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SOLUTION

 SECTION - A 
 1. (A)  (d) NH4OH

Explanation: NH4OH is a weak electrolyte  with dissociation constant equal to 1.76 x 10–5. It 
dissociates partially into ions in an aqueous solution. 

  Related Theory
  A strong electrolyte is a solution/solute that completely, ionizes or dissociates in a solution. These ions are good 

conductors of electric current in the solution. 

(B)  (a) The molar conductivity of a weak electrolyte remains approximately constant as the 
concentration increases

Explanation: The molar conductivity increases with increase in dilution i.e., decrease in concentration.

  Related Theory
  The molar conductance at infinite dilution cannot be obtained by extrapolation as in case of strong electrolytes. It is 

obtained with the help of Kohlraush’s law.

(C) (d) Molar conductivity at Infinite dilution is the same as limiting molar conductivity.
Explanation: Conductivity of an electrolyte at infinite dilution is calculated when the solution is 
so dilute that any further dilution does not bring about any change in molar conductivity. Hence 
infinite dilution is also known as limiting molar conductivity.

  (D) (c) Debye Huckel
Explanation: Debye-Huckel Onsager equation gives a relation between molar conductivity, Λm at 
a particular concentration and molar conductivity Λm at infinite dilution.

OR
  (d) All the above

Explanation: The strong electrolytes like KNO3, KCl, NaOH, etc., are completely ionised in aqueous 
solution and have high values of conductivity while  weak electrolytes are ionised to a lesser extent 
in aqueous solution and have lower values of conductivity.

  Related Theory
  The concentrated solutions of strong electrolytes have significant interionic attractions which reduce the speed of 

ions and lower the value of conductivity.
  The increase of temperature decreases inter-ionic attractions and increases kinetic energy of ions and  their speed 

thus increasing conductivity.

 2. (A)  (b) Assertion and reason both are correct statements but reason is not correct explanation for 
assertion.

Explanation: As carboxylic acids are resonance stabilized they do not contain true carbonyl group 
as is present in carbonyl compounds. Thus, Assertion and reason both are correct statements but 
reason is not correct explanation for assertion.
(B)  (b) Assertion and reason both are correct statements but reason is not correct explanation for 

assertion.
Explanation: Carboxylic acids exist as dimers due to intermolecular hydrogen bonding which is 
not broken completely even in the vapour phase or in aprotic solvents. Thus, Assertion and reason 
both are correct statements but reason is not correct explanation for assertion.
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(C)  (a) Assertion and reason both are correct statements but reason is correct explanation for 
assertion.

Explanation: Both formic acid and oxalic acid behave as reducing agent and decolourise acidified 
K2SO4 solution. Thus, Assertion and reason both are correct statements and reason is correct 
explanation for assertion.
 2KMnO4 + 3H2SO4 → K2SO4 + 2MnSO4 + 3H2O + 5(O)
 RCOOH + [O] → CO2 + H2O

OR
(b)  Assertion and reason both are correct statements but reason is not correct explanation for 

assertion.
Explanation: Carboxylic acids do not undergo Friedel—Crafts reaction because the —COOH group 
is deactivating and the catalyst aluminium chloride (Lewis acid) gets bonded to the carboxyl group. 
Thus, assertion and reason both are correct statements but reason is not correct explanation for 
assertion.
(D)  (a) Assertion and reason both are correct statements but reason is correct explanation for 

assertion.
Explanation: In the IUPAC system, aliphatic carboxylic acids are named by replacing the ending 
-e in the name of the corresponding alkane with -oic acid. Hence, the correct IUPAC name of the 
acid CH3CH2CH2COOH is butanoic acid. Thus, Assertion and reason both are correct statements 
and reason is correct explanation for assertion.

 3. (a) Amorphous solids
Explanation: Amorphous solid is any non-crystalline solid in which the atoms and molecules are 
not organized in a definite lattice pattern.

OR
(c) Zn
Explanation: Zn does not have the perfect cubic close packing thus it has the hcp crystal lattice 
structure.

 4. (c) Z > X > Y
Explanation: The reducing agent is stronger when it has a more negative reduction potential and 
weaker when it has a more positive reduction potential.

 5. (b) Atomic number of sulphur is higher than oxygen.
Explanation: H2S is  more acidic than water because  OH bonds are  stronger than  SH bonds. 
Sulphur is also larger  than oxygen, so that helps to stabilize the SH− anion relative to OH−.

OR
(c) H2O > H2S > H2Se > H2Te
Explanation: Among H2O, H2S, H2Se and H2Te, the one with the highest  boiling point  is H2O 
because of intermolecular hydrogen bonding which leads to molecular association and leads to 
higher energy for  boiling.  H2S has the strongest dipole -dipole interaction and since dipole-dipole 
interaction is stronger than dispersion force, H2S really should have higher boiling point than H2T 
due to weak Van der Waal forces of attraction in H2Te.

 6. (c) (low spin) d6

Explanation: An octahedral complex will be formed by  d5  low spin. Out of 5 d orbitals, 3 will 
contain electrons and 2 will be empty. These 2 empty d orbitals can undergo sp3d2 hybridisation 
(or d2sp3 hybridisation) to form octahedral complex.

 7. (c) Iodoform test
Explanation: CHCHO3 contains CH3C=O group hence gives positive Iodoform test.
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CH CHO + 3I3 2
NaOH

I CCHO + 3HI3

Hydrolysis

CHI + HCOONa3

iodoform (yellow ppt)

 8. (d) Quaternary ammonium salt
Explanation: C3 H8 N cannot represent a quaternary salt because it has only three carbon atom.

OR
(a) (CH3CH2)2NCH3 — N-Ethyl-N-methylethanamine
Explanation: The IUPAC naming rules are:
(1) To determine the longest carbon chain.
(2) The carbon nearest to the substituent gets the numbered 1.
(3) One methyl and one ethyl group are attached with N, so their position is written as ‘N-’ itself.
So, the IUPAC name of  (CH3CH2)2—N—CH3  is, N-ethyl-N-methylethanamine.

  Related Theory
  Structure of N-ethyl-N-methylethanamine

H C3 N

CH CH2 3

CH CH2 3

  This is an example of tertiary amine as it contains three R groups.

 9. (d) Cl3C.COOH
Explanation: Due to the presence of -I effect chlorine atom increases the acidic nature by 
withdrawing electrons. Cl3CCOOH > Cl2CHCOOH > Cl−CH2−COOH > CH3COOH

  Related Theory
  Carboxylic acids contain carboxylic group which has two equivalent resonating structures.

R

O

O
–

O
–

O

R

  Electron withdrawing substituents like –Cl, –F, –NO2 etc., attached to the carboxyl group increases the acidity of the 
carboxylic acids whereas electron donating substituents —CH3—OCH3 decreases the acidity of carboxylic acids.,

 10. (b) LiAlH4 in ether
Explanation: All other reagents react with nitro benzene to give Aniline.

NO2

H (excess)/Pt2

Fe/HCl

Sn/HCl

LiAlH/ether

NH2

NH2

NH2

NO reaction
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 11. (a) Hofmann Bromide
Explanation: In Hofmann Bromide degradation amide is converted to an amine as shown in the 
following equation:

CH — C — NH +  Br + 4KOH                 CH NH3 2 2 3 2

O

Ethanamide

+  K CO +  2KBr   +  2H O2 3 2

Methananmine

OR
(b) CH3CH2NHCH3

Explanation: Reduction occurs in the following manner.
 Cyanide or Nitrile gets reduced to primary amines as shown in the following manner-Ethane nitrile 
gets reduced to Ethylamine:

CH3CN + 4[H]  CH3CH2NH2

 12. (b)  Assertion and reason both are correct statements, but reason is not the correct explanation 
of the assertion.

Explaination: The boiling points of alkyl halides decrease in the order RI>RBr>RCl>RF. This is 
because as the size of halogen increases, the magnitude of van der Waals forces increases, and 
hence the boiling point increases. Thus, Assertion and reason both are correct statements, but 
reason is not the correct explanation of the assertion.

 13. (c) Assertion is correct statement but reason is wrong statement. 
Explanation: Amines on acetylation give monosubstituted product, while on alkylation gives 
polysubstitution product as well. Thus, Assertion is correct statement but reason is wrong statement.

OR
(d) Assertion is wrong statement but reason is correct statement.
Explanation:                                                        Na+

C2H5—N—SO2C6H5 + NaOH → C2H5—N—SO2C6H5 + H2O
               |                                           Soluble salt
                      H
             Ethyl bezene sulphonamide

Ethylbenzene sulphonamide is soluble in alkali because it has acidic hydrogen.

 14. (d) Assertion is wrong statement but reason is correct statement.
Explanation: [Cu(en)2]2+ is a chelate while [Cu (NH3)2]2+ is not as amine is a unidentate ligand. 
Thus Assertion is wrong statement, but reason is correct statement.

 15. (b) Assertion is wrong statement, but reason is correct statement.
Explanation: Basicity is proportional to the electron density of that compound or element. If the 
electron density is high, it will donate the pair of electron easily; hence it acts as better base. In 
NH3 and PH3 as N is smaller than P so electron density of N is higher. Hence NH3 is more basic. 
Electronegativity of N is greater than P which can be clear from periodic trends as we move 
along from top to bottom in a group the size increases, the nuclear charge decreases and hence 
electronegativity decreases. Thus Assertion is wrong statement, but reason is correct statement.

 16. (c) Assertion is correct statement but reason is wrong statement.
Explanation: Carbonyl group is deactivating group, thus it deactivates the benzene ring towards 
electrophilic substitution reaction and substitution takes place at the meta position. Thus Assertion 
is correct statement but reason is wrong statement.

SECTION - B
 17. (A) Packing efficiency is defined as the percentage of space occupied by constituent particles.
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  Related Theory

  Packing Efficiency = Total volume
Z Volume of one atom× × 100

(B) Number of atoms present per unit cell in Body centered cube = 2

  Related Theory
  

atom in the middle

atom in the corner

Two representations of BCC crystal Structure

1/8 atom at each corner

8 corners 1/8 = 1 atom

1 atom in center

1 corner atom + 1 center atom

= 2atoms total per unit cell

BCC

Packing Efficiency = 68%

OR
 Suppose the number of oxide into = O2

The number of octahedral voids = M
Metal ions in octahedral void = 2/3 M
Therefore the ratio of M: Oxide = 2/3 : 1 or 2 : 3 M : O2 = 2/3 : 1 or 2:3 
Hence the formula is M2O3

 18. Liquids A, B, C and D respectively are diethyl ether, acetone, ethyl alcohol, water.
The vapour pressure of a liquid is inversely proportional to the magnitude of the intermolecular 
forces or directly proportional to the volatility of a liquid. Since volatility of A-Diethyl ether (weak 
Van der Waal forces) is maximum and that of D-water is minimum (Hydrogen bonding). Whereas, 
B is acetone as it involves dipole–dipole interactions and C is Ethanol as it has hydrogen bonding 
but weaker than water.

 19. (A)  Fluorine being the most electronegative element cannot have positive oxidation state also 
because it has no d-orbitals (2d orbitals) and there is no scope for any electron promotion.

(B) Xe being a noble gas has a completely filled 5p configuration.
5s

2 5p
6

As a result when it undergoes bonding with an odd number (3 or 5) of F atoms it leaves behind 
one unpaired electron. This causes the molecule to become unstable. Whereas, the promotion of 
one, two or three electrons from the 5p-filled orbitals to the 5d-vacant orbitals will give rise to 
two, four and six half-filled orbitals making it possible to combine with even number of F atoms 
and not odd. As a result XeF3 and XeF5 do not exist.

 20. When a bidentate or a polydentate ligand contains donor atoms positioned in such a way that 
when they coordinate with the central metal ion, a five or a six membered ring is formed. This effect 
is called Chelate effect. As a result, the stability of the complex increases. Example: the complex 
of Ni2+ with ‘+en’ is more stable than NH3.
IUPAC name: Hexaamminenickel (II) chloride.
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OR
[CO(NH3)6]3+:
Orbitals of CO3+  ion:

d sp
2 6 3+hybridised orbitals of CO :

3d 4s 4p

d sp
2 3 hybrid

Six pair of electrons
from six NH molecules3

Hybridization: d2sp3 
Shape: Octahedral 
Magnetic behaviour: Diamagnetic (absence of unpaired electrons)

 21. (A)  Allyl chloride reacts with alcoholic silver nitrate to give allyl nitrate and white precipitate of 
AgCl is formed.

CH2==CH—CH2—Cl + alc. AgNO3 → CH2==CH—CH2—NO2 + AgCl (ppt)
 But vinyl chloride is stabilized by resonance due to the presence of partial double bond 

(CH2==CH—Cl), it will therefore not react with AgNO3

 Therefore, vinyl chloride cannot be distinguished with alc. silver nitrate.

  Related Theory
  Resonance in vinyl chloride –is due to Cl which has lone pair so it donates to next carbon atom.

H C CH Cl— —2 H C CH Cl— —2
:

:
:

:

:

:
:

(B) Grignard reagents are very reactive. In the presence of moisture, they react to give alkanes.
RMgX + H2O → RH + Mg(OH)X

OR
(A) Benzyl Chloride (Ph—CH2 Cl) on reaction with AgNO3 form AgBr

Cl OH

+ AgNO3 � + AgCl

 Chlorobenzene on reaction with AgNO3 → no reaction
(B) Ethyl alcohol on iodoform test gives yellow precipitate.

C2H5OH + NaOI → CHI3 (yellow ppt) + HCOONa
 Bromoethane gives no reaction.

 22. The addition of water to a double bond in presence of mineral acid according to Markonikov’s rule 
is known as acid catalyzed hydration of on alkene.
The reaction takes place in three steps:
Step 1: Formation of carbocation:

H O2 :

:
: H O3

:
:

+
H

+

C H OC H
+

:

H

C C

H

+
+  H O2

:

:
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Step 2: Attack of lone pair of oxygen of water on carbocation:

C C

H

+
+ H O2

:

:

C

H

C
+

O H

H

+

:

Step 3: Deprotonation to form alcohol:

O H

H

+ H O2
:

:

C

H

C +      H O3
+

OH

C

H

C :
+

:
:

 23. (A)  Peptide linkage: A peptide linkage is an amide linkage formed between —COOH group of one 
a-amino acid and NH2 group of the other a-amino acid by loss of a molecule of water.

H N—CH—CO—OH + H—NH—CH —COOH2 2

CH3

— H O2
H —CH—CO—NH—CH —COOH2 2

CH3

—

Peptide bond

(B) Glycosidic linkage: The two monosaccharide units are joined together through an etheral or oxide 
linkage formed by loss of a molecule of water. Such a linkage between two monosaccharide 
units through oxygen atom is called glycosidic linkage.

 24. Elevation of boiling point ΔTb

Given:  WB = 18 g
 MB = Formula of glucose is C6H12O6

  = 6 × 12 + 12 + 6 × 16 = 180
 Wt. of solvent = 1 kg or 1000 g,
 Kb = 0.52 K kg mol–1

Hence,  ΔTb = ?? = 0.52 K
\  B.P of the solution = 373.15 + 0.052
  = 373.202 K

 25. C6H5CH2CH2Br will undergo SN
2 reaction faster.

As this is a primary alkyl halide and reactivity in SN
2 is 10 > 20 > 30.

SECTION - C

 26. M = 106.6 g mol-1

Density (d), number of atoms per unit cell (Z), atomic mass (M), 
Avogadro's number (N0 ) and edge length (a) are related as below:
 d = Z x M/a3 × NA; for f.c.c, Z = 4
 10.5 = 4 x M/6.023 × 1023 × (4.07 × 10−8)3

 M =107.9 g/mol
Hence, the atomic mass of silver is 107.9 g/mol.

 27. (A) I2 < F2 < Br2 < Cl2
 As size of atom increases, its bond strength and dissociation energy decreases. So dissociation 

energy decreases down the group as size increases.
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(B) HF < HCl < HBr < HI
 Down the group the electronegativity decreases and the size increases.
 Thus, it becomes easy to lose H+ ion. This causes the increase in acidic strength down the group.
(C) H2Te > H2Se > H2S > H2O
 As we go down the group the E—H bond length increases and the release of H+ becomes 

easier hence the reducing character increases.
OR

(A) Xe F6 + H2O → XeO2F2 + 4HF
(B) XeF4 + SbF5 → [XeF2]+ [SbF6]–

(C) 2(Fe)3+ + SO2 + 2H2O → HSO4
– + 2 (Fe)2+ + 3H+

 28. (A)  Ammonium phosphate (NH4)3PO4 is most effective in coagulating positively charged hydrated 
ferric oxide sol.

(B) It is so due to large size of colloidal particles. In colloidal solutions particle size of dispersed 
phase is comparable to the wavelength of light used.

(C) Delta is formed at the meeting point of sea water and river water due to coagulation of 
colloidal clay particles. Delta is formed at the meeting point of sea water and river water due 
to coagulation of colloidal clay particles.

OR
(A) The catalytic reaction that depends upon the structure of pores of the catalyst and the size of 

the reactant and product molecules is called shape selective catalysis. 
(B) The catalyst reaction in which small sized molecules are absorbed in the pores and cavities of 

selective adsorbents like zeolites is known as shape-selective catalysis.
(C) Zeolites are aluminosilicates, i.e., three dimensional network silicates in which some silicon 

atoms are replaced by aluminium atoms.
 

29. (A) Alpha Helix Beta pleated

(1) Alpha Helix is a polypeptide chain that is 
rod-shaped and coiled in a spiral/spring-
like structure.

 Held by intramolecular hydrogen bonds

Beta pleated sheets are made up of beta 
stands connected laterally.
Held by intermolecular hydrogen bonds 
forming a backbone.

(2) Eg: hemoglobin Eg: silk

(B) The result of reaction between Glucose and HI is n-Hexane. This suggests that Glucose has 6 
membered chain structure.

CHO

(CHOH)4

CH OH2

Glucose

—
—

—
—

CH3

(CHOH)4

CH OH2

n-hexane

Hi

Heat

 30. (A) H2O > H2Te > H2Se > H2S
(B) As fluorine is more electronegative than nitrogen, the  H-F  bonds are much more polar 

than the N-H bonds. Due to the  higher  partial charges on H and F in  HF, a hydrogen bond 
between  HF  molecules is stronger than that between NH3 molecules. The  higher boiling 
point  of  HF  is thus due to stronger H-bonds. H2O has H-bonding hence highest boiling point 
whereas down the group Van der Waal forces increases hence boiling point increases.

(C) The boiling points increase in the order CH4 < SiH4 < GeH4 < SnH4. The boiling point increases 
with the increase in Van der Waal forces of attraction as molecular mass increases.
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SECTION - D
 31. (A) For the first order reaction , k = .

k a x
a2 303 × –

 a = 100%; x = 30%; (a – x) = 100 – 30 = 70%; t = 40 min

 k = . .log40
2 303

70
100

40
2 303=  × 0.1549 = 0.00892 min–1

 t1/2 = .
.

.
k

0 693
0 00892

0 693=  = 77.7 min 

(B) The decomposition reaction is of gaseous nature and expression of the rate equation for the 
reaction is:

  k = . logt pi pt
pi2 303

2 –

 Rate constant after 360 s i.e. k360 = . .log log360
2 303

70 54
35

360
2 303

16
35

– ×= b l

  = .
360

2 303  × (log 2.1875) = 2.17 × 10–3 s–1

 Rate constant after 720 s i.e. k720 = . . .log log720
2 303

70 63
35

720
2 303 5 720

2 303 6990
– × ×= =

  = 2.24 × 10–3 s–1 
OR

(A) Order of the reaction—The sum of powers to which the concentration term is raised in the 
rate law equation.

 For a First order reaction  t1/2 = 0.693/k
 Since the t1/2 of a first order reaction is independent of initial concentration of reactants.
(B) Since the reaction  is of the first order:

 \ k = . .log logt a x
a

x
2 303 100 0 781– =

 Given: k = 2.0 × 10–4 sec–1, t = 900 sec
 Substituting these values, we get

  2.0 × 10–4 = . log a x
a

900
2 303

–

 ⇒ log a x
a
–  = .

.
2 303

2 0 10 900× ×4–

 ⇒ log a x
a
–  = 0.0781

 ⇒ a x
a
–  = antilog (0.0781) = 1.197

 ⇒ a = 1.197 a – 1.197 x

 \ a
x  = .

.
1 197
0 197  = 0.1645

 \ % decomposed  = 0.1645 × 100 = 16.45%
(C) The given graph is of the zero order where the rate of the reaction is independent of the initial 

concentration of the reactants involved in the reaction.

 32. (A)  In case of post lanthanide elements like Hf, 4f subshell is filled and it is not very effective at 
shielding the outer shell electrons. There occurs Lanthanide Contraction. Therefore, Zr and Hf 
have almost similar atomic radii.

(B) The increase in density from Ti to Zn is because the shielding effect of d-electrons is less, 
therefore there is a gradual increase in attraction from nucleus and decrease in metallic radii. 
This decrease in metallic radii causes decrease in size of an atom from Ti to Cu with increase 
in atomic radii. Since density = mass/volume hence with increase in mass and decrease in 
volume, density increases.
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(C) This is because of ability of oxygen atom to form multiple bonding (pp-dp) with the element. 
However, the highest oxidation state exhibited with fluorine is +4 (e.g., MnF4) since no multiple 
bonding is possible with the element.

OR
(A) The following ions with incompletely filled d orbitals will be coloured due to d-d transition.
 Ti3+ (3d1), V3+ (3d2), Mn2+ (3d5), Fe3+ (3d5) and Co2+ (3d7) are coloured.
 MnO4

– is also coloured due to charge transfer.
 Sc3+ (3d0) is colourless because it has no electron in the d orbital .
(B) CO2 is an acidic oxide and gives carbonic acid in the aqeuous solution. In the acidic solution 

manganate ion disproportionate to give purple permanganate and manganese, dioxide as a 
brown solid. In manganate oxidation state of Mn is +6 which disproportinate to give +7 oxdn 
state in permanagate and +4 in MnO2.

 33. (A)  (i) HYZ reaction or Hell-Volhard-Zelinsky reaction: In this reaction aliphatic carboxylic 
acids containing a hydrogen react with chlorine or bromine in the presence of a small 
amount of red phosphorous to give a haloacids.

R

O

OH

R

O

OH

Br

(1) Br . P2

(2) H O2

Carboxylic acid a-Bromo carboxylic acid

(ii) Rosenmund reduction: Is a hydrogenation process in which an acyl chloride is selectively 
reduced to an aldehyde.

—
— —

—

— —

R

O

Cl

O

— —
R

C

H

+ HCl
H2

Pd-BaSO4

Acid Chloride Aldehyde

(B) (i) CH3—CH==CH—CN + DIBAL—H + H3O → CH3—CH==CH—CHO
 (ii) C6H5COONa + NaOH + CaO → C6H6 + CaO2 + NaO2

 (iii)  CH3COCH3 + HCN → CH3(OH)(CN)CH3

OR
(A) (i) Anhy AlCl3 is the reagent used and this is Friedal Craft Acylation.
 (ii) KMnO4 is the reagent in this oxidation reaction.
(B) (1) ‘A’ forms an Orange colour precipitate with 2, 4 Dintrophenylhydrazine. It means that A is 

an aldehyde or Ketone.
 (2) Given ‘A’ does not reduce Tollen or Fehling's reagent.
  ⇒ A must be a ketone.
 (3) It is given that A gives iodoform test, so it must have CH3—CO group.  

A is unsaturated, but also given A does not decolorise bromine water hence, having benzene 
ring.

 (4) ‘A’ forms an Orange colour precipitate with 2, 4 Dintrophenylhydrazine. It means that A is 
an aldehyde or Ketone.

  It is given that ‘A’ on drastic oxidation changes to carboxylic acid ‘B’
  As A is a ketone B will have one less carbon than A
  Hence, A is Acetophenone [C6H5—CO—CH3]
  B is Benzoic acid [C7H6O2]
  ⇒ B is Benzoic acid.
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11
SOLUTION

 SECTION - A 
 1. (A)  (a) It is a first order reaction.

Explanation: The plot of ln [R] vs time is a straight line with negative slope. It is characteristic of 
first order reaction
(B)  (b) sec–1

Explanation: For first order reaction, the unit of the rate constant is sec–1.
(C) (a) 3
Explanation: A + B + C → Products

 r = A
dt
d  = k[A]1/2 [B]1/2 [C]2

so order is:  2
1

2
1+  + 2 = 3

  Related Theory
  Rate equation is given by law of mass action for a chemical reaction and the sum of the  exponents  by which the 

concentration terms are raised in rate law is known as Order of Reaction.

(D) (c) Molecularity of a reaction may be zero or fraction.
Explanation: Molecularity of a reaction is defined as the number of reactant molecules (or atoms 
or ions) taking part in an elementary reaction. Minimum value of molecularity is one so cannot 
be fractional or zero.

  Related Theory
  Molecularity can be explained by the following examples:
   N2 O5 (g) → 2NO2 (g) + 21 O2 (g)
  In this reaction, only one molecule is taking part in the reaction, therefore the rate law expression for this reaction is: 

  Rate = k[N2 O5]
  Hence, the reaction is unimolecular and first order.
  Similarly, a reaction can be bimolecular or trimolecular depending on the number of molecule taking part in the 

reaction.
   Like O3 (g) + O(g) → 2O2 (g) is a bi-molecular gaseous reaction.
   tri-molecular gaseous reaction and 2NO + H2 → N2  + H2 O2  is a tri-molecular gaseous reaction.

OR
(a) zero-order reaction and molecularity is two.
Explanation: Since Rate = K the reaction is not dependent on the concentration of any reactant 
hence the order is zero and two reactants are involved hence the molecularity is two.

 2. (A) (c) Assertion is correct statement but reason is wrong statement.
Explanation: Aryl halides are more stable and less reactive due to resonance where the lone pair 
of electrons is in conjugation with a pi bond.
(B)  (d) Assertion is wrong statement but reason is correct statement.
Explanation: Aryl halides are less reactive towards nucleophilic substitution reactions as C—X 
bond acquires a partial double bond character due to resonance. Also halogen atom is attached 
to sp2 hybridised carbon atom.
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OR
(d) Assertion is wrong statement but reason is correct statement.
Explanation: SN

2 reactions always proceed with retention of configuration.
(C) (c) Assertion is correct statement but reason is wrong statement.
Explanation: Aryl halides cannot be prepared by replacing hydroxyl group of phenols because the 
carbon oxygen bond in phenols has a partial double bond character and is difficult to break being 
stronger than a single bond.
(D) (c) Assertion is correct statement but reason is wrong statement.
Explanation: Nitro group is an electron withdrawing group which leads to weakening of C—Cl 
bond, hence making it easier to replace the —Cl group.

 3. (c) Glycine is the sulphur containing amino acid.
Explanation: Glycine is an amino acid with the chemical formula of NH2—CH2 —COOH there is no 
sulphur element present in the structure of the Glycine amino acid.

OR
(b) Ribose sugar and Uracil
Explanation: RNA has ribose (as sugar) and uracil (a pyrimidine base). DNA has deoxyribose (as 
sugar) and does not contain uracil. Instead it contains thymine (as a pyrimidine base).

 4. (b) 1-bromo-2-chloro-4-methylpentane
Explanation: Alphabetically the halogens are arranged Bromo at position 1 and Chloro at position 
2 and word root for this unsaturated compound is pentane.

OR
(d) 2-Bromo-3-Chloro butane
Explanation: Alphabetically the Bromo derivative is named first followed by Chloro and word root 
is Butane as it is a four carbon atom saturated chain.

 5. (c) Equal to one
Explanation: 

Freundlich Isotherm

x m
lo

g

Stope =
1

n

Intercept = log k

log p

  Related Theory

 



 

(x
/m

)

Pressure (p)

Langmuir Adorption Isotherm
  The Langmuir adsorption model explains adsorption by assuming an adsorbate behaves as an ideal gas at isothermal 

conditions. According to the model, adsorption and desorption are reversible processes.
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OR
(c) ZSM-5
Explanation: A catalytic reaction which depends upon the pore structure of the catalyst and on 
the size of the reactant and the product molecules is called shape-selective catalysis. For example, 
catalysis by zeolites is a shape-selective catalysis. The pore size present in the zeolites ranges 
from 260-740 pm. Thus, molecules having a pore size more than this cannot enter the zeolite 
and undergo the reaction. ZSM (5) is zeolite sieve of porosity 5. It is used to convert alcohols into 
hydrocarbons.

  Related Theory
  Zeolite Socony Mobil–5  (framework type MFI from ZSM-5  (five)), is an aluminosilicates

 6. (a) C6BrH5C(CH3)C6H5

Explanation: The tertiary carbocation intermediate obtained from C6H5C(CH3)C6H5Br  is the most 
stable than obtained from  because it is stablised by two phenyl group due to resonance and an 
electron donating  methyl group.

  Related Theory
  The SN

1 is a stepwise mechanism:
Breaking

C-Br bond

Making a

C-Cl bond

Loss of a

Leaving group
Nucleophilic attack

–Br

Cl
Br Cl

 7. (b) Powdered substances have increased surface area than the solid form.
Explanation: Adsorption is a surface phenomenon. The extent of adsorption depends on the 
surface area. Therefore, adsorption is directly proportional to the surface area. Increase in the 
surface area of the adsorbent, increases the total amount of gas adsorbed. A finely powdered 
substance provides large surface area but crystalline substances have fewer surfaces as compared 
to finely divided substances, as a result  powered substances are more effective adsorbents than 
their crystalline forms.

OR
(d) Layer of dispersion of medium on the particles.
Explanation: Lyophilic sols are more stable than lyophobic sols. This is due to the fact that lyophilic 
colloids are extensively solvated, i.e., colloidal particles are covered by a sheath of the liquid in which 
they are dispersed. Forces of interaction between colloidal particles and liquid are quite strong. 
Hence, lyophilic sols are very stable and do not precipitate or coagulate easily.

  Related Theory
  Lyophobic colloids are liquid hating colloids (Lyo means solvent and phobic means hating). 

 8. (a) Propanol
Explanation: The hydroboration oxidation reaction is shown:

CH3—CH == CH2 +  (H—BH2)2 CH3—CH—CH2

— —

H BH2

CH3—CH== CH2

(CH3—CH—CH2)3B

H2O    3H2O2, OH

3CH3—CH2—CH2—OH  +  B(OH)3

Propan—1—ol

CH3—CH == CH2 (CH3—CH2—CH2)2BH

Propene Diborane
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 9. (c) 2
Explanation: XeF4  consists of two lone pair electrons. Now if we follow the VSEPR theory, the 
net electronic repulsions has to be minimum. With this, they will acquire a stable state. In order 
to achieve this, the lone pairs lie in a perpendicular plane in an octahedral arrangement opposite 
(180 degree) from each other. Therefore, XeF4 molecular geometry is square planar.

  Related Theory
  Structure of XeF4 with Hybridisation sp3d2:

F

F

F

F

Xe

 10. (c) 4, 3 and 2
Explanation: Mn3+ = 3d4 = 4 unpaired electrons, Cr3+ = 3d3 = 3 electrons, V3+ = 3d2 = 2 electrons.

 11. (c) 

NH2

 Phenyl isocyanide is the end product.

Explanation: In this reaction, A (nitro benzene) is reduced to aniline (B) is heated with alcoholic 
potassium hydroxide and chloroform. If a primary amine is present, the isocyanide (carbylamine) 
is formed, as indicated by a foul odor. The carbylamine test does not give a positive reaction with 
secondary and tertiary amines.

 12. (b)  Assertion and reason both are corect statements but reason is not correct explanation for 
assertion.

Explanation: Ether have lower boiling point than alcohols because they cannot undergo extensive 
hydrogen bonding like the alcohols. Hence assertion is correct. 
The following figure shows (a) No hydrogen bonding in (b) Extensive hydrogen bonding in Alcohols:

R

R

R RO

:

:

::O

R

R

H RO

:

:

::O

Hydrogen
bonding

(a) (b)

 13. (a) Assertion and reason both are correct statement but reason is correct explanation of  
 assertion.
Explanation: The noble gas elements have highest ionization enthalpy, in any given period. The 
valence shell of noble gases is completely filled. This closed shell electronic configuration is very 
stable. Large amount of energy is required to remove an electron from a completely filled outermost 
shell so the ionization enthalpy is high. Thus, assertion and reason both are correct statements and 
reason is the correct explanation of the assertion.

 14. (c) Assertion is correct statement but reason is wrong statement.
Explanation: D (+) glucose is dextrorotatory because it rotates the plane polarised light to right. 
Here, D represents relative configuration of glucose with respect to glyceraldehyde. Thus, assertion 
is correct statement but reason is wrong statement. 
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OR
(b) Assertion and reason both are correct statement but reason is not correct explanation of 

assertion.
Explanation: Glycine is optically inactive because the four substituents attached are not different 
as shown in the structure below. Thus, assertion and reason both are correct statements, but reason 
is not the correct explanation of the assertion.

H

H N2 COOH

Glycine

H

  Related Theory
  Each amino acid has two forms (isomer) named D (dexer meaning right) and L (meaning left). D-amino acid is a mirror 

image of L-amino acid. Isomers that are mirror images of each other are called enantiomers  and L- and D-amino 
acids are not superimposable like right and left hands.

CO H2

CH N2

CH3

H

CO H2

C NH2

CH3

H

Mirror

L-Alanine D-Alanine

 15. (b) Assertion and reason both are correct statement but reason is not correct explanation of  
 assertion.
Explanation: Separation of Zr and Hf is diffcult it is not because of them lying in the same group of  
Periodic Table. This is due to lanthanoid contraction which causes almost similar radii of both of 
them. Thus, assertion and reason both are correct statement but reason is not correct explanation 
of assertion.

 16. (a)  Assertion and reason both are correct statement but reason is correct explanation of assertion.
Explanation: In Ti4+ configuration the Electronic configuration is [Ar] 3d0 4s0,  since  there is no 
electron in the d shell and hence d-d transition is not possible. Hence, Ti4+ is colourless. Thus, 
assertion and reason both are correct statements, and reason is the correct explanation of the 
assertion.

SECTION - B
 17. (A) Colloidal solution of Fe(OH)3  is formed. FeCl3 acts as peptizing agent.

(B) Multimolecular colloids: Colloidal particles consist of aggregates of small atoms or molecules. 
For example, As2S3  sol.

 18. (A) In this reaction:
 Zn is oxidized and Ag2O is reduced
 E0 cell = E0 cathode – E0 anode
  = 0.344 – (–0.76) = 1.104V
(B)  ΔG0 = – nFE0 cell
  = – 2 x 96500 x 1.104
  = – 2.13 X 105 J mol-1

  Related Theory
  The value of ΔG should always be negative for a reaction to be spontaneous. This is possible only when
  E0 cell = E0 cathode – E0 anode; is positive.
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 19. For cane sugar:
 Molar mass of sugar (C12H22O11) = Mb = 12 × 12 + 22 × 1 + 11 × 16 = 342 g mol–1

 Depression in freezing point = ΔTf = (273.15 – 271) K = 2.15 K
5% solution (by mass) of cane sugar in water means 5 g(wb) of cane sugar is present in  
(100-5)g = wa = 95 g of water.
Now, 
number of moles of cane sugar (nb) = wb/Mb 
  = 5/342 mol
  = 0.0146 mol
Therefore, molality of the solution  = m = nb/wa
  = 0.0146mol  / 0.095kg 
  = 0.1537 kg mol-1

For Glucose
Now applying the relation,
 ΔTf = Kf × m
⇒   Kf =  ΔTf   / m
⇒   2.15K / 0.1537 kg mol-1 = 13.99 K kg mol-1

 Molar mass of glucose (C6H12O6) = 6 × 12 + 12 × 1 + 6 × 16 = 180 g mol-1

5% glucose in water means 5 g of glucose is present in (100-5) g = 95 g of water.
⇒  Number of moles of glucose = n glucose = 5/180 mol
  = 0.0278 mol
Therefore, molality of the glucose solution, 
 m = nglucose/wa 
  = 0.0278 mol / 0.095 kg
  = 0.2926 mol kg-1

Since, ΔTf = Kf × m
  = 13.99 K kg mol-1 × 0.2926 mol kg-1

  = 4.09 K.

 20. (A) With the increase in alkyl group which electron donating + I affect increases. Therefore the 
basic strength will be the highest in (C2H5)3N and least in NH3. The decreasing order of basic 
strength in gas phase will be: 

(C2H5)3N > (C2H5)2NH > C2H5NH2 > NH3.

  Related Theory
  In aqueous solution basicity order changes because of solvation effects. Due to greater hydrogen bonding in secondary 

and primary amine than in tertiary amine, order of basicity will be (C2H5)3 N < (C2H5)2 NH < C2H5NH2.

(B) There is presence of electron-donating —CH3 group in p-toluidine increases the electron 
density on the N-atom. Thus, p-toluidine is more basic than aniline. —NO2 group decreases 
the electron density over the N−atom in p-nitroaniline. Thus, para nito is less basic than aniline 
the decreasing order of basic strength is:

p-toluidine > aniline > p-nitroaniline.

 21. (A) On prolonged heating with HI, it forms n-hexane, shows that all the six carbon atoms are linked  
 in a straight chain:

CHO
 |
(CHO)4 + HI ∆  CH3—CH2—CH2—CH2—CH2—CH3
 |                                          n-hexane
CH2OH 
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(B) On hydrolysis, lactose gives beta-D-galactose and beta-D-glucose

 

CH OH2

OH O

OH

OH

CH OH2
O

OH

OH

CH OH2

OH O

OH

OH

CH OH2

OHO

OH

OH

OH

OH

+

OH H O2

Lactase

Ob1 4

Lactose D-galactose D-glucose

OR
The differences between RNA and DNA are listed below:

DNA RNA

(1) Has the sugar deoxyribose Has the sugar ribose

(2) Has the base thymine (T) Has the bse uracil (U)

(3) Is double-stranded Is usually single-stranded

(4) Forms a double helix Does not form a double helix

  Related Theory
  Three main types of RNA are predominantly made:
  (1) Messenger RNA (mRNA): A transcript copy of a gene used to encode a polypeptide
  (2) Transfer RNA (tRNA): A clover leaf shaped sequence that carries an amino acid
  (3) Ribosomal RNA (rRNA): A primary component of ribosomes

 22. (A)  Fluorine does not possess d orbitals, so it cannot expand its octet to bond with three chlorine 
atoms and form FCl3. Chlorine on the other hand has empty d orbitals and thus, it can expand 
its octet to bond with three fluorine atoms and form ClF3.

(B) Nitrogen is relatively inert as compared to phosphorus because P-P single bond is much weaker 
than N ≡ N triple bond and the bond length of nitrogen is small and bond dissociation energy 
is very large which makes it inert and unreactive and thus, phosphorus becomes more reactive.

OR
(A) Ammonia, unlike  phosphine,  has  hydrogen bonds due to the presence of a covalent bond 

between hydrogen and highly electronegative nitrogen with a lone pair. Hydrogen bonds are 
stronger than London dispersion forces; therefore, ammonia has stronger intermolecular forces 
and higher boiling point.

(B) The E-H bond strengths decrease down the group  this is because as the size of the element 
increases down the group the release of H+ becomes easier. So, the acidic strength increases 
down the group.

 23. (A) t3
2g e1

g

(B) d2sp3, octahedral shape.
OR

(A) CO is a stronger ligand than CN -.in the Spectrochemical series. Thus, the metal complex formed 
with CO will be more stable.

(B) [Cu(NH3)4] SO4  is formed which does not have free Cu2+ ions.

  Related Theory
  Spectrochemical Series:
  I– < Br– < S2– < SCN– < Cl– < NO3

–, F– < OH– < EtOH < ox, < H2O < NCS– < py, NH3 < en < bpy, phen < NO2
– < 

C6H5
– < CN– < CO.

 24. (A)  The elements from the left side of the periodic table form the most basic binary hydrogen 
compounds because the hydrogen in these compounds carries a negative charge. Because 
arsenic is less electronegative than oxygen is, we might expect that AsH3  would be a weak 
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base toward water.  Further, we expect that the binary hydrogen compounds of the halogens, 
as the most electronegative element in each period, will be acidic relative to water. In fact, HI 
is one of the strong acids in water. Thus, the order of increasing acidity is  AsH3 < H2O < HI.

(B) The acidity of oxyacids increases as the number of oxygen atoms bonded to the central atom 
increases. Thus, H2SeO4 will be a stronger acid than H2SeO3; in fact, we note that the Se atom 
in H2SeO4 is in its maximum positive oxidation state, and so we expect it to be a comparatively 
strong acid, much like H2SO4. H2SeO3  is an oxyacid of a non-metal that is similar to H2SO3. 
As such, we expect that H2SeO3 is able to donate a proton to H2O, indicating that H2SeO3 is a 
stronger acid than H2O. We see that the order of increasing acidity is H2O < H2SeO3 < H2SeO4.

 25. (A) CrO3, pyridine and HCl (Pyridiniumchlorochromate) C3H5N HCrO3Cl .
(B) Any strong oxidising agent e.g., acidified K2Cr2O7 or KMnO4.

SECTION - C
 26. Elevation of boiling point ΔTb

Given:  Wb = 18 g
 Mb = Formula of glucose is C6H12O6

  = 6 × 12 + 12 + 6 × 16 = 180
 Wt. of solvent = 1 kg or 1000 g,
 Kb = 0.52 K kg mol-1

 Kb + ΔTb = kb × Wb × 1000 / Mb × Wb

  = 0.52 × 18 × 1000 / 180 × 1000
Hence,  ΔTb = 0.052 K
Therefore,  B.P of the solution = 373.15 + 0.052 = 373.202 K.

 27. We are given:
 l0 for (H+) = 349.6 S cm2/mol
 l0 for (HCOO–) = 54.6 S cm2/mol
 l0

m(HCOOH) = l0(H+) + l0(HCOO–)
  = 349.6 + 54.6 = 404.2 S cm2/mol

 Degree of dissociation = 
L
L

m
mc

0
 = 

.
.

404 2
46 1  = 0.114

Calculation of dissociation constant:
         HCOOH  HCOO–  +  H+

 C 0 0
 C – a Ca Ca

 K = C
1 –

2

a

a  = .
. ( . )

1 0 114
0 025 0 114

–
× 2

 K = 3.67 × 10–4 mol per litre.

 28. (A) The cationic complex has two isomers, A and B. Each has one Co3+, five NH3, one Br– and one 
SO4

2- stoichiometrically. A gives white precipitate with BaCl2 while B gives yellow precipitate 
with AgNO3.

 A is [Co(NH3)5Br]SO4 : It gives white precipitate with BaCl2 due to the reaction of SO42– with 
BaCl2 giving BaSO4.

 B is [Co(NH3)5SO4]Br : It gives yellow precipitate with AgNO3 due to the reaction of Br– with 
AgNO3 giving AgBr.

 A and B are ionization isomers. 
(B) The two isomers do not have the same colour.
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OR
(A) +2 is the valency and 4 is Coordination number of Ni.
(B) Ligand which can ligate through two different atoms is called ambidentate ligand. For example, 

the nitrate ion NO2 can bind to the central metal atom or ion at either the nitrogen atom or 
one of the oxygen atoms.

M N

O

O

M O N O

nitrito-N

nitrito-O

(C) The primary valency is the number of negative ions which are equivalent to the charge on 
the metal ion whereas the secondary valency is the number of ligands that are attached or 
coordinated to metal ion in a coordination compound.

 29. The mechanism is as follows:
Step 1: Protonation

CH —CH—CH—CH3 3 CH —CH—CH—CH3 3
H

+

— — — —

CH3 OH CH3 OH2
+

3-Methylbutan–2–ol

Step 2: Formation of 2° carbocation by the elimination of a water molecule

CH —CH—CH—CH3 3 CH —CH—CH—CH3 3

—

CH3 OH2
+

— —

CH3

–H O2

+

2° Carbocation

Step 3: Re-arrangement by the hydride-ion shift

CH3—C—CH—CH3 CH3—CH—CH2—CH3

—

CH3

+—

H

1, 2-hyride shift

—

CH3

+

(less stable) 3° Carbocation
(more stable)

Step 4: Nucleophillic attack

CH —C—CH —CH3 2 3

+

—

CH3

CH —C—CH —CH3 2 3

—

CH3

—

Br

Br
–

2-Bromo – 2 – methylbutane

OR

(A)

                    

CH3CH2OH CH2 CH2OH

CH2 CH2OH
Ethanol

Conc. H2SO4
433-443K

(Dehydration)

dil. alk. KMnO4

—— —

Ethene (Ethene-1-2-diol)

(B)

           

OH ONa OH

Phenol Sodium
phenoxide

Ortho-hydroxybenzoic acid

(Salicylic acid)

NaOH (i) CO2

(ii) H
–

COOH

 30. (A)  The lone pair of electron on the N atom electrons in Aniline is delocalized over the benzene 
ring due to resonance. Hence, the electron density on the N atom decreases, the lone pair 
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is not available for donation. In contrast, in CH3NH2, due to the presence of +I effect of CH3 
group the electron density on the N atom increases. Therefore, aniline is a weaker base than 
methylamine. Hence, its pKb value is higher than that of methylamine.

NH2

:

NH2 NH2 NH2 NH2

:

I II III IV V

(B) Methylamine in water reacts with ferric chloride to give a precipitate of ferric hydroxide. 

CH NH + H—OH3 2

:

CH NH + OH3 3
–+

FeCl3 Fe + 3Cl
3+ –

2Fe + 6OH
3+ –

2Fe(OH) or Fe O .3H O3 2 3 2

Methylamine

Hydrated ferric
oxide

(Brown ppt.)

 This is due to the +I effect of —CH3 group and lone pair on N, methylamine is more basic than 
water and produces OH–  ions by accepting H+  ions from H2O. Methyl amine is a base and 
dissolves in water to produce hydroxide ions. These hydroxide ions react with Fe3+ ions to form 
Ferric Hydroxide precipitate.

(C) Aniline does not undergo Friedel-Craft’s reaction this is because Aniline being a Lewis base 
since it has a lone pair; it combines with AlCl3 which is a Lewis acid to form a salt.

NH2

Aniline

NH AlCl2 3

+ –

+ AlCl3

Salt

+ HCl

SECTION - D
 31. (A)  Aldol condensation occurs in aldehydes having a-hydrogen with a  base NaOH to give b-hydroxy 

aldehydes after condensation of water molecule product called aldols are obtained.

     

H

O

CH3 H

O

CH3 H

O

CH3 H

O

CH3

O H

+ OH
–

OH
–

heat
�

�
� �

acetaldehyde acetaldehyde 3-hydroxybutanal

(aldehyde + alcohol)

aldol

but-2-enal

(B) Cannizaro’s reaction  is when an aldehyde having no alpha hydrogen reacts with itself in a 
strong base such as sodium hydroxide (NaOH), to form a salt of carboxylic acid and an alcohol. 
e.g., Formaldehyde and  benzaldehyde undergo Cannizaro’s reaction.

CH —OH +2 C—ONa

— —

O

2HCHO
KOH (conc.)

CH OH + H — C — OK3

— —

methanol potassium formate

C H CHO6 5
NaOH (conc.)

benzyl alcohol sodium benzoate

O
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(C) The Hell-Volhard-Zelinsky reaction is an organic reaction to convert a carboxylic acid with an 
a-hydrogen  to an a-halo carboxylic acid, using a phosphorous catalyst and water.

R

O

OH

R

O

OH

Br

(1) Br . P2

(2) H O2

Carboxylic acid a-Bromo carboxylic acid

OR
A undergoes Iodoform reaction hence contains a methyl ketone. So the structure of (A) is
CH3 —CH2—C—CH3  (Butan-2-one)

O

A- (butan-2-ene) on reduction gives butan−2−ol. B- 

OH

H C3
CH3

‘B’ on heating with H2 SO4  gives an alkene named but−2−ene i.e., C- 

CH3

H C3
CH3

‘C’  forms an ozonide  ‘D’ which on hydrolysis in presence Zn dust forms acetaldehyde ‘E’- CH3CHO 
(2 moles)
The reaction sequence is as follows:

CH3 —CH2—C—CH3

O

  +  LiAlH4 → 

OH

H C3
CH3 + H2SO4 → 

CH3

H3C
CH3  +  O3 →

    (A)     (B)           (C)

H

CH3

O

CH3

CH3

O

O:

:
:

:

:

:
+

   

→

   

CH3

H

O

CH3

CH3

O

O

Molozonide

   

+  Zn   →  2CH3CHO

    (D)                   

(E)

‘C’ Compounds containing more than one halogen atoms are called interhalogen compounds. For 
example: ICl, ClF, ClF3, ICl3, IF5, IF7, etc.

 32. (A)  (i) Sc(0) has an electronic configuration  of [Ar]3d14s2 with the loss of 3 electrons it gets 
converted to → Sc3+ which will have a configuration of  3d0  it has no unpaired electron 
hence, is diamagnetic.

 Whereas, Cr(0) has an electronic configuration  of  [Ar]3d54s1 with the loss of 3 electrons 
it gets converted to → Cr3+ [Ar]3d3, it has three 3 unpaired electrons hence, Cr3+ exhibits 
Para magnetism.

(ii) The electronic configuration of V =  [Ar]3d34s2 and Mn = [Ar]3d54s2.
 Thus, V exhibit oxidation states of +2, +3, +4, +5 whereas Mn exhibits oxidation states from 

+2 to +7. Hence Mn will show more number of oxidation states.
(iii) The electronic configuration of V =  [Ar] 3d34s2 that of V4+ = [Ar] 3d1 (with one electron it is 

coloured ) with the loss of an electron it forms → V5+ = [Ar] (with no unpaired electron it is 
Colourless). So, V5+ will be colourless as there are no unpaired d electrons for d-d transition 
to occur.
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(B) (i) Greater the number of valence electrons, stronger is the resultant bonding and as Zn has 
no unpaired  electrons with electronic configuration [Ar]3d104s2, the metallic bonding is 
weakest among Sc to Zn and hence, the enthalpy of atomization is lowest (least energy is 
required to break the bonds).

(ii) Mn [3d54s2] with the loss of 3 electrons gets converted to → Mn3+ [3d4] and Mn2+ has an 
outer electronic configuration of [3d5]. Thus, the conversion of Mn3+ to Mn2+ by gaining an 
e-  will be a favourable reaction since 3d5  is a very stable configuration as it is half filled 
configuration. Hence, E° value for Mn3+ / Mn2+ couple is positive.

OR
(A) Cu  metal in the first transition series (3d series) shows +1 oxidation state most frequently. 

This is because the electronic configuration of Cu  is 3d10 4s1 and after losing one electron, it 
acquires the stable 3d10 fully filled electronic configuration.

(B) (i) Elements of the 3d series have smaller atomic size compare to 4d and 5d series. Hence 
valence electrons are attracted to nucleus and are not free for metal-metal bonding. But 
in case of 4d and 5d series elements valence electrons are not that strongly bonded or 
attracted towards the nucleus so they are more available for metal-metal bonding.

 (ii) Mn3+ → Mn2+ + MnO2.
 In a Disproportionation reaction the same species undergoes reduction as well as oxidation. 

In the above reaction Mn3+ changes to Mn2+ hence, undergoes reduction from +3 to +2 
oxidation state. Also Mn3+ undergoes oxidation when it changes to MnO2 there is increase 
in oxidation state from +3 to +4.

(iii) The CO2+ ions can be easily oxidised to CO3+ ions with increase in oxidation state from +2 
to +3. In presence of ligand the d-orbitals of metal gets split up into two set of orbitals that 
is t2g and e.g., the crystal field stabilisation energy of Co3+ ions with a d6 configuration is 
higher than for Co2+ d7 configuration.

(C) The irregular trend in 3d series is due to the fact that the removal of electrons alters the 
relative energies of 4s and 3d orbitals. Thus there is a reorganization of energy accompanying 
ionisation which results into the release of exchange energy which increases as the number of 
electrons increases in the dn configuration and also from the transference of s-electrons into 
d-orbitals.

 Therefore, chromium has low first ionization enthalpy because loss of one electron gives stable 
configuration (3d5), while Zinc has very high ionization enthalpy because electron has to be 
removed from 4s orbitals of stable configuration (3d10 4s2).

 33. (A)   Y = 8 × 8
1  = 1; X = 3

1 1 3
1× =

 \ Formula of the compound = :X Y
3
1 1

 That is, XY3 is the formula of compound.
(B) In FCC, Z = 4

 ⇒ d = 
×
×

N
Z M

a A
3

 ⇒ a3 = ×
×

. . .N
Z M
d 3 4 6 02 10

4 99
20 468

396 10
× ×

× ×
A

23
23–= =

 ⇒ a3 = 19.347 × 10–23  x = .193 473

 ⇒ a3 = 193.47 × 10–24 ⇒  x = (193.47)1/3

 ⇒ a = . × cm193 47 103 8–  ⇒  log x = . .log3
1 193 47 3

1 2 2867×=

 ⇒ a = 5.785 × 10–8 cm × 1010 pm   = 0.7622
 ⇒  a = 578.5 pm ⇒  x = Antilog of 0.7622
      = 5.785 
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OR
(A) (i)  Non-stoichiometric
 (ii) F-centre.
 (iii) When LiCl is heated with lithium vapours, it shows this type of defect.
(B) The void between three spheres in direct contact and capped by fourth sphere is called 

tetrahedral void. Its coordination number is 4.
 The void between three spheres in direct contact capped by three more spheres is called 

octahedral void. Its coordination number is 6.
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12
SOLUTION

 SECTION - A 
 1. (A)  (a) 26%

Explanation: The space occupied by spheres in the hcp arrangement is 74%. Hence the empty 
space is 100 -74 =26 %

  (B)  (c) ABCABCABC ...........
Explanation: In ccp arrangement the third layer is completely different than those first two layers 
and is stacked in the depressions of the second layer, thus covering all of the octahedral holes. The 
spheres in the third layer are not in line with those in layer A and the structure does not repeat until 
a fourth layer is added. The fourth layer is the same as the first layer and so, the arrangement of 
layers is ABC, ABC and so on.

  Related Theory
  3 dimensional arrangement in ccp lattice

A

B

C

C

A

A

A

B

Cubic

Cubic close

packing

fcc

  (C) (c) Unit cell
Explanation: The unit cell is defined as the smallest repeating unit having the full symmetry of the 
crystal structure.

  Related Theory
 	 A	unit	cell	can	either	be primitive	cubic,	body-centred	cubic	(BCC)	or	face-centred	cubic	(FCC).

  (D) (b) 52.4%

Explanation: Hence, packing effciency  =  %Volume of cubic unit cell
Volume of one particle 100×

  = %
r
r

8
3
4

100×3

3π 

  = %6
1 100×π 
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  = %6
1

7
22 100× ×

  = 52.4%
OR

  (c) 14
Explanation: A lattice system is a class of lattices with the same set of lattice point groups, which 
are subgroups of the arithmetic crystal classes. The 14 Bravais lattices are grouped into seven 
lattice systems: triclinic, monoclinic, orthorhombic, tetragonal, rhombohedral, hexagonal, and cubic.

  Related Theory
 	 14	possible	Bravais	 lattices	differ	 in	 their	cell	 length	and	angle	 relationships. For	example:	 iron	has	a	body-centered	

cubic	structure;	copper	has	a	face-centered	cubic	structure	etc.

 2. (A)  (a)		 Assertion	 and	 reason	 both	 are	 correct	 statements	 and	 reason	 is	 correct	 explanation	 for	 
 assertion.
Explanation: In strongly acidic medium, aniline is protonated, so  lone pair of electrons are not 
available to produce mesomeric or electromeric effect; thus, aniline becomes less  reactive 
towards electrophilic reagents.
(B)  (c) Assertion is correct statement but reason is wrong statement.
Explanation: Benzene diazonium salts are soluble in water because they are ionic in nature.
(C)  (a)	 Assertion	 and	 reason	 both	 are	 correct	 statements	 and	 reason	 is	 correct	 explanation	 for	

assertion.
Explanation: Due to -I effect of F-atom; it withdraws electrons from NH3

+ group. As a result, electron 
density in the N—H bond of p-fluoroanilinium ion decreases and hence release of a proton from 
p-fluoroanilinium ion is much easier than from anilinium ion. Thus, p-fluoroanilinium ion is more 
acidic than anilinium ion.

OR

  (b)	 Assertion	 and	 reason	 both	 are	 correct	 statements	 and	 reason	 is	 not	 correct	 explanation	 for	
assertion.
Explanation: Amine group is ortho and para-directing, hence it directs the SO3 electrophile to 
ortho- and para positions.
(D) (d) Assertion is wrong statement but reason is correct statement.
Explanation: Isocyanide test is used to distinguish primary amines from secondary and tertiary 
amines. Primary amines give foul smelling carbylamines or isocyanides on heating with chloroform 
and alc. KOH.

 3. (a) (CH3CH2)2NCH3–N-Ethyl-N-methylethanamine
Explanation: The IUPAC name represents a tertiary amine with two ethyl groups and one methyl 
group.

OR
(b)	 A	:	SOCl2	 ;	B	:	NH3	 ;	C	:	Br2	/KOH
Explanation: X is CH3CH2COCl ; Y  = CH3CH2CONH2 ; Z  = CH3CH2NH2

 4. (c)	 m-nitrobenzoic	acid
Explanation: 

COOH

Conc. HNO2

COOH

NO2

Conc. H SO2 4
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OR
(b) nucleophilic addition
Explanation: A cyanohydrin reaction is an organic chemical reaction by an aldehyde or ketone 
with a cyanide anion or a nitrile to form a cyanohydrin.  This nucleophilic addition is a reversible 
reaction but with aliphatic carbonyl compounds equilibrium is in favour of the reaction products. 
The cyanide source can be potassium cyanide, sodium cyanide or trimethylsilyl cyanide.

  Related Theory
  Reaction mechanism

O

C

R
1

[ : C N]≡

R
2

O

C

R
1

R
2

C

N

≡

OH

C

R
1

R
2

CN

H
+

 5. (d)  108.0 g

Explanation: Since 22400ml is occupied by 1 mole of O2 at STP.
 5600 ml = 224005600  mol O2  = 41  mol O2 
 Weight of Oxygen  = 41 × 32  = 8 g
 Equivalent of Ag  = Equivalent of O2 
   = Equivalent Weight of Ag 
   = Equivalent Weight of O2 
\  WA  = Mo2 Wo2 × MA

\  WA   = (328 ×4) × 108
 WA   = 108 g

 6. (c)	 The	order	of	a	reaction	is	always	equal	to	the	sum	of	the	stoichiometric	coefficients of	reactants	 
	 in	the	balanced	chemical	equation	for	a	reaction.

  Related Theory
 	 Order	and	Molecularity	are	the	two	closely	related	terms	in	the	context	of	the	chemical	reactions	to	know	the	change	

in	the	concentrations	of	the	reactants	and	products	with	the	change	in	time	but	they	are	different	the	Molecularity	of	
the	reaction	 	 is	 the	number	of	molecules	that	come	together	to	react	 in	an	elementary	 (single-step)	reaction	and	 is	
equal	to	the	sum	of	stoichiometric	coefficients of	reactants	in	this	elementary	reaction	whereas	order	of	the	reaction	
is	the		sum	of	the	concentration	powers	given	in	the	rate	law.

OR
(c) 1155
Explanation:  t1/2 = 0.693/k
   = 0.693/6 x 10–4

   = 0.1155 x 10–4 = 1155

 7. (b) 26
Explanation: In oxidation an element loses its electrons, and since given configuration is of an 
element which is already oxidized, actual configuration will be  [Ar]3d64s2. Hence, atomic number 
will be 18 + 6 + 2  = 26. This is Fe having atomic number 26.

 8. (a)  benzyl	alcohol	+	sodium	formate

Explanation: C6H5CHO + HCHO ( .)NaOH conc  C6H5CH2OH + HCOONa
It is crossed Cannizzaro’s reaction.

 9. (a)		Benzene
OR
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(b)	Wurtz-Fittig	reaction
Explanation: In the Wurtz-Fittig reaction chlorobenzene is treated with Na in dry ether to form 
diphenyl.

2Na + R—I + Br R + NaBr + Nal

 10. (a)	Thymine
Explanation: There are two types of bases namely Purines and Pyrimidines. Adenine and Guanine 
are purine bases present in DNA but the pyrimidine base uracil is present in RNA whereas the base 
thymine is present in DNA. 

 11. (b)	 Hypertonic
Explanation: A solution having higher osmotic pressure than its standard solution is said to be 
called hypertonic solution. A solution having a lower osmotic pressure relative to its standard 
solution is called hypotonic solution. Solutions which have the same osmotic pressure as that of its 
standard solutions are termed as isotonic or iso-osmotic solutions.

 12. (c) Assertion is correct statement but reason is wrong statement.
Explanation: R ∝ l/A, hence it increases with increase in the length of the object and decreases 
with increase in its area of cross-section. Thus, assertion is correct statement, but reason is wrong 
statement. Thus, assertion is correct statement, but reason is wrong statement.

 13. (a)	 Assertion	and	reason	both	are	correct	statements	and	reason	is	correct	explanation	of	assertion.
Explaination: Superoxide of alkali metals is paramagnetic due to the presence of unpaired electron. 
Thus, assertion and reason both are correct statement and reason is the correct explanation of the 
assertion.

 14. 	(a)	Assertion	and	reason	both	are	correct	statements	but	reason	is	correct	explanation	of	assertion.
Explanation:  Order of the following elementary reaction 2NO(g) + 2H2(g) → 2H2O(g) + N2(g) is 
4. As we know that order of the elementary reaction with respect to given reactant is the power 
of the reactants concentration in the rate equation. Thus, assertion and reason both are correct 
statements, and reason is the correct explanation of the assertion.

 15. (d) Assertion is wrong statement but reason is correct statement.
Explanation: In weak-field ions the splitting due to the crystal field is unusually weak. Ligands that 
gives rise to large differences between the energies of the t2g and eg orbitals are called strong-field 
ligands. Thus, assertion is wrong statement, but reason is correct statement.

OR
(a) Assertion	and	reason	both	are	correct	statements	but	reason	is	correct	explanation	of	assertion.
Explanation: In [Ni (CN)4]2-, the Ni atom is dsp2 hybridised and is the low spin complex due to 
the presence of the strong field ligand CN– since in  an octahedral complex, when crystal filed 
energy (Δ) is large (strong field ligand), the electrons will first fill the lower energy d orbitals before 
any electrons are placed on the higher energy d orbitals because there is a minimal amount of 
unpaired electrons. Thus, assertion and reason both are correct statements, and reason is the 
correct explanation of the assertion.

  Related Theory
 	 If	the	energy	required	to	pair	two	electrons	is	greater	than	the	energy	cost	of	placing	an	electron	in	an	eg,	orbital	the	

crystal	 filed	 energy	 (Δ),  high	 spin  splitting	 occurs.	 So,	 one	 electron	 is	 put	 into	 each	of	 the	 five	 d	 orbitals	 before	 any	
pairing	occurs	in	accordance	with	Hund's	rule	resulting	in	the	high	spin	complexes.

 16. (a) Assertion	and	reason	both	are	correct	statements	and	reason	is	correct	explanation	of	assertion.
Explanation: The atomic number of Fe is 26 and thus Fe3+ ion contains five unpaired electrons 
whereas Fe2+ has four unpaired electrons which can be explained with the electronic configuration 
of two ions Fe2+.
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Atomic number of Fe  = 26
Electronic configuration of Fe, with 26 electrons
1s1 2s2 2p6 3s2 3p6 4s2 3d6

Fe3+ means (26 – 3) electrons
⇒ 23 electrons
Due to the fact that partially filled orbital configuration is stable enough,

we get Fe3+ = 1s2 2s2 2p6 3s2 3p6 4d0 3d5

SECTION - B
 17. (A) The factors affecting the rate of the chemical reaction are:

 (1) Concentration of the reaction.
 (2) Temperature of the reactants.
 (3) Presence of the catalysts.
 (4) Nature of the reactants.
 (5) Surface area.
 (6) Exposure to the radiations. 

(B)  Given Ea  = o

 From the equation: log k2/k1 = Ea/ 2.303 R [T2–T1]/T1T2

  log k2/k1  = 0                     [Since Ea  = 0]

  Thus, k2/k1 = 1

  k2 = k1  = 1.6 x 106 s–1

 18. In a nucleoside the sugar moiety is attached to phosphoric acid at 5′-position to form a nucleotide.  
Nucleotides (two molecules) are joined together by phosphodiester linkage between 5′ and 3′ 
carbon atoms of pentose sugar to form dinucleotide.  Phosphoric acid is involved in the formation 
of this linkage.

– 2O—P—O—CH

5'
O NH

N

OH

O–

O

OH

N

N NH2

Ophosphoester
bond

Guanosine 5' monophosphate

(5'-GMP)

(Guanylic acid)
a"nucleotide"

OR

(A) The nucleic acid base, Guanine, has two possible binding sites.

(B) Three bases. The four bases in m-RNA: adenine, cytosine, guanine, and uracil have been shown 
to act in the form of triplet; each triplet behaving as a code for the synthesis of a given amino 
acid.
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 19. Henry’s law: The mass of a gas dissolved in a given volume of the liquid at constant temperature 
is directly proportional to the pressure of the gas present in equilibrium with the liquid. 
The dissolution of a gas in a liquid is an exothermic process, that is, it is accompanied by the 
evolution of heat. Thus, 

Gas + solvent ?  solution + heat
Applying Le Chatelier’s principle, the increase of temperature would shift the equilibrium in the 
backward direction, that is, solubility would decrease. Therefore, gases always tend to be less 
soluble in liquids as the temperature is raised.

OR
(A) Ideal solutions follow Raoult’s law over entire range of concentrations. The enthalpy and volume 

of mixing of the pure components to form a solution are zero- Δmix H  = 0; Δmix V = 0
(B) Osmosis is the phenomena partly responsible for water movement from soil to plant roots and 

subsequently upper portions of plants.

 20. (A)  The electrode reactions along with the standard electrode potentials can be written as follows-

 2H+ (aq) + 2e– → H2 E° = 0.00 V

 Cl2(g) + 2e– → 2Cl–(aq) E°  = +1.36 V

 From the standard electrode potentials, we see that the reduction of Cl2 is more spontaneous 
than that of H2. Hence, the latter will be taken as the R.H.E. the cell is, therefore, represented as

            Pt; H2 (g), H+(aq) Cl– (aq), Cl2(g); Pt

 Subtracting Eq. (i) from Eq. (ii), we get

 H2 (g) + Cl2 (g) → 2H+ (aq) + 2Cl– (aq) as the cell reaction and 

 E° = 1.36 = 1.36 V as the cell potential.

(B) Salt bridge is used to separate the two half of the cells in the electrolytic cell so that the two 
cells do not mix with each other.

 21. (A) Hydrolysis of sucrose gives glucose and fructose

C12H22O11 + H2O H+  C6H12O6      +      C6H12O
                                   Sucrose                      Glucose                Fructose
                             (dextro – rotatory)     (dextro – rotatory)  (leavo – rotatory)
                                        + 66.5°                      + 52.5°                  – 92°
                                                               (leavo – rotatory)
(B) The product mixture obtained  has the opposite direction of optical rotation as the original sucrose 

(reactant ), which is why hydrolysis of sucrose is called inversion of sugar.
OR

(A) Hydrogen bonding.
(B) Nucleoside contains heterocyclic base and sugar, e.g. Adenosine. Nucleotide contains hetero-

cyclic base, sugar and phosphoric acid residue, e.g. Adenosine triphosphate (ATP).

 22. (A)  When phenol is treated with bromine water, white precipitate is of 2, 4, 6-tribromophenol 
obtained. 

OH

+ 3Br2

OH

Br
H O2

Br

Br
Phenol

(White ppt.)

(2,4,6-Tribromophenol)
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(B) When propan-2-one reacts with methyl magnesium iodide, tert-butyl alcohol is formed.

CH —C—CH +   CH Mgl3 3 3

O

CH —C—CH3 3 CH —C—CH +   Mg(I)OH3 3
Ether H O2

H+

CH3

CH3

CH3

CH3

Addition product tert-Butyl alcohol

(2-Methylpropan-2-ol)

 23. Note: There is a misprint in the question, the correct question is as follows:
   p-Dichlorobenzene has higher melting point than those of o– and m– isomers. Why?

The molecules of p-isomer being more symmetrical and are closely packed in the crystal lattice 
so that it has strong inter molecular force of attraction than the ortho and meta isomers. During 
melting, the crystal lattice breaks, therefore more energy is required to melt as compared to o– and 
m– isomer. Thus p-Dichlorobenzene has higher melting point than those of o– and m– isomers.
Explanation: As the figure given below shows the symmetry of the three types of the molecules 
namely ortho, meta and para thus the higher the symmetry strong is the molecular force of 
attraction holding the atoms in the molecule tightly which in turn results in high melting point.

X

Para Ortho Meta

X

X

X

X

X

 24. (A)  From titanium to copper the atomic size of elements decreases and mass increases as a result 
of which density increases.

(B) The catalytic properties of the transition elements are due to the presence of unpaired electrons 
in their incomplete d- orbitals and variable oxidation states.

 25. (A)  Tyndall effect is observed when a beam of light is passed through a colloidal solution.)
(B) In true solution, the diameter of the dispersed particles is much smaller than the wavelength 

of the light used, hence there is no scattering of light.

SECTION - C
 26. Given

 Molar mass of CaCl2 (MB) = 111 g/mol
 Weight of water (WA) = 500 g
 Kf for water  = 1.86 K kg/mol
 DTf = 2 K

Formula: DTf = ×
× ×
W M

K W 1000
A
B

e
f

Solution:  DTf = 
× ×
W M

K W 1000
×A B

Bf

 2 = 
. × ×W

500 111
1 86 1000

×
B

 WB = .1 86 1000
2 500 111

×
× ×   = 59.68

Amount of CaCl2 required  = 59.68 g
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OR
Let us designate benzene by subscript A and toluene by subscript B—
In solution,  xA = 0.40 and hence xB= 0.6 (because xA+ xB = 1)
 pA = xAp°A  = (0.40) (184.0 torr)  = 73.6 rtorr
 pB = xBp°B = (0.60) (59.0 torr) = 35.4 torr
 P = pA+ pB = 73.6 torr + 35.4 torr = 109.0 torr

 27. (A)  Since fluorine is the most electronegative element and does not have d-orbitals in its valence 
shell, therefore, it cannot expand its octet and hence does not show positive oxidation state 
(O.S.) while other halogens have d-orbitals and therefore exhibit many oxidation states.

(B) As the stability of +3 oxidation state increases down the group due to inner pair effect, therefore 
being the last member of the 15 th group Bi (V) gets easily reduced by taking 2 electrons and 
attains more stable state i.e., Bi(III) hence better oxidizing agent than Sb(V).

(C) Halogens have maximum negative electron gain enthalpy in the respective period due to their 
small size and higher effective nuclear charge. Due to these two parameters halogens easily 
gain one electron to complete their octet and attain Noble gas configuration.

OR
(A) H2S is more acidic than H2O because the size of S-atom is greater than O-atom. The S–H bond 

dissociation energy is lower than O–H bond and thus S-H bond in H2S is weaker as compared 
to O–H bond in water.

(B) Fluorine is the halogen which exists only in -1 oxidation state.
(C) As the halogen atoms get bigger, any bonding pair gets further and further away from the 

halogen nucleus, and so is less strongly attracted towards it and in going down the Group, the 
elements become less electronegative.

  Related Theory
  H2S	 is	more	acidic	 than	H2O	because	 the	 release	of	 the	H+	 ion	 from	H2S	 is	 easy	and	 that	of	 the	H+	 ion	 from	H2O	

molecule	is	not	easy	because	of	the	strong	intra-molecule	bonding	between	the	water	molecules.

 28. (A) (i) Benzyl Chloride (Ph−CH2 Cl) on reaction with AgNO3 form AgBr 

 Chlorobenzene on reaction with AgNO3 gives no reaction.
(ii) Ethyl alcohol on iodoform test gives yellow precipitate.

C2H5OH + NaOI → CHI3 (yellow ppt) + HCOONa
 Bromoethane  gives no reaction.

(B) Since KCN is an ionic compound and it reacts with alkyl halides (R—X) to give alkyl cyanides 
(Alkane nitriles).

 R—X + KCN .   R—C → N + KX
 CN– ion is an ambient nucleophile. Here the donor atom is C- atom and linked with C-atom of 

alkyl groups, producing alkane nitriles.
 C ≡ N ↔ : C  = N

 

29. (A) (i)

 

CH CH Cl3 2 CH CH C N    +   NaCl3 2 ≡

CH CH C N3 2 ≡ CH CH CH NH3 2 2 2

NaCN

reduction

Ni/H2

Chloroethane Propanenitrile (A)

Propanamine (B)(A)

(ii)

 

N=NC H NH6 5 2 C H N Cl6 5 2
NaNO /HCl2

273-278 K

C H NH6 5 2

OH
–

Benzene diazonium

chloride (A)
P-Amino azobenzene

(B)

NH2
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(B) Due to electron releasing inductive effect (+I) of alkyl group, the electron density on the nitrogen 
atom increases and thus, it can donate the lone pair of electrons more easily than ammonia.

 30. (A) Potassium hexafluoride nickalate (II)
(B) Dichlorido bis-(ethylenediammine) Cobalt (II)
(C) Sodium aqua dihydroxo cobaltate (II)

SECTION - D
 31. (A) Given k2  = 8 × 10–2, k1  = 2 × 10–2, T1 = 300, K, T2 = 320 K

 log k
k
1

2  = . R
E

T T2 303
1 1–a
1 2
c m

  ⇒ log
2 10
8 10

×
×

2

2

–

–
 = .

E
2 303 8314 300

1
320
1

× –a b l

  ⇒ log 4 = .
E

19 147 300 320
20× ×

a

  ⇒ Ea = 20
19.147 0.6021 300 320× × ×  [Q log 4  = 0.6021]

  = 1000
19.147 0.6021 4800 kJmol× × 1–

  ⇒ Ea = 55.3364 kJ mol–1

(B) Since molecularity is number of colliding molecular entities that are involved in a single 
reaction step. Since complex reaction is broken into simpler elementary reaction therefore 
the molecularity can be written for only elementary reaction not for complex reactions but 
order of complex reaction depends upon the molecularity of the slowest step. Hence it is not 
meaningless to talk of the order of a complex reaction.

OR

(A)  k = 2.303/t log [R]/[R0]

   = 2.303/30 log 0.60/0.30

    = 2.303/30 × 0.301

    = 2.31 × 10–2 s–1

 Since k is constant, it shows that it follows pseudo first order reaction.
(B)  Initial Rate  = k[A][B]2 
 If the concentration of ‘B’ is doubled,
 Rate  = k[A][2B]2  = 4K[A][B]2

 Hence, the rate of the reaction becomes four times because it is a second order reaction w.r.t. 
B.  

 

32. (A)

 

(i)

 

H—O—S—O—O—S—O—H

— — — —

— — — —

O O

O O  

(ii)

 

— —

O

—— ——OO

Cl

O H

 

(iii)

 

P

O

HO
OH

OH   
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(B) Nitrogen is relatively inert as compared to phosphorus because P -P single bond is much 
weaker than N /  N triple bond and the bond length of nitrogen is small and bond dissociation 
energy is very large which makes it inert and unreactive and thus, phosphorus becomes more 
reactive.

OR

(A) (i) Ca3P2  +  H2O →  2PH3  +  3Ca(OH)2

 (ii) XeF2  +  PF5 →  [XeF]+  +  [PF6]–

 (iii) XeF2  +  H2O →  2Xe(g)  +  4PF(aq)  +  O3(g)

(B) BiH3 is stronger reducing agent because of its tendency to liberate the maximum number of 
hydrogen atoms.

(C) The ionization energy decrease down the group since the electron to be removed is away 
from the nucleus due to which its grip on the electron is less and thus, the ionisation energy 
decreases.

 33. (A)  A chemical test that is most commonly used for the identification of primary, secondary and 
tertiary amines is called the Hinsberg’s test. An amine in the presence of an aqueous alkali 
interacts with a Hinsberg’s reagent. After the reaction, the following observations are observed:

(1) Primary amine forms alkyl benzene sulphonamide which dissolves in alkali to form sodium 
or potassium salt of mono alkyl benzene sulphonamide.

S Cl

O

O

+ H N C H2 5

H

S N

O

O

+ HClC H2 5

H

N-Ethylbenzenesulphonamide

(2) Secondary amine forms alkyl sulphonamide which does not form salt with alkali and hence 
remains insoluble (solid) in alkali solution.

S Cl

O

O

+ H N C H2 5 S N

O

O

+ HClC H2 5

C H2 5 C H2 5

(3) Tertiary amines does not react with Hinsberg's reagent because of the absence of the 
acidic hydrogen in the tertiary amines.

(B) (i) Carbylamine reaction: Alphatic and aromatic primary amines on heating with chloroform 
and ethanolic KOH form isocyanides or carbylamines which are foul smelling substances. 
This reaction is known as carbylamines reaction.

  

 (ii) Hofmann’s bromamide reaction: Primary amines can be prepared by treating an amide 
with Br2 in an aqueous or alcoholic soln of NaOH.

    

R — C — NH + Br + 4NaOH2 2 R — NH + Na CO + 2NaBr + 2H O2 2 3 2

— —

O
Amide

Primary amide
Alkanamine
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OR
(A) (i)

  

NH2

CH3

HNO + HCl2

0.5°C

HBF4

∆

N Cl2

CH3 CH3

N BF2 4

3-methyl aniline Cu NaNO2∆

NO2

CH3

3-Nitro toluene

 

(ii) NH2 OH

Aniline

�

NHO2

�

Zn

NO2

NO2NO2

HNO3

Phenol Benzene
1, 3, 5-Trinitro benzene 

 

(iii) NH2

Aniline

3Br2

NO2

Br

2, 4, 6-Tribromo Aniline

Br

Br

+ 3HBr

(B)

 

NO2

Br

2, 4, 6-Tribromo Aniline

Br

Br

+  3HBr(ii) C H NH +  Br (aq)6 5 2 2

(i) C H N Cl  +  HPO +  H O6 5 2 2 2 C H + N +  H PO +  HCl6 5 2 3 3

Benzene
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