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Suqggestion solution for P1 (MCQO)

1 C 7 D 13 B 19 D 25 B
2 A 8 D 14 A 20 D 26 A
3 A 9 C 15 D 21 D 27 B
4 B 10 B 16 A 22 B 28 D
5 C 11 C 17 C 23 B 29 B
6 B 12 A 18 C 24 C 30 A
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Technetium (Tc) is a second row transition element that does not occur naturally on Earth.
One of its isotopes has 56 neutrons.

What is the nucleon number of this isotope?

A 43 B 56 C 99 D 112
Ans: C

Refer to Periodic Table.

Tc has atomic number 43, i.e. proton number = 43
nucleon number = proton + neutron = 43 + 56 = 99

Which row has the greater number of particles?

A 1 mol of liquid sulfuric acid
B 12000 cm? of oxygen gas at s.t.p.
C 32.5 g of zinc
16 g of nitrogen gas
Ans: A

1 mol of liquid sulfuric acid has 6.02 x 10~ particles. There is no dissociation as the sulfuric
acid is in liquid form.

12000

12000 cm?® of oxygen gas at s.t.p has > = 0.5286 moles = 3.18 x 10* particles

32.5¢g of Zinc has % = 0.4969 moles = 2.99 x 10 % particles

16 g of nitrogen gas has % = 0.5714 moles = 3.44 x 102 particles

Which species will have the smallest deflection when passed through the same electric field?

A 23Na+ B 1lBs+ C 19|:— D 3232—
Ans: A

Angle of deflection, 0 ocmarge

The species with the smallest charge to mass ratio will have the smallest deflection.

o ¥l
23

23Na

+3
llB3+: H

19F—. _
" 19

32g2-. -z_-1

32 16
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0.0353 g of a sample of volatile organic compound was completely vaporized at 50 kPa and
300K. The vapour occupied a volume of 40 cm®. On complete combustion in excess oxygen,
80 cm? of carbon dioxide and 80 cm? of water vapour were formed. All gaseous volumes
were measured under identical conditions.

What would be the molecular formula of the compound?

A C2H20 B C2H4O C C2HsO D CsHs
Ans: B

Using M, =mRT/ PV: M, =44.0
where m = 0.0353 g ,T =300 K, p=50 x 10° Pa, V = 40 x 10 m?3,
R=8.31JK*mol?

From CO2(g) evolved:
No. of moles of C = 80cm?® /40cm® = 2 mol
Mass of C=12.0x2=24.09

From H>O(g) produced
No. of moles of H = (80cm?/40cm?3) x 2 = 4 mol
Massof H=1.0x4=40¢g

Mass of oxygen =44 -24-4=16.0g
For A, M;=420¢g
For B, M; =44.0 g (2 carbon, 4 hydrogen and 1 oxygen atom)

For C,M;=46.0g
ForD,M;=44.0¢9

Which species has the most number of unpaired electrons?

A Co?* B N C Fe D S
Ans: C
electronic configuration | unpaired electrons box diagram
Co?* 1s22s22p%3s23p°3d’ 3 3
NN T T T
N 1s22s22p3® 3 2P
(O I
Fe 15%25%22p®3s23p°3d°4s? 4 3
I T Y O
S 1s%2s?2p* 2 2P
N7
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6

Rubidium and bromine form ions that are isoelectronic.

1 lonic radius of rubidium is smaller than its atomic radius.

2 lonic radius of bromine is larger than its atomic radius.

3 lonic radius of bromine is smaller than that of rubidium.

Which statements are correct?

A 1,2and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only
Ans: B
Proton | lon
number
Rb | 37 Rb* | For Rb vs Rb*, since the same nuclear charge is attracting less
electrons for the ion, the outermost electrons are more tightly held
in Rb*
lonic radius is smaller. Option 1 is true.
Br |35 Br- For Br vs Br~, since the same nuclear charge is attracting more

electrons for the ion, the outermost electrons are less tightly held
in Br-
lonic radius is larger. Option 2 is true.

For Br~ vs Rb", there are less nuclear charge (less protons)
attracting the same number of electrons in Br~ than in Rb* the
outermost electrons are less tightly held by nucleus in Br~.

lonic radius of Br~is larger. Option 3 is not true.

Which row correctly shows the bond angles for a, 8, y in the molecule below?

CH,
X AN
o 0~ NH,
B Y
A 109.5° 120° 109.5°
B 120° 109.5° 107°
C 120° 107° 105°
D 120° 109.5° 105°
Ans: D

a: 3 Bond pairs (1 C=C, 1 C-C and 1 C-H) — Bond Angle of 120°
B: 4 bond pairs (3 C-C and 1 C-H) — Bond Angle of 109.5°
y: 2 lone pairs & 2 bond pairs ( 2 C-O) — Bond Angle of 105°
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In which pair is the melting point of the second species higher than that of the first species?

CandSi
K and Rb

O W >

NaCl and NaBr

D SiCls and SiO»
Ans: D

C and Si are both giant covalent structure and atoms held by covalent bonds. C atoms have
a smaller orbital size than Si and hence greater degree of orbital overlap leader to stronger
covalent bonds in C than Si. More energy is needed to break the stronger covalent bonds in
C than Si. Hence, C has a higher melting point than Si.

K and Rb are both metallic lattices. Both K and Rb contribute the same number of electrons
to the sea of mobile electrons. K* has a larger charge to size ratio than Rb* due to having a
smaller ionic radius. More energy is needed to break the stronger metallic bonds in K than in
Rb. Hence, K has a higher melting point than Si.

NaCl and NaBr are both giant ionic lattices. The product of the charges are the same for both

NaCl and NaBr, however, the interionic distance for NaCl is smaller than NaBr.

Since L.E x |‘i"—jf‘|, more energy is needed to break the stronger ionic bonds in NaCl than
+ -

NaBr. Hence, NaCl has a higher melting point than NaBr.

SiCl, is simple molecular structure and SiO:is giant covalent lattice structure. More energy is
needed to overcome the covalent bonds in SiO»than the weak id-id in SiCls. Hence, SiO; has
a higher melting point than SiCl..

When liquid N2F4 is heated, it decomposes into a single product, B.

Which statements are correct?

1 N-F bonds are broken during this decomposition.
2 The enthalpy change when N2Fs decomposes into B is approximately +160 kJ mol™

3 Molecules of B are non-linear.

A 1,2and 3 B 1 and 2 only C 2 and 3 only D 1 only

Ans: C
N.Fs — 2NF»

From the equation, can see that only N-N bonds are broken. Hence statement 1 is incorrect.
Based on Data Booklet, N—N bond is +160 kJ mol, so statement 2 is correct because that
is the only bond broken in the reaction.

Statement 3 is correct because there are lone pair(s) on N of NF» molecule, so it has to be
non-linear.
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Three experiments were carried out involving acids and alkalis of the same concentration.
The temperature changes were recorded as shown in the table below.

Volumes of acids and alkalis added together AT/ °C
25.0 cm? of HCI(ag) + 25.0 cm?® of NaOH(aq) ATy
50.0 cm? of HCI(ag) + 50.0 cm? of NaOH(aq) AT>
25.0 cm® of HCl(aq) + 25.0 cm® of NHs(aq) AT3

Which row shows the correct relative magnitude of AT values?

A AT2>AT3> Ty B AT1=AT,>AT; C AT>= AT3> AT, D AT1=AT2=ATs
Ans: B

Assuming the concentration of both acid and alkali are 1 mol dm=3,

(i) 25.0 cm?® of HCl(aq) + 25.0 cm?® of NaOH(aq): 0.025 mol of H,O produced, m = 50.0.
(i) 50.0 cm?® of HCI(aq) + 50.0 cm?® of NaOH(aq): 0.05 mol of H,O produced, m = 100.0.
(iii) 25.0 cm? of HCl(aqg) + 25.0 cm?® of NH3(aqg): 0.025 mol of H,O produced, m = 50.0.

XTLHZO

) AH
Given AT = ——=
n mc
AT oc —22
m
Hence, AT:=AT»

and both ¢ and AHe, Of strong acid and strong alkali are constant,

Magnitude of AHye, Of strong acid and weak alkali < AHney Of strong acid and strong alkali
Hence, AT1=AT>> AT3
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Some AH values are given below.

enthalpy change of formation / kJ mol=
Fe20s -824.2
CO -110.5
CO: - 393.5

In the industrial production of iron, iron(l1l) oxide is reduced by carbon monoxide.

What is the enthalpy change of reaction for one mole of iron formed?

A -24.8 kJ mol™
B + 24.8 kJ mol
C - 12.3 kJ mol=

D + 541.2 kJ mol™?
Ans: A

Fe,Os () + 3 CO (s) > 2 Fe (s) + 3 COz (g)

AHrn = Z AHformation of products — Z AHformation of reactants
= 3(-393.5) — [-824.2 + 3(-110.5)]
= -24.6 kJ mol™*

Hence, enthalpy change of reaction for one mole of iron formed = 24.6 +2 = 12.3 kJ mol™*
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12 Nitrogen and hydrogen form ammonia in an exothermic reaction. The rate and yield of the
reaction can be altered by changing the experimental conditions.

Which row correctly describes the effect of the changes in condition?

effects
change in condition equilibrium vield rate of forward rate of backward
9 y reaction reaction
increasing . :
1 decreases increases increases
temperature
2 increasing increases decreases increases
temperature
3 addition of catalyst increases increases no effect
4 addition of catalyst no effect increases increases

A 1 and 4 only

B 2 and 4 only C

Ans: A (Option 1 and 4 are correct)

2 and 3 only D 1 and 3 only

effects

Change in condition

equilibrium yield

Rates of forward and back reaction

increasing
temperature

Egm shifts to remove some
heat, favouring backward
endothermic reaction.

Hence yield decreases

At higher temperature, K.E. of reactant
particles increase. There is a greater
proportion of particles with energy greater
than activation energy for both forward and
backward reactions.

Hence both rate of both forward and
backward reactions increase.

addition of catalyst

Increases rate of reaction,
allowing egm to be reached
faster. No change in yield.

Lower activation energy for both forward
and backward reactions.

Both rate of both forward and backward
reactions increase.
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13 Four solutions, each of concentration 0.1 mol dm=3, were tested with a pH meter. The results

are shown.
solution pH
CH3CO:H 4
HNOs
CH3zNH> 11
NaOH 14

Which statement is incorrect?

A Conjugate base of CH3CO2H is less stable than that of HNO:s.

B HNOs has a lower pH than CH3CO2H because it is more soluble.

C NaOH has a higher concentration of hydroxide ions in solution than CH3zNH..

D Mixing equal volume of CH3NH, and HNO3 form a solution with pH less than 7.
Ans: B

Option A: Correct

HNO3z and CH3;CO2H are of same concentration. Given that CHzCO2H has pH 4, implies that
there is less dissociation for CHsCO:H. i.e. Conjugate base of CH3;CO:H is less stable than
that of HNO:s.

Option B: Incorrect
HNOs has a lower pH than CH3CO;H because HNO3 dissociates fully while CH;CO2H
partially dissociates.

Option C: Correct
NaOH has a higher concentration of hydroxide ions in solution than CHsNH,, hence NaOH
has a higher pH.

Option D: Correct
Mixing equal volumes of CH3sNH2 and HNOs gives salt CHsNH3*NOs™ only.
CHsNH> + HNO3z — CH3NH3*™NO3™

CH3NH3*NOs™ dissociates to give CH3NHs* and NO3~
CHsNHs*, conjugate acid of CH3sNH2, undergoes hydrolysis to give HsO*, hence pH < 7.

CHsNHsz™+ H,O — CHsNH> + H;0*

NJC/H2 Chem Preliminary Examination/01/2022



11

Solid calcium hypochlorite pellets, Ca(ClO)2(s), are added to swimming pools to form
HCIO(aq) which kills disease-causing bacteria and algae.

Ca(Cl0)(s) = Ca?*(aq) + 2ClO~(aq)

ClO(aq) + H.O(l) = HCIO(aqg) + OH(aq)

What is the effect on the solubility of calcium hypochlorite and bacterial growth when pH
increases?

effect on solubility of calcium hypochlorite effect on bacterial growth
A decreases increases
B decreases decreases
C increases increases
D increases decreases
Ans: A

Ca(Cl0),(s) = Ca**(aq) + 2ClO~(aq) -- Eqm 1

Clo(aq) + H.0O(l) = HCIO(aq) + OH~(aq) --- Eqm 2
When pH increases, [OH] increases. Position of equilibrium in egm 2 shifts left leading to an
increase in [CIO7] which in turn causes the position of equilibrium in egm 1 to shift left.

Solubility of calcium hypochlorite decreases. [HCIO] that kills bacteria also decreases and
hence bacterial growth increases.
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A mixture of two oxides of period 3 elements is added to water and the resultant solution has
a pH value below 7.

What could be the constituents of the mixture?

Al,O3 and MgO
Na.O and MgO

O W >

Na,O and P4010

D SOz and P4O1g
Ans: D

A Al,O3 insoluble in water and MgO sparingly soluble in water: hence pH slightly > 7

NazO gives NaOH in water and MgO sparingly soluble in water: hence pH > 7
Na:O + H,.O — 2NaOH

C Na2O (gives NaOH in water) and P4O1o (gives H3PO, in water)
HsPO. + NaOH — NazPO4 + 3H.0
PO.*", conjugate base of H;PO4, undergoes hydrolysis to give OH~, hence pH > 7.

PO +H,0 = HPOg + OH"

D SO;(gives H2S0O4 in water) and P4O1o (gives HzPO4 in water), hence pH < 7.

Anhydrous magnesium nitrate, Mg(NOs),, decomposes when heated, giving a white solid
and a mixture of two gases, D and E. E is oxygen.

mass of D released "
mass of E released *

What is the ratio of

A L 1 ¢ 1 1

0.174 0.267 0.348 3.43
Ans: A

Thermal decomposition: Mg(NO3). (s) — MgO(s) + 2NO(g) + ¥2 O2(Q)
Mass of E=%2(32.0) = 16.0 g
Mass of D = 2 (46.0) =92.0 g

mass of Dreleased _ 92 _ 9%/g; 1 1

Ratio of === = =
mass of E released 16 16/5, 16/, 0.174

NJC/H2 Chem Preliminary Examination/01/2022



17

13

Addition of warm concentrated sulfuric acid, H.SO., to crystals of sodium halides gives the
following observations.

compound observation
NaF evolution of a colourless gas which etches a damp glass rod
NacCl evolution of a choking colourless gas which produces a white cloud in

contact with ammonia vapour

NaBr evolution of a brown vapour and of pungent fumes which turn
potassium dichromate(VI1) paper green

Nal evolution of a purple vapour and a gas smelling of rotten eggs

Which statements are consistent with the observations?

hydrogen halide is H.SO.is acting as a SO; and H;S are reduction
produced in all four reducing agent in all four products of H.SO4
reactions reactions
A true false true
B true true false
C false false true
D false true false

Ans: C

compound | observation

NaF evolution of a colourless gas (HF) which etches a damp glass rod

NacCl evolution of a choking colourless gas (HCI) which produces a white cloud
in contact with ammonia vapour

NaBr evolution of a brown vapour (Brz) and of pungent fumes (SOz) which turn

potassium dichromate(VI) paper green

Nal evolution of a purple vapour (I;) and a gas smelling of rotten eggs (H2S)

SO, and H;S are
reduction products
of H,SO,4

hydrogen halide is produced in | H.SO, is acting as a reducing
all four reactions agent in all four reactions

True. SOz and H»S
are reduction
products as seen
for compounds
NaBr and Nal.

Not true. For NaF and NacCl,
Not true. HX produced for NaF | HX gas is produced. Hence no

and NacCl change in oxidation state of F
and ClI
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The following electrochemical cell was set up and the Ecer value was found to be +0.018 V.

O
Ag Ag

salt bridge
0.5 mol dm™ AgNO,(aq) 1.0 mol dm™® AgNO,(aq)

M N

Which statement is correct? F G

A Electrode potential of AgNOs; / Ag electrode in half-cell F is found to be
—0.782V.

B The Eca value becomes less positive when solid sodium chloride is added to
half—cell F.

C The Ecen Value becomes 0.00 V by adding concentrated ammonia gradually to AGNO3
in half-cell G.

D  The change in the magnitude of the Ecei value is the same when same number of moles
of iodide or bromide is added to half-cell G separately.

Ans: C

Option A: Incorrect
From Data Booklet:
Half-cell G: Ag™ + e” = Ag E° (Ag*|Ag) =+0.80 V ..... (1)
Half-cell F: Ag = Ag* + e~ Eox (Ag |Ag) =2V  ....(2)

Ecer = E° (Ag*|AQ) + Eox(Ag|Ag?)
0.018 = (+0.80) + Eo(Ag|Ag")
Eox (Ag|Ag*) =—-0.782 V
E (Ag'|Ag) = — Eo(Ag|Ag") = +0.782 V

Option B: Incorrect

Addition of NaCl decrease [Ag*] in half-cell F due to formation of AgCl. By LCP, eqm position
of (2) shifts right to partially offset the decrease in [Ag*], favouring oxidation.

Eox (Ag|Ag+) for half-cell F become more positive and Ecer value becomes more positive.

Ecei = E°® (Ag*|AQ) + Eox(Ag|AgY)

Option C: Correct

Gradual addition of concentration ammonia decreases [Ag*] in half-cell G due to formation of
[Ag(NHs)2]". By LCP, egm position of (1) shifts left to partially offset the decrease in [AgT].
E(Ag*|Ag) for half-cell G become less positive until E (Ag*|Ag) = +0.782 V, and Ec.i becomes
0.00 V.

Option D: Incorrect

Addition of iodide and bromide decrease [Ag*] in half-cell G due to formation of Agl and AgBr.
By LCP, egm position of (1) shifts left to partially offset the decrease in [Ag*].

E (Ag*|Ag) for half-cell G become less positive and Ecei decreases.

However, Ks, of Agl is lower than that of AgBr, this resulted [Ag*] to decease differently, hence
the change in the magnitude of Ecer value will also be different.
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Which statement about the anodising of aluminium using dilute sulfuric acid is correct?

A Water is reduced at the cathode.
B Oxygen is produced at the cathode.
C The Al object to be anodised is the negative electrode.
D  The mass of the anode increases.
Ans: D

The aluminium object to be anodised is the anode that is connected to the positive terminal of
the battery. The aluminium object is the positive electrode.

During anodisation, H* is reduced at the cathode to produce H» while H,O is oxidised at the
anode to produce O which increase the thickness of the A/>O3 layer on the surface of the
aluminium object. Hence mass of anode increased.
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Consider the following reaction scheme.
aq NHs

K > L
yellqw step 3 dark l_)lue
solution solution

step2 | conc HCI

Cu conc. HxSO4
pink solid heat
step 1

> H + J
blue solution gas

step4 | Kl(aq) + filter

M + N
white solid  brown solution

Which statement is correct?

[Cu(OH)4)% is the dark blue complex in L.

Infinite dilution of solution K gives a pale yellow solution.

O @Ww >

Cation in compounds K and M has the same oxidation state.

D Step 4 involves both redox and precipitation reactions.
Ans: D

step 1: Cu(s) + 2H2S04(l) — CuSO0a4(aq) + SO2(g) + 2H0(l) (redox reaction)

step 2: [Cu(H20)6]?*(aq) + 4Cl-(aq) ~— [CuCls]*(aq) + 6H.0(l) (ligand exchange)
(+2)

step 3: [CuCl4?(aq) + 4NHs(aq) = [Cu(NHz)4]** + 4Cl~(aq) (ligand exchange)

step 4: 2Cu?*(aq) + 41-(aq) — 2Cul (s) + lx(aq) (redox + precipitation)
(+1)
ligand exchange ,
CuClyJ* [Cu(NHs)4]*
[ye”o‘\‘/:\ll LNHS> dark blue

solution Step 3 solution
Step 2 conc Hcl ligand exchange
redox
cu conc. H,S0,  [Cu(H0)e**  + SO-
. . » blue solution gas
pink solid heat
Step1 Step4 Kl(aq) + filter redox + precipitation
Cul + I,

white solid  brown solution
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Fe?" ion forms a red octahedral complex with ortho-phenanthroline molecules. Various
samples containing different volumes of 1 x 10°mol dm=Fe?"and 3 x 10~ mol dm=3 ortho-
phenanthroline were prepared. The following graph was obtained when the colour intensity
of the samples was measured using a colorimeter.

Absorbance
A

>

0 2 4 6 8 10 12 14 16 18 20 V;|.°fFe2+so|ution/cm3

501816 14 12 10 8 6 4 2 0
Vol. of ortho-phenanthroline solution/ cm?

Which statement about the complex ion is correct?

The complex ion absorbs red light.

The overall charge of the complex ion is —4.

O W >

The co-ordination number of the Fe2* ion is 3.

D Ortho-phenanthroline is a bidentate ligand.
Ans: D
Mole ratio of Fe?* and ortho-phenanthroline is 1:3 (1 x 107" mol : 3 x 107" mol)
1 mole of Fe?* combined with 3 mole of ortho-penanthroline to form complex ion. Since there
are 3 ligands and the coordination no. of Fe?" is 6 as it forms octahedral complex, ortho-

penanthroline is a bidentate ligand.

Ortho-penanthroline molecule has no charge, hence, the overall charge of the complex ion
has the same charge as Fe?".

The colour observed is the complementary colour of the wavelength of light absorbed. Since
the colour of complex ion is red, the wavelength of light absorbed is not red light.
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One molecule of dodecane, Ci2Hzs, is cracked to produce three products, R, S and T.
R is a straight chain alkane. S and T are straight chain alkenes with different M, values.

Which statements about R, S and T are correct?

1 If Sand T are but-1-ene and ethene respectively, R will be hexane.
2 If R is butane, only one, either S or T, exhibits cis-trans isomerism.
3 R could be octane.
A 1,2and 3 B 1 and 2 only C 2 and 3 only D 1 only
Ans: B
1 If S and T are but-1-ene and ethene respectively, R will be hexane. True.
Ci2H2e > CsHs + CoHs +R
S T
R = Cpu2-42)H26-8-4)= CeH14
2 If R is butane, only one, either S or T, exhibits cis-trans isomerism. True.
CieH > C4Hio+ S+ T
R
S + R =8 carbons + 16 hydrogens
Given that S and T are straight chain alkenes with different M, values, S and T cannot
be CsHs.
S and T is C2H4 (no cis-trans) + CgH12 (cis-trans) or CsHg (no cis-trans) +CsHao (Cis-trans).
3 R could be octane. NOT True.

CioHyps > CgHis+ S + T
R

If Risoctane, S + T =4 carbons + 8 hydrogens

Given that S and T are straight chain alkenes with different M, values, hence R
cannot be octane.
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Adrenalin is a stimulant produced in the adrenal glands. It has the following structure.

HO
i )

HO C—CH—N—CHs
OH

Which statement about adrenalin is correct?

A One mole of adrenalin can only react with one mole of ethanoyl chloride.
B One mole of adrenalin reacts with two moles of hydrogen chloride.

C It gives effervescence with potassium carbonate.
D

It reacts with ethanoic acid to form amide.
Ans: B

Option A:

Lone pair electrons on O atom of OH group and N atom of amine group in Adrenalin could
undergo nucleophilic acyl substitution reaction with ethanoyl chloride. With three OH groups
and one amine group, one mole of adrenalin could react with four moles of ethanoyl chloride.

Option B:

HCI undergo nucleophilic substitution with secondary alcohol of Adrenalin(but not phenol
due to C-O bond of phenol has double bond character which is very difficult to break) to form
halogen compound. HCI undergoes acid base reaction with amine group in adrenalin to form
salt. Hence, one mole of adrenalin could react with two moles of hydrogen chloride.

Option C:
Carboxylic acid, a stronger acid than phenol, can react with carbonate, but phenol does not
react with carbonate. No effervescence is observed with potassium carbonate.

Option D:

Amide is only formed from the reaction between acyl chloride and amine. Amine undergoes
acid base reaction with carboxylic acid to form a salt.
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24 The following compounds are found in essential oils extracted from herbs and spices.

CH30
o
HO C—C=CH;
H
Eugenol
H H H CH
HeC o ) T Ho 1 GHs
/C:C—Cli—cli—cli—(lj:CHz /C=C—CII—C|I—C=(|3—CH20H
HsC H H OHH HaC HH H
Linalool Geraniol

Which statement is incorrect?
A Both Linalool and Geraniol exhibit sterecisomerism.

B One mole of Eugenol reacts with at least two moles of Br; in the absence of light.
C Linalool gives yellow precipitate with warm alkaline I»(aq).

D Geraniol decolorises cold acidified KMnOa.

Ans: D
Option A: Linalo-ol exhibits enantiomerism. Geraniol exhibits cis-trans isomerism.
H H H CH eometric
Hee T gHa Hoe 7 e
/C:C—Cll—clt— | —C|3:CH2 /C=C—C|:—|C CH,OH
H3C H H OHH HaC HH H

Linalo-ol Geraniol

Option B: Eugenol can undergo both electrophilic substitution and electrophilic addition with

Bra(aq) 1 mol Brz(aq)
CHQ / H H 1 mol Brz(aq)
I
HO CIZ—CZCHz
H Eugenol

1 mol Brz(ag) 1 mol Br(aq)
Note: Like — OH, —OCHgis a 2, 4 directing and strong activating group. Hence, Br;
could undergo electrophilic substitution at 2, 4 position w.r.t —-OCHs. Therefore, a total
of 4 moles of Br, can react per mole of Eugenol (Electrophilic substitution with 3 moles
of Brz and electrophilic addition with 1 mole of Brs.)

Option C: Linalool does not have the following structure and hence it will not give yellow ppt

with iodoform test. I‘—| ‘C‘)
CH3f(‘3f or CH;—C—
OH

Option D: Each C=C bond in Geraniol undergoes mild oxidative to form diol in cold acidified
KMnO4. KMnO4 decolourises as it is reduced to Mn?* in acidic medium.
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25 Which reactions of propan-1-ol produce water as a by-product?

1 passing propan-1-ol vapour over hot Al,O3
2 mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated H2SO4

3 warming propan-1-ol with HCN

A 1,2and 3 B 1 and 2 only C 2 and 3 only D 1 only
Ans: B

Option 1
Passing propan-1-ol vapour over hot Al,O3 causes it dehydration to form a C=C, giving H.O

as the by-product.
OH
— /e /:CH2 + H,0
HaC HaC
Option 2

Mixing propan-1-ol with warm ethanoic acid and a few drops of concentrated H.SO, results in
esterification, producing H2O as the by-product.

OH

0] 0]
/—/ + )L — )k CH; + H,0
H3C OH H3C o N

HaC

Option 3

Warming propan-1-ol with HCN would not result in any reaction and HCN does not
dissociate readily to give CN- to react with the alcohol group. Neither does the alcohol group
undergo nucleophilic substitution under the given conditions.
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Hex-2-ene can be made by the reaction shown.

H :o—\é- HO\%
/‘\)\( — N

I

Which statement about this reaction is correct?

(CH3)sCO™ is behaving as a Lewis base.

(CH3)sCO™ is behaving as an oxidising agent.

O ®™ >

The C-I bond breaks via homolytic fission.

D This is a nucleophilic substitution reaction.
Ans: A

Option A (Correct)
(CH3)3sCO™has a lone pair of electrons which is used to remove a H* from the starting reactant.

Option B (Incorrect)
There is no change in the oxidation state of any of the atoms.

Option C (Incorrect)
The C—I bond breaks via heterolytic fission to give an I~

Option D (Incorrect)
This is an elimination reaction in which a H* and |~ is eliminated to give the hex-2-ene.
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Maltol, vanillin and cinnamaldehyde are some naturally occurring flavouring agents.

@)
Va
@)
0 H
N N
OH
maltol vanillin cinnamaldehyde

Which pair of reagents would enable the three compounds to be distinguished from one
another?

reagent 1 reagent 2
A 2,4-dinitrophenylhydrazine hot acidified K2Cr,07
B [Ag(NHs3)2]* solution neutral aqueous FeCls
C Fehling's solution hot acidified KMnO4
D anhydrous SOCI, aqueous Br;
Ans: B

Option A: (Incorrect)

The aldehyde group in both vanillin and cinnamaldehyde and ketone group for maltol give
orange ppt with 2,4-DNPH. The aldehyde group in both vanillin and cinnamaldehyde can be
oxidised and turns orange K.Cr.O; to green. Thus these compounds are unable to be
distinguished apart.

Option B: (Correct)

The aldehyde group in both vanillin and cinnamaldehyde formed silver mirror with Tollen’s
reagent (JAg(NHs)2]* solution), but maltol has no aldehyde. The phenol group in vanillin give
violet complex with neutral aqueous FeCls. Thus, three compounds could be distinguished
apart.

Option C: (Incorrect)

Only cinnamaldehyde formed brick-red ppt with Fehling’s solution (aliphatic aldehyde). In the
presence of hot acidified KMnO,4, maltol undergoes oxidative cleavage of C=C bond, while the
aldehyde group of vanillin is oxidised to form carboxylic acid. Both maltol and vanillin
decolourise purple KMnO.. Thus these two compounds are unable to be distinguished apart.

Option D: (Incorrect)

SOCI; has no reaction with maltol and vanillin despite both having a hydroxyl group. C-OH
bond in both maltol and vanillin has a partial double bond character due to resonance and
hence OH group cannot be substituted by CIl. Aqueous Br. decolourised in all three
compounds due to presence of C=C or phenol group in each compound. Only vanillin formed
white ppt. Thus, two out of three compounds could not be distinguished apart.
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28 The following compounds were treated with hot acidified KMnOj (aq).

Which compound gives an organic product that is different from the other three?

A CHsCOCI

B CH3CH20COCH3

C CH3CH=CHOH

D CH3CH2COOCH3
Ans: D

Option A: CH3COCI undergoes hydrolysis to form ethanoic acid (organic product).

hydrolysis
CH3COC| +H,O ————» CH3COH + HCI
ethanoic acid

Option B: Ester undergoes hydrolysis followed by oxidation of primary alcohol to form ethanoic acid.

H O
| [ hydrolysis | @)
CH;—C—0ONC—CHy ————» C + |
’ ’ CH—C—OH HO—C—CHjs
H H ethanoic acid
l oxidation

T

HO—C—CHs
ethanoic aC|d

Option C: C=C bond undergoes oxidative cleavage followed by oxidation to form ethanoic acid,
carbon dioxide and water.

C H3 H oxidative

CH H Note:
C% cleavage \ ‘i / Methanoic acid, HCO,H. can be
/C*O + O:C further oxidised to form CO, and
H “OH H.0.
loxidation l oxidation
? CO; + HO
HO—C—CHgs

ethanoic acid

Option D: Ester undergoes hydrolysis followed by oxidation to form propanoic acid, carbon dioxide
and water. It gives a different organic product, propanoic acid.
O

| hydrolysis O
CH3CH,—CNO—CHy ————» I
CHy—C§ s CHsCH,—C—OH + HO—CHs
propanoic acid loxidaﬁon
further
—UAliel
HCOH o sidation. €92+ HXO
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29 Amino acid Y has three pKa values given below:

H,N. _CO,H

NH,
amino acid Y

o-carboxyl group o-amino group side chain

pKa 2.15 9.16 10.67

What is the net charge of the predominant species of amino acid Y at pH 7?

A +2 B +1 C 0 D -1
Ans: B
PKa=9.16 pKy=2.15
"H3N CO,H "H3N CO,”

Overall charge = +2 -1
=+1

NH3* NH3*
pK,= 10.67
Note:

pH > pKj, the acid group is deprotonated due to higher pH (more alkaline).
pH < pKj,, the acid group is protonated due to lower pH (more acidic)
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30 Heptapeptide X contains seven amino acid residues. When X is partially hydrolysed, the following
dipeptide and tripeptide fragments are produced.

y OH
N. _CO.H H
HNT N.__COzH
| HoN H
© o) NH.
OH
o) H
Jv“vj\ /[ H2N " O
HNT N~ “CO,H 2 I L
5 H o) S

HzN/\/ij
N. _CO.H
HoN H ~

O

Which of the four heptapeptides on page 15 is the formula of X?

Ans: A

Identify the different amino acid residue by recognising the different R group attached to the
alpha-carbon of the amino acid in the dipeptide and tripeptide fragments. Match the amino
acid residue in the fragments to obtain the structure of the heptapeptide.

H
N._COH
HoN T
o)
4
1 Hop
( N
N CQ
o)
H2N ’
N _CO.H
HoN Sl
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JV:\_I' I L“ I
HoN TN N CO,H

0 0
NH,
NH, s~
ho ¢ Ho 9 ho @
N N N
HN™ >N N WAN H " >N T COo,H
0 OHH o H o H

NH,
HNT N N WANAK N~ “CO,H
H H H

NH
. . OH
e XA e B et L
HNT Y N N " >N Cco,H
H H H
o o o
S\
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1 C 7 D 13 B 19 D 25 B
2 A 8 D 14 A 20 D 26 A
3 A 9 C 15 D 21 D 27 B
4 B 10 B 16 A 22 B 28 D
5 C 11 C 17 C 23 B 29 B
6 B 12 A 18 C 24 C 30 A
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