) — M'(aq) + ¢
M(s) — M7 (aq) + 2¢
M(s) — M"(aq) + 3¢
Cl(g)* 2e — 2C1(nq)

-32.5
-48.5
-82.5
23340

+ 0,77

H“Mh/“a" -

Ei'“} /d - 4 ]_]h\!

The above oxidation is carried out clectrochemically,

(1) Write half reactions for oxidation and reduction processes and derive the cell reaction.
OXIAMIONTMEHON . 3.t (05)
Reduction reaction e RS (03)
Cell reaction  : e (05)

(1) The following diagram shows the experimental sctup needed to measure S of the
above reaction. Identify A - E, Giving physical state, concentration/pressure where
applicable.

()
&
———=
'
Py
My
B
\
I
”
A : - - LE) - B : SereEREEERIRRRERsaRESTRRRRRRRRES C :' R Y
D : . Ll - LA R R LAl E : . - "ew -
(iii) Calculate E_, for the above cell
(iv) Calculate the standard enthalpy change (AH") at 25 °C, for the cell reaction given in

part (i)

LR R LRl Ll b L T T T LR T T A ——
LT T -

207



AG’ for the réact;
Gibbs energ ang
tandard

(v)

(vi)

(@ (i)
L.
I1
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The relationship betwe

is given by 0= - KE =
E° ’ 15 21V en AG : ¢ A
% : for tl ¢
k=193 x10°J m‘:: ' \;erg}/ chang€ (("BGB) pat a-bove cell rﬁaqt‘m
where, K = - Gibbs €
andard

Calculate the st

(AS?J at 25 OC, f()r the above Cel] reacti()n

hangeé
Calculate the standard entropy €

hibits optical jsomerism and has the molecular formy], CTHm
Compound A exhi0!

res for A which are not enantiomers of each v
Draw two possible structures for ich ar i s )
raw

boxes given below. €T, in

(10+ 19

State the isomeric relationship between the two structures you have drawn,
| SR A

B and C are optically inactive compounds with the molecular formula C,,H,, BothB
and C exhibit geometric isomerism. B and C are not geometric isomers of each other
Catalytic hydrogenation of either B or C yields are same compound A

Draw the structures of A, B and C in the boxes given below (It is not necessary fo
draw the stereoisomeric forms) .

A i Wi
B &
Write the IUPAC Names of R and C
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........
........
......
------
......
........
...................
........
-----------
-------------
.....................




(1)

(i1)

(iii)

midcr the following reaction sequence:

CH,= CH-CH,Br _HBr__ p alcoholic KOl NaNH,

»R __CHCHBr g

lig. N”J
Reaction |

R i ) ‘ )
eaction 2 Reaction 3 Reaction 4

Draw the structures of P, Q, R and s in the boxes given below.

R S (03 + 04)

Classify each of the reactions in the above sequence as nucleophilic addition (Ay),
electrophilic addition (A ) nucleophilic substitution (S,) electrophilic substitation (Sy)
elimination (E) or acid-base (AB), by writing Ay A Sy, S, E, AB in the appropriate
cages.

Reaction ] 2 3 4+

Reaction type

Write the mechanism for Reaction 1. (03 + 04)

(12)
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PART B — [ESSAY
Answer two questions only. (Each question carries 15 marks.)
R

5. (a) A and B are volatile and completely
containing 1.0 mol of liquid A and 1

reached equilibrium, the pressure and volume of the gas 0 of
were found to be 1.0 x 10° Pa, 0.8314 m® and 2/3 respectively. The system was maintained at 200 K,

Calculate the following.

(i) the total number of moles in the gas phase.
(ii) the mole fractions of A and B in the liquid phase.
(iii) the saturated vapour pressures of A and B.

(b) In a saturated solution of Mn(OH), at 25°C, the concentration of Mn?* is 1.0 x 10~ mol dm>. The
, 8 25°C is 1.0 x 107'° mol’ dm™®. K, of NH,OH at 25°C s

solubility product of Mg(OH)
1.6% 10 mol dm™

(i) Calculate the solubility product of Mn(OH), at 25 °C,

(i) Calculate the concentration of hydroxide ions in 2 0.01 mol dm™ NH,OH solution at 25°C.
(iii) Determine the concentration of NH

2 0.001 moldm™ solution of MnSO,,

(iv) If5.35g of NH,Cl is dissolved in 1.00
of hydroxide ions in the solution.

solution to be made by mixing

a 0.20 mol dm™ solution of NH,OH,

(vi) Explain the use of NH,CI in group analysis

miscible liquids which form an ideal solution when mixed, A Mixture
0 mol of liquid B was placed in a closed container. When the sysep,

dm’ of 1.00 mol dm=2 NH,OH solution, calculate the concentr2i®®
#H =10, N=140, Cl =355

of solid NH 5o
0.50 dm? of a

«OH necessary to start precipitation of Mn(OH), fros

eous phase, and the mole ratio of A/B in this phas

(5.0 marks)

required to prevent the precipitation of Mg(OH); g";c
0.02 mol dm™ solution of Mg(NO,), and 050 &

100 mort?)

oW
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(d} ConSl(]cr

the reaction,
mM + nN — ¢C

where m, 1 and ¢ are stoichiometric coefficients of M N
' d

s nd :
(i) Considering the above reaction to be an elemep C respectively,

: lary reactj ' : _
(o c.onstant of the reaction = k.) “-10n, write an expression for the rate of reaction.
(ii) Two expeniments were conducted 1o find the org
Experiment 1: Initial rate was measureq " er of the reaction,
n .
of N constant. & the concentration of M while keeping the concentration

Experiment2: Initial rate was measured vary; :
of M constant at 1.0 mol dx?:l-gg the concentration of N while keeping the concentration

Both experiments were conducted at the sa

in the graphs below. me temperature. The results of the experiments are shown

Experiment 1
Experiment 2

[N] kept constant

PR [M] kept constant at 1.0 mol dm
;{0 T, 100 /
2 ?
= 0 -E 80
: 2 f
Eao B3 /
g : 3

100 E 4

3 -
£ 50 E 20 L

01 02 03 04 o : r

04 M}/ mol dm ol 02 03 N1/ mol dm®

I. Find the order of the reaction with respect to M.
II. Find the order of the reaction with respect to N.
[II. What is the overall order of the reaction? _
IV. Find the rate constant, k of the reaction. _ _ (6.0 marks)

(b) Two rigid bulbs P (volume = V) and Q (volume = 2V) connected by a tap are placed in a thermostatic

chamber as shown below. <— thermostatic chamber

Q,

Initially the tap is closed. P contains 1._0 mql of g
system was increased to 400 K, AB(g) dissociated int
given below.

as AB and Q is empty. When the temperature of the
o A(g) and B(g) according to the equilibrium reaction

AB(z) = A(g) + B(® ik i
The equilibrium constant fortﬁl)c above equilibrium is K,. When the 5y m:; dh:idm;?zj,s?;ﬂ::;uzlﬁz
equilibrium) the amount of A(g) was found to be x mol The mpfv;?g}q;';mcd was found to be y mol.
to reach equilibrium again (second equilibrium). The amount ©
@) Show that K.V (1 - %) = & and 3KV (1=2)= s
(ii) If y = 0.5 mol, calculate the value of x.
(iii) Explain your answer in (ii) above using

(i¥) The temperature of the system was increase

imes that at

equilibrium) the pressure of the system Was 1-7!;1:1::1“ e
at the third equilibrium was z mol. Calculate

(v) Show that the decomposition of AB(g) is "“‘{mhmc'
(vi) State any assumption/s made in your calculations. (9.0 marks)

Chatelier’s principle. : .
- he system reached equilibrium (third

, When t
d to 600 K the second equilibrium. The amount of A(g)



ould carry out the follow;
7. (a) Using ouly the chemicals given in the list, show oW YO0 5 "8 Converg.

List of chemicals
CHC=CH — CH’\C:C:CI!S | NaBH,.. HBSO 3 dll. HZSO@
/
s C}IJ CI'IJ conc. }Izsop PC]S' Mg, eulf.'l‘
(5) Show how you would synthesize compound B using compound A as the only organic Starting Matery
0
' cl

A B

(&QM]
(c) It is possible to synthesize the following compound X using two different pathways. Each pathway ¢y
be written as a nucleophilic substitution reaction.
3
X

() Write the reactants for each pathway.

(i) One of the above pathways will result in the formation of another compound Y in additon to X. Identify
the reactants involved in this pathway and write the structure of Y.

(iii) State what type of reaction is involved in the formation of Y.

(iv) Assume that :he reactants jdentified in (i) above, form X, by a two step reaction, Show how X is
formed by writing these two steps. Use curved armows to indicate movement of electrons.

(5.0 marks)




/ PART C — ESsAy

r - W 4

of compounds of an element in l}_lc 3d blﬁ?mc Periodi e
mﬂ- B,C.D.EFGamdH eriodic Table are given below.
I
FAN
2 1® 1+ [©

B
I

w::;:r white solid which colourless,
he turns yellow on odourless gas that
heating turns lime water
mi
dil. HCl 2

rmiu:;on @ & @

(1) dil.NH,OH / NH,Cl
@HS dil. NsOH
CXCESS
E@ ® dil. NH,0H @
' i latinous white colourless solution
white precipitate that gelatinou:
dissolves in dil. HCI precipitate
dil. NaOH

©

colourless solution

(5.0 marks)

(5) Tests (1).and (2) were carried out with an aqueous solution Z produced by passing the colourless gas P
into water. The tests and observations are given below.
Observation

PUETLEE

Test
(1) Added an acidified solution of K,Cr,0, to the solution.| A clear green solution was obtained,
A white precipitate insoluble in dil. HCI

) Added H.0. 1o the solution and warmed. Then added 2
wluﬁo:i;f f;.c]: was formed.

e

() Tdentify { required.)
gas P. (Reasons arc nol req '
be seen as white) turbidity resulted.

(i) When gas Q was passed through solution Z, a pale yellow (could

L. ldentify gas Q. (Reasons are mot required)
| IL Give the balanced chemical equation for this reaction. (5.0 marks)

\



and an inert waler soluhia
OH, Najcoj TS Wy,
( le piven for analysis was foand 10 ap;:i:htm uge of Na,CO, in the sampie e
. %w"?;'ﬁivﬁll procedure was vsed 10 M::m:: in the resctions in the ProCECRrE given beio,
¢ participa

; no
Note: The inert substance does e
quantitatively 0 8 500 €I vOumetric flagy o,

Procedure: was transferred @500 5 aghly (solution X). e

el , of the sample
::;c:ﬁ? :;ir?:'?“’s distilled water. The flask W& mm dil. HQl solation using methyl ory,,,
) ; jution X was titrated W1 reading 2t the end point wag 1+ . 08
(1) A 25.00 em? portion of solutloh © Ty red, Toe burcte : A
indicator, until the colour chang X was warmed to 70 °C end 1% Bﬂz‘ﬁzm‘wil ?t‘u.',::d n gy
(2) A ZS.OOT;T’BF“CEM ?:;;:ﬁmflmnd was filtered, and the filtrate was Girated with dil. Ho salags,
excess. aCoO, pi

' Chm d fm p‘lﬂl o mhﬂflﬂ‘. T}‘: N a0
using phenolphthalein as the indicator until the colour £ -

]
reading at the end point was 24.00 cnt. . ‘
The liberated 1, was titrated with 2 0.50 mol dm N2;5,0, cator, 1y,

burette reading at the end point was 12.50 cm’.
(i) Determine the concentration of the HCI solution.
(ii) Calculate the percentage of sodium carbonate In the sample.

(iii) State any assumption/s made in calculating the above.

(5.0 mari,
(C=12, 0=16, Na=23) '

9. (@ (i) I With the aid of balanced chemical equations list the steps involved, along with the reactiog

conditions, in the manufacture of H,SO, using the Contact Process.
Il Briefly describe the physicochemical principles related to this process.
III. Give two uses of HSSO,.
(ii) Using balanced chemical equations, indicate how the following conversions could be camied ou
industrially:
I. limestone — CH,
II. N, — NaNO,

Note: Where applicable give the reaction conditions and indicate how the reagents /reactants e
obtained industrially,

(iii) The following questions arc based on the manufacture of Na,CO, using the Solvay Process.
5 Sm:lhcsmtingmalc:ialsumdinlhisprm

Indicate how the materials stated in I are obtained.

Give the final by-product of this process,

Give two reasons as to why low tem

Give two uses of Na,CO,.

Propose 2 method to co
a natural resource, vest the final W-produc: stated in Il to gypsum, using sca water

(7.5 marks)

pcmturesmusedinlhispmcu:.

S<<Hp

(b) As an altemnative to chlorofluorocarbons CFCs
reduce the ozone layer depletion, Huw“‘;‘ boﬂ} t:t;)'*mhlcmﬂmarbons (HCFCs) were introduced ¥
layer but also contribute to other environmenta] Eroups of compounds not only deplete the 020%

problems,
(i) Draw the chemical structures of
as a CFC or HCFC. °“u‘h¢CFCsdecmwim.ﬁnglchwmdm
(i) “Under normal atmospheric i ;
statement. conditions, HCRCy AT more reactive than CFCs.” Commeat oo &%
(iii) Nam.c anmhc.r cn‘vitmmentul lem thay s . A :
relative contribution towards this en: “ssociated with CFCs and HCFCs. Comment 08 &
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ict the pmduclts and‘ give balanced chemical !
i “ the gpecics underlined, in the reaction, cquations for the following reactions. State the action of

o) HJ__‘O;(aq) + PbS(s) ——

i) MnOz(eq) + H;0,(2q) + H*(ag)—y
Gy €07 (00) + HyS(00) + H* (ag) —,
iv) Culs)+HaS(@) =%

(v) C(s)+conc. HNO; —&—

(2.5 marks)

(b) A solution T has been prepared by dissolving 0.300 g of FeC,0, in dilute H,SO,. The solution was heated
to 65 °C. Calculate the volume of 0.025 mol dm™> KMnO, solution required to react completely with FeC,0,
under these conditions,

C=12, O=16 Fe= 356

: Consider FeC.O, to exist as Fe?* 2= ;
Note : Consider FeC,0, to exist as Fe' and C,0}" in solution T. 50 )

() Liquefied-petroleum gas (LP gas) is commonly used as a fuel for cooking purposes in Sri Lanka. It is
a mixture of liquefied propane and butane, under high pressure. The following data are provided.

Substance Standard enthalpy of formation
AHj at 25°C (K mol™)
H,0() -286
CO,(g) -394
CH®) - 104
CH,(® -126

(i) Calculate the standard enthalpies of combustion of propane and butane gases at 259%C;
(ii) Calculate the amount of heat needed to increase the temperature of 400 g of water from 25°C to 85°C.
(Heat capacity of water is 4.2 J g™ °C™). -
(iif) Assuming complete combustion would take place, calculate the mass of CO, emitted in cach case
when the above process (ii) is camried out using:

L. propane as the fuel.
II. butane as the fuel.

(iv) Based on your calculations in
explain why it is so.

(iii) above,. identify which fuel is more environmentally friendly and

(7.5 marks)
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