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_ ' the discovery of elef:trons anFi protons , J.J Thomson tried to explain the arrangement of electrons andp
- proposed a model having negatively charged particles ( electrons) embedded in a sphere of positively chargg
m. This is often called *“ The plum pudding model”.
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Answers
Chemistr}' I GCE A/ 2015
Part A -
STRUCTURED ESSAY

Answer < Na,S0,.

iﬂ&

© 0 s between oxygen and sulfir, Noy, u"_-]:.-:::-‘d I_:-u:tf\rwn Na” ions and 50,7 jons. Further, sulphate ion itself has covalent
owo similar or dissimilar non - metals e e 15 ¢lear Alternatively, we know thal covalent bonds arc formed between

F"“:: know that Na S0 15 2 sall which has jon

. win s
such jonic (may be polar) bonds cannot be f; " see all the atoms in the

' ' ' “metals. As
ot NO ormed among those. given species, except  Na S0, , are non
g Aoswer2NO, .

( however there are exceplions)

rn'** Atomic numbers of B and F are 5 and 9 e - ;
mow that atomic number of Xe jtself respeciively. Therefore there are 32 electrons in BF, molecule { 3 +9x3 ). Now you

1S greater than 12, As such XeF | e ic wi
: nun : 2 As XeF cann soele '
. Atomic number of S s theee times y greater as I ached 105 e

' in SF | that of B and there are five F at hed o S atom in SF, ion. fts mean
ber of clectros: ; i ; e F atoms attached 10 5 atom in 10n
m - E&ILUE‘.E:;:L‘} o 1< much greater than that of BF_ Similarly S0, and N.']_!Sﬂ*almwil]hff:!]l:ﬂﬂd.
3 are  very much less  than ;“;t‘: 'i-:ﬂ r‘:fﬁ[ HF  because number of  clectrons  in HF  molecule
s S NOW o the  answer 05 clear. N : in NO ion s
| 7+ K x3 + 1 additional electron due 1o negative charpe = 32 umber of clectrons in ,
iy Avswer: SF
Tunkin procEss <

there are five atoms ad with ceniral - . _
4 Ir idal bonded with central atom and one lane pair of electrons on the central atom. the malecule will adopt
Pyran Mty - ; ) . _ e
Square Mdal geometty in order W have minimum inter-electron parr reputsion. Out of given specics only SF_ ion 15

fulfilled said requirements,
) Answer-: SO, .
Tskig rocess

| Each bond contains two efecirons. But cack F atom containg 7 electrons in its valence shell and Xe has £ electrons in its
valenoe shell. XeF, molecule kas only two honds, Le, number of bonding electeons are 4. But you can see non — bonding
electrons are much more thin bonding electrons.
+ Only 10 bonding electrons ¢ 5 Tonds) ane in SF - ion but there are 7 valence electsons in each F aton. As such non-bonding
electrons are much more. Smmilarly M 50 also ean be rejected
#  HF has two bonding electrans § 0 Bas only one bond pbat F aselfl has 7 valeace ¢lectrons
L% Now the cormect answer should be eohior U0 - er 50 Ther stabie Lewis structures are as follows,

-0 )

' ‘\\ .
, N —1) Ss==0
- U/ ] = "
| Bﬂgdiqg.;]ﬂm—ph.l b 2x6=12
i No of valence electrons 3 x 6 - 3 + | due w charge = 24 Ixh+6 =34
[ No of non-bonding electrons ————= 4 -8 < 16 24-12=12
Mow the answer is clear
L Y1 Answer -; HF
I Process .

. ¥ The covalent bond is formed due 1o the interaction of valenee cléctrons as the atoms approach each other. Among the given
wtoms only hydrogen has 15 orbrtal in s valence shell. Now

4' The answer is clear
o " Answer: XoF,
M.;
Molecules or jons mady up of three or more atoms, the angle Between the two covalent bonds made by the same central atom
I8 known as bond angle.

ing to the definition you can disregard HEF because il has only two atoms.,
You know that $O and MU- both have trigonal planer geometry whereas SO, jon in Na SO, has tetrahedral shape and you
have already been I'sdnmiﬁ-:d: that the SF ion has square pyramidal shape. None of these conmin a bond angle of 1807, Now
the answer is clear,

In ease of molecules of ions, where the central alom is surrounded by two pmrs of bonding electrons us well as three unshared

il




re are three lone. pairs of electrons aroung "hrmq _

pairs of electrons, the shape is linear.
X e atom and the

- ’ In XuF, molecule there are nwo F atoms honded 10
¥ mom, ||m}_4:{ﬁ=24Mn:ks[
- e,
E ~ Nore = If more than one answer is i Jen i1 eres i award zere m”;-ﬂ.-._fr_ﬂ Hn:'!' queste!
B) @) Amwer- Q-=0, R=N, T=§ erQ =N R =C T=2 ;
. (024024 02
Thinking process -: . .
oC rpod, T i
+ Electronegativies of QR and T arc greater than 2 and Q uad R hehong 1o the sceand period. 1750 Qand R coulg = g
) CMN.Our Lk
0 skeleton structure T supposed to be cengry .

P or Ol According o the 2ive
am. Hence C1 can be disregarded

aram Camries pegative charge and therefore, said gy
round the T must be bonded to T with double bagd, Aon

L

Generally, less electronegative atom constituies the contral at

K . .
| * If T is belongs to third perod it may be
l pne oAygen

* There are three oxyeen atoms bonded o T and

I must be bonded to T with single bond, Chher twa 0wy Een aleims A
. there are six bonds around the T. Hence T should be 5

* Griven skeleton strecture shows that there are three atoms

be F because F can form enly one bond. Further, R canaol )

* Suppose that R is N then, (@ cannot be C. Because il Q) is carbon there Should be triple bond between Q and N o Salisfy g

. valence of C. Then. there will be five bonds around N. This cannot be happened. Th_.:mfurc Q must 1'_”': Uxygen,
i * Suppose R is C, then, there should be double bond between € and € in Onder 10 (Uil1l| }hﬂ valence .'-"’ carbon. Then ther,
be three bonds around Q. As a result Q cannot be 0. Then () should b N, Therefore given fwo answers are clear,

iy  Answer-: Suppose QR and T are O.N and 5 respectively, then the Lewls St
LN ]

ponded to R whereas Q bonded to two atoms. Hence Q gr g
b oyzen and therefore R must be N ar C.

eture 48 given below.

5 H o J»
5 H N ]:"1. 0
k, —_—J—N_ 55—
1 [T ] e l
I Hi
& .e [08 marky]
Alternative answer -: If the ), R and T are N.C and § respectively, then the Lewis structure Is grven below. 1
L1 ]
i - 1
ey I-I-—T'»T_——"—J‘———SI 0,
-5 s0s
L R
pall. . [ O8 marks)
Thinking process -: ]
. Suppose ()R and T are ON and 5 respectively. Then fiest of all skeleton structure need 1 be dlraw
[ H (f
-F I
I H—0 M 5 0 1
! l’L
i * Then add up the number of valence elecirons. For neutral molecules. it is just the sum of the valence electrons of l
t atoms present, In case of negatively cha rged ions, add the number of charges to the number of valence lectrons of atoms
' subtract the number of charges in case of positively charped ions,
! ) L
£ * In this structure
! . Noaofvalence clectrons = O [ 6 x 4)+ S(6) + N{5) + H{l » 2} + negative charge(l) = 3%
1 4
b' "
i ! » E{E'E:TT][,:'L number of bonded electrons { cach bomd comtams two electrons). 5o bonded clectrons = numher of bands¥
' * brract pumber of bonded electrons i B valence o . .
I ?:: : |‘:¢[ miis o T ed electrons from the total sum of valence ¢lectrons in order (o obtam remaming valenoe ¢l
K+ =
3 » Complete the octets of the atoms ( iitially most elector negative ; o elecirn
; . . egative aloms § altache he central ; by adding €
pairs, Flace any remanming electrons on the central atom in p.'lil&. : el Hic eentia’ Stofm 5] ¥ ]
* In situatien where cach alom cannol be ass af octet of el - . - 1 pondi
assigned an actet of electrons, form double Bonds. | necessary, orm triple PO

obiain most stable Lewis structure.
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| g structure for the allemative gnewer oln, i
| : wwer also can be drawn accordingly.
| i I the QK and T are ) N '
- L ) T are ONand s, it is passible to draw 22 resonance structures.

Although some of them are ung
gtructures oul of 22

wl
¥ " i
| Lable, all possible resonance structures are drawn below. You have to draw only six

H :0: . - -..e
»e I l L4 H “i' H :D'
—N—5=0 - YTy i . .o
H—0—N ! . H D--——_g—s—g: ——— H'—-O'-'“H——'S-":__
166 .I.
- -O- t :oo
4 & -8 .
A +i| :?: T :?:
— =N 8—0: -t ‘e . .o
H g . l ‘s H“g——ﬁ——ﬂ?:o - H_Q_N_ﬂs_g.
08 i
I 'q 12'9 10!
|
-'-B n .
W & oo H O
S p—2E—5:0 1 .o I
e wal  aR  BI
:Q:E 10i© I :Q:B
T - )
T ¢ %,
H—é—“ T__'c:x o H—_O_g-_:T=EJ i u-—-q—-u___ﬁ__o._
- :0:8 (0.9 0t
l - -
. — N0
H :O:e H -Cr}-. i '?’ e 8
| Y R T | Y < NS, . G-
H—B=H-"—9‘S-"-“—_-0 - H—0 -r"g G?—-——q R 9—'—9" 0l
Se :I:B 09 Ha
: H Ot T '?'.9“ ) T :-%I}: )
H—b=}|l—-'—.g——‘6:e o H-'—-‘O.:N——?"S:. ) - H-—-g-—-N-——-i-_Szn
@ o 1" . @ o I
HoH 100 Hol=)
1 Ho :0® H o 0°
0. Py t“ ..e _-il-_- -.-.Il
. T 1 - - ”"_'Q_I!!—'?"Q' H—Q—N—$=09
H_g——?ﬂ = :0:© :0:@
1:i:)'-
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e | .80
N
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) , 10 Resonance structures. Althg, :
. b RSIbh: to dm“ . 50 1
and S. it is po “ures are drawn below. Out of those you haye to dr:“w
resonance structurts W

Yy

Alternative answer for biii)-:  1f the Q.R and T are N.C
are unstable, all possible

‘ iH :|0:
H 0o H O v .
. é g - v | I____‘0:9 -—» H—N—C 5==0
H=—N=—C——§=0 =-—» H—*N=C_—-ﬁ - ' L
:ql,u:e ‘0!
- .".e cc‘e
i i Wi
el @ P - e ®e.__3 e | -0
H—N==C ? Q7 ——-—— = -—-f—- ERC R N=G——ﬁ"_9'
I 0@ :0:@ Hols
(T} B
&% X 4 H =0
H ?. e lil -0 | ..
- - - ".e __..'.: —_SE
a-n Leg
: | 0 :L:e I Q
. 0.0
H 0
. | ..o
H-":C_ﬁi—‘ !
[ol:
iv) Answer - If the Q,R and T are ON and S respectively
Q R T
I | Electron pair geometry | Tetrahedral Tetrahedral Tetrahedral
II | Shape Angular/V Pyramidal Tetrahedral
II1 | Hybridization Sp SP? Sp?
IV | Bond angle 103 -105° 106 - 108" {108 - 110
L (01 x 12 = 12 marks}
Thinking process -2 (1)
* Electron pair geometry depends on the total sum of sigma bonds and lone pairs around the atom.
. You can see there are two sigma bonds and two lone pairs around Q whereas rhas three sigma bonds and one lone pair. Thet|
are four sigma bonds around T. Its mean that total sum of sigma bonds and lone pairs around each atom ( Q.R and T)is4
Hence electron pair geometry around each given atom is tetrahedral. !
(I « There are two sigma bonds and two lone pairs around Q. You must know that any atom surrounded by two sigma ponds ]
one or two lone pairs, the shape around the central atom should he an gular or V _\_hupc_ )
Atom R surrounded by three sigma bonds and one lone pair and therefore, shape around R should be pvramidal.
. Atom T surrounded by four sigma bonds. Hence the shape around T atom must be tetrahedral ( n bonds -.'in not |:i.)1'|si4.‘.1€f""'I'!i
determining the shape of a molecule or ion). )
(r) » ”ibf"dlfﬁlmﬂ of a given '"‘-"'-'*"']L'_“-'U“‘d_‘-"”ih' be determined by considering the total number of repulsive units around :
middle atom. Here the wotal repulsion units represent the sum of number of I:mu pairs and number of bond pairs (Sigtﬂl}
. Q has four repulsion units ( two bond pairs and two lone hairs). Therefore its e S e . Hence
Hybridization of Q is SP'. I reretore its orbital distribution is tetrahedral.
* Likewise both R and T surrounded by four repulsi i e he : : gyl
risimoiyiory \ pulsion units ( remember [1 bonds do not consider ) and theretore, b?brm :
(IV) o Bond angle of angular shape molecule is around 104.5° De

from 103° to 105° . pending ofon the nature of surrounding atoms, angle can b
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. pond angle of pyramidal shape molecule is around 107" and depending on the nature of surrounding atoms. bond angle can

L \'.il'l“-'d from '“‘"‘f 10 108" Likewise the bond angle of tetrahedral shape can be varied from 108" to 110
Stive answer for bivd- Ifthe QR and T are N.C and S respectively
o e -
Q R T
[ [ Flectron pair geometry | Trigonal planer Irigonal planar Tetrahedral
-""""—-'-_'_—__ Arneuls ! B
T [ Shape Angular/\ Trigonal planar Tetrahedral
7 Hybridization i Sp: sp’
W-—FP__
v [Bond angle 19— 121 119 - 121 108 - 110°
L——

[01 x 12 = 12 marks]
ﬂ}i:ﬁklm: pnwesﬁ - ACCUHJIHB 1o the C.\plﬂmliiﬂn.‘i I have gé\ en in the pn:;:rding answer, you must be ableto pfﬁijt the above propertes

the lewis slructure.
P Answer- Ifthe QR and T are ON and §
n  Q—R > Q sp’ (hybridized orbital) R sp’ (hybridized orbital)
i R T > Rsp'(hybridized orbital) T sp® ( hybridized orbital)
m T 0 »  Tsp'( hybridized orbital) O 2p atomic orbital or sp’ (h 0)
{ 01 x 6 =06 marks )
Alternative answer = IFQ.R and T are N,C and S respectively.
I) Q—R ——— = Q sp° (hybridized orbital) R sp’ ( hybridized orbital)
1) R T » R sp’ ( hybridized orbital ) T sp' ( hybridized orbital )
1 T 0 »sp'(h.o) O 2p(a.0)orsp' (h.o) [ 01 x 6 = 06 marks]
b vi) ) Answer-: 1) Distribution of valence electrons ( as bond pairs and tone pairs)
2) charges on atoms

Can be directly obtained from a Lewis structure.
[ 02+ 01 =03 marks]
Iy Following information is not directly provided bv a Lewis structure.

1) bond angles

2) shape around central atom’s
3) Hybridization
4) what orbitals overlap to form bonds,
5) nature of orbitals occupied by lone pairs Any two [ 02+ 01 = 03 marks )
[1(b) : 36 marks]
L Answer -; True [04 marks]

Reason -: Electronegativity is depends on the charge on the atom, oxidation
Number and the s character of the hybridized atom.

NOF NO 3- NH,
Charge on N +1 i p
Oxidation state of N +5 +3 3
| Hybridization of N Spe Sp Sp

Higher the positive charge, greater the electronegativity than neutral. Formal charges On the N in NOF and NO}" species are +1
charge on the N in NH . molecule is Zero. Hence N in ammonia molecule has least electronegativity.,

§ We know that higher the oxidation state, greater the electronegativity. However it is not possible to differentiate remaining two
by oxidation state, because oxidation state of both is the same (+3).

mi:];:_‘" factor is that higher the s characters of hybridization, higher the clectronegativity It is obvious that the s character of sp'(33%4)

ofel 1on s greater than that of sp'(25%). Hence most clectronegative N atom must be in NO,F molecule. Therefore decreasing order
Megativity of N in given species is as follows

NO,F = NOJ>NH, .

, ) [ 06 marks |
bﬁ‘-‘ﬁ) : No need 1o gi\q': this type of u“mpmhcne,nc answers for the structured lype questions. But the reasons need

to be pointed owm
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Thi“kjng process -:
¢ Stabl i . :
e Lewis structures of species are as follows. Suppose oxidation state of Nisy.
NG
F— N+ N+ H— riI-—H
X o - o O- H
Oxidation number of N .| +y +(-2x2)=0, y+(-2x4)=-3, Ix3+y=0
Y=+5 y=+5 y=-3
Form
al charge on aatom = | No. of valence electrons total No. of | _1_ | Total No. of
In the free atom - | lone pairs 2 | bonding
' electrons electrons
then the charge on N 5-0-%(8)=+1, 5-0-'4(8)=+1, 5-2-1/2(6)=0
* Ag I'said earlier nature of the hybridization is depending on the total sum of the number of sigma bonds and
pairs around the hybridized atom. m'*"‘-‘honl
qu N in NO,F molecule has only three sigma bonds. Therefore its hybridization is sph.
3 3 . T . .
N in NQ," ion has only four sigma bonds around it. Hence, its hybridization 15 sp’.
N in NH, has three sigma bonds and one lone pare and therefore its hybridization is also sp.
c (ii) Answer -: False
[ 04 g
Reason -:
¢ Cation ofthe given compound is the same. Although charge of the anions is same their size increases from F- 10 I-,Polarig
of the anion increases with an increase in size of the anion. Therefore polarizability decreases from I-to F-ie. [-> B3
F-.
L Therefore ionic character of given compounds decreases according to the following way.
LiF = LiCl=LiBr>Lil
+ Higher the ionic character, higher the melting point. Hence ascending order of melting points must be as follows

Lil < LiBr < LiCl < LiF
Therefore given sequence is incorrect. [ 06 ma

Alternative answer for ¢ (ii) -: False
Reason -:

*

Another alternative answi

Cation is the same and electronegativity of anions (halides) decreases from

F-to I-, i.e, F->Cl-> Br-> I-.
Therefore electronegativity difference of the given compound Increases from Lil to

LF, i.e, LI <LBr<LiCI<LiF .
Therefore, ionic character increases from Lil to Li F and therefore, melting point increases from

Lil to LiF. i.e, Lil<LiBr< LiCl < LiF

er for c(ii) -: False

Reason -

*

*

Lattice energy of ionic compound is proportional to
charge of cation ~ charge of anion

redius of cation * radius of anion
h cation and the anions are the same. Further, size of the cation is the same. But size of th

¢ anions

Charges of bot

from I- to F-. .
Hence the lattice energy of the given compounds increases from Lil to LiF, i.e, Lil<LiBr<LiCI<LiF .
Therefore ionic character increases — Lil<LiBr<LiCI<LiF , o
R
["Ehe

Consequently, ascending order of their melting poins must be Li I< Li Br <Li Cl < LF. (!
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X5 s (Sulphur) [ 04 marks]

STRUCTURE OF X [ 04 marks ]

1e€1!f?'“i': configuration of X - Is 25° 2p° 3s* 3p* | [ 04 marks]
positive oxidation states of X =i +2, +4, +6 or+1l, +IV, +VI
Any two [ 02+ 02] marks

X = 80,. X, = BaSO,, X, = HSO,, X, =50,, X, = HS0,

werl - 2773 4 3

[ 04 X 5 =20 marks ]

eSS _ '
it (X is belongs to p-block 'élemem with atomic number less than 20, It cannot be (T) or (1I) group element.
! Ifit gives colourless gas X, when burning in air, the gas may be either CO,or SO,. But gas has a pungent smell, then the gas
' X, st be SO, Hence X must be sulphur (S). - :
We know that §02 is readily soluble in water and give H,50, weak acid.
L] ? 5
0.+ HO — H.SO, .
When solution of Ba Cl, is added 1o this weak acid solution, react each other to form BaSO; white precipitate. Therefore X,
qust be BaSO3 . '
BaCl, + HSO, —> BaSO, l + 2HCI
White
¢+  BaSO, reacts with dil. HC! acid to give S50, and this gas itself dissolve in the dilute solution to give weak acid H:SO',
Therefore X, must be H,50,.
¢+ We know that SO, acts as a reducing agent and reduces Mntf): ions into Mn™ ions in the acidified medium. SO, can be
oxidized to SO, , when allowed to react with O,. Therefore X, must be SO, - }
V.0, /450°C
280,+ 0O, — » 280..
I atm
¥ Youknow that in ** Contact Process™ SO, gas used to ma?;tfaclure strong H.SO, acid.Therefore, X_ must be suphuric acid.
e llL})
r / N 12 5P
V) Answer-: /<_>\\.\ M
0 0 0 ‘
g 1200 1207
X, X,
[sketch must show V or angular [ sketch must show trigonal planar
arrangement | arrangement |
Sketch (02 +01)+(02+01 ). angle (01) + (01) = 08 marks
Note — Laone pairs of electrons oit OXygen are not required.
" Angyey .
5(S0,+2H,0 —pe SOT - A F 2e) - (1)
2(MnO, + 8H+ +5¢ —> Mn* + 4HO ) e (2)
37
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4 SSOZ. + 4H+

(N+2) IMnO; + 550, + 2H,0 oy
2KMnO, + 550, * 2H,0 —_— 2MnSO, * K,S0O, + 2H,S0,
' OR
. R |
s(so + HO —> S0 ¥ M+ 2¢) (1)
+ + 4H20 ) ----,_'{2)

o(MnO; + SHY +5¢ —~ Mn,

: -+ 3H,0
M+ @  2MnO; + 5807 + 50, 2

+ gH+—* 2Mn’

Out of three any balanced equation (06 marks) [2(a): 50 marks]

. . , s for each )
( If only half reactions are gIven. you w 02 marks fo

ill get

b) i) Answer- A = NaHCO,, B= (NH),CO; C= (NH),S0, D) Me(NOy),

E = NH,\NO,
[05 X5 = 250
. A : t
i) A-  2NaHCO,(s) ——> NaCO,(s)* CO,(8) 7 H,0(g)
B (NH).CO(s) —o—» NH(g) + CO,(®) + HO®
A
C = (NH).SO,(s) —> 2NH,(g) + H,S0O,
D -: 2Mg(NO,),(g) ——'ﬁ——r 2'MgO(s) + 4NO, () * 0, (g)
C -2 NH,NO, (s) ——~ﬂ———* N,O(g) + 2H,0(g) [(15 x5 =25 marks ]
[ 2(b) : 50 pnarks]

Thinking process -:
¢ Ifthe colourless gas that turns lime water creanty then, the gas must be CO,. Therefore A must be ¢

only NaHCO, gives basic white powder (Na,CO;,) when heated. Hence A must be NaHCO..
¢ Only (NH,),CO, gives three gaseous products on heating( see above reaction). Hence B must be (Ni1 ), CO,
¢ Only NH, gives brown precipitate or colouration with Nessler’s reagent. Then C must beAmmonium compound ( how
ammonium compound do not liberate NH, on heating). If it gives strong acid ( H,80,) then, C must be (NI,),S0, . ,
ble. nitrate of second group elements give red- brown NO, , colourless diatomic O, and its white oxide 0n heatt

ither NaHCO, or (NH,),CO. M
ever cerdt

¢ In the periodic table
Hence D must be Mg(NO,), -
¢ Now the remaining compound is NH.NO. It gives water vapour and non-toxic N,O gas on heating,

3] (a) (1) Answer -
R
o e T I I
1 0.2 0.2 0.2 0.040 50 R - 8.0x 107
2 0.4 0.2 0.2 0.096 60 R~ 1.60x10°_
3 0.4 04 0.2 0.128 40 R, = 3.2x 10’
4 0.2 0.2 0.4 0.080 25 | R.-32x 105
Thinking process-: :
. Initial rate R is =  change in concentration of A during ( 0-t) time
Time elapsed (1)
¢ Therefore R, - s A [A)0 moldm = 0.040 moldm” = 8§ x 10~ moldm” s*
50s
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= 0.096 moldm* = 3 3ol
similﬂﬂY R, — 1.6 X 107 moldm™ s
must be able to determine R3 and R4.

I05x4=20mark51
Suppose that the rate of the reaction = k [A]* [B]® [C).
[K is rate constant ]
Now from experiment |

@ - 80 10 moldm™ s =k [0.2 moldm™ J* [0.2 moldm}" [0.2 moldmJ - (1)
I

;\-perimenlé 367 =k [0.4 moldm™]* [0 dgne :
fﬁ‘fﬂﬁlﬁﬂ:‘](}-‘ moldm I" [0.2 moldm™* 5] * [0.2 moldm]* -—-- (2)

(i)

periment 3 ;
"2 x 10+ moldm” s =k [0.4 moldm™]* [0.4 moldm™]" [0.2 moldm™J* —-- (3)

F;ﬂﬂl(”'{{z} weget V2 = (1/2)", then a=1
Fromeq(2)/ (3) . wegat V2= (172", then b =1
1V (). wegat Ya= (172, then ¢=2

From ( :
Therefore rate = [A] [B] [CT*. s +05xd =0 )
Answer -+ The overai] order of the reaction is the sum of the powers to which the concentration raised in the experimentally
determined rate equation.

[05 marks]

Hence the overall order of the given reaction = [+142 =4
using any one of the equation, it is possible to determine the rate constant k,

i) BY
from equation (1)
K = 80x107 moldm”s’ = 0.5 mol-3 dm” s™
(0.2)(0.2) (0.2)* mol* dm**
[05+04+01=10 marks |
i) () Answer - Now we know rate [R] = k [A] [B] [C]
You can see that the concentrations of [B] and [C] are considerably higher when compared to the concentration of [A]. Hence
the concentrations of B and C can be taken as constant.
Then k [B][C]2 = another constant = k™.
When substitute this into initial raie expression, we get
Rate =k'[A] [or Rate =k [AF [05 marks]
() Answer-: We assumed that [[3] and [T] do not change during the experiment.
) [05 marks)]
(i) Answer-: Now 2.303 log [A] = -k t +2.303 log [A], isgiven
Half-life is defined as the time required when half the concentration of a reactant is consumed. Therefore.
When t =1 ,, [A] = [A],2 [05 marks)
When substitute both into the given equation
2303 log [A] 2 = -k t, + 2303 log[A] :
Therefore k' 1, - 2.303 log [A], - 2.303 log [A]/2 [05 marks ]
t, = log2 = 0L693/K
Bu k¥ = g 3 k - .
(B)[C] and therefore k' = 0.5 mol-3dm? s x ( 1moldm™) (2moldm*)?.
Thenk' = 25 0 arke
Therefore t = 0.6932s' = 0347s (or0.35) [ElSSnI::LL:]}

[3(b) : 30 marks |
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4{0) Ancwer -
| Br CH,
u."nlcn__cl-lcn__m

CH,CH.CH.CHCH, CH CHCHCH,

Br CH,
[A] (B] (€]
CH CH,
C.H,CH = CHCH, CH.CH=C— CH, CH— (F= CH,
(D] (E] [F]
CH,

CH—C—CH,
e s
[07 x 7 =49 marks ]
(G]

[ B and C can be interchanged. If'so, E and F should also be interchanged |

Thinking process -:
We can draw number of structures with the formula of C_‘H”Br.

*
CH,CH,CH.CH.CH Br CH,CH,CH,CH(Br)CH, CH,CH,CH(BNCH.CH,

(1 [2) (3]
CH CH,CH(CH )CH Br CH,CH(CH,)CH,CH Br CH,CH,C(CH,)BrCH,

(4] (5] [6]

(CH,),CCH,Br CH,CHBrCH(CH,), CH,CH(CH,)CHBrCH,
(7] (8] 19]
aom theretore, strelures ]']tstﬁl?ﬂimJ

optical isomers, then there must have asymmetrical carbon

. IfA.B and C are
be 2.4 and 9 ( not in order ).

disregarded.Hence A.B and C must
alkones. Therefore

Alky! halides when treated with alcoholic KOH, undergo elimination reaction to forn

*
(2) — C.H,CH==CIICH, ﬂ

Major product from structure
Major product from structure (4) = CH,— C= CH,

CH,
Major product from structure (9) — CH,CH = C — CH,

CH,

Two requirements need to be fulfilled to exist geometrical isomerism.

.
a) Compound should contain double bond.
b) Each double bonded carbon atom must have different groups attached to it
o According to these requirements only structure (10) exhibit geometrical isomerism. Hence Structure (10) must be P
. D gave from A. therefore A must be structure (2) . Now B and C must be 4 and 9 vice versa
H) of the W;ﬂ'
F g

Further E and F mustbe 11 and 12 vice versa.
When E and F allowed to react with HBr, according to the Markoviokov rule, the positive part |

.
the double bonded carbon that already has the greatest number . : .
structure G which does not exhibit geometrical isomerism. of hydrogen atoms. Therefore, both E

40




Kl H./Pd/BaSO / Quinoline
(03) - or
H,/ Lindlar catalyst (04)
M ()
KMnO, or H'/KMnO,
NaBH, o Anhydrous ALO,/ A
Or H/K,Cr,0, or or Cone H, SO, or P,0,
) 04
(03) H+/CrO,  (04) e
b/“'u’" (L) (M)
TTuCl,
] - = L]
or PCI, or PCI, LiAIH
f, /CuCl or )
iacal Cu Cl (03)
¥ oH/Cu,Cl, (03) (03)
b | - )
™ (O) (P)
CH,COCI
Anhydrous AICI,
(04)
Q)
e
|
| O
| 0
l t“ NaOH
| HC—C—OQl . |-|€C—c::§
i |
| OH On
()1
H C— C—OH ® a

A‘ { WaOH
&

I
H,C— C— O + HO
OR

0

HC—C— 0 Na+

Ntg

* Lone Pair need not be included for the award of marks)
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Answers
Chemistry II GCE A/L 2015
Part B - ESSAY

i
[ ] _— C(g) + Dig)
AB (5
[ ) ' ofall will find the enthalpy change (AH" ) of the above reaction.
it Firs
ll JOW we know AH"HI = f"[‘Inl““‘ﬂ“»h - &Hr.nncw:u
- N
| : i = ] v 0] ]
| AH' = AH(C) + AHY (D) - AH’, (AB) [
| m_ . [ 4]
" = [ (-600) + (-500) — (-1208) ] kjmol"! ’ : 9
[ = 108 kjmol ! o [04+01]
| yow will calculate the entropy change (AS" ) of the above reaction.
I AQao - AQD i
| we know AS m AS products ‘ﬁs!rruw!h
I Fen AS" = AS°(C) + AS'(D) -- AS’ (AB) (o]
= (50) + (170) --( 100) ] JK mol" [04]
_ 120 JK-1mol-1 :
12 = 120 JK- mol x 10° = 0.120 kI K mol [04+01]
Now AG', S A (03]
Then = 108 kjmol! - 298K x 0.120 kjK-'mol"
= 72.2 kjymol! y [04+01]
Now it clear that AG?, is positive quantity, ie.  AGS >0 [05]
Therefore reaction 1s noN-spontancous at 293 K (25°C)

il ltisgiven that the reaction is spontaneous (AG® < 0) when the temperature is greater than T C and the n_eaclior_z is non —
spontaneous ( AG, = 0)w hen the temperature 1§ less than T °C . Then at the temperature T °C the value of AG®  should
be zero.

If  AG' =0 ,
Then  AH' - (T+273) AS =0 (03]
- AHT
Then (T+273) = AST
— 0% kimol-1 /120 x 10-3 kJ K-1 mol-1 =900 K
Thei T =900-273 = 627'C (03]
4 AH’ and ASY areassumed to be temperature independent. _ [05]
[5(a): 50 marks]
"0 AB(s) ™= C(s) + Dno)
In this equilibrium system, you can see that the both AB and C are in solid state.
SCTlL‘E those terms are not appeared in the Kp expression.
l Uppose that the partial pressure of D (g)is P
) €N, assuming ideal behavior of gas Kp = ?’,. , [05]
l ~OW You can see that the system has only D(g) as gaseous spacies.
erefore K= P = Pressure of the container = 4.0 x 10° Pa [01 +04]
We know that K L (RTy '
_ =K, (RT)". [05]
az:gzdlng the'system  An = 1-0 =1 [05]
K, = K (RT)
: Then K’ — K,/RT = 4X10°Pa/8314JK" mol' x 1203K
K = < '
¢ = 4AX10° Pa/ 10000 Jmol' = 40 mol m” or (4 x 10 moldm™) (04 +01]

Y .
[Yoy Wil get the same marks (15), even if you calculated K_ by another correct method)

47

P At



6)

——-'m

- p
ibrum system is given as 73X 107 Pa

- . AT v tlll_' i I
1 Now the partial pressure of the DX qem s n,, by using PV = nRT for D)

Suy s number of moles of D) w the cyuihibrium system s 1, '

B o - Ven' /834K mol ' x 1203 K

n PoV/RT = 755 10'Pa x 200 10 mllﬁ-

= 753 10" Pax 2.00x 10" m' 7 10000 .J"‘;’ "

755 10' Jm-3 x 200 % 10" m'/ 10000 Jme
015 maol
. . stem, it s clear that
According to the stowhiometry of the equilibrium sy "l"lm,'l-ll;{g) [X:D=12]
01572 mol of Xig) need to be reacted to form 0,15 mol ¢ > ,
AB(s) + X(p) +—— Cis) + -[){g}
: L 0.225 mol

Initial amount of gaseous species _ 0.15/2mol

Amount dissociated i 0.15 mol

Amount produced ) I

. ) 225 - 0.075)mol 0.15 mol

Amount of gaseous species at the equilibrium - {Pi?;.nul 0.15 mol

- . - 5+ 0.15 = 0.3 mol

Total amount at the equilibrium ORI 013

Now mole fraction of D - X, = 015 mol /0.3 mol =%

. , ) . 15 + 05

Similarly mole traction of X X, =Y [05+05 + 03]

Weknow P = o pressure of the system (P, ) x mole fraction of D (x )

Therefore P, = Poix, = 75x10°x2Pa = 15x 10° Pa

Then P = 15 10"\ v pg = 15x10° Pa

Now the K, of the given reaction = Py /P

Ky = (75X 10'Pa )2/ 75X 10'Pa = 7.5x 10° P

Now K, =K_(RT )=

Inthis system  Ap = 7 =1

Therefore K - K, (RT)

Then K = K,/ RT

Ko = 75x10'pa /834K mol ' x 1203 K

* 7.5x10Pa/ 10000 Jmol!
= 75molm’ or( 7-5 x 10°mol dm* )
[even if you calculated K. by another correct method you will get the samie marks)

(i) (1) Inthe given system C is in a

solid state and the

removed from the system, As such it does not ¢f

refore its concentration docs not of

S0
(I} As the amount of D decrenses, according 1o the
(05 + 03]

Le Chatlier principal the equilibriigy

() Letus suppose that the solubility of the spaningl
XAls) —— X (ag)

y soluble salt XA i5 § moldm
A aqg)
5 moldm! :

» then we have

But the solubility is Eiven in mgdm™ and therefore jy 15 need to be converted
Now given solubility = 2.0 mgdm’ = 2

1t into moldm .
200 x 10 gdm’
Now molar mass of XA is |50 gmal’

=201 x 10" /150 moldm
Therefore solubility of XA 2,00 x |

150 moldm -
Hence S = 1 34 x 100 moldm'

= LM x 0.5 moldm’
Now K of XA -y fag)] [A (3] = (1 34«

10" moldm 134 x 100 moldm7)
P79 107 mal dm® o | K 0 molidm«

4%

(0441

iange even il some amount of 0
Tect to the equilibrium of he Systen

(054

Lol the system shifts to Iht:‘J

[ 5(b): 100

&




&plubk in water and therefore it is complete
A

At 4 ly ionized i .. ,
_‘-4,/,.-0 Na+(ag) + A-(aq) n the aqueous medium According to the following WiY.

fhe 5”:::.':1?::-&:::Il:;%:ﬁ{}“rl:rf}:i;f{p"amn of an electrolyte i that it ionic product

_yAsalt. Ksp = ,[_7_{'*3‘”1 [ Afaq))

o Bilea)) = Ko/ IX 0] (05)
yalue of the salt XA has already been determined and the concentration of X is given as 0.100 moldm”.

e 151 40 010

e that the precipitation of XA will occur when the . |

EL K. =1 Y'(aq) [ [ Aflaq)]
@pﬁ'-‘\ﬁsalh [g'(aq)] = ?"w "fixll:“q”

[Atag)] = 1.8x 107 moFdm*®/0.100 moldm

concentration of A- (aq) is Just exceed the above value.

[A'{aq}] =180 x 10 moldm®

sitati ‘A will occur when the artrati . e
recipitation of YA X Wheh ihe concentration of A” (ag) is just exceed the above Value.
Now it is clear that the concentration of A”ien need to precipitate XA sjalt is less t]1:mlc that of ’
yA. Asaresult when adding solid NaA slowly to the solution XA precipitates first.

Aligmative answer for (1)

iu:m YA has same ‘.-‘»lulCthme.'[r:‘.n .
According to the given data [X_ (aq) | = [Y" (aq) ] (03]
We ['gund. that K‘EI' of I(XA) < K\}.Ufl\'ﬁ}

Therefore, when adding solid NaA into the solution the K.P value of XA will be satisfied
First. As @ result XA precipitates first. (05]

il The concentration of A” 1on, when the second salt (YA) begins to precipitate is 1.80 X 10 moldm . At this moment XA has
slready been precipitated and therefore ionic product of XA in the solution is equal to its K, value.

Now (XA) = [X'(aq)][Alaq)]
[X"(agq) eft in the solution = 1.80 x 16" mol*dm* / 1.80 x 10 moldm™ [05]

= 1.0x 10* moldm™ (04 +01]
[6(a): 50 marks]

{ ) Atthe equivalent point
HA(ag) + NaOH (aq)

—» NaAf{aq) = HO(D (04 +01]

NaA ionized completely into Na” and A” ions in the solution.
Now A- ions undergo hydrolysis with water according to the following way.

Afag) + HO(l) z—= HAf(aq) + OH (aq) (04 +01]

According to the above hydrolysis reaction it 1s clear that .
[HA(aq)] = [OHtaq) | [04 + 01]

Itis given that K, - [HA(aq)] [OH (aq)] / [Aaq)]

Therefore K, = [OH{aq)) / [A-(aq)]

Now [OH(aq)] - [ K, [A-tag) ]

Hence log [(OH (aq)] ~ 12logK, + 1/2log [Aaq)]

When throughout the above equation multiplied by minus sign, we get

‘hgTUH'[aq}l _ g K, — Y log [A-(2q)] [04 + 01]

Then  poH - 172 PK, - log [A(aq) ]

tis given that PH + POH = PK, and  pK, + pK, = PK,




b

b

I —

Hence POH =pK_-PH and pK, = pK_-pK3

Y

When above values are substitute into the equation POH = 172pK,~ 12log [Ataq)]
We get pK_—PH = 1/2pK_ - 1/2pK, — 1/2log [A(aq)]
Then PH =1/2pK_ +1/2pK, + 12log [A(ag)] m"‘,_
(1)  HA(ag) + NaOH (ag) — NaA(aq) ~ H.O (1)
The concentrations of both HA and NaOH are the sam¢ and therefore according 1t the Stoichiometri¢ of
volume of HA solution used should be equal to that Of NaOH at the equivalence pownt. Now suppose the Vol iy
equivalence Pointis V cm’ . . e g - &
Now number of moles of HA used at the equivalence point [x 107 Vem o s
= 10 = 10"V mol .
number of moles of NaOH used at the equivalence point — 10* Vmol. 'milar.
Therefore number of moles of NaA formed at the equivalence point
_ =10*V mol
NaA is completely ionized in the solution according t0 the following way
NaA (aq) ——— Na'(aq) + A (aq)
Therefore number of moles of A*ions in the final solution is also 10*Vmol
Now you can see that the final volume of the solution is doubled (2V).
Hence the concentration of A" ions in the solution = Lf’il'%,l@ﬂ = 5x 10" moldm™. |
Now by using the equation that has derived in b(1) [04+1 1
PH =% pK_+ % pK, + ' log[A-(aq)]
Ifthe Ka= 1.8 x 10°moldm”, then pKa=-log 1.8 x 10 = -log 1.8 +-logl0*=4.74.
Now PH =%X14 +%x4.74 +%log(5x107]
PH = 7.69  orany value in the range of 7.69107.72 .
Alternative answer for b (i1)
We know K, x K, = K_, therefore K, = K, /K,
But we know K, = [OH’ (aq))’ /[A (aq)]
Therefore, K_/ K, = [OH-(aq) /[N (ag)]
R DT LRt
Therefore, 1.8 X lO_ﬁ = [A. (aq}]
Then [OH (aq)] = 5.24x 107 moldm™ .
. Therefore, PH=7.72.
(iii) When 500 em® of 2x10° moldm™ Y (aq) solution is added to a 500 cm® of 2 x 107 moldm 'solution of HA the both s
are diluted each other.
Therefore, concentration of Y~ (aq) in the mixed solution is -
. 2x10%/2 = 107 moldm ™. [m-ﬁ'
When YA (s) begins to precipitate, its K_ value should be equal to its ionic producis
Hence K, = 1.8x 107 mol* dm* = ([Y'(aq) ] [A(aq) )
Now [A°(aq) ] needed to precipitate YA = 1.8 X 107 mol* dm® / 10~ moldm*
' o
= 1.8 x 10* moldm" i
Now HA is partially iogized as follows ob
HA (aq) <+ H™ (aq) + A-(aq) [ p
[+

Then K, = [H (a@)][A (aq)]1/HA (aq)

K value of HA acid is very small and therefore HA is very weak aci
I c N It H cid. As s
ntration of HA assumed to be same as its initial concentration ( Ia\f:r:]cfll:im‘ )

=
conce
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“-

“moldm® = k-
rercfore 1.8 X 107 moldm™ = [H Gagp 1 x ) MOldm ™ / 10 mol gy

cefore, [H @@ ] = 10X 10 molgm

the
then PH 4
or for b (111)

ive

7 ekmow hat K, = [H )] A/ [HA (aq)
e [H# (a0 ] = K, [HAGaq) /[A(ag)
= [H'(ﬂq]] = log Ka + log [HA(aq)) log[A (aq) |

NoW throughout the equation multiplied by minys sign
weget -log[H(aq) | = -logK, + log[A" (aq)] -

log [HA
i PH - PK ¥ [HA(aq))

+ log { [A- (aq))/ [ HA(aq)}

= 4,?-1 T ‘Dg { I'Hx In-l-]lr lu._.}
474 074 =4

I

PH

fhe (01) mark is allocated for the physical srare.
§

i+ )
P Temperatupe~C
4
l!li?\T—- . — 'i"ﬂl‘h!ut T
“ "'\\
| ) S B |
' | ™~ T~
l - x‘\\".
- ‘\ )
-h‘-‘H"""-\. ‘\\\
- - — |
quid : ‘
Toluene r T 0= Toluene
Bensene = (0 P | Bensene
Composition ( mole fraction)
h -: 3 Bd . ~ ‘ .
‘4 Boiling point of pure benzene ( mole fraction

)is 110"C.
¢ Vapour curve should be above the liquid curve.

[04 + 01
(05]

[04 +01]

[0s]
[05]

[6(b): 70 marks]

1.0} is 80°C while boiling point of Pure Toluene ( mole fraction = I

¢ Whatever the compasition, ut the boiling point the temperature of the liquid Should be equal to the temperature of

vapour phase.

¢l to composition axis

[05]
[05]

‘ Consequently in order 1o obuiin the composition of vapour at T, a line need to be drawn parall
£ m T, until it meets the VAPOUT CUIve, ) . .
(m E“‘]“"g point of benzene is less than that of Toluene and therefore hcnrgnc is more volatile than toluene, As a result. at T1
kmperature, benzene contains more in the Vapour phase than that in liquid.
E““P’-"Siliﬂn vapour= liguid for benzene
factional distillation
| ]f_zt' boiling points of 1wo fully miscible liquids in the binary mixture are the same.liquid curve should be
| Wi “5 va i

| pour curve at any composition.
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Temperature/ °C
A

7 (a)

Composition

Anhydrous AlCL,  [03)

C.H, - CHCI 1 103
CHCI (03]
KMnO, [06]
CHOH (03] Cone H.SO,
PBr, [03] CH,-COOH [03]
C,H Br [03] PBr, [06]
Mg (03]
Dry ether [03]
C.H MgBr [03] CH.COBr [03]
[05]
L‘H
CHymmomCo .
C.H,
Alternative answer for 7(a)
Anhydrous AT [03)
CH, —- CHCH, (03,
CHCI [03)
KMno,
CHOH | (Cone H,50, ) [06]
PR, (03 CHcoon g
" H,Br 03],
CH.OH 103)
Mg 103]
Dry cther [03) Conc H;80, (03]
CHMgBr (03 CHLo0C 1, 03]
105
OH

CH, —Comgy,

[03X 15 + 08+
52



R s |

C.H,CH,CONHC H,
NaOH / OH- ((7)
l
CHCHCOONs" (07) CHNH, (07)
OR C H,CH,CO, :
H,O° (7
C H,CHCOH 07)

(1) LiAlH, (04)

2y HO  (03)
Y
CHCHCHOH (@7
PCC (0T)

Y
CHCHCHO (07)
{07)

Y

CH,CHCH = N-CH,

[07 x 10 =70 marks ]

,.gms‘*ﬂ'r"'?m
C,H,CH,CONHC H,
dilHCV H*/H,0* (07)
C,H,CH,COH i07) CHNH" (07)
(1) LIAIH, (04
: NaOH
2y HO (03) OR
' OH  (07)
C,H.CH,CH,OH (07)
o C,HNH, (07)
PCC (07)
Chl-l_‘CH:(‘HO (07) l (O7)
C,H,CH,CH=N-C H,
Tib): 70 marks
Nug

(05)
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&&mhtle [ ethylamine has lone pair,on the N atom, which can be donated In a reaction to positively charge or electron
Specie |

A




i) ° 0/\

CHNH,  CH—I

l

q
b (20 marks )
CHN —  CH | T
H -

CH-CHNHCH, + HI

0 O
s l__-+
CH,CH——C —QH;&—* CH,CH;— C=="NH,
ik Due to above resonance the lone pair on N in propionamide is less available to take part in a nucleophilic reaction.
| [7(c): 0y
8 (a)
i Answer .
i M= Na, M, = Na0O,, M, = NaOH, M, =H,0,. M, =0,
M, = H,, M, = NaAlO,, M; = AI(OH),, T=Al
[ 05y
Thinking process-:

¢ ltis given that metal M belongs to s- block and burns with a yellow flame. Therefore M should be Na.
¢ You know that Na burns in excess of oxygen to give Na,0, and therefore M should be Nu. O .
2Na +0,——Na,0,

¢ Na,O, reacts with cold water to give NaOH clear solution and H,0, which is Covalent. Therctore M. is NaOH whilst M, is H{
Na,0, #2H,0  —3 2NaOH + H.0,

¢ H,0, reduced Ag20 into Ag with evolution of diatomic gas O,. Therefore M

2 JShould be O
Ag_,(} + H:C'1 — EAg 4 {}_‘ + “.U . ]

¢ Metals, except amphoteric metals, do not react with

NaOH. But T reacts with excess of NaOH 1o give colourless gas and therd
T should be amphoteric metal such as Al,Zn. Sn, - i

Pb, ete. Now colourless gas M, should be H_

¢ Ifgelatinous precipitate is formed when HCl is added dro

. . pwise to the water Solub
and therefore metal T Should be Al while water soluble

: ¢ compound the precipitate M, should beAll0
compound M, is NaAlO .

2ZAl + 2NaOH + 2HO —— INaAlO, +3H,

NaAlO, + HCHHO —— AIOH)+ Nac) |

AI(QH), gives water soluble AICI with excess of dilute HCl acid.

AOH), + 3HCl—— AlC1+ 3H0
(ii) Answer -: NaOH (02) and 0, (03)
Thinking process-:

* When Na,O, (M) reacts with hot water instead of cold water

it gives O, gas due to dissociation of H,0, -

8 (:1):5{"‘mﬁ’I

INa,0,+ 2H,0 —— 5 4NaOH 4+ 0,
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[10]
[04]
: tﬂu e
‘F‘,p‘ [ ] 0.
Lo
°® g —= S®
o.(:""J o0
&
.. P
, _ _anhydrous CuSO, blue should be water.
?‘I""‘ﬁ" ce which turns aniy
i (CuSO, SHO
[ # A 51{1(J".—-——-—-' 4 - Blut!
S0 T 1 SO, gas 1 gIVEs white MgO and yellow S .
v bug(;“ﬁ_l__'_d.‘_——l MgO + S‘L Iphate
+ ! - ite or thaosu {
JET"s  pas evolved when Q is reacted with dilute HCI should be SO,. Hence Q may be either sulphite © s and

fore cDqu:i]f:-;}tmi-.m wurns turbid when Q react with dilute HCL. Solution turned turbid due to formation ©
gﬁsﬂ}s d‘hauld be thaosulphate. | ..
[l ‘ ld be M.S,0,. SH.O where Mis
¥ mole of thavsulphate crystal has five moles of crystalline water. Therefore Q shou Uy 2

¢

; MEJ-; compound.
fri

suppose gtomic mass 0
N _qu:X.'\-zxj,_'g.;”h_SAm:243
IIJL!E:GFII.HT““'5 Therefore XA 548 - 202 = d6 | |
ihen, A = 46 [ there 15 no such a cation which atomic mass is 46)

M s A Lthen

E‘EE;MJA: 33, Therefore A should be Na
 Nowit i clear that Q should be Na 5.0, SH.O.
o Na$,0, + 2HC(l ——— 2NaCl + sf +s0, + HO
OR
S0 + M + ———> S§+ SO, + HO [05]
Mg - SO, > 2MgO + S| [05)
@) NaS0, ¢ 2AgNO, ——>Ag S0, ¢ INaNO, [05)
(N
$,07+ 2AgNO, ——* .-\g.,.‘i:OJ + INO,
AgS.0, + HO ——~\—+ ;\gﬁ* ¢ HS0, [05]
0) PHNO), - NaS.0, ———» PbSO§ + INaNO, (05]

OR |
PbNO). + S.0. ———» PbS,0, + 2NO,

| bSO+ HO D , PbSy + HSO, [05]
qq.‘h‘ Prec;cmmc is not shown with an arrow in an equation, award only (04) marks For that question. For S, instead of the arrow,
cepted. |

(i)

You can give two of the following uses of Q
lodometry titrations

photographic processing.

Antidote for cyanide poisoning in medicine.
preparation of colloidal sulphur.

Gold extraction.

neutralization of bleach, chlorinated water.
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8(c)

9(a)

Hence

(i)
(1)

L E—

solution, certain amount of Fe2*

ding to the following way. 1015 Oxigi d

Will start from the end of the question. 1 Felt
25¢ : ; i m’ of 0.2 moldm™ Fe!
m, of Y solution when heated w“ha?:?d? fied KMnO, solution accor

and remaining Fe®* ions reacted with
24 A} 1
f‘Ft‘::' -+ N'no‘— + Silr » SF{:_\' + Mn' -+ 41{20 ————— ( )

=0.02 x 20/10°'mol

Now, amount of KMnO, used
According to the above equation mol

Therefore, amount of Fe* reacted _ olution =
Number of moles of Fe?" ions in the initial 30 cm3 of the solt

ar ratio of Fe** : MnOy is 5:1 ~ §x0.02x20x 10’mol
0.2 x 30 x 10’mol

amount of Fe** ions reacted with ClO,";oEE_’ 30 1095 0.02 x 20x 107 1 mol
=4 x 10*mol

Fe* ions reacted with CIO,” according to the following way.
Lo+ 3H0 —— @
dClo, is 6: 1. I

- 4 x 10*/6 mol
mole of CI" ions. 8

6Fe* + ClO; + 6H" ———> OFe”
You can see that molar ratio between Fe,” an

Now, amount of ClO; containing in 25 cm’ of Y solution
According to the equation (2) one mole of ClO, gives one
s =4x 10% 6 mol

the reduction of C1O; ion :
. ' i
n the solution :

Therefore amount of CI' ions formed by

When AgNO, solution is added to the above solution its re?clcd with Cl-ions i
to form AgCl precipitate and the molar ratio of Cl-: AgClis 1:1.

Cl + AgNO, ——» AgCl}+ NO, ———

4 x 10 /6 mol

Therefore amount of AgCl precipitated is also
Ax10*x1435/6 ¢ = ;

Therefore, mass of AgCl precipitated

i

ClO, ions reduced to Cl" ions by SO, and in addition to that certain amount of Cl"ions are presented  due to ionizat
K.Clin the solution. Therefore, when AgNO is added its reacted with the both CI ions to give AgCl precipitate. Accordy,
the question total mass of AgCl prccipimte& was 0.135 g. :

Therefore the mass of AgCl formed from the CI ions due to ionization of KCl 1s

[0.135 — 4x 107 143.5/6] g =0.039 ¢

KCl + AgNO,— AgCl + KNO, (4)

Since molar ratio between KCl and AgCl is 1:1
Amount of KClI in the Y solution = amount of AgCl = 0.039g/ 143.5 gmol™" .

Therefore mass of KCI in 25 cm’® of Y solution
0.039 g x 74.5 gmol ' / 143.5 gmol"' = 0.020g

0.020 x 250/25 =0.20 g

Hence mass of KCl in 250 cm3 of Y solution

Therefore percentage of KCl in the mixture X 0.2 X100/1.1 = 18.2%

Now the mass of KCIO, in 25 cm’ of the solution Y = 4x 10%x 122.5/6 =0.082 ¢
Hence the mass of I-CCHE)_1 in 250 cm’ of Y solution = 0.082 gx 250/25 =082 ¢

Therefore percentage of KCIO, in the mixture X = 0.82 X 100/ 1.1 = 74.6%
[ 8¢:30%
Answer = NH,, air and water [03+l13
1-9
Answer: (atm) N
4NH, (g) + 50, (g) (excess) Catalyst Pt containing 4NO (g) + 6H,0 (g) —(1)
10% Rh

850 - 1250°C
Mixture cooled and 'maintain the temperature 150°C or less than 150°C
) + 0, (g) — 2NO, |

2NO (g (2)
. Extensi ino
4NO, (&) +2H,0 () * O:(®) e cooling shno, 3)

&r (cold air)
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Laid 0 () ——— HNO, + HN
"oy ﬁot-l-{'l““—' N0+ HNO, +110

< are not required

ol sttt
il || it is need to be obtained the relation between the initial reacti
pirst 9 FIN0,. For that we will multiply the reaction (2) by 2 and 2dd toth reacton (1

ﬂ"i} PrOd

qeaction(2) X2 4NO(g) * 20, (g) ———> 4NO, (g)

o) ANH, (g) + O, (&) —— 4NO, () + 6H,0(g)

4NH, () * 70,(8) ———— 4NO,(g) + HO(g) ——(4)

Now we will add the above reaction (4) to the reaction (3). Then you will get the following
kNH,'.’gJ + 80;{8) SE— 4HN03 (h + 4H:O“] — (5

Now according to the above reaction (5), 4 moles of HNO, acid can be obtained
from 8 moles of O,

therefore numbcr‘uf moles of UNO; can be obtained from one mole of O, =4/8 =2 mol.
Hence number of moles of HNO_ can be obtained from 1000 mol of O, ~ = 1000 x1/2 mol

‘ ‘ ‘ _ = 500 mol [10]
You can mention any three of the following.

. Synthcsis of fertilizers such as NH4NO] , KNO,

synthesis of food preservatives ( NaNO, , NaNO, )

To make agua regia .

Synthesis of explosive substances ( TNT, TNG )

AgNO, preparation for use in photographic films.

To clean soldering surfaces

To make gun powder ( KNO, )

to make lacquers

preparation of Drugs

Manufacturing of plastics _ [03 x 3]

iv)

..."Q..Q

fij HNO, decomposes when exposed to light and gives a yellow colour due to the formation of NO, : [04 ]
4HNO, ()) — INO.(z) + O,(g) + 2H,0(D) ) (03]

W1) S@ ¢ 6INO ——3 » HSO, + 6NO, + 2H,0

1) Cu+ 4HNO (conc)——D 5 CuNO,), + 2NO, + 2H,0
) 3Cu + SHNO, (dil )—8 5 CuNO,), + 2NO + 4H,0 [05X3]

L] [ 9(a) = 75 marks ]
0}

N, has a triple bond and therefore has a high bond dissociation energy. Consequently difficult to break this bond. [06]
()

(1) Lightening (atmospheric fixation ) (2) Fixation of nitrogen in plants by bacteria ( biological fixation )
(i) (04+04)
Haber process [04]

[ 04 + 04)

The combustion of : ) :
ion of petroleum in automobile engines produces hydrocarbons as well as oxides of ni :
absorber of ultravi el tn e e he h . Xides of nitrogen. NO, is an effectiv
(atomic Oty;,:;i? iolet rays present in sun light, Thus when exposed to sun light, NO, undergoes photolysis giving NO and CE;
, hv
3101 — NO = O

The oxygen atom formed reacts with 0, to form ozone. (03]

(iv) Noz 'NO

(v)

Kz 0+0:+M » 0]+Mt

[04])
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¢ particles which removes some of the excess Ene

M is 5 Cxle i
Similart, m:lfohc];?y such as N_| airborn
O+ ]

YWINg reaction is also

TRY of the

reae
taking place . M
. 20H* o)
’\0:_ NO, 0,0 and Oy vonvert airborne chemicals to produced various organic Fompounds.
Vi , -
(vi) *l\}ny WO of the following. i :
2 I Peroxyacety] nitrate ) (3) PBN ( peroxybenzoyl nitrate ) ]
CH!ONU} ( methyl nitrate ) ls
. . . i ‘H
(vii) (1) It s toxic to plants (2) reduces visibility (3) effect on fabric, rubber
M) The nyain o - is N,O i
€ Main nitrogen compound that contributes to the greenhouse effect is 3 )
(%) NO ang NO_ :
(x) NI A ' | m.{
INO, (s) —— Nig) + 2H,0
x 2 ?
{NHJ;CT_.O-_.{SI '\;(g} d cr.'D.! ) + 4H:0 [[
Note:; Physical staqes are not require 56 ' Ir
=15
10(a) b
(i) Answer -: 3 or +[[|

Thinking process -

(i1)
(iii)

. These complex compounds consist of ane chromium ion, three ch lorine atoms and variable number of Water
Oxidation number of the chlorine atoms which combined to chromium ion either w ith ionic or Covalen)y smejﬁl
-1. ’
* Since there are three Cl atoms the algebraic sum of the oxidation numbers of these Cl
* ater molecules are neutral.
+

Aloms should be .3 (-1 X
Since complex compound is neutral, in order to balance the

-3 charge, the charge
On the chromium 10n should +3 .

Answer -: |s? 25%2p¢ 3 Ip3d

I
Answ;ver -:
A [Cr(H,0 ),JC1, OR  [Cr(H,0),]+ 3CF i
B: [CrCIH,0),)C1, OR  [CrCI(H,0),) .+ 2CI- 1.
G [CrCl(H,0),) Cl, OR | CrClL(H,0),]+Cl- [
D [ CrCly (H,0),] OR [ Cr(l 1,0),C1) [
Thinking pruc:ss : Since the complex part has octahedral geometry the number of ligands combined 1, Cr1on should be six.

(iv)

(v)

* The oxidation number of both Cr ion and the complex partin A is +3 and therefore all ligands whzch cnﬂbﬁi&
in the complex part should be neutral, Hence complex part should be [Cr(} ) 17 Therefore A shou !

Cl.. | __

. 'I‘l:c charge of the complex part of B is +2 and therefore only one chlorine atom should be cnn’nbr;&::d;:ff ion.
remaining five ligands in the complex part should be neutral water molecules. Hence the comple:
[CrCI(H,0),]**. Now we can identify the structure of B as [CrCly H,0)]Cl, .

. Similarli' you can determine the structures of Cand D

Answer -: hexaaquachromium(I11) chloride

\ o1 /PbCl ]b.;:D'f
Answer -: Add AgNO, or Ph(NO,), solution into each solution A and D. A gives white precipitate ( AgCl :
not. ' (10]
OR

Heat with cone H SO, and K.Cr.0 ( Chromyl chloride lest). A gives deep red Vapour but D does not.

Thinking process-:

. The structure of A s [Cr(HLO), " 3CT. Therefore it giv
. But the structure of D is [CrC]| (H,0),] and therefore ¢
. Attached to Cr ion with dative bonds. As such

es CI ions in the aqueous medium
l'atoms in this compound

it does not give CI' ions in the aqucous Solution.
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[uf“ {1

(i)

(i)

Alternative

(iv)

%)

wer = 1€rOX) !
A Fro]) wat
ng pfﬁ.'l.‘

dral geometry there shauld he six honds around Cr lon.

4 O won can be Tormed two datiy , '
ach C0, dative bonds and therefore three ( 40" jons bondedthre to Cr*' ion with six dative bonds.

arpe of three C O % jong is -f :
The charge © 4 $15-6( 3 x -2 ) and therefore net ¢ e ol the art which ¢ “Crjon and thr
alate i0nS hould be -3 net charge of the complex part which consist of Crion and three
is crystal clear that the tire of TP . - .
Now 1 1"); ._”1 . '-rl':n :n *.“ w }*-tru;.mn~ of on is [Cr(C,0,),]". But you are asked 1o us Abbreviation ™ OX” to denote the
ere > s . * ’ L
oxalate 1€ swer should be |CHOX), | [1a) : 75 marks |
Answer -
Now it has shown that the electrode E' M * (ag) M (s) is more negative than E* M > (ag) / M ($) [08)
Therefore oxidation reaction takes place at M o - . e at el . Jence | ots g5 a anode
while M. acts as a cathode s nd reduction reaction takes place at clectrode M, Hence M, acts as
Now Cell-1, Anode is M andeathodeis M,

Cell - 2, Anode s M, and cathode is ™M, [04]
Alternative answer-: According to the given diagram electrons are given out from M (oxidation) and therefore, M, is the anode.
Flectrons are taken up by M {reduction) and therefore, M, is the cathode.

Now you must be able 1o identify anode and cathode in each Cell,
AnNswer-.
Cell-1 - At the anode M (s) ————— M ** {ag) + 2¢ [04]
At the cathode N 7 lagy + Ze Mo(s)  [04]
Cell-2 -:  Attheanode M (s) ————= M (agq) + 2e [04]
At the cathode M iag) + Je ——— M (5) [04]
Answer -
Reading P EOML (ag) ! M sy - E° M7 (aq) /M (s)
UK
Reading P E* - e (04]
0.34 - (-236) V [04])
2TV {01 +01]
answer -
Reading P = E _, * I .
P = E'M, (aqy M) - B'M lagh™ (s)+ E'M FlagM (s) - "M (aq)/M(s)
= F*M." (agyM.is) — { ~-2.36) + (+ 0.34) - E'M,” (agVM.(s) = 27V
I:".i'_.‘u| - E“'\d i'd.k!J :‘-1_1.“-.‘ - I \"E; 'JLE!'RLHJ I{H]
16 = EM.” (aq) /M, (s} (- 236) [04]
Therefore E"M* (aq)/ M. (s) 1.6-236 = - 076V [03+01]
B0 . = E° - B (04]
il -1 A Riwmlr
= 034 —(—-0.76) V [04)

=1LV [01+01]




; low.
(V) First of all construct a cell given be

l-—'_'_/ P':ﬂncdhlt rmmhf;ll‘h-'
./ p
|/ l\11'. (aq ‘

B . /
M, EAU_H | | L/

, " vermeable membrane |
[cell can be drawn with salt bridge instead of permeab
Cell ¢

Either diagram or cel) notation in either direction and measure P. [
ITP = Digital voltmeter reading ( assuming a positive reading)

Po= EM_* (aq) M4(s) -- E'M ™ (ag) M (s)
Since E'M * (aq) /M (s) is known
E"™.* (aq) / M (s) can be obtained.

Nore : instead of M, M or M , can be used,

Instead of the above cell it is possible to use the cell given

in the question with necessary changes 10 determine the value of E'M,* (y
M, (s).
M - - —‘_‘_—ﬁ—l )
L\ - M — ] | M
I M. (agq) |
oo | 1 |« \-.\ || |
h1 e |;
\“'|"‘--.. 1""\ Permeable mulw,—f . lag)

[10(b) : 757



