(b)

(c)

95-AL-CHEM II-2

er II Section A

(L) Hy(g) + %0,(9) - > HO(¢)

Wworkdone PAV

= A(PV)

= RT(An)

= 8.31 X 298 X (-1%)
= -3.7(1) kJ mol!

(ii) AH = AU + PAV

-140.3 X (2.016) + (-3.71)

-286.6 kJ mol-!

The reaction
AgNO;(aqg) + HCl(ag) ~—> AgCl(s) + HNO;(aq)
is equivalent to

ag*t(aq) + Cl (ag) —> AgCl(s)

AH E Al-lf(products) - E AHf(reactants)

-127.07 - (+105.56) - (-167.15)

-65.48 kJ mol”!
(Accept any correct method using an energy cycle.)

]

(1) Boiling point - composition curve
r ik
d iRt
{3 T f \/‘(»
3 |
Ta ‘ |
.
ot I { :
! |
X3 (A2 1%

O  MolefracTionof 1 .
A

1 mark for labelling the x- and y-axis
1 mark for the liquid curve

1 mark for the vapour curve

(deduct 1 mark if TB > TA)

CPRMEFZE  FUK IEACHERS USE

UNLY

Marks:’

(4)
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¢

If a solution with composition X; is heated to T; the éaéedus
phase in egm. with it has the composition x, which is richer in B
(1 marks for explanatien ; 1 mark for indication on the graph)

This vapour is cooled to T, and condenses to 1liguid with a
composition of x,. Vaporization of this liquid leads to a
new vapour with a composition x3 which is richer in B than
that with a composition x, and finally pure B is obtained.
(1 mark for explanation; 1 mark for indication on the graph) 2 -
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S ‘rglvﬂ
. 228 228 0
= 2. a 1 Ra —> Ac + e 1
2 (a) () 88 89 -1
- £n2 -
(ii) k = “¢f = 0.104 yr! 1
- tn—2+2— = 0.104 (5) 1
Ne .
Nt=0.297g S T
‘ ' - (4)
(b) (i) Withdraw a known volume of the reaction mixture and add to _excess %
dilute H,S04, titrate H,0, against standard MnO4 4, 1
SH,0, + 2MnOy + 6H' —> 2Mn’* + 8H0 + 50,
(ii) Plot [H,0,] against t to obtain the following graph
. _ .
CHao.]
2
)
$
1 >
3 © ¢n2
for first order reaction t, = constant and k = hs
i t% 2
or, plot fn[H;0;] against t to cbtain a straight line (1)
1 3
{nCHG]
d I;CH30;7 \
A (2)
> t .
for first order reaction, slope = -k : . (1)
’ (6)
(c) (iy NHgt ¥ NHy + HY
g = [EIL [NH;)
a (NH "] 1
(ii) NH,Y + CH;C00" =+ NH; + CH3;COOH
_ —[NH3] [CH3COOH] :
[NH,¥) [CH;C007) 9
+ . ,;v_';‘_&
- K (NHET) _ 5,50 %1019, 3,18 x 107 :
K_(CH3COOH) 1.76 X 10°5 1y
(iii) (1) Let x = (NH3] = [CH3COOH] j’
' 1
[NH4¥] = [CH3CO0"} = 0.100 - x
K = x? = 3.18 x 107
(0.100 - x)*
x = 5.60 X 107% M 1

95-AL-CHEM II4
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Let y = [HY]

K_(CHjCO0H) _ v(0.100 - x)

X

y = 9.96 x 108 M

pH = -fg[{HT}] = 7.00

or, Ka(NH4+) o y(x) Sl
T (0.100 - x)

v(5.60 X% 1074
(0.100 - 5.6 x 107%)

5.59 x 10710 =

y = 9.93 x 10 M

pH = 7.00




(b)
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(ii)

(i)

(ii)

QPRETEEI  FOR TEACHERS® USE ONLY

pv = nRT
__m
n =M

where m is the mass of dry air
_ln——-—
PV = — (RT)

m
PV

M

(RT)

_da
> (RT)

]

Molar mass’ of dry air

1.146
58. 6 X 8.31 X 300

It

28.98

Let mole fraction of Nj be x

. 28.02x + 32.0 (L - x) = 28.98

x = 0.759
composition of dry air

75.9% Ny and 24.1% O,

Kk = [ca?t)(ox*"]
sp

-2
. X
(ca?*} = 2—5—2——-&— = 1.25 X102 M

29 = 4. ¢ -6
(0x7) = 4.0 X5 zx 100 _ 5.0 x10°%

(ca?*j(ox*] = 2.5 X 1073 mo1? dm®
> 2.3 x 10~ mol? dm™®
. Calcium ethanedioate will be preci?itated.
Ethanedioic acid is a weak acid
In dilute HCl, Ox* combines with HY to form H,0x
With the decrease in [Ox}], the following egm. shifts to right
caox =~ caZt + ox?*

. caOx becomes more soluble in dilute hydrochloric acid.

Marks

(5)

NN A

[
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(c) (1)

or

or
(i)
or

or

or

(iii)

95-AL-CHEM II-7

4
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At anode

Zn(;) - Zn2+(aq) + 2e” . | 1
At cathode
2Mn0,(s) + 2NH ' (ag) + 2e7 - MnyO03(s) + 2NH3(g) + H,0(f) 1

2MnO, (s) + NH4+(aq) + 2e” = Mny,03(s) + OHf(éq) +fNH3(g)A . o (i)

Overall equation

Zn(s) + 2MnO,(s) + 2NH," (ag) - 2n?* (aq) + Mn,03(s) + 2NHy(g) + HO(f) T’
Zn(s)A+ 2Mn0O, (s) + NH4+(aq) - Zn2+(aq) + Mn,03(s) + NHz(g) + OH (aq) (1
zn(s) | zn2* (aq) | Mno,(s) |Mn05(s) |c(s) 7

zn(s) | zn®* (aq) | NH,T(aq) | Mno,(s) | Mn,05(s) | C(s) 2
Zn(s)[Zn2+(aq) | [MnOy(s) + NH* (aq) ], [Mny03(s) + oH (aq) ]| c(s) (2)
zn(s) | zn?t (aq) | [MnOy(s) + 2NHg¥(aq)], [MnyOy(s) + 2NHy(aq) ) |c(s) (2)
(1 mark for the correct species at cathode and anode

L mark for using vertical solid lines to indicate

phase differences.

L4 mark for using vertical double line (dotted line) to
represent salt bridge (porous partition).]

(1) If a current is drawn for some time, NH;(g) will accumulate,
at the cathode, the equilibrium will shift to the left, i
leading to a drop in electrode potential.
or, if a current is drawn for some time, Zn2+(ag) will (%)

accumulate at the anode, the eam will shift to the left, (k%)
making the electrode potential of Zn]|2zn’’ less negative (%)

(2) If the cell is allowed to stand for some time, NH,* which is
an _acid will react with Zn ) 3
Zn(s) + 2NH,*(aq) - 2zn?*(ag) + 2NHz(aqg) + Hy(g) L

or 2Zn(s) + 4NH,*(aq) - Zn(NH;),2*(aq) + 4H' + 2e” (%)

with decrease in [NH,Y(ag)], the electrode potential
will also drop. %
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“Section B

4. (a)
(b)
(c)
95-A1L-CHEM II-8
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(1)

(ii)

(iii)

(1)

(ii)

(L)

(i1)

Bdiling points of halogens depend on the strength'of their

intermolecular forces (van der Waal’s forces) which is related to

the strength of the instantaneous dipole of the molecule.
Descending the group;- with the increase in R.M.M., the strength
of the instantaneous dipole increases. "~ Hence more energy is
needed for the boiling of the higher.cogeners. .- . .. . .

Unuéually short F-F _distance ledds fo hiqh repulsioﬁ aue to
lone pair electrons of fluorine atoms. Therefore F-F bond is
weaker than expected. - : :

I, forms soluble complex Ij‘with‘KI'in solution.i Therefore,
1, appears more soluble. -

I,(s) + KI(aq) = KI;(aq)

or I,(s) + I"(aq) I, (aq)

0.S. of I in reactant = 0 . ]
0.S. of I in product = -%
25,0:2°(aq) + Iy(aq) = S406° (aq) + 2I7(aq)

0.S. of I in I" = -1

0.S. of I in IOy = +5

0.S. of I in I, =0

5I-(ag) + I0;37(aq) + 6HY(ag) = 3I;(ag) + 3H0(¢)

Trend : Bond dissociation energy decreases with increasing
molecular mass of hydrogen halides.

Explanation : The H-X bond lengths increase as the atomic radii
of the halogens increase. The longer the bond,
the weaker it is and the bond dissociation energy
is smaller. ‘

HI has the smallest bond dissociatioh'energx, the activation

energy for its decomposition is lowest
and therefore it is the most easily decomposed HX.

However, HBr and HCl do not decompose at temperatures > 400 K

From the Aﬂe}values, HI is the most unstable hydrogen halide

with respect to decomposition to its elements.

2HI(g) = Hy(g9) + Iy(9)

(7)
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5. (a) (1) As the group is descended, the next atcom has another shell of
electrons around the nucleus, therefore larger the atomic radius. 1

(ii) The atom has one more electron shell than the cation. 1
In M¥, the nuclear charge outweiaghts the screening -effect of

the electrons and the electron cloud of M' experiences a
stronger attraction. Therefore, the ionic radii are smaller
than the atomic radii. 1

atomic radius : ionic radius ratio is highest in the c~se of Li,
because it has the smallest size. In Li¥, the e experience the
strongest attraction .. contracticn in size is greatest 1

(iii) Electronic configuration of K' and Ca’® are both
1522522p53s23p5.

Both number and_arrangement of electrons are the same in

two cations. ggz+ is doubly charged, while XK' is singlyv charged, 1
the outermost e~ in ca’* exreriences a stronger attraction 1
(effective nuclear charge). Hence the radius of ca’t

is smaller.

(iv) The atomic_radius increases as_the group is descended hence
the outermost-shell electrons become less stronglv held and it is 1
and it is easier to remove an e_ from the (gaseous) atom of

the element. 1
(v) All group I elements react with cold water to form M* ions 1
or M(s) + HyO0(f) —> MOH(ag) + %H,(g) (1)
The electrode potential of group I metal increase/becomes 1
moye positive down the group with the exceotion of Li. ‘ 1
Therefore the reactivity increase. For Li the
relatively high melting point reduces the reactivity 1
" activation energy for the reaction is increased.
(12)
(b) (1) Mgz+ is more polarizing than Na* due to its smaller size and 1

greater charge. The OH™ is polarized to a greater extent in Mg(OH),l

or, because of its high charge/radius ratio, Mg’t forms more stable
lattice with small anions e.g. 02‘, S.Mg(OH),is ready to decompose(l)
to give MgO (1)
(ii) As the group is descended, the polarizing power of the cation 1
decreases. Therefore, cations of the lighter elements distort
the anion electron clouds to a larger extend. Anions with 1
highly distorted electron clouds are more readilv decomposed 1

than those with little distortion. Hence the thermal stability
increases as the group is descended.

or the charge/ratio of cation increases =2s the group is ascended.
Cations with high charge/radius ratio tned to form stable (1)
lattice with small anions. ..carbonztesof Be, Mg tend to (1)
decompose to form the more stable oxides (1)

95-AL-CHEM II-9
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(a) Electronic configuration of Ti atom

3d 4s

(accept any correct form of electronic configuration.

(b) Ti metal : In the production of supersonic aircraft body.

or, Space shuttle.

Ti compound : TiO, - paint filler.

or, Polymerisation catalyst in Ziegler/Natta process.
(TiCl,/ALEt;) in polymerization of ethylene.

(accept any correct use of Ti and Ti compounds)

(c) (1)

(i1)

(iii)

95-AL-CHEM [-10

[ OHa 13"
- OH
H;?\_ L// OHa
‘- l /
Hzo’— = T >,0H1
octahedral
Oty

The colouration in transition metal ion is due to absorption of
enerqgy in UV-visible region by d-electrons when thev are excited

from one energv level to the other.

o
In Ti02+(aq) ion, there is no d electron (d )/no d-d
transition is possible .. it is colourless.

. . » 1
In [TL(H20)6]3+ ion, the presence of 3d electron (d ) cause the
violet colour in solution due to d-d transition.

-
From the E values, O, is a stronger [O] agent than Tio?t.

-
At standard conditions, the E of the following reaction is
+1.23 - (+0.11) V = +1.12 V
(Deduct 1 mark for no indication of + sign)

4Ti3* (ag) + 0,(g) + 2H,0(f) —> 4Tio**(ag) + 4H+(ag)

J.In }he presence of oxygen, [Ti(H:O)G]s+ will be oxidized to
TiO'+(aq)/the violet solution will turn colourless

Marks

(3)

-

s

(8)

32
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() Description- of the preparation (3 marks)
Pass dry_chlorine gas Over heated tin métal ’ ;2_,,;;
Collect SnCl, by cooling the vapour formed with ice-water 1
sn(s) + 2Cly(g) *> sSnClg(f) ' . 1
Diagram bf apparatus (3 marks) 3'

.anhydrous calcium N

‘chioride between tin
iglass wool oiugs
soda lime

!
|

TN

|

l

1
ce ., A5
?;}a i\ﬁ

)

heat

ice and watet

mark for a combustion tube where Sn & Cl, react;

mark for passing dry cl, over Sn;

mark for a drying tube at the end of the apparatus

mark for collection of SnCly) :

(6)

e

95-AL-CIIEM II-11
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BRIEH

Section C

7. (a) (i) Treat compound with hot water (with or without ethanol) and
then with a solution of silver nitratel(Vv).

or, add AgNO;j({ag)

(*If NaOH used in the hydrolysis, neutralisation must preceed
addition of silver nitrate, -% mark for omission
of neutralization)

L oH
; + L rHT
+ H, O —>

Ag¥(aq) + Cl7(ag) ~—> AgCl(s) 3

White precipitate is immediately formed.

cL
No ppt. with [:::ﬂ:t:]

(ii) Treat compound with I,/OH”

>C) . o
2 |
//N\/)L\ ;z;:7;;;;: //”\V/i\c>~ Kt

+ CHI,

Yellow precipitate observed

No ppt. with //\2(/\\

(iii) Treat compound with Cr,0;%/H”
.2 v
: ~oH CoaOr [ H? : ’COOH(Or Q,C#o)
or HCroy~

The solution changes colour from crange/yvellow to green

No reaction with i:::7<OH

or, Treat compound with c.HCl/ZInCl,

{:::7<;wgives turbidity/.cloud ness
How 1 — {(Fe tio

No reaction with {:::;r/ﬂ\‘ok
C Vﬁ? slow)

95-AL-CHEM II-12

Marks

(1)

]

(3)

[

/2

Yk

(35, %)

(1)

(%)

(%)
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(iv) Treat compound with a solution of 2,4-dinitrophenyl :
hydrazine (DNP) in methanol (or ethanol)/BradZ‘ reagent 1
O X
/ \ ,NH*«L)‘ NO 5
N
o , “2”HN'<§ N I NHc
\)k/NHCM3 > NN 3
' 1
reed/orange/yellow precipitate is observed. S
o]
No ppt. with CH3-CH,~C-NH-CH,CHj L
or, Treat compound with OH (ag), gas evolved forms
white fumes with HC1 (1)
N OH o - Ha
—_— + - .
/E/ A /z/ + /\NH_; /\NH3 L (sish
. - O .
No observable reaction for \\/)k\//ﬁdﬂ<3ﬂ3 (%)
(Deduct % mark for each minor mistake; maximum
deduction is 2 marks)
(3)
(b) (1)
_—~CO, H ~
E ) [k/o ; Ho,Co(CHi), co,H 1+1+1
CoO=H 2 I
D E
(For D, 0 mark for HO,CCH=CHCO,H)
(ii) D : cis~butenedioic acid 1
E : butenedioic anhydride 1

(Deudct % mark for each minor mistake; maximum deduction
is 1 mark)

95-AL-CHEM II-13
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8. (a) (1) Formula mass C4HoCl = 92.562

Formula mass NaCN = 49.01

Formula mass' C4HeCN = 83.132

: ' _ .46.3 _
- No. of moles of C4HgCl = G5co" = 0.500 3
1 f - 29:-0- _ g.612
No. of moles of NaCN = T3g5751 = Y- L

Since NaCN is. in excess C4HyCl is the limiting reagent

35:2 _ _ 0.423 ' Y

No. of moles of CgHgCN = 257755
% yield = no. of moles of C4HCN . .44 _ 0.423 100
no. of moles of C4HeCl - 0.500 L
= 84.6 (84.7) 1
(i) (=) i C 2
ya 7 NC SN
Nd CN /\/Ej\ﬂ — NCum'/C\uwCL — +
H NacCe
€3 ol
g @p)

(Deduct % mark for omission of charge in intermediate)

(iii) Bimolecular nucleophilic substitution (reaction) /SNy 1

Transimon sTade ( =)

pe TentiolL

Wgz‘é
(3)

P"UMS

l —

Reaclion c?orw'nw& £)

(1 mark for shape of curve)
(8)

95-AL-CHEM II-14
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(b) 1 mark for reagents and for intermediates

(For answers with more than 3 steps, deduct 1 mark for each
extra step, i.e., 0 mark for conversions with more than

6 steps)

NH>
- (1)

. pd Pt or Ni) Hy or NaNo,/H,SO,  Or
Zn/Fe/Sn, c.HCl or . HNOy .. ... g
Na/EtOH
e 1) ) i)

(ii) Poso0r . o
c.H,50,(%) S Hy0™ (%)
heat (%) ) heat (%)
cr, Al,03(%) heat (%) ! (or c.H,804, then water )
or, PClg/PCl3/SOCl, (%) /\/CL alcoholic .
g koH (£+) IS
(i)
OH™ (aq) Br HBr
— - |
(%) /\ (%)
(iii) (OH
H—_C.-cu
HCN /NacN,ETgH @ Hy0™% (%)
(1) S NO.  heat (%)

. . ()
1 HEN(g) (%)

95-AL-CHEM II-15
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9. (a)

(b)

(i) 85.6

Mole % of C = 15731= 7.13
14.4
Mole % of H = 1.008 — 14.29

C: H=7.13 : 14.29 = 1:2
.. Empirical formula of G is CHj
Since m.w. is between 60 and 80

The molecular formula of G must be CsHjq

/
/\A,/\/\,/\//,Y/, \///Y

(3 mark each for 1lst to 4th structure;
1 mark each for 5th and 6th structure)

(ii)

(1ii) o]
Structures of H and J : ﬂ " and "
: CH4-C-CHy CH;-C-H
CH CH
st . P Nc=cl
.. Structure of G Cc =

: c
ca; 7 N\H

(iv) 2-methylbut-2-ene

(i) K : [::7%3 / cyclobutanone

(ii) L : phosphorus(V) chloride/PClg/
phosphorus(III) chloride/PCly,
thionyl chloride/SOCl,

(iii) M : Pd or Ni or Pt/H,
atmospheric pressure
H,/catalyst
cﬂgo-c-@—c_ocﬂg /OCH3 (caX. )
or .

VAR
CHs Cih
/ N
., CH3
(vii) s : ’
OH .

(Deduct & mark for each minor mistake ; maximum
deduction is 1 mark)

95-AL-CHEM 1I-16
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