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Instructions

Instructions

1. Test will auto submit when the Time is up.

2. The Test comprises of multiple choice questions (MCQ) with one or more correct
answers.

3. The clock in the top right corner will display the remaining time available for you to
complete the examination.

Navigating & Answering a Question

1. The answer will be saved automatically upon clicking on an option amongst the
given choices of answer.

2. To deselect your chosen answer, click on the clear response button.

3. The marking scheme will be displayed for each question on the top right corner of
the test window.
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Chemical Bonding and Molecular Structure

1. Statement-I: The boiling point order is HF > HI > HBr > HCI (+4,-1)
[2mm] Statement-II : The melting point order is : HI > HF > HBr > HCI

a. Both statements are correct.
b. Both statements are incorrect.
c. Statement | is correct while Statement Il is incorrect.

d. Statement |is incorrect while Statement Il is correct.

2. Match isostructural species in Column | with Column II. (+4,-1)
Column-I Column-II
(A) XeF2 (P) I3
(B) XeOF, (Q) NHj
(C) XeOyF, (R) SF4
(D) XeOs (S) BrFs

a. A—-P,B—S,C—R,D—Q
b. A~P,B—Q,C—R,D—S
c. A—S,B—-R C—Q,D—P

d A—-S,B—+Q C—R D—P
3. Statement-I: Among BF;, SiF,, SF,, and XeF,, the bond lengths are not (+4,-1)
identical in two of these molecules.

Statement-Il : Among O3, 0,, 05~ and F, the highest bond order is found in
0, .

a. Statement | is true and statement Il is false.

b. Statement | is false and statement Il is true.



Q collegedunia:

Cc. Both statement are true.

d. Both statement are false.

4. Select correct statements(s) (A) NF; has more dipole moment than NH; (B)  (+4, -1)
02~ and F, both have same bond order (C) In O; central oxygen atom has
+1 formal charge (D) In NO, all the atoms follow octet rule, so it is stable. (E)
BeH, is planar

a. B, C
b. A B C
c. C,DE
d. B E
B. For XeO,Fs, select the correct statements : (A) It has see-saw shape (B) (+4,-1)
/FXeF ~180° (C) Z0XeO ~ 180° (D) Number of valence electron on Xe = 5
a. A, B,Cand D
b. A and B only
c. Band D only

d. A&Bonly

6. The correct bond angle in the compound which has maximum number of (+4,-1)
lone pair of electrons among the following compounds H,SO,, HNO;, O, NF;
is:

a. 102°
b. 107°
c. 112°

d. 126°
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7. Out of the following, how many compounds have tetrahedral geometry? (+4,
\text{NH} _4n+, \, \text{xeF}_4, \, [\text{NiCcl} _4]r{2-} \, [\text{ptCl} _4]r{2-},  -1)
\, [\text{Cu(NH} _3\text{)}_4]r{2+}, \, \text{BF}_3, \, [ \text{Ni(CO)}_4]

8. Find the formal charge of O, 0, O, and N respectively. (+4,-1)
©
y 4 v
0€—N
. \\O |
a. 0, +1,-1,+2
b. -1,-1,0, +1
c. -1,0,+2, +1
d +1,-1,0, -1
9. Given below are two statements. (+4,-1)
Statement I: HX bond length is higher in HCI than HF.

Statement II: The lowest boiling point in hydride of group 15 element is having
covalency 4.

a. Both statement | and statement Il is correct
b. Both statement | and statement Il is incorrect
c. Statement | is correct but statement Il is incorrect

d. Statement |is incorrect but statement Il is correct

10. In which of the following pairs first compound has more covalent nature (+4,-1)
than second compound? (a) SnCl,, SnCl, (b) PbCly, PbCl, (c) UF, UF,

a. only (a) and (b)
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b. only (b) and (c)
c. Only (a) and (c)

d. only (c)

1. Consider the structure of HNO;: (+4,-1)
Select the correct option having formal charge of |, i, Il and IV respectively.

L X | L |
a. -1,1,+1,0
b. 0,0, +1,-1
c. -1,0,0, +1
d. +1,-1,0,0
12. Which of the following is the correct order of bond length? (+4,-1)

a CH<C=N<C=0<(C-O
b. C=N<C-H<C-0<C=0
C. CH<C=N<(CO0<C=0
d C-O<C=N<C=0<C-H

13. Given below are two statements: Statement—I: HX bond length is higher in (+4,-1)
HCI than HF. Statement-Il: The lowest boiling point among hydrides of group
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14.

15.

16.

15 elements is for the hydride having covalency 4. Choose the correct option.

d. Both Statement—I| and Statement-Il are correct
b. Both Statement-I and Statement-Il are incorrect
c. Statement—-Iis correct but Statement-Il is incorrect

d. Statement-Iis incorrect but Statement-Il is correct

Statement-I: Sucrose is dextrorotatory and upon hydrolysis it becomes
laevorotatory. Statement-Il: Sucrose on hydrolysis gives glucose and
fructose such that the laevorotation of glucose is more than the
dextrorotation of fructose. Choose the correct option.

d. Both Statement—I and Statement-Il are correct
b. Both Statement-I and Statement-Il are incorrect
C. Statement-lis correct, Statement-Il is incorrect

d. Statement-Il is correct, Statement—I is incorrect

(+4I _])

Out of the following, how many compounds have tetrahedral geometry?  (+4, -1)

NH4", XeF4, [NiCl4)*", [PtCI4]*", [Cu(NH3)4]*", BF3, [Ni(CO)4

The correct set from the following in which both pairs are in correct order of

melting point is :

a. LiCP>LiF ; MgO>NacCl
b. LiF>LiCl; MgO>NaCl
C. LICI>LIF ; NaCl>MgO

d. LiF>LiCl; NaCI>MgO

17. The correct shape and I-I-I bond angles respectively in I; ion are:

(+4I _])

(+4,-1)
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18.

19.

20.

21

22,

23.

24.

a. Linear; 180°
b. Distorted trigonal planar; 135° and 90°
c. T-shaped; 180° and 90°

d. Trigonal planar; 120°

AX is a covalent diatomic molecule where A and X are second row elements of (+4,
periodic table. Based on Molecular orbital theory, the bond order of AX is 2.5. The  -1)
total number of electrons in AX is (Round off to the Nearest

—————————

Integer).
The number of sigma bonds in H;C —-CH=CH-C=CHiS ________ . (+4,-1)
The total number of electrons in all bonding molecular orbitals of O3~ is (+4,
_________ _'|)
(Round off to the Nearest Integer).
The number of species below that have two lone pairs of electrons in their (+4,
central atomis _________ . (Round off to the Nearest Integer). SF,, BF,R, CIFs, -1)
AsF;, PCls, BrFs, XeF,, SF
Which of the following are isostructural pairs ? (Note: Based on typical JEE (+4,-1)

pairs like SO?~ and BF; or NH; and PH;)

a. Aand B only

b. Aand C only

c. Band C only

d. C and D only

The ionization enthalpy of Na+* formation is 495.8, electron gain enthalpy of Bris  (+4,

-325.0, and lattice enthalpy of NaBr is -728.4 kJ mol—'. The energy for the -1)
formation of NaBr ionic solid is (-) %1071 kJ mol 1.

According to molecular orbital theory, the species among the following that  (+4, -1)
does not exist is :
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a. 0%
b. He;
C. Bey

d. Hej

25. In gaseous triethyl amine the "-C-N-C-"bond angle is degree. (+4,-1)

26. The difference between bond orders of CO and NO® is £ where x = (+4,
(Round off to the Nearest Integer) -1)

27. Given below are two statements: one is labelled as Assertion A and the other  (+4,-1)
is labelled as Reason R.
Assertion A : Lithium halides are some what covalent in nature.
Reason R : Lithium possess high polarisation capability.
In the light of the above statements, choose the most appropriate answer
from the options given below :

a. Both A and R are true and R is the correct explanation of A.
b. Both A and R are true but R is NOT the correct explanation of A.
c. Aistrue butRis false.

d. Ais false but R is true.

28. Which among the following species has unequal bond lengths? (+4,-1)
a. XeFy
b. SiF,
C. SFy

d. BF;
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29. According to molecular orbital theory, the number of unpaired electron(s) in (+4,
Og_ iS _________ _'I)

30. The number of hydrogen bonded water molecule(s) associated with (+4,
stoichiometry CuSO, - 5HO is __ ___ _______ -1)
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Answers

1. Answer: a

Explanation:

Concept:
Boiling point and melting point depend on the strength of intermolecular forces.

Hydrogen bonding

significantly increases boiling point.

Van der Waals forces

increase with molecular mass and size.
Melting point also depends on crystal packing
in the solid state.

Statement-I Analysis (Boiling Point):

HF forms strong intermolecular hydrogen bonds
, hence has the highest boiling point.
For remaining hydrogen halides, boiling point increases with molecular mass:

HI > HBr > HCI

Thus, the boiling point order:
HF > HI > HBr > HCl

Statement-| is correct
. Statement-Il Analysis (Melting Point):

Melting point depends on lattice strength and packing efficiency.

HI has the highest molar mass and strongest dispersion forces, giving the highest
melting point.

HF, despite hydrogen bonding, packs less efficiently than HI.

Thus, the melting point order:

HI > HF > HBr > HCI
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Statement-ll is also correct

Final Conclusion:
Both Statement-I and Statement-Il are correct

2. Anhswer: a

Explanation:

Concept:

Isostructural species have the same molecular geometry

, Which is determined by the number of bonding pairs and lone pairs around the
central atom according to VSEPR theory.

Step 1: Determine Geometry of Column-I Species

(A) XeF,:

AX,E5 type
Geometry: Linear

(B) XeOF,:

AXE type

Geometry: Square pyramidal
(C) XeO,F,:

AX,E type

Geometry: Seesaw

(D) XeO;:

AX3E type
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Geometry: Trigonal pyramidal

Step 2: Match with Column-Il Species

I; — Linear = matches with XeF; (A—P)

BrFs — Square pyramidal = matches with XeOF,; (B—S)
SF4 — Seesaw = matches with XeO,F; (C—R)

NH; — Trigonal pyramidal = matches with XeO; (D—Q)

Final Conclusion:

A—-P,B—-S, C—>R,D—Q

3. Answer:d

Explanation:

Statement I:

BF, (Tetrahedral) - All bonds identical.

SiF4 (Tetrahedral) - All bonds identicall.

XeF, (Square Planar) - All bonds identical.

SF, (See-saw) - Axial and equatorial bonds are different lengths.

So, only ONE molecule (SF,4) has non-identical bonds. The statement claims "two of
these molecules”. Thus, Statement | is False.

Statement I
Bond Orders:
O; = 2.5.

0, = 2.0.

03~ = 1.0.

Fy =1.0.

0, = 1.5.

The highest bond order is in 05 (2.5), not O, . Thus, Statement Il is False.

4. Answer: d



Q collegedunia:

Explanation:

(A) u(NF3) < u(NH;) because bond dipoles in NF; partially cancel the lone pair
dipole. (A) is Incorrect.

(B) 02~ (BO=1) and F, (BO =1). (B) is Correct.

(C) 05 central O has 1 LP and 3 bonds. FC = 6 — 2 — 1/2(6) = +1. (C) is Correct.

(D) NO, is an odd electron species (17 VE) and violates the octet rule. (D) is Incorrect.
(E) BeH, is sp hybridized (Linear), which is planar. (E) is Correct.

5. Answer: b

Explanation:

Xenon is the central atom, having 8 valence electrons.

XeO,F, has 2 double bonds (0) and 2 single bonds (F).

Total bonding electron pairs = 4. Remaining electrons =8 — (2 x 2+ 2 x 1) = 2. This
forms 1lone pair (LP).

Steric Number (SN) = 4 bonding pairs + 1 LP = 5. Hybridization is sp*d.

(A) The geometry is AX,E;, which results in a see-saw molecular shape. (A) is
Correct.

(B) The F atoms occupy the axial positions in the TBP arrangement. The /FXeF
angle is close to 180°. (B) is Correct.

(C) The O atoms occupy the equatorial positions, along with the LP. The Z0XeO is
roughly 120° (equatorial angle), not 180°. (C) is Incorrect.

(D) Xenon is a Group 18 element and has 8 valence electrons, not 5. (D) is Incorrect.
Statements (A) and (B) are correct.

6. Answer: a

Explanation:

Step I: Identify lone pairs in the given compounds.

- H,SO4 has no lone pairs on the central atom.

- HNO3 has one lone pair on the central nitrogen atom.
- O3 has one lone pair on the central oxygen atom.

- NF3; has one lone pair on the central nitrogen atom.
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Step 2: Identify the compound with the most lone pairs.

Among the given compounds, NF3; has the highest number of lone pairs on the
central atom.

Step 3: Determine the bond angle.

In NF3, with three bonding pairs and one lone pair, the bond angle is approximately
102°.

Step 4: Conclusion.

The correct bond angle is 102°, which corresponds to option (1).

7. Answer:3-3

Explanation:

The compounds with tetrahedral geometry are: - NH; (tetrahedral geometry due to
4 bonds on central atom), - [Cu(NH,),]** (tetrahedral coordination), - [Ni(CO),]
(tetrahedral geometry), - XeF, (square planar geometry, so not tetrahedral), -
[NiCl,]?~ (tetrahedral geometry), - [PtCl,]?>~ (square planar geometry, so not
tetrahedral), - BF; (trigonal planar, so not tetrahedral).

Thus, 5 compounds have tetrahedral geometry.

Step 2: Conclusion.

The correct answer is (3) as 5 compounds have tetrahedrall geometry.

8. Answer:c

Explanation:

Step 1: Formal charge calculation.
The formal charge is calculated as:

B
Formal charge =V — (L + E)

where V is the valence electrons of the atom, L is the number of lone pair electrons,
and B is the number of bonding electrons. - For 0; (the leftmost oxygen): The formall
charge is -1. - For O, (the oxygen in the middle): The formal charge is 0. - For O3 (the
rightmost oxygen): The formal charge is +2. - For N (the nitrogen): The formal charge
is +1. Step 2: Conclusion.
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The formal charges are: O, = -1, 0O, =0, O3 = +2, N = +1. Final Answer:

—1,0,+2,+1

9. Answer:c

Explanation:

Step 1: Statement | analysis.

The bond length of HX is indeed larger in HCI than in HF. This is because, as we move
from HF to HCI, the size of the halide ion increases, leading to a longer bond length.
Step 2: Statement Il analysis.

Statement Il is incorrect. The lowest boiling point in hydrides of group 15 elements is
observed in the hydride with covalency 3, not 4, as we move down the group. Step 3:
Conclusion.

Therefore, Statement | is correct, but Statement Il is incorrect. Final Answer:

|Statement I is correct but statement II is incorrect |

10. Answer: b

Explanation:

Step 1: Understand the relationship between covalent and ionic bonding.

Covalent bonding generally increases as the size of the central atom decreases and
its electronegativity increases. Compounds where the central atom has a low
oxidation state typically exhibit more covalent character compared to those with
high oxidation states, which tend to exhibit more ionic character.

Step 2: Analyze pair (a) SnCl,, SnCl,.

- In SnCl,, the oxidation state of Sn is +2, while in SnCly, the oxidation state of Sn is +4.
- Higher oxidation states (like +4) generally lead to more ionic character, and lower
oxidation states (like +2) lead to more covalent character. Thus, SnCl, has more
covalent nature than SnCl, so statement (a) is correct.

Step 3: Analyze pair (b) PbCly, PbCl,.

- In PbCly, Pb is in the +4 oxidation state, and in PbCl,, Pb is in the +2 oxidation state.
- PbCl,, with Pb in the +2 oxidation state, has more covalent character than PbCly,
which has more ionic character due to the higher oxidation state. Thus, PbCl; has
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more covalent nature than PbCly, so statement (b) is correct.

Step 4: Analyze pair (c) UF, UF,.

- In UFg, U is in the +6 oxidation state, and in UF,, U is in the +4 oxidation state. - As
discussed, lower oxidation states tend to favor covalent bonding, so UF4 has more
covalent character than UFg, so statement (c) is correct.

Step 5: Conclusion.

Thus, the correct answer is (2) Only (b) and (c).

1. Answer:c

Explanation:

Step 1: Understanding the structure of HNO;.

In HNO, the nitrogen atom (N) is connected to three oxygens (O), one of which is
attached to a hydrogen atom (H), and the others are double-bonded. The structure
shows formal charges on the oxygen atoms.

Step 2: Calculating the formal charges.
To calculate the formal charge:
\text{Formal charge} = \text{Valence electrons} - \text{Non-bonding electrons} -
\frac{\text{Bonding electrons}}{2}
For | (H):

Formal charge=1-0-0 = -1

For Il (N):

Formalcharge=5-0-4=0

For Il (O, double bonded to N):

Formal charge =6-4-4/2=0

For IV (O, single bonded to N):

Formal charge = 6 - 4 - 2/2 = +1

Step 3: Conclusion.
The formal charges for |, Il Ill, and IV are -1, 0, 0, and +1, respectively. Hence, the
correct answer is (3).
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12. Answer: a
Explanation:

Concept: Bond length is defined as the average distance between the nuclei of two
bonded atoms. It mainly depends on:

Bond order: As bond order increases, bond length decreases.

Atomic size: Smaller atoms form shorter bonds.

Type of bond: Triple bonds are shorter than double bonds, which are shorter than
single bonds. Thus, the general trend is:

Triple bond < Double bond < Single bond

Step 1: Analyze each bond individually.

\(C-H\): This is a single bond, but hydrogen is the smallest atom. Due to its very
small atomic radius, the C—H bond has a very short bond length (shorter than many
multiple bonds involving larger atoms).

\ (C\equivN\): This is a triple bond between carbon and nitrogen. Triple bonds have
the highest bond order (3), resulting in very strong attraction between nuclei and
hence a short bond length.

\(C=0\): This is a double bond. Its bond order is 2, so its bond length is longer than a
triple bond but shorter than a single bond.

\(Cc-0\): This is a single bond with bond order 1. Single bonds have the least overlap
between orbitals, making them the longest among the given bonds.

Step 2: Compare all bonds based on bond order and atomic size.

Shortest bond: C-H (small hydrogen atom)

Next: C = N (triple bond)

Next: C = O (double bond)

Longest: C-O (single bond)

Step 3: Arrange in increasing order of bond length:

C-H<C=N<C=0<(C-O

This order exactly matches Option (A).

13. Answer: c
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Explanation:

Concept: Bond length depends on the size of the bonded atoms, while boiling point
of hydrides depends on intermolecular forces such as hydrogen bonding and van
der Waals forces.

Step I: Analyze Statement-I. Hydrogen halides follow the trend:

HF < HC1 < HBr < HI  (bond length)

Fluorine is the smallest halogen atom, whereas chlorine is larger. Hence, the H-CI
bond length is greater than the H-F bond length. \[ \Rightarrow Statement-I is
correct \ |

Step 2: Analyze Statement-Il. Group 15 hydrides are:

NH3, PH3, ASH3, Sng, B1H3
All these hydrides have covalency 3, not 4. Boiling point trend:
PH3; < AsHs < SbH3 < BiHj

with NH3 having a higher boiling point due to hydrogen bonding. Thus:
Lowest boiling point is PH;

Its covalency is 3, not 4 \[ \Rightarrow Statement-Il is incorrect \ ]
Step 3: Final conclusion.

Statement-Il is correct

Statement-Il is incorrect Therefore, the correct option is (3).

14. Answer:c

Explanation:

Concept: Optical rotation depends on the net effect of all optically active
components present in a solution. On hydrolysis, sucrose breaks into two
monosaccharides—glucose and fructose—each having its own specific rotation.
Step 1: Nature of sucrose. Sucrose is dextrorotatory, having a specific rotation of
approximately:

[OC]D ~ +66.5°

Hence, Statement-I (first part) is correct.
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Step 2: Effect of hydrolysis of sucrose. On hydrolysis:

hydrolysis
Sucrose —————— Glucose + Fructose

Specific rotations:

Glucose: + 52.5° (dextrorotatory)

Fructose: —92.4° (laevorotatory)

The magnitude of laevorotation of fructose is greater than the dextrorotation of
glucose. Therefore, the resulting mixture (called invert sugar) becomes
laevorotatory. Thus, Statement-I (second part) is also correct.

Step 3: Evaluate Statement-Il. Statement-Il claims:

Laevorotation of glucose > Dextrorotation of fructose

This is incorrect because:

Glucose is dextrorotatory, not laevorotatory

Fructose is laevorotatory, not dextrorotatory

Magnitude of rotation of fructose (~ 92°) is greater than that of glucose (~ 52°)
Hence, Statement-ll is incorrect.

Step 4: Final conclusion.

Statement-I is correct

Statement-Il is incorrect Therefore, the correct option is (3).

15. Answer:3-3

Explanation:

Compounds with Tetrahedral Geometry

Given Compounds:

e NH; (Ammonium ion)

e XeF, (Xenon tetrafluoride)

e [NiCL]*~ (Nickel(ll) chloride complex)

e [PtCL)?>" (Platinum(ll) chloride complex)
o [Cu(NH,;)4*" (Copper(ll) complex)

e BF; (Boron trifluoride)
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o \([\text{Ni(cO)_4}]\) (Nickel(0) complex)
Step-by-Step Analysis:

1. NH; (Ammonium ion): It has 4 bonding pairs around nitrogen and no lone pairs,
which gives it a tetrahedral geometry.

2. XeF, (Xenon tetrafluoride): It has 4 fluorine atoms and 2 lone pairs on Xenon,
giving it a square planar geometry.

3. [NiCL]2~ (Nickel(ll) chloride complex): Nickel has 4 chloride atoms and adopts a
square planar geometry.

4. [PtCly)> (Platinum(ll) chloride complex): Platinum in this complex also has 4
chloride ions and adopts a square planar geometry.

5. [Cu(NH,)4]** (Copper(ll) complex): Copper has 4 ammonia molecules and adopts
a square plqnar geometry.

6. BF; (Boron trifluoride): It has 3 fluorine atoms and adopts a trigonal planar
geometry.

7. [Ni(C0)4] (Nickel(0) complex): Nickel has 4 carbon monoxide molecules and
adopts a tetrahedral geometry.

Summary of Tetrahedral Geometry Compounds:

e NH; (Ammonium ion)
e [Ni(CO)4] (Nickel(0) complex)

Answer: Out of the listed compounds, 2 compounds have tetrahedral geometry.

16. Answer: b

Explanation:

Step 1: Melting point of ionic compounds depends on Lattice Energy (U o 9152).

Step 2: For LiF vs LiCl: Both have +1/—1 charges, but F~ is smaller than Ci~. Smaller
internuclear distance means higher lattice energy. Thus, LiF > LiCl.

Step 3: For MgO vs NaCl: MgO has charges +2/-2, whereas NaCl has +1/-1. Higher
product of charges leads to significantly higher lattice energy. Thus, MgO > NaCl.
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17. Answer: a

Explanation:

Step I: Central lodine has 7 valence electrons + 1 from charge = 8. Two electrons form
bonds with other | atoms, leaving 3 lone pairs.

Step 2: Steric number = 2 (bond pairs) + 3 (lone pairs) = 5. The hybridization is sp*d.
Step 3: According to VSEPR theory, to minimize repulsion, the 3 lone pairs occupy
equatorial positions, and the 2 bond pairs occupy axial positions.

Step 4: The geometry is trigonal bipyramidal, but the molecular shape is linear with a
bond angle of 180°.

18. Answer:15-15

Explanation:

Step 1: Bond order 2.5 is typically observed for species with 11, 13, or 15 electrons.
Step 2: Common diatomic molecules of second-row elements: NO has 7+ 8 = 15
electrons. N has 14 — 1 = 13 electrons.

Step 3: For NO (15 electrons), Bond Order = 125 = 2.5. For N, (13 electrons), Bond
Order = &4 = 2.5. Since AX is a neutral molecule "AX", NO (15 electrons) is the most

likely candidate.

19. Answer:10-10

Explanation:

Step 1: Understanding the Concept:

Every single covalent bond is a sigma (o) bond.

A double bond contains one sigma bond and one pi («) bond.

A triple bond contains one sigma bond and two pi bonds.

Step 2: Key Formula or Approach:

Expand the structure to view all C — H and C — C bonds.

Sum all single bonds and count one for every double and triple bond.
Step 3: Detailed Explanation:

Structure: Pent-2-en-4-yne.
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Let's break it down:

1. CHs part: 3 o bonds from C — H and 1 ¢ bond from C — C. (Total: 4)

2. CH = CH part: 2 ¢ bonds from C — H and 1 ¢ bond from the double bond C = C.
(Total: 3)

3. C = CH part:1 ¢ bond from the single bond C — C, 1 ¢ bond from the triple bond
C = C,and 1 ¢ bond from the final ¢ — H. (Total: 3)

Sum =4+ 3+ 3 = 10.

Alternatively, total atoms in CsHs is 11. For an acyclic structure, Sigma bonds =

Total atoms — 1 =11 — 1 = 10.

Step 4: Final Answer:

The number of sigma bonds is 10.

20. Answer:10-10

Explanation:

First, determine the total number of electrons in the peroxide ion, 0%~.

An oxygen atom (O) has 8 electrons.

An O, molecule has 8 x 2 = 16 electrons.

The 0% ion has two additional electrons, so the total number of electrons is 16 +
2 =18.

Now, write the molecular orbital (MO) configuration for an 18-electron species.
The order of MOs is:

O15 < 01y < 05 < 03y < Ogp, < (Mg, = Myp,) < (w3, =73, ) < 03,

Fill the orbitals with the 18 electrons:
(016)2(01,)(024)2(3,) (025 ) (3, ) (2 (3, ) (73, )

The bonding molecular orbitals are those without an asterisk. These are
015,025y 02p. > T2p, > T2p, -

Count the number of electrons in these bonding orbitals:

- Electrons in o;,: 2

- Electrons in oy,: 2

- Electrons in oy, : 2

- Electrons in 7y, : 2

- Electrons in 7y, : 2

Total number of electrons in bonding molecular orbitals =2 +2+ 2+ 2 + 2 = 10.
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21. Answer: 2 -2
Explanation:

Step I: Determine lone pairs (LP) using LP = 1(Valence e~ — Bonded e~ — Charge).
SF4: 1LP

BF,X O LP

CIF;: 2 LP (Correct)

AsF;: 1LP

PCls: O LP

BrFs: 1 LP

XeF4: 2 LP (Correct)

SFe: O LP

Total species with 2 lone pairs = 2 (CIF; and XeF,).

22. Answer: a

Explanation:

Step 1: Isostructural pairs have the same hybridisation and the same molecular
geometry (shape).

Step 2: For example, NO; and CO3~ are both sp? hybridised and trigonal planar.
Step 3: NF; and H;0* are both sp? hybridised and pyramidal.

23. Answer: 5576 - 5576

Explanation:

Step I: Total Energy (AH f) = Jonization Energy + Electron Gain Enthalpy +
Lattice Enthalpy.

Step 2: AH; = 495.8 + (—325.0) + (—728.4).

Step 3: AH; = 495.8 — 1053.4 = —557.6 kJ/mol.

Step 4: To express in form (—)z x 10—, we get 5576 x 10~!.

24. Answer: c
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Explanation:

Step 1: According to MOT, a species does not exist if its Bond Order (B.O.) is zero.
Step 2: For Be, (Z = 4, total electrons = 8): Electronic configuration:

ols? o*1s?, 0252, 0%2s2.

Step 3: B.O. = (N, — N,) = 3(4 — 4) = 0.

Step 4: Since the bond order is zero, Be, is unstable and does not exist under normal
conditions.

25. Answer: 108 - 108

Explanation:

Triethylamine has the formula N(CH.CHs)s.

The central nitrogen atom is bonded to three ethyl groups and has one lone pair of
electrons.

According to VSEPR (Valence Shell Electron Pair Repulsion) theory, the geometry
around the nitrogen atom is determined by the total number of electron domains
(bonding pairs + lone pairs).

Nitrogen has 3 bonding pairs (to the three ethyl groups) and 1lone pair. This gives a
total of 4 electron domains.

The electron geometry for 4 domains is tetrahedral, with an ideal bond angle of
109.5°.

However, the presence of a lone pair introduces repulsion. The lone pair-bond pair
repulsion is stronger than the bond pair-bond pair repulsion.

This stronger repulsion from the lone pair compresses the bond angles between the
bonding pairs. Therefore, the C-N-C bond angle will be slightly less than the ideal
tetrahedral angle of 109.5°.

In a similar molecule, ammonia (N H;), the H-N-H bond angle is about 107°.

In triethylamine, the ethyl groups are bulkier than hydrogen atoms. This bulkiness
will cause some steric repulsion between the ethyl groups, which tends to increase
the bond angle back towards the tetrahedral angle.

The actual experimentally determined bond angle for gaseous triethylamine is
approximately 108°. This value is a balance between the compression due to the
lone pair and the expansion due to the steric hindrance of the bulky ethyl groups.
Given the options in such exams, a value slightly less than 109.5 is expected, and 108
is the accepted value.
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26. Answer:1-1
Explanation:
According to Molecular Orbital Theory, the bond order is given by:
1
Bond Order = §(Nb —N,)

where N, and N, are the numbers of bonding and antibonding electrons. Bond
order of CO Carbon monoxide has a total of:

6 + 8 = 14 electrons
CO is isoelectronic with N, and has bond order:
BO(CO) =3
Bond order of NO Nitric oxide has:
7 4+ 8 = 15 electrons

The extra electron enters an antibonding «* orbital.
1
BO(NO) = (10 - 5) = 2.5
Difference in bond orders
|BO(CO) — BO(NO)| = |3 —2.5| =0.5

Given that:

27. Answer: a

Explanation:
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Assertion A states that lithium halides are somewhat covalent in nature. This is
true statement. According to Fajan’s rules, although formed between a metal and a
non-metal, lithium halides (especially Lil) exhibit significant covalent character. For
instance, LiCl is soluble in organic solvents like ethanol.

Reason R states that lithium possesses high polarisation capability. This is also a
true statement. The term "polarisation capability” refers to the polarizing power of
the cation. The Li* ion is very small and has a relatively high charge density. This
allows it to distort the electron cloud of the larger halide anion to a significant
extent.

Connecting the Assertion and Reason: The high polarizing power (polarisation
capability) of the Li* ion is precisely the reason why it can pull the electron density
from the anion, leading to a sharing of electrons and thus covalent character in the
bond. Therefore, Reason R is the correct explanation for Assertion A.

28. Answer: c

Explanation:

We need to determine the molecular geometry of each species using VSEPR theory
to identify which one has unequal bond lengths.

(A) XeF,: Xenon (Group 18) has 8 valence electrons. It forms 4 bonds with F and has
2 lone pairs. The steric number is 6. The geometry is AX,E,, which corresponds to a
square planar shape. In a square planar geometry, all four bonds are identical in
length.

(B) SiF: Silicon (Group 14) has 4 valence electrons. It forms 4 bonds with F and has 0
lone pairs. The steric number is 4. The geometry is AX,, which is tetrahedral. In a
tetrahedral geometry, all four bonds are identical.

(C) SF4: Sulfur (Group 168) has 6 valence electrons. It forms 4 bonds with F and has 1
lone pair. The steric number is 5. The geometry is AX,E;, which is a see-saw shape
based on a trigonal bipyramidal arrangement. This geometry has two types of
positions: two axial positions and two equatorial positions. The axial S-F bonds are
longer than the equatorial S-F bonds due to greater repulsion from the lone pair in
the equatorial plane. Therefore, SF, has unequal bond lengths.

(D) BF; : Boron (Group 13) has 3 valence electrons, plus 1from the negative charge,
for a total of 4. It forms 4 bonds with F and has 0 lone pairs. The steric number is 4.
The geometry is AX,, which is tetrahedral. All four bonds are identical.

Thus, SF, is the species with unequal bond lengths.



Q collegedunia:

29. Answer:0-0

Explanation:

Step 1: Understanding the Concept:

Molecular Orbital (MO) theory describes the electronic structure of molecules by
distributing electrons into orbitals that cover the entire molecule. The presence or
absence of unpaired electrons in the highest occupied molecular orbitals (HOMO)
determines the magnetic properties of the species.

Step 2: Detailed Explanation:

1. Each Oxygen atom has 8 electrons. For the peroxide ion (03™), total electrons =
8 + 8 + 2 = 18 electrons.

2. The MO configuration for 02~ (similar to F,) is:

ols®,0*1s%,02s8%, 028, 02p?, (72p% = 7r2p12/), (m*2p2 = 7r*2p§)

3. Distribution of valence electrons (14 electrons beyond o*1s):

o2s takes 2, 0*2s takes 2. (Remaining: 10)

- o2p, takes 2. (Remaining: 8)

- 72p, and n2p, take 2 each (2 + 2 = 4). (Remaining: 4)

- 7*2p, and 7*2p, take 2 each (2 + 2 = 4). (Remaining: 0)

4. Observation: All occupied orbitals, including the antibonding pi orbitals (7*), are
fully filled with pairs of electrons.

5. Number of unpaired electrons = 0.
Step 3: Final Answer:
The number of unpaired electrons is 0.

30. Answer:1-1

Explanation:

Step 1: Understanding the Concept:

In hydrated copper(ll) sulfate (CuSO, - 5H,0), the five water molecules are not
bonded identically to the central metal ion or the lattice.

Step 2: Detailed Explanation:

The actual structure of blue vitriol is represented as [Cu(H20)4|SOy4 - H20.
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1. Four water molecules are coordinated directly to the Cu?* ion in a square planar
arrangement, forming coordinate covalent bonds.

2. The fifth water molecule is not directly attached to the copper ion. Instead, it is
trapped in the crystal lattice.

3. This fifth water molecule is held in place by hydrogen bonds to the oxygen atoms
of the sulfate (SOi*) ion and the coordinated water molecules.

Step 3: Final Answer:

The number of hydrogen-bonded water molecules is 1.



