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Chemical Bonding and
Molecular Structure

%Topic-l: Lewis Approach to Chemical Bonding, lonic Bond and Bond Parameters
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The geometry of H,S and its dipole moment are

x [1999 - 2 Marks]
(a) angular and non-zero (b) angular and zero
(c) linearandnon-zero (d) linear and zero
The critical temperature of water is higher than that of O,
because the H,O molecule has [1997 - 1 Mark]
(a) fewer electrons than O, (b) two covalent bonds
(c) V-shape G) dipole moment.
Which contains both polar and non-polar bonds?

(a) NH/(CI (b) HCN  [1997 -1 Mark]
(¢) H,0, (d) CH,

Which one is most ionic : [1995S]
(@) P,O, (b) GO, (c) MnO (d) Mn,O,

Pick out the isoelectronic structures from the fol lowing;
[1993 - 1 Mark]

L CH; II. H,O0" M. NH, NV CHj
(a) IandII (b) HIandIV
(c) IandlIll (d) ILIIand IV

The cyanide ion, CN™ and N, are isoelectronic. But in
contrast to CN", N, is chemically inert, because of

(@) low bond energy [1992 - 1 Mark]
(b) absence of bond polarity

(c) unsymmetrical electron distribution

(d) presence of more number of electronsin bonding orbitals
The molecule which has zero dipole moment is :

(a) CH,)(L, (b) BF;  [1989 -1 Mark]
(c) NF, (d) Clo,

The bond between two identical non-metal atoms has a
pair of electrons : [1986 - 1 Mark]
(a) unequally shared between the two

(b) transferred fully from one atom to another

(c) withidentical spins

(d) equally shared between them
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The types of bonds present in CuS0,-5H,0 are only

(a) electrovalent and covalent [1983 - 1 Mark]
(b) electrovalent and coordinate covalent

(c) electrovalent, covalent and coordinate covalent

(d) covalent and coordinate covalent

Carbon tetrachloride has no net dipole moment because of

(a) itsplanar structure [1983 - 1 Mark]

(b) itsregular tetrahedral structure

(c) similar sizes of carbon and chlorine

(d) similar electron affinities of carbon and chlorine

The compound with no dipole moment is [1982 - 1 Mark]

(a) methylchloride (b) carbon tetrachloride

(c) methylenechloride (d) chloroform

The ion that is isoelectronic with CO is [1982 - 1 Mark]

@ CN () 0, (o) Oy d N,

If a molecule MX, has zero dipole moment, the sigma

bonding orbitals used by M (atomic number < 21) are
[1981 - 1 Mark]

(a) purep (b) sp hybrid

(c) sp? hybrid (d) sp® hybrid

Which of the following is soluble in water [1980]

(@ Cs, (b) GHOH (c) CCl, (d) CHCI,

The total number of electrons that take part in forming the

bond in N, is [1980]
(a) 2 (b) 4 (c) 6 (d) 10
Which of the following compounds are covalent? [1980]
(a) H, (b) Ca0 (c) KC (d) Na,S

Element X is strongly electropositive and element ¥ is
strongly electronegative. Both are univalent. The

compound formed would be [1980]
(@ XY (B) X=X+ (o) X-Y g} XY
The octet rule is not valid for the molecule [1979]
(@) CO, (b) HHLO (o) O, (d) CO

The compound which contains both ionic and covalent
bonds is [1979]

(a) CH, (d) KCl

(b) H, () KCN
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20. Consider the following compounds in the liquid form:
0,, HF, H,0, NH,, H,0,, CCl,, CHCL;, C.H,, C,H,CL
When a charged comb is brought near their flowing stream,
how many of them show deflection as per the following
figure? [Adv. 2020]
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21. AmongB,H,,BN;H,N,0,N,0,, H,S,0,,H,S,0,, the total
number of molecules containing covalent bond between two
atoms of the same kind is [Adv. 2019]

22. Thedipole moment of KClis 3.336 x 10~2° Coulomb meters
which indicates that it is a highly polar molecule. The
interatomic distance between K™ and CI™ in this molecule
is 2.6 x107'% m. Calculate the dipole moment of KCl molecule
if there were opposite charges of one fundamental unit
located at each nucleus. Calculate the percentage ionic
character of KCI. [1993 - 2 Marks]

23. The two types of bonds present in B,Hg are covalent
[1994 - 1 Mark]

.. bonds in a nitrogen molecule.
[1982 - 1 Mark]

25. Thedipole momentof CH,F is greater than that of CH4CL
[1993 -1 Mark]
26. The presence of polar bonds in a poly-atomic molecule
suggests that the molecule has non-zero dipole moment.
[1990 - 1 Mark]

27. All molecules with polar bonds have dipole moment.
[1985 - 12 Mark]
28. Linear overlap of two atomic p-orbitals leads to a sigma
bond. [1983 - 1 Mark]

<&} v OQs with One or More than One Coneet Auswer.

29. Theoption(s)in which at least three molecules follow Octet
Rule is (are) [Adv. 2024]
(a) CO,, C,H,, NOandHCI
(b) NO,, O,,HCland H,SO,
(c) BCl;,NO,NO,and H,SO,
(d) CO,,BCl;,0,and C.H,

B e
24, Thereare....
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30. Each of the following options contains a set of four
molecules. Identify the option(s) were all four molecules
posses permanent dipole moment at room temperature.
(@) BEF;, 0,, SF, XeF, [Adv.2019]
(b) NO,,NH,, POCI,,CH,Cl

(c) 80,,CHLC, H,Se, BrF

(d) BeCl,, CO,,BCl,, CHC,

The molecules that will have dipole moment are

(@) 2,2-dimethylpropane [1992 - 1 Mark]
(b) trans-2-pentene

(c) cis-3-hexene

(d) 2.2,3,3-tetramethylbutane

0w Awertion and Reason Statetent Type Questions

Each question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (¢)

and (d) out of which ONLY ONE is correct. Mark your answer as

(@) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2.

(b) If both Statement-1 and Statement-2 are correct,
but Statement-2 is not the correct explanation of the
Statement-1.

(c) If Statement -1 is correct but Statement -2 is incorrect.

(d) IfStatement -1 is incorrect but Statement -2 is correct.

32. Read the following Assertion and Reason and answer as
per the options given below : [1998 -2 Marks]

0®
Assertion : The electronic structure of O is // i

s
Reason : | / \

structure is not allowed because

octet around 0 cannot be expanded.

33. Read the following Assertion and Reason and answer as
per the options given below : [1998 - 2 Marks]
Assertion : LiCl is predominantly a covalent compound.
Reason : Electronegativity difference between Li and Cl is
too small.

P

34, Write the Lewis dot structure of the following :
0,,COCl, [1986 - 1 Mark]
35. Write the Lewis dot structural formula for each of the
following. Give, also, the formula of a neutral molecule,
which has the same geometry and the same arrangement
of the bonding electrons as in each of the following. An
example is given below in the case of H,0" :

31.

H + H
H:O:H H:N:H
Lewis dot Neutral

structure molecule

(i) 03 :(ii) COZ™; (iii) ON"; (iv) NCS~
[1983- 1 x 4 =4 Marks]
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Topic-2: VSEPR Theory and Hybridisation

[2010]

The species having pyramidal shape is :
(@) SO, (b) BrF, (c) Si05~ (d) OSF,
2. Which species has the maximum number of lone pair of
electrons on the central atom? [20058]
@ [CIOT (b) XeF, (c) SF, (3 LI
3. Which of the following are isoelectronic and
isostructural?  NO,~, 0,2, CIO,, SO,  [2003S]
(8 NO,, CO,> (b) SO, ,NO,"
(© CIO;, CO> () CO;%, SO,
4. Specify the coordination geometry around and
hybridisation of N and Batoms ina 1 : 1 complex of BF,
‘and NH, [2002S]
(@) N :tetrahedral, sp*; B : tetrahedral, s,
(b) N: pyramidal, sp*; B : pyramidal,
(c) N : pyramidal, sp*; B : planar, sp?
(d) N :pyramidal, sp’; B : tetrahedral, sp
S.  The correct order of hybridization of the central atom in
the following species NH,, [PtCl,]> -, PCl; and Bcolﬁ is
[20018]
(a) dsp?, dsg{ spPosp? () spP, dsp?, spid, sp?
(¢) dsp?, sp?, sp?, dsp®  (d) dsp?, sp, sp?, dsp®
6. The hybridisation of atomic orbitals of nitrogen in
NO3, NO; and NHj are [20008]
(@) sp, .sp’3 and sp? respectively
(b) sp, sp? and sp? respectively
() sp?, sp.and sp? respectively
(d) sp?, sp® and sp respectively
7. Molecular shapes of SF,, CF, and XeF, are  [20008]
(a) the same, with 2, 0 an:i 1 lone pairs of electrons
respectively
(b) the same, with 1, 1 and 1 lone pairs of electrons
respectively
(c) different, with 0, 1 and 2 lone pairs of electrons
respectively
(d) different, with 1, 0 and 2 lone pairs of electrons
respectively
8. The geometryand the type ofhybrid orbital present about
the central atom in BF 518 [1998 - 2 Marks]
(a) linear, sp (b) trigonal planar, sp?
(c) tetrahedral, sp? (d) pyramidal, sp°.
9. Which one of the following compounds has sp2
hydridization? [1997 - 1 Mark]
@ Co (®) SO, (9 NO d) O
10. Among the following species, identify the isostructural
pairs. NF,, NO7,BF,,H,0",HN,  [1996-1Mark]
() [NF;,NO;3] and [BFs,Hy0+]
() [NF3,HN;] and [NO3,BE,]
(©) [NF;,H;0+] and [NO3,BE;]
(@ [NF,H;0+] and [HN3,BE]
11. The type of hybrid orbitals used by the chlorine atom in
ClO; is [1992 - 1 Mark]
() sp° (b) sp?
(c) sp (d) none of these
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The compound in which C uses its sp* hybrid orbitals for
bond formation is : [1989 - 1 Mark]

(@ HCOOH (®) H,N),CO
(© (CHy,COH (@) CH,CHO

The species in which the central atom uses sp® hybrid
orbitals in its bonding is [1988 - 1 Mark]

(@) PH, (b) NH; (¢) CHj (d) SbH,
The hybridisation of sulphur in sulphur dioxide is :

) [1986- 1 Mark]
@ sp ® s2* () s (d) dsp?

+ Tt Ve Rbever 2O RO
Among [L]", [SiO,]*, SO,CL, XeF,, SF,, CIF,, Ni(CO),,
XeO,F,, [PICL,>, XeF,, and SOCL, the total umber of
species having sp° hybridised central atom is :
[Adv. 2023]
The sum of the number of lone pairs of electrons on each
central atom in the following species is
[TeBr,]*, [BrF,]*, SNF, and [XeF,]

(Atomic numbers: N=7,F=9,§= 16, Br=35, Te=52,
Xe=54) [Adv. 2017]
Among the triatomic molecules/ions, BeCl,, N3, N,0,

NO3 , 05, SCl,, ICl;, I; and XeF,, the total number of

linear molecule(s)/ion(s) where the hybridization of the central
atom does not have contribution from the d-orbital(s) is
[Atomic number : S=16, Cl=17,1=53 and Xe = 54]

[Adv.2015]
A list of species having the formula XZ,is given below.
XeF,, SF,, SiF,, BF,, BrF,~, [Cu(NH,),]**, [FeCl,]%,

[C0C14]2" and [PtCl,]%".

Defining shape on the basis of the location of X and Z
atoms, the total number of species having a square planar
shape is [Adv.2014]
Based on VSEPR theory, the number of 90 degree F~Br—F
angles in BrF; is [2010]

The shape of [CH,]"is ................ [1990 - 1 Mark]
The angle between two covalent bonds is maximum in
s (CHy, Hy0,CO,) [1981 -1 Mark]

2]

sp? hybrid orbitals have equal s and p character.

[1987 - 1 Mark]
In benzene, carbon uses all the three p-orbitals for
hybridisation. [1987 - 1 Mark]|
SnCl, is a non-linear molecule. [1985 - 2 Mark]

1 MCQwith O or More i On it Awer)

The compound(s) with TWO lone pairs of electrons on

the central atom is(are [Adv. 2016]
(@ BrF, (b) CIF;  (c) XeF, (d) SF,
&N www.studentbro.in
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The linear structure is assumed by : [1991 - 1 Mark]
(@) SaCl, (b) NCO~ (o) CS, (d) NOj
CO, is isostructural with : [1986 - 1 Mark]
(@) HgCl, (b) SnCl, () CH, (d) NO,

Based on VSEPR model, match the xenon compounds
given in List-Iwith the corresponding geometries and the
number of lone pairs on xenon given in List-IT and choose

the correct option. [Ady. 2024)]
List-I List-II

(P) XeF, (1) Trigonal bipyramidal and
two lone pair of electrons

(Q) XeF, (2) Tetrahedral and one lone
pair of electrons

R) XeO, (3) Octahedral and two lone
pair of electrons

(S) XeO,F, (4) Trigonal bipyramidal and

no lone pair of electrons

]10

30.

31.

32.

Chemistry

(5) Trigonal bipyramidal and
three lone pair of electrons

(b) P-5,Q-3,R-2,54

(d) P4,Q-2,R-5,8-3

(a) P-5,Q-2.R-3.5-1
(c) P-4Q3R2 S-1

Draw the structure of XeF,, and OSF accordmg to VSEPR
theory, clearly indicating the state of hybridisation of the
central atom and lone pair of electrons (if any) on the
central atom, [2004 - 2 Marks]
Using VSEPR theory, draw the shape of PCI; and BrF,
[2003 - 2 Marks]
Interpret the non-linear shape of H,S molecule and non-
planar shape of PCI, using valence shell electron pair
repulsion (VSEPR) theory. (Atomic numbers: H=1,P= 15,
S=16,Cl=17.) [1998 - 4 Marks]
Using the VSEPR theory, identify the type of hybridization
and draw the structure of OF,. What are the oxidation
states of O and F ? [1994 - 3 Marks]|

Topic-3: VBT, MOT and Hydrogen Bonding

S N Ow G e
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The correct molecular orbital diagram for F, molecule in
the ground state is [Adv. 2023]
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Assuming 2s-2p mixing is NOT operative, the paramagnetic
species among the following is [Adv. 2014]
@ B, ®B, (© G @ N
Assuming that Hund’s rule is violated, the bond order and
magnetic nature ofthe diatomic molecule B,is  [2010]
(2) 1anddiamagnetic  (b) Oand dlmagnet[c

(c) 1and paramagnetic (d) 0 and paramagnetic

The species havmg bond order different from thatin CO is

3
(1
]
*
[}

(d)

[2007]
(a) NO (b) NO* () CN° (d) N,
Among the following, the paramagnetic compound is

[2007]
(@ Na,0, (b) O, (©) N,O (d) KO,

According to molecular orbital theory, which of the
following statement about the magnctlc character and
bond order is correct regarding 03 [2004S]
(a) Paramagnetic and Bond order <0,

(b) Paramagnetic and Bond order > O

(¢) Diamagnetic and Bond order < o,

(d) Diamagnetic and Bond order > 0

Which of the following molecular spec:es has unpaired

electron(s) ? [2002S]
@ N, (b) F, (¢) 03 (d 03
&N www.studentbro.in
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Identify the least stable ion amongst the following :

[2002S]
@ L (®Be (OB @ C
The common features among the species CN-, CO and
NO* are [2001S]

() bond order three and isoelectronic

(b) bond order three and weak field ligands

(c) bond order two and m—acceptors

(d) isoelectronic and weak field ligands

The correct order of increasing C — O bond length of CO,

CO3,CO,,is [1999 - 2 Marks]
(8) CO3™ <CO,<CO  (b)CO,<CO; <CO

(©CO<CO;" <CO,  (d)CO<CO,<CO3

The number and type of bonds between two carbon atoms
in CaC, are: [1996 - 1 Mark]
(a) onesigma (o) and one pi () bonds

(b) onesigma (o) and two pi () bonds

(c) onesigma (o) and one and a halfpi (n) bonds

(d) onesigma (c)bond.

Number of paired electrons in O, moleculeis: [1995S]

@ 7 (b) 8 (c) 16 (d) 14

The maximum possible number of hydrogen bonds a water
molecule can form is [1992 - 1 Mark]
@ 2 (b) 4 (©) 3 (d 1

‘Which of the following is paramagnetic?  [1989 - 1 Mark]
@0 OGN ©w @No
The molecule which has pyramidal shape is :

(@) PCl, (b) SO, [1989 - 1 Mark]
) Co3 (d NO;

The molecule that has linear structure is [1988 - 1 Mark]
(@ CO, (b) NO, (¢) SO, (d) SiO,
Hydrogen bonding is maximum in [1987 -1 Mark]
(a) Ethanol (b) Diethyl ether

(c) Ethylchloride (d) Triethylamine

The hydrogen bond is strongestin:  [1986 - 1 Mark]
(a) O-H......S (b) S-H.......O

(©) FoHL. 0k F (d F-H.......0

The molecule having oneunpaired electron is: [1985 - 1 Mark]
@ N ®W @O (@O0

On hybridization of one s and one p orbitals we get :

(a) twomutually perpendicular orbitals [1984 - 1 Mark]
(b) twoorbitals at 180°

(c) four orbitals directed tetrahedrally

(d) three orbitals in a plane

Which one among the following does not have the hydro-

gen bond? [1983 - 1 Mark]
(a) phenol (b) liquid NH,
(c) water (d) liqud HCl

Al9

22. Thermal decomposition of AgNO, produces two
paramagnetic gases. The total number of electrons present in
the antibonding molecular orbitals of the gas that has the
higher number of unpaired electrons is . [Adv.2022]

S Numeric/ NewStom Based Questions

23. Among H, He,".Li, Be,, B,,C.. N,.0; and F,, the number
of diamagnetic species is
(Atomicnumbers: H=1,He=2,Li=3,Be=4,B=5,C=6,
N=7,0=8,F=9) [Adv.2017]

<) + BfteBaks 0 EE
24, When N, goesto N3 , the N-N bond distance ..., and when

O, goes to O3 the O-O bond distance.... [1996 - 1 Mark]

25. ............ hybrid orbitals of nitrogen atom are involved in
the formation of ammonium ion. [1982 - 1 Mark]
26. Pair of molecules which forms strongest intermolecular
hydrogen bond is...................
(SiH, and SiF ,, CH;— C—CH, and CHCl,, H—F —OH
1

Il
0] O

and CH,—C —OH) [1981 - 1 Mark]

50

27. For diatomic molecules, the correct statement(s) about
the molecular orbitals formed by the overlap of two 2p,
orbitalsis (are) [Adv.2022]
(a) o orbital has a total of two nodal planes.

(b) o* orbital has one node in the xz-plane containing
the molecular axis.

(¢) m orbital has one node in the plane which is
perpendicular to the molecular axis and goes through
the center of the molecule,

(d) 7* orbital has one node in the xy-plane containing
the molecular axis.

28. According to Molecular Orbital Theory, [Adv. 2016]

(a) C‘g_ is expected to be diamagnetic
(b) 03" is expected to have a longer bond length than O,
(¢) N3 and N3 have the same bond order

(d) Hej has the same energy as two isolated He atoms
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29. Match the orbital overlap figures shown in List-I with the
description given in List-II and select the correct answer
using the code given below the lists. [Adv. 2014]

List-I List-IT

1. p—dmnantibonding

2. d—dobonding

3. p—dnbonding

4. d—doantibonding

30. Match each of the diatomic molecules in Column I with its

property/properties in Column II. [2009]
ColumnI Column IT
(A) B, : (p) Paramagnetic
B N, (q) Undergoes oxidation
© O () Undergoes reduction
D) 0O, (s) Bondorder = 2
®

Mixing of 's' and 'p' orbital

31. Arrange the following :
() N,, O,, F,, Cl, in increasing order of bond
dissociation energy. [1988 - 1 Mark]|

(i) Increasingstrength of hydrogen bonding (X-H-X):
0,S,E CLLN [1991 - 1 Mark]|

(iii) In the decreasing order of the O — O bond length
present in them [2004 - 4 Marks]

P Q R S 0,,K0, and O, [AsF,]
E) i ; ‘;’ ; 32. How many sigma bonds and how many pi-bonds are
(c; i 5 i 4 present in a benzene molecule? [1985 - 1 Mark]
@ 4 1 3 5 33. Water is liquid while H,S is a gas at room temperature.
Why? [1978]
? Answer Key
Topic-1 : Lewis Approach to Chemical Bonding, lonic Bond and Bond Parameters
1. (a 2. (@ L@ 4, (¢) 5. @ 6 b 7. (b) B.(d - 9 (© 10. (b
11 (b) 12. (a) 13. (c)'_ 14. (b) 15. (c) 16. (a) 17. (a) 18. (d) 19. (c) 20. (6)
2. @ 22. (80.09) 23. (banana bond) 24. (2) 25. (False)26. (False)27. (False) 28. (True)29. (a,d)
30. (be) 31 (bo) 32. @  33. (¢
Topic=2 : VSEPR Theory and Hybridisation
1. (d) 2. (d) 3. (@ 4. (a) 5. (b) 6. (b) 7. (d) 8. (b) 9. (b) 10. (c)
11. (a) 12. (c¢) 132" (c) o S(e) 15, (8) 16, () 17. @) 18. 4) 19. 4
20. (Planar)21. (CO,) 22. (False) 23. (False)24. (True)25. (be) 26. (bed) 27. (ac) 28. (b)
Topic-3 : VBT, MOT and Hydrogen Bonding
Lo i) 2. (c) 2 =) 4. (a) 5. 6. (b) T ke 8. (b) 9. & 10. (d
1. (b 12 (&) 1B.(® 14 (@ 15 @ 16 @ 17.@ 18 (¢ 19 @ 20. (b
21. (@) 22. (6 23. (6) 24. (Increases, decreases) 25. (sp®) 27. (a,d) 28. (a,c)29. (c)
30. ((A)-prt;(B)-st; (C)-p.q:(D)-p.q,s)
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Topic-1: Lewis Approach to Chemical

E—"_—J Bonding, lonic Bond and Bond Parameters

(a) Hybridisation of 8 in H,S=—(6+2+0-0)=4

b | —

S has sp* hybridisation and 2 lone pair of electrons in
H,S.

It has angular geometry and so it has non-zero value
of dipole moment.
(d Critical temperature of water is higher than 0O, because
H,0 molecule has dipole moment which is due to its
V-shape.

H +

|

H-N-=H| [Cl] -Ithasionic and non-polar

|
Ho |
covalent bond
() H—C=N - It has ionic and polar covalent bonds.

© (a)

H
0 0/“-> Polar bond
(c) pPar
H Non polar bond
It has polar and non polar both type of covalent bonds.

H
/
@ H— C\\H

H

It has non polar covalent bonds only.

(©

()  P,O5 will be more covalent than other metallic oxides.

(1) Oxidation state of Mn is + 7 in Mn, 0., oxidation state

ofCrin CrO, is+ 6 and oxidation state of Mn is + 2 in MnO.
MnO is most ionic.

P205, being a non-metallic oxide will definitely be more

covalent than the other metallic oxides. Further, we know

that higher the polarising power of the cation (higher for

higher oxidation state of the similar size cations) more will

be the covalent character. Here Mn is in +7 0.S in Mn,O.,

Crin+6 in CrO, and Mn in +2 in MnO. So, MnO is the most

ionic and Mn, 0. is the most covalent.

(d) No.ofe in CH,"=6+3—1=8

No.ofe"inH,0"=3+8-1=10

No.ofe”in NH,;=7+3=10

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

lutions

No.ofe inCH, =6+3+1=10

- H;O",NH, and CH,~ are isoelectronic.

(b) In N,, similar atoms are linked to each other and thus,
there is no polarity.

(b) The zero dipole moment of BF, is due to its
symmetrical (triangular planar) structure. The three
fluorine atoms lie at the corners of an equilateral triangle
with boron at the centre.

The vectorial addition of the dipole moments of the three
bonds gives a net sum of zero because the resultant of
any two dipole moments is equal and opposite to the third.
(@ In covalent bonds, between two identical non-metal,
atoms share the pair of electrons equally between them,
eg.:F,, 0, N,.

(¢) Tonicbond or electrovalent between Cu?* and 5042_ :

2
O
|
covalent and coordinate in SOj" O < fT — O jon.

0

(b) Inregular tetrahedral structure, dipole moment of one
bond is cancelled by opposite dipole moment of the other
bonds.

() . Carbon tetrachloride having regular geometry
and identical atoms attached to bonds has zero dipole
moment.

(a) Isoelectronic species have same number of electrons.
Electronsin CO=6+8=14
ElectronsinCN~-=6+7+1=14

(¢) In trigonal planar geometry (for sp® hybridisation), the
vector sum of two bond moments is equal and opposite to
the dipole moment of third bond.

(b) -+ It forms hydrogen bonds with water.
() N=N NIN:

(@ H, H-H

@ XY

Electropositive elements forms cation and
electronegative elements forms anion.
(d) - after forming the bonds, C has only 6 e in its
valence shell.
(¢) In KCN, ionic bond is present between K™ and CN-
and covalent bonds are present between carbon and
nitrogen C=N,
(6) Polar molecules will be attracted/deflected near
charged comb.
Polar molecules : HF, H,0, NH,, H,0,, CHCI,, C.H.CI
(6-polar molecules)
Nonpolar molecules : O,, CCl,, C H,
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22.

23.
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H~, H
e H>B H»/B("H
+ + - e B
N,O N=N=0€=>N=N-0€<>N-N=0
o} 0
Nzoq \\N‘_N’f
0/ \0
ﬁ ]
H5,0;, S » H,8,0, S S
\ XN
O/I OH O/\ o—o”| o
]
B

Total No. of molecules containing covalent bond between
two atoms of the same kind are 4.

(80.09) Dipole moment, p =e * d coulombs metre
ForKCl d=2.6x10"1%m

For complete separation of unit charge (electronic charge)
(e)=1.602x 10°17C

Hence n=1.602x 10719 % 2,6 x 10710 =4.1652 x 10-2°Cm
Hger=3.336 x 1072 Coulomb meter (given)

3.336x1072°
4.1652x107%°

= 80.09%

Three centred two electron bonds or banana bond;

The formation of three centred two electron bond is due to
one empty sp? orbital of one of the B atom, 15 orbital of the
bridge hydrogen atom and one of the sp3 (filled) orbital of
the other B-atom. This forms a delocalized orbital covering
the three nuclei giving the shape of a banana. Thus, also
known as banana bonds.

.. % Ionic character of KCl = % 100

Empty spa
orbital of B

ViV
/N

y R

;:i
fa

24.

23

26.

27.

28,

30.

31.

32.

33.

34.

35,

2:N=N (N,) has 1o and 27 bonds. (A triple bond consists
of 1o and 27 bonds)

False : The C—F distance is less than the C — Cl, although
the former involves more charge separation. However, here
bond distance has more dominating effect causing dipole
moment of CH,C] to be more than that of' CH,F.

False : The presence of polar bonds in apo[yatumlc molecule
does not always lead to a definite dipole moment. This is
because the dipole moment is a vector quantity and when
the bond moment of one bond is cancelled by the equal but
opposite bond moment due to other bond(s), the molecule
has zero dipole moment, e.g. CO,,CH,, CCl ete.

False : Symmetrical molecules with polar bonds have zero

- dipole moment.

True : Sigma bond is formed by the overlapping of two

s-orbitals or one s and one p or the two p orbitals of the
two different atoms. Thus, linear overlap of two p-orbitals
results in formation of a 6— bond.

(a7
Com o)
Axial p-p overlapping
(a, d) (a) CO,, C,H, and HCl follow octet rule.
(b) O, and HCI and follow octet rule.
(c¢) None ofthem follow octet rule.
(d) COE, 03 and C,H, follow octet rule.
Correct answer is (a) and (d).

(b, c) Dipole moment (i) value of BF,,
BCl,is zero.
(b, c)AIkams (a) and (d) don’t have dipole moment because
of symmetry in them,

F,, BeCl,, CO,,

C2H5 ~ /H C2H5 Rl /C2H5
=
H CH; H~— ~\H
trans 2-pentene cis 3-hexene

These alkenes are not symmetrical and so, they have dipole
moment.

(@ Both assertion and reason are correct. The reason
explains the assertion as the central O-atom cannot have
more than 8 electrons (octet).

(¢) LiClis a covalent compound due to the large size of
the anion (CI”) and small size of Li* cation. This generates
large amount of polarisation in bond.

0:;0=0 —0; :0:: b'::Cé:
ci i:i
€OCly; 0=C~Cl; 6 : 5Cx C:

Lewis dot structure Neutral molecule

r 2
(s X0 & 01
L =X o |

F; LF : F]
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CN—: [:C N;]_
Nes- i o3 §]

g
=l
6+2

. @ OSF,: H =T=4 . Ithas 1 lone pair. '3

U

//ﬂsl\ (Shape is trigonal pyramidal)
(0] F F

Topic-2: VSEPR Theory and Hybridisation

The shapes of SO,, BrF, and SiO?" are triangular planar,
see-saw and triangular planar respectively.

E i 74,
2. @ Clog XeF,
(1 lone pair) (2 lone pair)
S O
P Nl
o? // 0 A
0 F = F
Square planar
Pyramidal
SF, o
mﬂ pair) (3 lone pair)
e e T
o
I -
ol
I
Linear
Irrcgular.letmhedra] "
3. (a) Isoelectronic species have same number of electrons
and isostructural species have same type of hybridisation
at central atom, 9
NO;™; No.ofe"=7+8x 3+ 1 =32, hybridisation of Nin "~
NO;is sp? 10
CO,% : No. ofe” =6+ 8 x 3 + 2 =32, hybridisation of C in ;
C032‘ is sp?

ClO;™; No. ofe™= 17 + 8 x 3+ 1 =42, hybridisation of Clin
ClOy issp?
SO5; No. of ™= 16+ 8 x 3=40, hybridisation of S in SO, is sp>
. NO;~and C032‘ are isostructural and isoelectronic.

4 (a H,N — BF, where both N, B are attaining tetrahedral
geomerty.

1
(b) H= [V+M-C+A]
Hybridisation of N in NH, = % [5+3-0+0]=4 : o*

1
Hybridisation of Pt in [PtC1,]>~ = 2 [2+4-0+2]=4
.. dsp
S ; 1
Hybridisation of P in PCl; = 3 [5+5-0+0]=5 .. sp°d

2

1
Hybridisation of Bin BCl, = 5 [3+3-0+0]=3 ., sp?

(b) For NO; i H:%(5+0+0_])=2;
sp hybridisation
For NOj3 : H=%(5+0+1—0}=3;

sp? hybridisation
1

For NH; iH =E(5+4+0—1}= 4

sp® hybridisation
@

: No. of electrons No. of mono-  charge charge
H =E in valence + valentatoms + on - on

shell (V) (M) anion (A) cation (C)

For SF: H =%(6+4+0-—0) =5, . Sissp’d hybridised

in SF,. Thus SF, has 5 hybrid orbitals of which only four
areused by F, leaving one lone pair of electrons on sulphur.

1
For CF 1 H =[4+4+0-0]=4 . sp’hybridisaion

Since, all the four orbitals of carbon are involved in bond
formation, no lone pair is present on C having four valence
electrons

For XeF, spid?

hybridization of the six hybrid orbitals, four form bond
with F, leaving behind two lone pairs of electrons on Xe.

H=%(8+4+0—0)=6,

o) H=%{3+3+ 0-0)=3

Boron, in BF, , is sp? hybridised leading to trigonal
planar shape.
B 0=S5=0
H=2+1=3 = sp? hybridisation
(¢) Structure of a molecule can be ascertained by
knowing the number of hybrid bonds in the molecule. Thus

In NF; : H=%(5+3—0+0}=4

Thus, N in NF; is sp® hybridized as 4 orbitals are involved
in bonding.

In NO3 : H =%(5+0—0+1)=3
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Thus, Nin NO3 issp® hybridized as 3 orbitals are involved I
in bonding S0,Cl, Cl/”{’\\o XeE, : F—Xo_F
In BF, : H:-;-(3+3—0+0):3 jod O
Sp- Sd
Thus, B in BF, is sp? hybridized and 3 orbitals are involved £ o
in bonding 5 F\ | Q |
InH,0": H=1(6+3-1+0)=4 ai B CLF*:QT“F
H 3 =—(0+3—-1+0)=
;0 > ( ) . L
3 3
Thus, O in H;0" is sp® hybridized as 4 orbitals are spd spd
involved in bonding. Cco T
O
_ : . = ‘ | _ : Z
Thus, isostructural pairs are [NF;, H;0"]and [ NO; , BF,]. Ni(CO),] : NS XeO,F, :C>Xe o
(@) For ClO;, we have, H=5(?+0—0+1) CcO 3
3 .S'p
= H=4 or sp hybridisation as 4 orbitals are involved. 5
(¢) 4o bonds — sp® hybridisation Cl Cl
3o and 17 bonds — sp? hybridisation (PtCl ]3— ;
20 and 27t bonds — sp hybridisation ==
[For hybridization only o-bonds are considered] o1
2 Cl
0 NH, dsp
I |
H-C-OH H,N-C=0 e F\Q,F
: * eF, e ; SOCL & LS
@ ®) F O 5 oZ| al
Cl
?H3 (”) sp’d sp?
* 16.
CH; -C -OH CH,-C-H ©
| "
CH; Species | No.of valencee™ | No.of No.of
(c) (d) with central atom | 6-bonds | lone pairs
(@) 3o,1n (b)3o.1lx (¢)4c (d) 3c,1In 2
-, (CH,),COH has 4o bonds and thus it has sp’ [TeBrg ] ¢ 2 :
hybridisation. Bk, ] 6 2 2
(¢) From amongst given species PH,, NH, and SbH, are SNF, 3 4 0
all sp? hybridised. Their central atom has both bond pair =
as well as lone pair of electrons. The lone pair occupy the | [XeFs] 8+1 3 3

14.

15.

Get More Learning Materials Here : &

fourth orbital. CH;™ has only three pairs of electrons so it
is sp* hybridised.

(c) H=§(V—M—C+A}

For SO,, H = %(5+0+0—0)=3

sp* hybridisation.

QT !

I . Si04: e Sia -

5 I 1/[\1 = (s
0,
.sp“ sp

Sum of number of lone pairs=1+2+0+3 =6

17. (4) Cl-Be-Cl N=N-N:
Hybridization sp Hybridisation sp
Structure linear Structure linear

+
0=N-0 .b.‘//o\@

Hybridisation sp?
Structure Trigonal planar

Hybridisation sp
Structure Linear

/i:
Cl 1

Hybridisation sp3

[c-1-ar

Hybridisation sp°d
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Structure Angular Structure linear Sl
RIETT F-Xe-F O At
s RS = Pt 2
2 - e S lanar (ds;
Hybridisation sp3d Hybridisation spd [Pt 4l Cl/ \C[ RISl ar)
Structure Linear Structure Linear
S naS 19. (4) Accordingto VSEPR theory, number of electron pairs
N=N=0 around central atom (Br) are 6.
Hybridisation sp Five are bond pairs and one is lone pair.
Structure Linear Its geometry is octahedral but due to lone pair —bond pair
5 d N li ith repulsion, the four fluorine atoms at equatorial positions
Oty E:e:Clzl’ e O e licar wi are forced towards the axial fluorine atom, thus reducing
- sp-hybridisation. F-Br-F angle from 90° to 84.8°.
18. @ The Feq— Br- Feq angle will remain 90°,
F
Pl 'i'" _F
P @/ F 1 3P ’I\Br’/r’r
. U
XeF,: : /Xe\F Square planar (sp°d~) LZ &;
F F
=t
F 20. Planar; CHj; is a carbocation and such a species has a
é ¥ planar shape due to sp? hybridisation.
SF,: > Ir See-saw (sp°d) 21.  CO,; Bondanglein CH, is 109°28", in H,Oitis 104.5° and
F in CO, itis 180°. So, it is maximum in case of CO,.
22. False : sp? hybrid orbitals do not have equal s and p
F character. They have 33.3% s-character and 66.7% p-
5 ; 5 .‘\\\\ F 3 Chafacter.
SiFy: v Si \ Aekgaedal (g7) 23. False : Onlytwo orbitals are used since C in benzene is in
F F sp? hybridised state.
£ 24, True: SnCl, has 2 bond pairs and one lone pair of electrons.
| F Itis sp? hybridised and is trigonal planar in shape.
BF - B e Tetrahedral (sp%) 25. (b,c)  Compound Number of lone pairs
: 7N on central atom
3 F B 1
3 CIF, — 2
@ XeF, - 2
F \ / F SF 4 % L l_
BrfF~ 7 Bl‘\ Square planar (spd?) 26- (b,c,d) [0=N=0];[N=C-0];S=C=8§

F It can be seen from the structure shown above that Cs,
being sp hybridized has a linear shape and other two
molecules are isoelectronic to CS,, sothey are also linear,

i SnCl, and SO, are sp? hybridised and are not linear.
5 HNN o NH, . 27- @,0CO0,, HgCl, and C,H, have linear structure (sp
[Cu(NH,), 1" : Mol Square planar (dsp?) hybridization), while SnCl, is trigonal planar (sp?
3 hybridisation). NO, has angular structure (¥-shape).
2- F
(lfl Cl Hybridisation — sp3d
o
[FeCl,]>: /Fe"‘ Tetrahedral (sp°) 28. () XeF,: C>Xe Geometry — Trigonal
Cl \CI I bipyramidal
- LP=3
cl &
| «Cl g
[CoCL1>": /Co’\ Tetrahedral (sp?) F \ F Hybridisation - sp3d?
Cl Cl XeF,: Xe Geometry — Octahedral
F / @ F LP=2
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@ Hybridisation — sp?
XeO,: Xe Geometry — Tetrahedral
20N
0/ ” \0 LP=1
(6]
F Due to repulsion betwen Ip - Ip; the geometry of H,S is
J /0 Hybridisation — sp°d distorted from tetrahedral to V-shape.
XeO.E.: O— ¥ Geome = Trigonal 1
2 ’e \\0 wbipmmidal In PCly, no. of hybrid orbitals = —{5+3-0+0] =4

Hence, here P shows sp - hybridisation
Hence, correct match is:
P->5Q—23R—>2;S—4

29. First determine the total number of electron pairs around

the central atom.

N 8+4
XEF4 = ? = ‘—2— = P
Thus, in XeF ,, Xe is sp°d? hybridised. The structure ofthe =
molecule is octahedral and shape is square planer with P\

two lone pair of electrons. Cl & or /
S Cl Cl

20 g g gy
1sP=1s , 25 2p , 3s 3p13py3pz
N—

3 S in
sp hybridisation

Thus, due to repulsion between Ip - bp, geometry is
distorted from tetrahedral to pyramidal.

32. The structure of OF, is similar to H,O and involves sp?
hybridization on O atom. The bond angle in F —O - F is
not exactly 109°28’, but distorted (103°) due to presence of
lone pair of electrons on O as well as F leading to V shape
or tetrahedral positions with two positions occupied by
lone pair of electrons of the molecule.

Thus, the central atom (S) is sp°d hybridised leading to

trigonal bipyramidal structure with no lone pair of electrons.
Cl
2 Ci\l\ F\C/F -
\P Br : /1%3\ :
1 / % .F: :F:
Oxidation number of F=—1
Cl Oxidation number of O =+2
Cl F
PCl, : sp*d Trigonal bipyramidal BrF; : spd? ﬁ Topic-3: VBT, MOT and Hydrogen Bonding

Square pyramidal |::-|

To decrease Ip - bp repulsions, lone pair takes the axial : © F,(18¢); o152 6*1s2 6252 6*22
position in BrF. 3 # :

2

Ul'p%_ nlp%\ Ttlp%j ¥ 2ps 2'@% c*2p,

x 1
A IS, no. ofhyorid ofbials = —(0+2-0+0) =4
3 2 % @© Cy=als®o*ls’ o2 o* 25" a2p. mp, ™p,
‘ i £ : ;
i e ek hy’nrldlsed, i When there is no mixing of 25 and 2p atomic orbitals, the
2 1 ; :
i S=\sy 1< pﬁ ’ S 7}2: 3}};3}}1 gy af alp malecular achital willbe law.

Thus, only C, will be paramagnetic.
sp3 hybridisation
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(a) If Hund's rule is violated then pairing of e in the
same molecular orbital (of same energy) can take place.
Complying with Hund's rule: M.O. configuration: o157,
o*1s%, 0282, o*2s2, n2pxl, n2p,' Molecular orbital
configuration of B,(10) violating Hund's rule : 61s°, c*

152,625, * 252, m2p;

6-4
Bond order of B, = = =1

(a) Molecular electronic configuration of

. B, will be diamagnetic.

.nlp_\'? ::3;;::.52;)1‘
Ny—-N, 10-4
2N oY

b | - - -
,6*ls", 025" ,6* 25", 02p;,

) >
CO:cl:z,U'lsz,GZS“,c*Es"

Therefore, bond order = =3

NO™ : ols?

xzpf_ - :z.lpi, {n*2
10-6
2
NO™ has different bond order from that in CO.

Bond order = 2

@

(@) In Na,0O,, we have 0%‘ ion. Number of valence

elctrons of the two oxygen in 0%‘ ion=8x2+2=18
which are present as follows :

ols?, o*15%;62s%, 6*2s5%, o2 p2 | rt2pjf =n2p2,
:rt"‘?.pi = 11‘*2}:?%

Number of unpaired electrons = 0, hence, O%‘
is diamagnetic.
No. of valence electrons of all atoms in
0,=6x3=18.
Thus, it also does not have any unpaired electron,
hence, it is diamagnetic.
(c) No. of valence electrons of all atom in N,O
=2 x5+6 =16. Hence, here also all electrons are
paired. So, it is diamagnetic.

(b)

(d) In KO,, we have 05 No. of valence electrons of all

atoms in 0; =2x6+1=13,
It has one unpaired electron, hence it is paramagnetic.

(b) 03:0'152,5‘152,0232,5‘232,02p§,
EZpi I‘ZPL
f|:2p§ n‘Zpi
10-6
Bond order =——= 2

(two unpaired electrons in antibonding molecular orbital)

2 ol

. . n2py.|n 2
03 :0ls%,6' 157, 625%,6" 25%, 022, Py { Py
n2p2, (7 2p]

-
L.

10-5
Bond order =T =2.

LN

10.

11.

12.

13.

(One unpaired electron in antibonding molecular orbital)
Hence, O, as well as O3 is paramagnetic, and bond order

of OF is greater than that of O,.

(¢) O, is the only species having unpaired electron.
(b) Writeconfiguration of all species. Half filled and full
filled orbitals are more stable as compared to nearly half
filled and nearly fulI filled orbitals.
Li-=1s%, 25 ; Be = 152, 252, 2p!
B=1s%,25%, 2p2 C =12, 28, 2p
Be will be least stable. It has lowest LE.
(a) Number of electrons in each species are

CN =6+7+1=14-CO0=6+8=14
NO™ =7+8-1=14
Each of the species has 14 electrons which are distributed

in MOs as below
2 2 2 2
,62s> Jat2e” n2p, =:rc2p§ ,o2p,

16—
Bond order = P 4=3

()]
() Bond length o

2 2
als"o*ls”

1

Bond order

(i) Bond order is calculated by either the help of molecular
orbital theory or by resonance.

(i) Bond order of CO as calculated by molecular orbital
theory =3

(i) Bond order of CO, (by resonance method)
_ No. of bonds in all possible sides 4

= 2
No. of resonating structure 2
(iii) Bond order in CO,*" (by resonance method)
4
=2 1.33

. Order of bond length of C - O is CO < CO, <CO,*
(b) Calcium carbide is an ionic compound (Ca2* C2-) which
produces acetylene on reacting with water. Thus, the
structure of C*~ is [C=C]*", It has one & and two 7 bonds.
@ O,=0xygen (Z=8)has following molecular orbital
configuration of 02

02(168)-0‘13 o* h o 2%, 6* 252, 02p an
=n2p? n* 2p, '=a*2p! i.e., 2 unpaired and 14 paired
electrons.

(b) H,O molecule can form four hydrogen bonds per
mulecule, two via lone pairs and two via hydrogen atoms.

@ O; (17e)-KKo2s?6*25°62p 2,
:r|:2py2 = n2p22, 1':"'2,;:»},2 =n* 2le
Thus, O, has one unpaired electron; hence it is

paramagnetic. Other species have no unpaired electron.
All of them have 14 electrons.
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15. (a) InPCl,, Pis sp® hybridised and has one lone pair of
electrons, hence it is pyramidal in shape.

16. (a) Compound having sp hybridisation will have linear
shape.

CO, or (O=C=0) which has C in sp hybrid state has

linear shape,

17. (a) Compounds having F or O or N attached to H form
hydrogen bond.

CH,CH,OH C,Hs— O -C,H; CH,CH,C1
ethanol _ diethyl ether ethyl chloride
CH,
CH;3 - I!\i —CH;
Trimethyl amine
18. (¢) ~.F-H....... F bond is strongest due to largest
difference in electronegativity of atoms and smallest size
of F atom.

19. (a) Write the electronic configuration of each species
according to molecular orbital theory.

NO (15¢7)— 0’152,6*15‘2,6252,0*232,02;{3,
n2p} =n2p?, n*2pl =n*2p?
1 unpaired electron.
CO (14¢)- ols?,6*15%,625%, 6 %252,
1t2p§ - rc2p22, 62,05
no unpaired electron
CN-(14¢") - 6182,5*132,6232,0*252,
n2p} =m2p?, o2p?

0, (16¢7) - o 1s%, o* 1s% o 2s% o* 252, o2p 2,
n2p2=n2p? n* 2p)!=m*2p!;
Two unpaired electrons.

20. (b) sp type of hybridization involves the intermixing of

one s and one p (say p,) orbitals to give two equivalent

hybrid orbitals, known as sp hybrid orbitals.

The two sp hybrid orbitals are directed in a straight line

with an angle of 180° (collinear orbitals). The other two p

orbitals (say p,, and p,) remain pure.

2s 215':

‘ sp hybridisation

sp 5
21. (d) Hydrogen bonding is formed in those compounds in
which F or O or N atoms are attached to hydrogen atom.
-+ HCI does not have F or N or O
. It does not form hydrogen bond.

22. (6)

2AgNOL(s) —2 2Ag(s) +2NO,(g) + O,(g)
NO, has one unpaired e~ and O, has two unpaired ™.
Molecular orbital configuration of O, :

ols’ ¢ 152 5252 c 257 UZpﬁ ani rth_i r:2’1:i!r rr’i!pi2
Total number of e present in antibonding molecular

orbitals=6.
23. (6) (H,,Li,, Be,, Cy,N,, F)

H,—: ol (Diamagnetic)

Hej :  ols? o*ls! (Paramagnetic)

L, : ols? o*ls?, 0252 (Diamagnetic)

2 ] L]

Be, :  ols?, 6*1s2, 6252, o*2s2 (Diamagnetic)

B, : ols? 0*1s2 6252 0*22, m2pl = ::er}.
(Paramagnetic)

C, 1 ols o*ls?, 025, 0%252, n2p; = n2p?
(Diamagnetic)

N, © ol o*1s, 622 6252, m2p; = n2p2,02p?
(Diamagnetic)

0; : o182 0*12, 0252, 6*252, 62p? , m2p>
= n2p§,,n* 2p§ = n*zpjl; (Paramagnetic)
F, : ol 0%l 022, 0*2s2, 62p2 , m2p2
= ﬂ2pi,ﬂ:*2p§ =7c*2pi (Diamagnetic)
24. Increases, decreases;
Bond order in N, =3 and Bond order in N3 =25

Thus, conversion of N, to N3 decreases bond order
(from 3 t0 2.5) and hence, increases the N—N bond distance.
Bond order in O, =2 and Bond order in 03 =25

Thus, conversion of 0O, to 05 increases bond order (from
210 2.5) hence, decrease in O — O bond distance.

1
25. sp’; Hybridisation (H)= : [No. of valence electron in

central atom + No. of monovalent atoms — Charge on cation
+ Charge on anion]

1
For N in NH,*, hybridisation (H) = 5(5 +4-1+0)=4
. sp> hybridisation.
o

Il
26. H-C-OH and CH3; -C-OH form strongest

Il
0
hydrogen bonds because of largest difference in
electronegativities of bonded atoms.
27. (a, d) Overlap of two 2p, orbitals.

® X X

i_rplar;esj
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= X * ' ; 2pz=
‘9}‘*2-9%2“‘*-@.*9.-2

1 nodal plane in XY.
(paralle] to the

Z molecular axis)

fl}ﬂ 2 <

it 2 nodal plane in XY.

one plane is perpendicular to the molecular
axis and another is parallel to molecular axis

e

28. (a,0)
(a) The molecular orbital energy configuration of C.ris
*9 *
0123, Oig - 0'%5, Gzi : Egpx= n%py 3 ngz
In the MO of C,*, there is no unpaired electron hence, it is
diamagnetic.
(b) Bond order of O,>" is 3 and O, is 2 therefore bond
length of O, is greater tha Q.5
(c) The molecuiar orbital energy configuration of N,*

2 2% 2 2 1
Ols: c"ls 29262 0055 Ty = any *O2p,

1
Bond order of N," = 5(9 —4)=2.5
The molecular orbital energy configuration of N;is

2 1
Gls& Gls 3 U%sa 025’ 7‘:2]: = ?sz s U%pz » M2p.

Bond order of N,” = 5(10—5) =25

(d) He," has less energy in comparison to two isolated
He atoms because some energy is released during the
formation of He," from 2 He atoms.

29. (¢) When two same phase overlap, it forms bonding
molecular orbital otherwise antibonding molecular orbital.
Also axial overlap produces o-bond and sideways overlap
produces n-bond. For example

1

c-antibonding orbital

© -bonding orbital

30.

31.

g Chemistry|

P. d—d (o bonding)
Q. p—d(mbonding)
R p—d (rantibonding)
S d-d (o antibonding)

(A)—p,r,t:(B)- s,t; ©)-p,q; D)-p,q,s
(A) B,:cls?, c*1s?,625%, 6"25%, n2p n2p,!
Addition of e will increase the B.O., hence it will
undergo reduction.
B) N,:0ls,¢*15%,025% 0°2¢%, n2p 2, n2p, 2, m2p 2,
rt‘Zp;, J't'2py°
Addition or removal of e~ will decrease the B.O.,
hence it will not undergo oxidation or reduction.
0,:6ls%, 6"15%, 022, 6"25, n2p 2, n2p,%, n2p 2,
IE'prI, 1r*2py1
Removal of e~ will increase the B.O., hence it will
undergo oxidation easily.
(O) Similarly, removal of e~ will increase the B.O. for 0.
also. Hence it will undergo oxidation easily.
() Increasing order of bond dissociation energy.
F,<CL<0,<N,
Fluorine-fluorine bond energy is less than the CI-Cl because
of larger repulsion between the non-bonded electrons of
the two smaller fluorine atoms. Oxygen having two lone
pairs of electrons on each atom exert less repulsion than
that of chlorine or fluorine each having three lone pairs of
electrons. Nitrogen having only one lone pair of electrons
exert minimum repulsion, hence it is the most stable.
(i) H-bonding is an electrostatic attractive force between
covalently bonded hydrogen atom of one molecule and
an electronegative atom (F, O, N). Further, higher the
electronegativity and smaller the size of the atom, the
stronger is the hydrogen bond.
Although Cl has the same electronegativity as nitrogen, it
does not form effective hydrogen bonds. This is because
of its larger size than that of N with the result its
electrostatic attractions are weak. Similarly, sulphur forms
a very weak hydrogen bond due to its low
electronegativity, although oxygen present in the same

(D)
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group forms a strong hydrogen bond.
Hence, theorder isS<CI<N<O<F

+1 +3 4
(iii) Tn KO,, O, is present as O,", while in 0, (As Fy).

0, is present as O,". Write down the MO configuration
of 0,,0,”and O,".

0,:0l1s?,6"152,625% ,6* 22 6 2p % 2}:!1_,2 =n2p2

W e/ =2l

Thus, the bond order = 2

O, : Same as above except n* 2p>,2, n* 2p,! in place of
n*2p},,n*2p},.

Thus, the bond order in O,"= 1.5

Get More Learning Materials Here : &

32.
33,

A99
0,": Same as in O, except n* 2p,' = 7" 2p,° in place of
r:"Zp.L,ar*Zpi.

-. Bond orderin 0, =2.5

-. Bond order in the three speciesis 0,">0,>0,~

or O,[AsF,]>0,>KO0,

Bond length order : KO, >0, >0, [AsF,]

Benzene has 126 and 37 bonds.

H,O molecules are held together by hydrogen bonding
which is stronger force of attraction but H,S molecules are
held together by van der Waals forces of attraction, which
are weaker forces, As a result, water molecules come closer
and exist in liquid state.
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