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Date: 16/10/2021
Give Lewis structure of SO>".

Write a neutral molecule which is isoelectronic with CIO™.

Write Lewis symbols for the following atoms and ions:
S and S*; Aland APF*; Hand H-.

How many types of bonds are present in NH,CI?
What is the total number of electrons is NO; ?
Write electron dot structures of CO and AICI,.

Although very useful in a large number of cases, the octet rule has many exceptions.
Give two examples to support this statement.

How many ¢ and n-bonds are present in CH, = CH — CH == CH,?
Why is NaCl harder than sodium metal?

Why is solid NaCl non-conductor of electricity?

Explain the formation of a chemical bond.

Write the Lewis dot structures of BeF, and SiCl,.

Why does BF, behve as Lewis acid?

Indicate the number of 6 and = bonds in-the moleule CH, = C =CH..

Calculation of formal charge on O atoms'of O,
2. 1 3

:0::0:0:
Give electron dot structure for carbon suboxide, C;0,. Write its structural formula.
Give Lewis structure of SOCI,.
Give Lewis structure of ClO,.

Calculation of formal charge on Cl atom in HCIO,
0
H:0:Cl: O:
:0:
Calculation of formal charge on P atoms in H,PO,
H:O:
H:O:P:O:H
:0:
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Q21. Which of the following do not obey Octate rule:
sO,, SF,, NO, SO,, NO, BF,, PCl,.

Q22. Which of the following are superoctate compound:
CO,, CIF,, SO,, IF;.

Q23. Write the significance of a plus and a minus sign shown in representing the orbitals.

Q24. The skeleta structure of CH,COOH as shown below is correct, but some of the bonds are
shown incorrectly. Write the correct Lewis structure for acetic acid.
T :(l):
H=C—C—O—H
|

H

Q25. Which end of ICI will be positive and which will be negative and why? Is it covalent or
ionic?

Q26. Give two differences between ¢ and n-bonds.

Q27. Using Lewis dot symbol show electron transfer between cation and anion of following
pairs.
(@) Kand$S (b) Aland N (c) MgandO (d) Liand O

Q28. Draw Lewis structure of following element and ions.
(@) PandP?* (b) CandC* (c) PandP' (d) Hand H-

Q29. Three elements have the following Lews symbols:

X Y, Z:

(a) Write the group of the element in the periodic table.

(b) Which elements are expected to form ions? What is the expected charge on the
ions?

Q30. Use the concept of formal charges to determine the most stable Lewis dot structure for
CO; in the following.

(@ 0=Cc=0 (b)) "0=0—C () o—Cc=0
(d C—0=0 (). o—o=cC

Q31. Calculate the formal charges of the atoms in the nitrate.ion (NO;").
Q32. Calculate the formal charges of the atoms in the carbonate ion (CO%).
Q33. Calculate the formal charge on eafc‘:h at‘cfm in
0 - Sh= O
Q34. Define octet rule. Write its significance and limitations.
Q35. Explain the formation of H, molecule on the basis of valence bond theory.

Q36. What do you understand by bond pairs and lone pair electrons? lllustrate by giving one
example of each type.

Q37. What is the total number of sigma and pi bonds in the following molecules?
(@) CzH, (b) C.H,
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Q38.

Q39.

Q40.

041.

Draw diagrams showing the formation of a double bond and a triple bond between carbon
atoms in C,H, and C,H, molecules.

Considering x-axis as the internuclear axis which out of the following will not form a
sigma bond and why?
(a) 1s and 1s (b) 1s and 2p, (c) 2p, and 2p, (d) 1s and 2s

Use Lewis symbols to show electron transfer between the folowing atoms to form cations
and anions: (a) Kand S (b) Ca and O (c) Al and N.

Write the favourable factors for the formation of ionic bond.
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Nurturing Success...
CHEMISTRY - XI | Type of Bonding NCERT-Solution
Date: 16/10/2021
si. - :0:
L0 I R
SO :0-+$+:0: or :0—S—O0
Sulphate -0t }
ion :Q:

s2. XeO, CIF.
$3. Species 169 1Al H

Atom :S: Al H

lon [:S:]* [A* A

S4. Three types bonds (three covalent, one coordination, one ionic bond.)

§5. 32 electrons.

S6. ‘Ciio: = Ci=0x x - O electron
O © © « C electron
:Cl: C|
A I Al elect
Gl x Al X Gl = Cl— Al—Cl 776 Sicron

S7. InAICIS: Al share 6 electrons.

In PCl;: P share 10 electrons.
$8. cbond=9; mbond=2.

§9. NaCl is ionic in nature and ions (Na® CI”) has much high latticeé energy due to electrostatic
force. while Na metal has respectively less lattive energy between atoms.

§10. Because NaClis ionic in nature having strong lattice. bond. Hence ions are no mobile in nature,
and cannot transfer electrons (electrons are not mobile in nature) to conduct electricity.

S11. Chemical bonds are two in types.

(a) By transfarmation of electrons and cation anion formed which have electrostatic force-called
ionic.bond

(b) By sharing of electrons between two atoms. Two electrons of two atoms share their orbitals
by decreasing their energies in this case net attractive and repulsive force is equal, called
covalent bond

s12. :F- X Be x-F: x - Be electron
e i * F electron
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:'(;Il:

X
. S . *v.. X-Sielectron
Covalent in nature :Cl- x Si x -ClI° * Ghiorinelectron
X
:Cl:

$13. Because in BF,. Boron has empty p-orbital. i.e., Boron has 6 electrons after bonding three
f-atoms.

S$14. cbond=6; mbond=2.

$15. Formal chargeon 0" =6 — % (6)—2=+1.

Formal chargeon 0% =6 — % (4)-4=0.

Formal chargeon O° =6 — % (2)-6=-1.

§16. O=C=C=C=0

x - Electron of C

101CriCHiCEI0 ¢ Ejectron of O
517. .. :E:.lz
LGk . .
SOCI, :0:8:Cl: or :O<=S—CI
Thionyl
chloride
sis. i 5 ]
. :Q: . . t b
CIO;  :0:Cl:O: or [:0<Cl—OQ:
Chlorate :0: }
ion O
$19. Formal charge on Cl = 7 — 15 ©)=0=3.

$20. Formal chargeon P =5 = % (8)-0=1.

s21. SF,, SO,, SO,, NO, BF .
$22. CIF,, SO, IFs.

S$23. An orbitalis a pictorial representation of wave funection. The plus and minus signs do not represent
charges but instead they represent + and —ve nature of the wave function ‘v

S24. The skeletal arrangement of the atoms in the above structure is correct, however, electronic
arrangements is not in accordance with Lewis concept. The correct structure of acetic acid is
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H :0:
|l
H —(|3—9—9—H

H

§25. ICl is covalent compound, which is polar in nature and I is respectively electropositive the ClI
hence I is positive end while Cl is negative end

s+ S
I —ClI
—
S26. o bonds 7 bonds
i. In o bonds orbitals mix. end to end of In 7 bonds orbitals mix. side by side of
two different atoms two different atoms.

ii. obonds determined the shape of molecule n bonds has not contribution to determine
shape

§27. (a) Kand S

Potassium is monovalanent while S is bivalent.

K.’f’\ e . X 2-
+ S: —2K |::S :J
K-\_/ . .
(b) Mg and O both bivalent
Koz i —=mg*:0:]
g -\—/ -.- g - -
(c) Aland N. both trivalent

/\
. /-—-.\ .o 2 .o 3-
Al+ + N: —> Al [N
L \_/ . .o

(d) Liis monovalent O is divalent

-e 2_
+ 0l s> 2Li" [: o:}

S28. . [ e T3 . .,
@ P+ .and :P: (b) -C- and -C-

1
J
.

(© P and |:P- @ M and [H]
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§29. (a) Number of dots in the Lewis symbol is equal to the number of valence electrons in at atom
and thus we find that:

(i) In X, the number of dot is one and number of valence electron is also one. Therefore,
X is an element of group 1 of the periodic table.

L]

(i) <Y, there are four valence electrons. Therefore, Y is an element of group 14 of the
periodic table.

(iii) In: Z ., there are seven valence electrons. Therefore, Z is an element of group 17 of
the periodic table.

(b) (i) x.willform a cation by losing one electron.

X « — X" + €. The charge on the cation is +1.

(i) 2 Z - will form an anion by ganging one electron.

Z +te — Z :~. The charge on the anion is —1.

$30. The formal charges for each atom in each structure are given as follows.

@ o= =23 ® 0=0—0
© 3—¢=08 d ¢—0=0

It is seen that the formal charges are minimized when_the carbon atom is in the middle and
forms double bonds to each oxygen. Thus structure (a) represents a stable Lewis structure of
CO,,.

S31. Lewis dot structure of NO;™ ion is written as

100 O :
U or |
101 Nt O [O=N—-O}

0 +1 -1 (0] +1 -1 (formal charges)

Formal charge of an atom=N,—- N, — %Nb

(a) Formal charge of N atom=5-0— %(8)= 5-4=+1

(b) Formal charge of O atom (lefftoN) =6 -4 - % 4)=6-6=0

(c) Formal charge of O atom (rightto N)=6 -6 — % 2)=6-7=-1
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(d) Formal charge of O atom (above N)=6 -6 — % (2)=6-7=-1.
Sum of the formal charges=0+1-1-1=-1

$32. Lewis dot structure of CO3~ ion is written as:

2—

0 o 00 2-
e or I (formal charges)
:0: :C: O: 0O—C—0
10 -1 10 -

1
Formal charge of an atom=N _-N , - ENb

(a) Formal charge of C atom=4-0 - %(8) =4-4=0

(b) Formal charge of O atom (leftto C) =6 -6 — % 2)=6-6-1=-1

(c) Formal charge of O atom (rightto C)=6 -6 — %(2) =6-6-1=-1

(d) Formal charge of O atom (above C)=6-4 — % (4)=6=-4-2=0
Sum of the formal charges=-1+0-1+0=<=2

$33.:0_- S = O:

Formal charge on atom

(Nr) = (Nnb) — % (Nb) and both atoms.

= No. of valence electrons =Ng. of non-bonding electrons = % No. of bonding electrons.

FC on S atom =6-2-%(6)=+1
FC on double bonded O atom =6-—4— %(4) =0
FC on single bonded O atom =6-6- %(2) =-1

So, we may write :

1 +1

.e .» 0
:0=S5—0:
Note: Single bonding O form co-ordination bond, and its own electron does not take part in
bonding.
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S$34. Octet rule: According to octet rule atoms take part in bonding (covalent or ionic) to complete 8
electrons in outermost shell to get nearst noble gas stable-configuration.

Limitation of Octet rule:

(i) Some atoms form stable covalent compounds in which their octate in incomplete, less than
8-electrons in outermost shell called octet deficent compounds. e.g., LiCl, Li-has 4 electrons.

(i) Some atoms form stable covalent compounds in which they have more than 8-electrons in
outermost shell called super octet compounds. e.g., PCls, P-has 10 electrons in outermost
shell.

$35. Hydrogen atom has one electron which is present in its 1s-orbital.

Assume two atom H, and H; with their corrosponding electrons e, and e, respectively, when
two atoms start to aproaching the electron starts coming under to influence of the nucleus of the
other. i.e., their orbitals begin to interact new electrostatic force is create.

Attractive force between electron e, and nucleus of Hg, electron e; and nucleus of H, repulsive
force between electron e, and eg and nucleus H, and Hg.

In bond formation magnitude of attractive forces is greater than the repulsive forces.

§36. The pair of electrons which are shared by the two atom to constitute'a covalent bond is called
bond pair. On the other hands the electron pair of the valence shell which is not used in sharing/
bonding is called lone pair. Forexample, in CH, there are only*four bond pairs, in NH, molecule,
there are 3 bond pairs, and one lone pair and in water molecule there are two lone pairs.and 2
bond pairs as shown below:

H - N.- Jo}
H:C:H  HjH-~ H 'H
H
(4 bp) (11p;-3bp) (2 1p, 2 bp)
$37.In C,H, H=C=C—H
o bonds=3
n bonds =2
H\ /H
In CZH4 H/C= C\H
o bonds =5
n.bonds = 1

$38. Formation-of C==C in ethyne:
InC,H, Cis sp-hybidrized
C =18 2s* 2px' 2py' 2p7° Ground state

C=2s" 2px' 2py' 2pZ' Excited state
| |
C=sp + 2py' 2pz' Hybidrized state of each carbon
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S$39.

$40.

S41.

.@).(j@ UE\___W sp-hybidrized state (c-bond)
: d@——d@ :
N
(p-orbital) =-bond

Formation of C == C in ethene:

In C,H, each carbon is sp*hybidrized

C=1s% 282 2px' 2py' 2pZ° Ground state

C=2s" 2px' 2py' 2pZ' Excited state
|

«C = sp® + 2pz' Hybidrized state of each carbon

R

C<=£=>C
F— DN,
(p-orbltal) n-bond

The sigma bond is formed by axial overlap and it can-be formed by following orbitals.

(@) 1s and 1s (b) 1s and 2p, (¢) 1s and 2s

2p,and 2p, cannot from ¢ bond because ofnot.in axis in x-axis.

. ‘e M .. 72—
@ 2k + 8 — (K), ['$%

(b) Ca + -O- —> ca* o

© -Ar+ N = AP [N

lonic bond is:formed by transference of electrons from one atom to another. The favourable
conditions+fer its formation are:

(i) Low ionisation enthalpy of element forming cation.

(i) More negative value of electron gain enthalpy of element forming the anion and

(iii) High value of lattice enthalpy of the compound formed.
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CHEMISTRY - XI | VSEPR Theory and Hybridization NCERT

Date: 16/10/2021

Q1. Compare the H— N — H bond angle in the following molecules and ions:
NH;, NH;, NH;.

Q2. The H—S — H bond angle in H,S is 92.2° whereas the H— O — H bond angle in H,O is
104.5°, why?

Q3. Which of the following has maximum bond angle?
H,O, CO,, NH; CH,.

Q4. Is there any changes in the hybridisation of B and N atoms as a result of the following
reaction:

BF; + NH; —— F;B — NH;
Q5. Arrange H,0, NH; and CH, in the decreasing order of bond angle.
Q6. Explain the shape of BrF;. F

(@)

|

(a) CH,= CH— CH, () H—C—H

Q7. What is hybrid state of each carbon in

Q8. What is hybrid state of central atom in the following?
NO;, BF;, PFs5 " IFs; and CO,.

Q9. What can you say about the shapes of SO, and NF, molecues from the information that
both have net dipole moment?

Q10. Give the structure of an anion which is isostructural with BF,.
Q11. What is the state of hybridisation of carbon in'C0%" ion?

Q12. Give shape and hybridization of SF.

Q13. Give shape.and hybridization of SF

Q14. Give shape and hybridization of SCI,.

Q15. Give shape of PCl, and hybridization.

Q16. Give shape of SOi‘ and hybidrization.

Q17. Five shape of CO§' and hybidrization
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Q18.
Q19.
Q20.
Q21.
Q22.

Q23.

Q24.
Q25.
Q26.
Q27.
Q28.
Q29.
Q30.
Q31.
Q32.

Q33.

Q34.

Q35.

Q36.

Q37.
Q3s.
Q39.
Q4o0.

Q41.

Give shape of i'~.iH3 and hybidrization

Give shpae and hybidrization of NH;.

Give shpae and hybidrization of BeF;.

What type of hybridisation explains the trigonal bipyramidal shape of SF,?
What is the type of hybrid orbitals associated with B atom in BH, ?

Which of the species have similar shape and why?
NO;, NO’;, Co,, O,.

Give hybridization and shape of ICIZE) .
Give hybridization and shape of IF..
Give hybridization and shape of IF..
Give hybridization and shape of CIF,.
Give hybridization and shape of XeF,.
Give hybridization and shape of XeF,.
Give hybridization and shape of XeOF,.
Give hybridization and shape of ICI‘E9 .
Give hybridization and shape of XeF,.

BeF, molecule is linear while SF, is angular though both are triatomic.

Why NF; is pyramidal while BF; is triangular planar, though both ‘are tetra atomic
molecules?

What is the total number of sigma and pi bond in the following. molecules:
' 4
(a) CH,CI, (b) H,C —C=C-—C=C—H (c) C5H,ClI (d) C,HCI

(a) How many sigma and pi'bonds are there in the ollowing molecule.
CH; = CH — CH, — C =CH.
(b) Which type of hybrid orbitals are used by the second carbon atom in the following
molecule.
CH=C — CH, = CH == CH,.
Bond angle in.NH, is more than in H,0.-Why?
Why is BeCl, linear whereas SnCl,angular molecule?
Explain why PCI; is trigonal bipyramidal whereas IF, is square pyramidal?
Explain the structure of C_H, with orbital diagram.

Describe the hybridisaton in case of PCl;. Why are the axial bonds longer as compared to
equatirial bonds?
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Q42.

Q43.
Q44.
Q45.
Q46.

Q47.

Q4s.
Q49.

Q50.

Q51.

Q52.

Q53.

Q54.

Q55.

Q56.

Q57.

Q58.

Q59.

Give the formula of the noble gas species which is isostructural with
(a) IBr; (b) ICI; (c) BrO7

Bond angle in PHjB is higher than that in PH,. Why?

Explain hybridization of P in PX, in box notation and draw shape.
Draw the shapes of (a) POCI,; (b) XeF,.

BCl, is planar but anhydrons AICI, is tetrahedral.

How is VB theory different from Lewis concept in regard to the formation of covalent
bond?

Arrange the following in order of decreasing bond angle around N atom, NO,, NO;, NO;.
How do bond length of C — H bond differ in C,H;, C_H, and C,H,?

Why is that in SF, molecule, the lone pair of electrons occupy equatorial position in
preference to axial position? What is the shape o the molecule?

What is the hybrid state of C and O atoms in CO,. Draw its orbital overlap‘diagram.

Give the hybridization and structures of the following species:
(a) NO,° (b) CIo,°

Apart from tetrahedral geometry, another possible geometry for CH, is square planar
with four H atoms at the cormers of the square and the C.atom at its centre. Explain why
CH, is not square planar.

Which hybrid orbitals are used by carbon atoms in the following molecules?
(@) H,c —CH=CH, (b) CH, — CH,OH (¢) CH,CHO (d) CH,COOH

Is there any change in the hybridisation of B and N atoms as a result of the following

reaction?
BF, + NH, ——— F,B.NH,

Describe the change in hybridisation (if any) of the Al atom in the following reaction.
AlCl, "+ CI” —— AICI,.

(a) Draw the Lewis structure of tetracyanoethylene and point out the total number of
sigma and pi-pond.
(b) What is total number of sigma and pi-bonds in the following structures
H H

(i) C,H,CI (i) CH,CI, (i) CH,—C=C—C=CH

Consider.the structure, éHaéHzéOéHz(sléH and answer the following

(a) Calculate number of 6- and n-electrons in the structure.

(b) Which atoms in the structure have same hybrid state.

(c) Arrange the atoms C,, C,, C, in decreasing order of s-character of bonding orbitals.

Draw the probable structure of I; and I species and predict their shapes.
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Q60. What is hybrid state of S in SO, molecule. Using the box representation describe the
formation of SO, molecule on the basis of hybridisation. What type of bonds are present
in the molecule.

Q61. Draw molecular structures of XeF,, XeO,F,, XeF,.

Q62. Indicate the type of bonds present in NH,NO, and state the mode of hybridisation of two
N atoms in it.

Q63. CIF, exists while FCI, does not. Why?

Q64. The bond angle FNF in NF, is smaller than HNH angle in NH, but FPF bond angle in PF, is
relatively larger than HPH angle in PH,. How can you account for it.

Q65. Arrange the following species in order of decreasing bond angles around the central
atom in each set.

(a) CH,, NH,, H,0, BCl,, C,H, (b) NH,, NH,, NH;
(¢) H,0, H,Se, H,Te, ZnCl, CO,
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Nurturing Success...

CHEMISTRY - XI | VSEPR Theory and Hybridization NCERT-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

S9.

Date: 16/10/2021

Bond angle: NH;, > NH, > NH,
(108) (107) (104)

Because S is bigger in size than O and lonepair-bond, pair repulsion in H,S is less than H,0.

CO, has maximum angle 180°

180°

0=<C=>=0
In BF®, the hybridisation of B is sp? and in NH,, the hybridisation of N is sp.

After the reaction, the hybridisation of B changes to sp® but the hybridisation of'N remains
unchanged (sp®).

Bond angle decreases as:
CH,4 > NH5 > H,0

BrFs involves spid? Hybridisation and has one lone pair of electrons as:

ar (8] [Ae[r ]2 V]
B[4y [ATA]4A] [MADT] T ]

sp*d? hybridisation,
The shape is square pyramidal.
0
I
(@) CH,=CH—CH, (b) H=C-—H
voov |
sp?  sp?  sp? sp
NO; — sp’
BF; — sp’
PF, — sp’d?
IF, — sp>d®

SO, is bent in shape.
e

S -
0/ \0 i Show dipole moment
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NF is bent pyrimidal in shape

.|. ¢
N Show dipole moment
4 \’?FI
PV
$10. COZ* Kol .
N
O ................
2
S11. sp.
S12. F

Hybridization — spd?
Shape — Octahedral

S13.

Hybridization — spd
Shape — See-saw

S14. @

Hybridization — sp®
Shape - Bent
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S15. @

N
Cl Cl
Hybridization
Hybridization — sp®
Shape — bent pyramidal
$16. SO - sp°® hybidrization
o
) i \ Tetrahedral
s o}
67\
_____ o
$17. CO5 — sp” hybidrization
0
| . Triangular planner
s c \\\\
TO TS 0

$18. NH, — sp® hybidrization.

.
H (Bentpyrimidal
y /%R\H (Bent-py )

/L Tetrahedral
~ \ H

$19. NH; — Hybidrization sp®

H\ y Y
520. d Hybidrization
Be- BeF, = sp’
_~ X\ Triangular planner
F———F

3
s21. sp°d.
$22. sp°.
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$23. NO; and CO, has linear shape,because of same hybidrization and same number of electron on
nitrogen and carbon.

S24.

Hybridization — sp°d

Shape - linear

§25. F

FF
IF,
Hybridization — sp°d®
Shape — Pentagonal bipyramidal
$26. F
F ] F
!“;’;\ ![ /;-
L—" AN

Hybridization — spd?
Shape — Square pyramidal

S27.

Hybridization — spd
Shaped — T-shaped
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s28. . F

Hybridization — spd

Shape - Linear

S$29.

Hybridization — spd®
Shape — Distorted octahedral

S30.

XeOF,
Hybridization — sp®d?
Shape — Square pyramidal
S31. cl n cll®
;;/\ ]|:—/f;
C'M \;';:
' I cl
icl,®

Hybridization — sp°d?
Shape — Square planar

S32. F m =
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Hybridization — sp3d?

Shape — Square Planner

$33. In BeF,, Beis surrounded only by 2 electron bond pairs and therefore, the molecule is linear. On
the other hand, in SF, the central atom S, is surrounded by 2 bond pairs and 2 lone pairs. Since
it is sorrounded by 4 electron pairs, the geometry is expected to be tetrahedral but the larger
repulsions of lone pair-bond pair, the bond angle is less than 109.5° and the resultant molecule
is angular.

)4

F—Be—F
2 bond pairs 2 bond pairs, 2 lone pairs
(Linear) (Angular)

$34. In NF;, nitrogen involves sp® hybridisation and one position is occupied by a lone pair. Therefore,
the molecule is pyramidal. But in BF;, B involves sp? hybridisation having triangular planar
geometry.

$35.
(a)

(b)

(c)

(d)

$36. (a)

.F.
O sp° hybridisation of N *. sp“hybridisation of B

e\ £ AN
Pyramidal Triangular planar
|
No. of o bonds = 4
H—C—CI
| No. of n bonds =0
Cl
T ||'| No. of o bonds /=10
H,C —C=C—C=C—H No. of = bonds.= 3

H H
| | No:tof'e bonds =5
H—C=C~—CI No. of = bonds = 1
No. of c bonds = 3
H—C=C—CI No. of = bonds = 2
o bonds =10; nbonds=3 (b) sp? sp? sp°, sp, sp
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§37. The difference in bond angles is due to the different numbers of lone pairs and bond pairs in the
two species. In NH,, the N atom has two lone pairs and three bond pairs while in H,0O, the O
atom has two lone pairs and two bond pairs. The repulsive interactions of lone pairs and bond
pairs in water are relatively more than those in NH,. Hence, bond angle around central atom in
water is relatively smaller than that in NH, molecule.

$38. Because BeCl, has sp hybidrization and Be has not lone pair. 1807
2 CP—KEEEL-CI

while SnCl, is sp® hybidrized and Sn has one lone pair. Due to lone
pair-bond pair repulsion SnCl, is bent

Sn
ci” Nql

$39. PCI; has sp® hybidrization and having bond-pair — bond pair repulsion.
Three chlorine atoms arrange in equational position and form triangular
shape (120°) while two chlorine atoms arrange axial position (90°) i.e.,
triangular bipyramidal shape is formed.

IF; has sp>d? hybidrization. | has one lone-pair five bond pair. Five
bond (— F) arrange in square planner. One bond (— F) arrange in
primidal (axil). One lone pair arrange itself in second pyrimid. Which
has no. repulsion j.e., square pyamidal shape is formed.

F
F | F
ﬂL””’ \\“4/
F F
IF

$40. In C,H, each carbon is sp hybidrized and P, and P, form two p bonds.

T

H—c‘:§ac':——H

sp . Sp

Sidewise averlap
»

n-bond

$41. Inthe formation of PCI,, phosphorus.atom assumes sp°d hybrid state. The longer nature of axial
bonds is due to relative stronger repulsive interactions experienced by the axial bond pairs as
compared to equatorial bond pairs.

Formation of PCI,:

P(groundstate) 4] [4A[4]r] [ | | [ | |
3s 3p 3d
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P(excitedstate) |4 | [4[A[4] [ | | | |

S42. |sostructural noble gas molecules:

(@) IBr, : XeF,
b) ICIy :  XeF,
(c) Bro; XeF,

$43. PinPH,is s,o3 -hybridised. It has three bond pairs and one lone pair around P. Due to stronger
lone pair-bond pair repulsions than bond pair-bond pair repulsions, the tetrahedral angle
decreases from 109°28" to 93.6°. As a result, PH; is pyramidal. However, when it reacts with a
proton, it forms PHf‘B ion which has four bond pairs and there are no lone pair-bond pair
repulsions. PH?, therefore assumes tetrahedral geometry with a bond angle of 109°28’. Hence
bond angle of PHf is higher than in PH.

H

/'/Tjé‘\
& IR
2 / H

/ i-@\nH .............. &;

¥ 9

H

PH, molecule (Pyramidal) Pij ion (Tetrahedral)

S44, P- — outer most electranic configuration
P—(excited) (4] [#[#[#] [#] [ [ [ 4

hybridization — sp’d

X
hybridization — sp°d
Trigonal bipyramidal
S45. 0, @
S F F
7 \ NV
=) \'\ Xe

NS el F/O\F

"""" Cl
Tetrahedral Square planar

(@) (b)

$46. In BCl, molecule, B atom assumes sp® hybrid state. The three sp” hybrid orbitals are used to
form sigma bonds with 3 chlorine atoms to give trigonal planar structure.
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Anhydrous AICI, exist in the form of dimer AL, Cl.. In AL,Cl, each Al atom is surround by four
bondpairs. As a result they assumes tetrahedral deposition.

Cl Cl
N A CI CI CI
BQW N Al N Al =
7 NG NG
Cl
Trigonal plannar Dimer of AICI,

structure of BCl,

S$47. (a) Lewis concept considers the formation of covalent bond by mutual sharing of electrons. VB
theory considers the formation of covalent bond by overlap of half-filled atomic orbitals.

(b) Lewis concept does not provide explanation for different shapes of molecules but VB theory
does explain molecular shapes.

(c) Lewis concept does not explain the bond strength but VB theory is able to explain'it.

$48. NO; is linear as there is no lone pair on N atom. NO, and NO3, both have bent shape. In NO,,
there is one odd electron on N atom but in NO, there is one lone pair of electronon N atom.

O«-N=0 >
A
180°
No lone pair One unpair e One’lone pair
around N around N around N

$49. Hybrid states of C atom in C,H,, C,H, and C%H are respectwely sp®, sp® and'sp. C — Hboonds
in C,H,, C,H, and C,H, are respectlvely sp -sc sp? -30 and sp-sc bond. Since size of hybrid

.2

orbltals varles as sp” > sp > sp. Therefore, sp -SG > sp -SG > Sp-Sc bond.

$50. The Lewis formula of SF, moleculeindicates the presence of one lone pairand four bond pairs.
The five electron pairs around S stom adopts trigonal bipyramidalgeometry. In this arrangement,
the electron pairs at the equatorial positions experience relatively lesser repulsive interactions
as compared to axial relatively lesser repulsive interactions as compared to axial electron pairs.
Hence the lone pair tends to.occupy equatorial position. Thus, the shape of the molecule SF,is

just like see-saw.

10 .
PSR o F\ /F F\‘
:F F F/ \F F/\a
Lewis structure F
4 bond pairs : 1 lone pair See-saw shape

S$51. In CO, molecule, hybrid state of C atom is sp and that of each O atom is sp”.
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Two sp-hybrid orbitals are used to form sp-sp?c bonds with two oxyen atoms. Unhybridised
2p-orbitals of C atom forms n-bonds lie in perpendicular planes. The molecule is linear. The
orbital overlap in CO, is shown as follows.

sp?-Hybridised  sp-Hybridised sp?-Hybridised

O atom O atom O atom
$52. NO,° Hybridization = sp®
.(13.
o/\ o®  Triangular planner
ClO,” Hybridization = sp®
c‘>@
N
oz \ 0
O"‘ Tetrahedral

Square planar Tetrahedral

According to VSEPRtheory, the electron pairs around the central atom lie as far apart as possible
so as to minimise therepulsive interactions between them. For square planar aarrangement for
CH,, the four C'=-H bond pairs have to lie‘atan angle of 90°.

But in tetrahedral arrangement, the bond pairs of C — H bonds lie at an angle of 109°28" and
therefore, have smaller repulsive interactions than those in square planar arrangement.

S54. sp® sp? sp? sp®  sp°
(@) CH;—CH=—CH, (b) CH,—CH,—OH
sp° sp? sp® sp?
(c) CHS—(‘Z:O (d) CH,—C=0
H OH
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§55. During combination ofspemes BF; and NH . N atom is donor and B atom of BF; is acceptor. The
hybrid state of B in BF; is sp® and that of in NH is sp°. In the compound FH" NH both N and
B atoms are surronded by four bond pairs. Thus the hybrld state of both is sp°. Hence during
the reaction the hybrid state of B changes from sp? to sp> but that of N it remains the same.

sp° sp’ sp? sp® sp°
(@) CH,— CH=CH, (b) CH,—CH,— OH
sp® sp? sp® sp?
©) CHS—(‘Z}:O (d) CH3—(|3=O
H OH
$56. In AICI, X=3+ % (3-3+1)=3 [- Hybrid state of Al = sp?]
In [AICL]" X=4+ % (3-3+1)=4 [ Hybrid state of Al = sp%]

§57. (a) The Lewis structure is

INHC,  CHN: N=C.____C=N
Noi o or _C=C__
NiC ‘CiiN: N=C C=N

Since each triple bond has one ¢ and two pi-bonds and each'double bond has one ¢ and
one pi-bond. Thu total number of ¢-bonds in the structure is.9. Similarly total number of
n-bonds is also 9.

I
) (i) sH—C=C—CI It contains 5 ¢-bonds and 4n-bond
H\ / Cl
(i) is C It contains only 4 6-bonds
H” Nl
H H H

(i) s H—C—C=C+=C=C—H It contains. 10 o-bonds and 3 n-bonds

H

$§58. The given structure is

00
— L

—_

i
II—O—I
|
I—O;/—T
|

I—
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S$59.

$60.

The hybrid states of varions carbon atom is
C,(sp”); Cy(sp’); Cy(sp); C,(sp’); Cg(sp); Cg(sp).
(@) o electrons in the structure = 14
n electrons in the structure = 3
(b) C,, C,, C, atoms have sp® hybrid state;

C., C, atoms have sp hybrid state
(c) Decreasing order of s-characteris
Cs>Cy>Cy

The species I is formed by the combination of I, and I" ion. They are held by coordinate bond
in which I, molecule is donor and I" is acceptor.

J—1: + (1Y — EI—1:17*

Donor Acceptor

The two lone pairs and 2 bond pairs around central iodine atom adopt tetrahedral arrangement.
Thus, the species has a bent shape.
I on the other hand is formed by combination of I, and I" ion in which I" ion acts-as donor and
I, molecule act as acceptor. It accomodate electrons in empty d-orbitals.

I+ BT — EI—L 1T [O—1:10

Acceptor Donor I; ion

Three lone pairs and two bond pairs around central atom adopt trigonal bipyramidal arrangement
and thus, it has linear shape.

QL | %f

I I<®
PN |
I |
I
I ; bent shape I ; linear shape

Sulphur atom in SO, molecule assumes sp® hybrid state.

3s ”3,0 ‘ 3d
(A e[ ] B [ ]
l S/ (Ground state)

2 3d

sp 3p
NN S S
S (sp® Hybrid state)

oty M| ]V
2s 2p

oty MV [V
2s 2p
Orbital overlap in SO, molecule
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The two sp?-hybrid orbitals of S atom form (sp?-p) ¢ bonds with two O atoms. The unhybridised
3p-orbital of S atom forms pr-pn bond with one O atom and d-orbital of sulphur is used to form
dr-pr bond with second O atom.

S61. The electron dot structures of various species are as follows:

T (H) F F F
Xe :Xe\/\ >}(:e\

| | F F F
F O

§62. NH,NO; is ionic compound in which the cationic species is NH, ion and anionic species is
NO3 ion. NH; ion is formed by the comblnatlon of NH, molecule and H" ions through dative
bond. The hybrld state of N in NH; ion is sp® and the species is tetrahedral. In NO; ion the
N atom assumes sp? hybrid state and the species is planar.

H +
IL :Q\N — O
H/ \H .. el
/ 57
H |
NH; ion contains NOj; ion contains

covalent and dative bonds covalent and dative bonds

Thus, NH,NO, contains ionic bonds covalent bonds and co-ordinate bonds.

$63. Clatom has empty d-orbitals and it acquires excited state at the time of bonding.when electrons
from 3p-orbitals are promoted to 3d-orbitals.

4 2 0% e At O I

3s 3p 3d
Cl in‘ground state

IR ESES kY
3s 3p 3d
Cl in first excited state

In first excited state Cl atormrean exhibit a covalency of three. Hence, CIF, is possible. F atom
cannot expand its octet due to absence of empty.d-orbitals in 2md energy shell Hence, it cannot
exhibit covalency. more than 1. Therefore, FCl, is not posible.

$64. Both NH, and.NF, have pyramidal shape with one lone pair on N atom.

Howeveras F has higher electronegativity than H, the electron pair is attracted more towards F
in NF, i.e., the bond pairs of electrons are away from N or in other words, distance between
bond pairs is more. Hence repulsive interactions between the bond pairs in NF, are less than
those in NH,. As a result, the bond angle in NF is smaller (102.4°) than that in NH, (107.3°).
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N N PN
H AE'Z"\H "102.4 F / F
H F F
I II III

PH, and PF, are also pyramidal in shape with one lone pair on P. But PF, has greater bond
angle than PH,. This is due to resonance in PF, leading to partial double bond character which
arises due to back n-donation from F atom to empty d orbitals of P as shown in structure Ill. As
a result, repulsions between P — F bond are larger than those between P — H bonds. Hence,
the bond angle is large in PF,. There is no possibility back n-donation in PH,.

$65. (a) C,H,(180°) > BCI,(120°) > CH,(109°.28) > NH,(107°) > H,0(104.5°)

(b) NH;(109°.28") > NH,(107°) > NH, (= 104.5°)
(©) CO,(180°) > H,0(104.5°) > H,S(92°) > H,Se(90.5°) > H,Te (=~ 90°)
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CHEMISTRY - XI | Dipole Moment NCERT

Date: 16/10/2021

Q1. Use Hanney Smith equation to calculate percentage ionic characterin (i) H—F (ii) Si—H
bond.

Q2. Dipole moment of KCl is 3.336 x 10~ 2° Cm. The interatomic distance between K* and CI
ions in this molecule is 2.6 x 10~ '"m. Calculate the percent ionic characterin KCI.

Q3. Although both CO, and H,O are triatomic molecules, the shape of H,0 molecule is bent
while thant of CO, is linear. Explain this on the basis of dipole moment.

Q4. Out of H,0 and H,S which is more polar?
Q5. In which of thefollowing has higher dipole moment 1-butene and 1-butyne why?

Q6. CO, is non-polar while H,0 is polar. What conclusion do you draw about their'structures
from these?

Q7. Arrange the following molecules in order of increasing ionic character of their bonds:
LiF, K,0, N,, SO,, CIF;

Q8. Arrange the following bonds in the order of increasing ionic character:
C—HF—H,Br—H,Na—I|,K—FandLi—Cl

Q9. Which of the two molecules OCS and CS, has a higher dipole moment and why?

Q10. Arrange the following bonds in order of increasing polarity:
P—H H—0O,C—Cl

Q11. Arrange the following according to decreasing ionic character
C—H, F—H, Na—F, _'Na—I, K—F

Q12. Arrangel the following according to decreasing dipole-moment
C—H, H—H, S—H, O—H, N—H

Q13. Arrangel the following according to decreasing dipole-moment
co,, ccl,, SO, H,0

Q14. Arrangel the following according to decreasing dipole-moment
H,, HF, HCI, HBr- HI.

Q15. If electronegativities of H and F are given to be 2.1 and 4.0 respectively, what is the %
ionic character in H — F bond on the basis of Hannay Smith equation?

Q16. Why dipole-moment BF,, and CCl are zero.

Q17. The percentage ionic character in certain bond A- B is 76.81% and the bond length A-B
is biven as 159.6 pm. What is the dipole moment of AB molecule?

Q18. Compute the partial positive charge on H-atoms in two molecules H — Cland H — I
respectively. Given at pHCI = 1.03D and p(H—I)=0.38 D. Also H — Cland H — I bond
distance are 127 pm and 161 pm respectively.
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Q19. (a) Calculate the dipole moment of HCI by assuming a complete transfer of an electron
from H atom to Cl atom. The H— Cl bond length is 127 pm.
(b) The H— CI bond is covalent polar and its dipole moment is 1.0 debye. From this
information compute the ionic character of H — Cl bond.

Q20. Dipole-moment of BeF; is zero given quantitative. Justification p.
Q21. Which out of NH; and NF; has higher dipole moment and why?

Q22. BF; is a nonlinear molecule and each B — F bond has a finite bond moment. But the
dipole moment of BF; is zero.

Q23. Why dipole-moment PF, and SF is zero.
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CHEMISTRY - XI | Dipole Moment NCERT-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

Date: 16/10/2021

According to Hanney Smith equation, % ionic character = 16 (Ay) + 3.5 (A;xﬁ)2

() H—Fbond=16x1.9+3.5(1.9)?= 43.03%.
(i) Si— Hbond = 16 x (0.3) + 3.5 (1.9)? = 17.23%.

Consider K CI” to be 100% ionic, then
Charge x distance = 1.602 x 10" "® x 2.6 x 107"°
=4.1652 x 10°%°Cm
3.336x10°%

Percent ionic character = —5 =0.8009 or 80.09%.
4.1652x10

The bond moments of two C == O bonds in CO, cancel each other indicating the linear structure
for CO,. The resultant u for H,O molecule is # 0. This indicates bent structure for H,O molecule
because bond moments of two O — H bonds do not cancel out.

O X
<+ +>
O0=C=0 H X H

Resultant n=0 Resultant p = 184D

H,O is more polar than H,S because of oxygen is more electronegative than sulphurand H,O
bond angle is higher than H,S

T 7
7O Sk
H H H H

CH; — CH, — CH == CH, is dipole.- moment is lower than CH;—CH, — C = CH, because of
in butene = Cis sp? hybndnzed which is less electronegative whlle = C s sp hybridized which
is more electronegative.

CO, is alinear molecule, therefore the resultant dipole moment of two C = O bonds get cancelled
giving zero dipole moment. On the other hand, water molecule is not linear. It has angular shape
and bond moments of two O — H bonds resultant add and molecule become polar.

5= 88 & A

O=C=0 /4 \

-« - /Q‘)\
Zero H 1045 H

N, < SO, < CIF < K,O < LiF

C—H<Br—H<F—H<Li—Cl<Na—I<K—F
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$9. Both OCS and CS, are linear molecules having, Lewis structure as

-t — ot

S=C=S and O=C=S8
In CS,, the dipole moment is 0 because the bond moments cancel out. But in OCS, bond moment
of C == O is not equal to that of C = S. Hence, it has a net dipole moment. Thus, dipole
moment of OCS is higher.
$10. Order of polarityis: P—H<C—CI<H—O
S$11. K—F>Na—F>Na—I>H—F > C—H.
$12.0—H>N—H>S—H>C—H > H—H.
§13. H,0 > SO, > CO, > CCl,.
$14. HF > HCI > HBr > HI > H,.

S15. 3,=2.1; x-=4.0
Now, % of ionic character = 16 (4 —2.1) + 3.5 (4 — 2.1)?

=16x 1.9+ 3.5 (19)°
=30.4 +12.635 = 43.035%.

$16. BF, is triangular plannar and resultant dipole-moment of two B — F.bond is equal and opposit in
direction

(A

m->—TN

)’s

N
Fo

£-

(Resultant of B— C is equal and opposit to A)

C'\RC;‘I/CI
c1* g

CICl, is square planar. So,/dipole moment of each C — Cl'bond is canceled out. So net dipole
moment is zero.

S17. If the molecule were 100% ionic, then
uionic = q X d
= 1,602 % 107 "°(C) x 159.6 x 10~ 2 (m)
=2557 x10"%°Cm

Now, % ionic character = % 100
Hionic

_ % ionic character x pjgnic
Hobs = 100

or
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S18.

S19.

S20.

S21.

_ 76.81x2.557x10*
100
=1.96x10°%°Cm

. 1.96x10°%

= 3335.100 0 - 87D

Let 6 be the magnitude of positive charge on H atom

§ = HUhel - 1.03x107"®

For HCI 4 = T2710" =8.11x 10" "esu
X
-18
For H—1 5= “;1 = Oé:’f);:)?w =2.4x10 "esu
x
~11
Now, Onol - 8'11X1011 =3.3:1.
6HI 24)(10_

(a) In case of complete transfer of electron the charge on each end of the dipole should be

unity.

That is, charge is equal to 1.602 x 107'° C. Thus
u(Theoretical) = Theoritical charge x Bond length
=1.602x107"°Cx 127 x10™%m

=2.03x10%Cm=6.08D
(b) u(actual)=1.0D=3.335x10°Cm

wactual) 10D _ 54— 16.4%

u(theoretical). ~ 6.08D
Percentage ionic character of H —.Cl.bond = 16.4%

lonic character =

BeF, has two Be-Fe bond in equaland opposite direction bond moment.

The resultant dipole moment (i) of a molecule is
u?=pf +puf +2u5cos 180

0=180and cos 180 =-1
= pfot uf +2pf (-1)=2p5-2uf =0

NH5 has higher dipole moment than NF;. Both NH; and NF; molecules have pyramidal shape
with one lone pair on nitrogen atom. In case of NH;, the orbital dipole due to lone pair is in the
same direction as the resultant dipole moment of the three N — H bonds. Therefore, it adds on
the resultant dipole moment of the N — H bonds. On the other hand, in case of NF5, the orbital
dipole is in the opposite direction to the resultant dipole moment of the three N — F bond

moments as shown in figure. Consequently, the dipole moment of NF; is low.
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SRS
N

S$22. The electronegativity of F is more than that of B, so a polarity is developed in each B— F bond.
But the orientation of each B — F bond is such that the resultant dipole moment of any two

B — F bonds vectorially cancels the dipole moment of the third B — F bond. Thus, the dipole
moment of BF; is zero.

F

/

F-—|—B)\—|—- (€e——+ + +—>» =0

)

F

Directions of B— F bond

Resultant dipole moment of any two
moments

bond moments is equal and opposite
to the third bond moment
$23. PF, is triangular pyrimidal shape. Having three P — F arrange in 120° angle.

(D)
()

F. — Fg resultant is equal and opposit to F,. and F5— F. are opposit. i.e.resultant dipole
moment is zero.

SF is octahedral in shape, all S — F bond are-90° and neutriliye each other

Il:/F
F—S—F
‘.\§$
FoF
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