
 

 
 

 

PHYSICS CHEMISTRY MATHS 

1 b 14 a 26 a 39 b 51 b 64 d 

2 d 15 d 27 d 40 c 52 c 65 d 

3 a 16 c 28 d 41 a 53 a 66 b 

4 a 17 a 29 c 42 d 54 d 67 a 

5 d 18 a 30 a 43 d 55 a 68 a 

6 b 19 a 31 d 44 d 56 b 69 d 

7 c 20 c 32 c 45 c 57 a 70 b 

8 d 21 6 33 a 46 5 58 c 71 1 

9 b 22 363 34 a 47 6 59 a 72 18 

10 a 23 300 35 b 48 4 60 b 73 8 

11 c 24 20 36 d 49 6 61 c 74 81 

12 b 25 6 37 a 50 3 62 c 75 2 

13 d   38 a   63 d   

 

HINTS  

1. 

 
When a non-wetting liquid is placed in a capillary tube, the liquid molecules have a stronger attraction 

to each other (cohesive forces) than to the surface of the tube (adhesive forces). This results in the 

liquid forming a convex meniscus, curving upwards within the tube.  

 

2. d) Propelling force provided to an aeroplane by its propellers 

Why: a & b are classic Bernoulli applications (pressure decreases where speed is higher). Propeller 

thrust is mainly from momentum change of air (Newton’s 3rd law), not Bernoulli. 

Bernoulli's principle is about the relationship between fluid speed and pressure, where higher speed 
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leads to lower pressure. The lift of an airplane wing, the operation of a venturimeter, and the effect of 

blowing over paper are all based on this principle. However, the propelling force of an airplane 

propeller is primarily due to its design and interaction with air, not the pressure difference caused by 

fluid speed.  
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14. 

 

15. 

 
OR 

Capillary rise in a truncated cone (frustum) 
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17. 

 

18. a) In steady flow of incompressible liquid rate of flow remains constant i.e., V = av = const. This is 

equation of continuity. 

When pipe is placed vertically upward velocity of flow decreases with height so area of cross section 

increases and when pipe is placed vertically downward velocity of flow increases in downward 

direction so area of cross section decreases i.e., it becomes narrower. 
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28 Both Si and B are in the same group 13 of the periodic table (though Si is actually in group 14, 

so this is tricky; let's clarify the usual reasoning). 

Actually: 

• Silicon (Si) is in group 14. 

• Boron (B) is in group 13. 

But Si often shows some chemical similarity with boron because of similar electronegativity (EN) and 

chemical behavior in forming covalent bonds. 

Checking each option: 

a) Similar values of atomic radii? 

• Atomic radius of B ≈ 0.87 Å 

• Atomic radius of Si ≈ 1.11 Å 

They are not very close, so this is not strongly similar. 

b) Similar values of electronegativity (EN)? 

• EN of B ≈ 2.04 (Pauling scale) 

• EN of Si ≈ 1.90 

These are relatively close, indicating similarity in bonding behavior. 

c) Similar value of Ionization Energy (IE)? 

• IE of B ≈ 8.3 eV 

• IE of Si ≈ 8.15 eV 

These are quite close, indicating similar ease of losing electrons. 

Conclusion: 

• Both electronegativity (EN) and ionization energy (IE) are quite similar. 

• Atomic radius is less similar. 

So, the best answer is:d) All of the above (since some atomic radius similarity exists, plus EN and IE 



 

similarities). 

Answer: d) All of the above 
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Let's analyze the given equilibrium reaction and the conditions affecting it: 

C(s)diamond⇌C(s)graphite+heat 

• ΔH = -1.9 kJ/mole, meaning the reaction is exothermic in the forward direction (diamond to 

graphite). 

• Density of diamond = 3.5 g/cm³ 

• Density of graphite = 2.3 g/cm³ 

Understanding the problem: 

1. Effect of temperature: 

o Since the forward reaction is exothermic (releases heat), increasing the temperature 

will favor the reverse reaction (Le Chatelier's Principle), shifting equilibrium toward 

diamond. 

o Decreasing temperature favors the forward reaction (toward graphite). 

2. Effect of pressure: 

o Higher density means lower volume for the same mass. 

o Diamond has higher density (3.5 g/cm³) than graphite (2.3 g/cm³), so diamond occupies 

less volume than graphite. 

o Increasing pressure favors the side with lower volume, which is diamond. 

o Decreasing pressure favors graphite. 

To shift the equilibrium to the left (towards diamond): 

• Low temperature favors the forward reaction (towards graphite), so not good. 

• High temperature favors diamond (left), good. 

• High pressure favors diamond (left), good. 

• Low pressure favors graphite (right), not good. 

Thus, the equilibrium shifts to the left (diamond) at high temperature and high pressure. 

Correct answer: c) High temperature and high pressure  
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Explanation: 

• Aluminium (Al) is usually found in the +3 oxidation state. 

• Thallium (Tl), a heavier group 13 element, shows both +1 and +3 oxidation states. 

Why? 

The reason is the Inert Pair Effect: 

• The inert pair effect is the tendency of the outermost s-electrons (the "inert pair") to remain 

non-ionized or unshared in heavier elements, especially in groups 13-16. 

• In heavier elements like Thallium, the 6s electrons are held more tightly due to poor shielding 



 

by the d and f electrons. 

• This makes the +1 oxidation state (where the s-electrons remain paired and un-ionized) more 

stable than +3. 

• In lighter elements like Aluminium, the +3 state is more common because the s-electrons are 

easily ionized. 

Other options: 

• Diagonal relationship: Similarity between diagonally adjacent elements in the periodic table; 

not relevant here. 

• Lattice effect: Concerns lattice energy and solid-state stability. 

• Lanthanide contraction: Related to decrease in atomic size across lanthanides, affecting 

elements beyond, but not directly the oxidation states of Tl or Al. 

Correct answer: a) Inert pair effect 
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Options: 

• Graphite: Carbon atoms arranged in planar sheets with sp² hybridization. The C–C bond length 

is about 0.142 nm. 

• C70: A fullerene molecule, similar to C60 but elongated. Fullerenes have curved structures 

with sp² hybridized carbon atoms, bond lengths typically around 0.139–0.145 nm. 

• C60: Buckminsterfullerene, spherical molecule made of 60 carbon atoms, also with sp² 

hybridization and bond lengths around 0.139–0.145 nm. 

• Diamond: Carbon atoms arranged in a 3D tetrahedral lattice with sp³ hybridization. The C–C 

bond length here is longer than in graphite, about 0.154 nm. 

Conclusion: 

• The C–C bond length is longest in diamond due to the tetrahedral sp³ bonds. 

• Graphite and fullerenes (C60 and C70) have shorter bond lengths due to sp² bonding. 

Correct answer: 
d) Diamond 

32 The nature of electrons in graphite: 

• Each carbon atom in graphite is sp² hybridized. 

• Three sp² orbitals form strong σ-bonds with three neighboring carbon atoms in the plane. 

• The fourth valence electron is in an unhybridized p-orbital, perpendicular to the plane. 

• These p-orbitals overlap side-by-side across the lattice, forming a delocalized π-electron cloud 

that is spread over the entire layer. 

• These delocalized electrons are not localized on individual atoms or specific bonds but are 

spread out over the graphene layers, allowing electrical conductivity. 

So, the electrons are: 

• Not localized on each carbon atom (eliminates option a) 

• Not localized on every third carbon atom (no such localization) 

• Not in antibonding orbitals (they are in bonding/delocalized π orbitals) 

• They are delocalized (spread out) over the structure 

 



 

Answer: c) Spread out between the structure 
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Statement (I): SiO₂ and GeO₂ are acidic while SnO and PbO are amphoteric in nature. 

• SiO₂ and GeO₂ are indeed acidic oxides. 

• SnO and PbO are well-known amphoteric oxides. 

So, Statement (I) is true. 

Statement (II): Allotrophic forms of carbon are due to property of catenation and pπ - dπ bond 

formation. 

• Carbon exhibits catenation, meaning it can form strong C–C bonds leading to various 

allotropes (diamond, graphite, graphene, fullerenes). 

• The pπ - dπ bond formation is not relevant for carbon allotropes since carbon has no accessible 

d orbitals. 



 

• So, this part of the statement is incorrect for carbon. 

Thus, Statement (II) is false.  

Final Conclusion: 

• Statement I: True 

• Statement II: False 

Correct option: d) Statement I is true but Statement II is false 

37 Bond strengths (approximate bond dissociation energies in kJ/mol): 

• Si–Si: ~226 kJ/mol 

• Si–O: ~452 kJ/mol 

• Si–Cl: ~381 kJ/mol 

• Si–H: ~318 kJ/mol 

Analysis: 

• Si–O bond is the strongest due to strong covalent bonding and electronegativity difference. 

• Si–Cl is stronger than Si–H but weaker than Si–O. 

• Si–H bond is stronger than Si–Si. 

• Si–Si bond is the weakest because it is a single bond between two relatively large atoms with 

less overlap. 

Answer: a) Si – Si is the weakest bond.  
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Lewis acid behavior: 

• A Lewis acid accepts an electron pair. 

• Tetrahalides of group 14 elements can act as Lewis acids by accepting electron pairs because 

the central atom can expand its octet or has vacant orbitals. 

Tetrahalides given: 

a) CCl₄ (carbon tetrachloride) 

b) SiF₄ (silicon tetrafluoride) 

c) GeCl₄ (germanium tetrachloride) 

d) SnCl₄ (tin tetrachloride) 

Analysis: 

• CCl₄: Carbon is small, and the 2p orbitals do not expand the octet easily; CCl₄ is very stable 

and does not act as a Lewis acid. 

• SiF₄, GeCl₄, and SnCl₄: Heavier elements from group 14 with available d orbitals can accept 

electron pairs, acting as Lewis acids. 

Correct answer: a) CCl₄ 
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Structure of C₆₀: 

• C₆₀ is a spherical molecule made of 60 carbon atoms. 

• It resembles a soccer ball, consisting of: 

o 12 five-membered rings 

o 20 six-membered rings 

• Each carbon is sp² hybridized and forms three sigma (σ) bonds. 

• The five-membered rings are arranged so they are only adjacent to six-membered rings. 

• Six-membered rings are adjacent to both six-membered and five-membered rings. 

Let's evaluate each option: 

a) It contains 12 six–membered rings and 24 five–membered rings, Incorrect 

• Actually, C₆₀ contains 12 five-membered rings and 20 six-membered rings. 

• So this statement is wrong. 

b) The six-membered rings are fused to both six and five-membered rings, Correct 

• This is true based on the structure. 

c) Each carbon atom forms three sigma bonds, Correct 

• All carbons are sp² hybridized forming three σ bonds. 

d) The five-membered rings are fused only to six-membered rings,  Correct 

• No two five-membered rings are adjacent; they are surrounded by six-membered rings. 

Correct answer (i.e., incorrect statement): 
a) It contains 12 six–membered rings and 24 five–membered rings 
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Options analysis: 

• a) GeO, CO — CO is acidic, not amphoteric. So NO. 

• b) SiO₂, GeO₂ — SiO₂ is acidic, GeO₂ is weakly amphoteric. So NO (SiO₂ excluded). 

• c) SnO₂, CO — CO is acidic, so NO. 

• d) SnO₂, PbO₂ — both amphoteric, so YES. 

 
 Correct answer: d) SnO₂, PbO₂ 
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Statement I: In group 13, the stability of +1 oxidation state increases down the group. 

• This is true. 

• Due to the inert pair effect, heavier elements like Tl show increased stability in the +1 

oxidation state compared to lighter elements (like B and Al), which mostly prefer +3. 

• So, stability of +1 state: B < Al < Ga < In < Tl (increases down the group). 

Statement II: The atomic size of gallium is greater than that of aluminium. 

• This is incorrect. 

• Due to lanthanide contraction, gallium's atomic size is actually slightly smaller or very 

close to aluminium’s atomic size, despite being below aluminium in the group. 

• The expected trend (increasing size down the group) is disturbed here. 

Correct option: d) Statement I is correct but Statement II is incorrect 
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About Graphite: 

• Graphite has a layered structure. 

• Each layer is made of carbon atoms arranged in hexagonal rings. 



 

• Within each layer, carbon atoms are bonded strongly by covalent bonds (sp² hybridized). 

• Between layers, the bonds are weak van der Waals forces, allowing layers to slide easily — 

this is why graphite is a good solid lubricant. 

• Despite being soft due to easy sliding of layers, melting is difficult because breaking strong 

covalent bonds inside layers requires a lot of energy. 

Evaluate options: 

a) An allotropic form of diamond 

• Incorrect; graphite and diamond are allotropes but graphite is not an allotrope of diamond. 

• They are both allotropes of carbon, but the statement is misleading. 

b) Has molecules of variable molecular masses like polymers 

• Incorrect; graphite is not made of discrete molecules, it is a network solid. 

c) Has carbon atoms arranged in large plates of rings of strongly bound carbon atoms with weak 

interplate bonds 

• Correct; matches the layered structure with strong covalent bonds in layers and weak forces 

between layers. 

d) A non-crystalline substance 

• Incorrect; graphite is crystalline with a well-defined layered hexagonal structure. 

Correct answer: c) Has carbon atoms arranged in large plates of rings of strongly bound carbon atoms with 

weak interplate bonds 
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Structure details: 

• Trialkyl aluminium dimers, e.g., (Al₂(CH₃)₆), have two aluminium atoms bridged by two 

methyl groups. 

• Each bridging methyl carbon forms 3-center-2-electron (3c-2e) bonds with two aluminium 

atoms. 

• The carbon is bonded to: 

o Two Al atoms (bridging bonds) 

o Three hydrogens (part of the methyl group) 

Coordination number: 

• Coordination number counts the number of atoms directly bonded to the atom of interest 

(carbon in this case). 

• For the bridging carbon: 

o Bonded to 2 Al atoms (bridging) 

o Bonded to 3 H atoms (its own methyl hydrogens) 

• Total atoms bonded to carbon = 2 Al + 3 H = 5 



 

So, 

Coordination number of bridged carbon = 5 

Summary: 

• The bridged carbon is pentacoordinate (bonded to 5 atoms). 

• The 3c-2e bond involves sharing electrons between 2 Al atoms and 1 carbon. 

• The carbon retains its usual bonds to hydrogens as well. 

 

Final answer: The coordination number of bridged carbon in trialkyl aluminium dimers is 5. 

47 

 

Diamond structure: 

• Diamond consists of carbon atoms tetrahedrally bonded to four other carbon atoms via sp³ 

hybridization. 

• The structure is a 3D network solid formed by repeating units of tetrahedrons. 

• The carbon atoms in diamond form rings of certain sizes — these are called homocyclic rings 

(rings containing only carbon atoms). 

Number of carbon atoms in each ring: 

• In diamond, the smallest rings formed are 6-membered rings. 

• These rings are not planar but puckered because of the 3D tetrahedral bonding. 

• The diamond lattice consists of 6-membered rings connected in a 3D network 

Final answer: The number of carbon atoms in each ring in diamond is 6. 
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Background: 

• Be(BH₄)₂ is known to form dimeric or polymeric structures where BH₄⁻ groups bridge between 

Be atoms. 

• The bridging involves 3c-2e bonds with hydrogen atoms acting as bridges between two boron 

atoms or between boron and beryllium. 

• Each bridging hydrogen forms a 3-center-2-electron bond. 

 

Structure of Be(BH₄)₂: 

• Be is coordinated by tetrahydridoborate (BH₄⁻) groups. 

• Typically, Be(BH₄)₂ exists as a dimer with two BH₄ groups bridging between two Be atoms. 



 

• In the dimer, each BH₄ group shares hydrogens that act as bridges. 

Counting 3c-2e bonds: 

• Each bridging BH₄⁻ contributes two bridging hydrogens, each forming one 3c-2e bond. 

• Since there are two bridging BH₄ groups, total number of 3c-2e bonds = 4. 

Final answer: The number of 3c-2e bonds (hydrogen bridges) in Be(BH₄)₂ is 4. 
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Structure of boric acid: 

• Boric acid, B(OH)₃, has three hydroxyl (–OH) groups attached to boron. 

• The molecule is planar, with each –OH group capable of hydrogen bonding. 

Hydrogen bonding in boric acid: 

• Each hydroxyl (–OH) group has one hydrogen atom capable of forming a hydrogen bond as a 

donor. 

• Each oxygen atom in –OH can also act as a hydrogen bond acceptor (lone pairs). 

• Importantly, in solid-state boric acid, molecules form cyclic trimers linked by hydrogen bonds. 

Number of hydrogen bonds per boric acid molecule: 

• Each molecule has 3 –OH hydrogens (donors). 

• Each molecule has 3 oxygen atoms (acceptors). 

• Each molecule can form up to 6 hydrogen bonds: 3 as donor + 3 as acceptor. 

 
Final answer: Each boric acid molecule can form 6 hydrogen bonds in total. 
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69 Answer: D 
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