Periodic Table

| EXERCISES

)

ELEMENTARY
Q1 B
. . +Z
Accordingtotriad ruleat wt. of Y = >
26— 10+Z : 7242
2
Q2 @
According to Aufbau ‘4s’ islower in energy then 3d.
Q3 B
Q4 &
Q5 @
Q6 @
15=[Ng] 3¢?, 3p°
33=[Ar] 4<%, 3d'°, 4p®
51 =[Kr] 5%, 4d0, 5p3
So all belongs to nitrogen family as outermost
configuration is ns? np® or belongs to 15" group.
Q7
Un-1
Un-1
Hex—-6 Soatno.=116
Q8 ()
F ismost electronegative.
Q9
Except Li—Na, al have diagonal relationship.
Q10
lonic radii order N> 0% >F-
Qu (@
In noble gas vander walls radii is calculated which is
normally then double of other type of radii.
Q12 (3
Aswego fromleft toright in aperiod radius decreases.
Q13 @
Q1 (1

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

In isoelectronic anion is bigger in size.
(2)

)

IE,(Na)>1E,(Mg

because second electron is Nais removed from noble
gas configuration.

@

Mg —>  Mg'+e 1E, =178
Mgt —— Mg¥+e 1E,=348

Mg —> Mg*+e  0l1E=1E +1E,

=178+348=526
@

1E of anion < 1E of atom.

©)

)
Since N ishaving half filled stability of orbital.

©)

EA of chlorineisexothermic.

)

Due to strong repulsion second EA is endothermic.

@

@
Cl hashighest E.A.

©)

EN decreases down the group.

@
Acidic nature increases along the period from left to
right..

@

Basic nature of oxide decreases along the period.



Periodic Table

JEE-MAIN
OBJECTIVE QUESTIONS
Q1 @
Mg Ca Sr
2 0 8
88+24 112 _
2 2
Inthisatomic massof central € ement wasnot arithmatic
mean of atomic mass of ofter two element so, Mg, Ca,
Srisnot aDobereiner triad.
Qz
Be, Mg, Caobey’snewland’'s octaverule becauseto it
every eight element issimilar in property to first one.
Q3 (@
Q4 (@
Q5 (@
EKaaduminium=Ga
EKamanganese=Tc
isnot discovered at the time of mendel eef.
Q6 (@
Q7
Caand Srisapair of element do not follow octaverule
because in comparison of Caisnot eight element Sr.
Q8 (@
Q9
Q10 (@
Thed-block has 10 columns, because amaximum of 10
electrons can occupy all the (5) orbitals in a
d-subshell.
eQu @
Q12 @
Yes, hydrogen can be placed in 1% group on the basis
of itsvalency +1 (H*).
Q13 (3
Silver belongs to V™ period. So the atomic number of
elements placed above and below will be 47—-18=29
and 47+ 32=79 respectively.
Q14 @

Z =118[Rn]® 514 6d'%° 7? 7p° ; aslast el ectron entersin
p-subshell, it belongs to p-block. Thus its group
number will be10 + 2+ 6 = 18. Hencetheelementisa

Q.15

Q.16

Q.17

Q.18

Q.19
Q.20

Q.21
Q.22

Q.23
Q.24
Q.25

Q.26
Q.27
Q.28
Q.29

Q.30
Q.31
Q.32

noble gas

@
Moseley work on X-ray spectrum.

@
@
Pleratio=7/10=0.7

8/10=0.8
9/10=0.9

)

©)
)
N3- - 10, S~ — meansnot same number of electron.
@
)
)
Second ionisation energy of potassium is greater than
that of Ca. In case of potassiumion (i.e. K*) theelectron

removal from the stableinert gasconfiguration (1s* 28
2p°3s23p°) requires much higher energy.

@
@
@

@

O has exceptionally smaller value of electron affinity
(minimum in family) due to smaller atomic size than
sulphur (weaker electron-electron repulsion in larger
3p-subshell).

@

)
©)

The addition of extra electron is difficult to the atom
having stable configuration and so electron gain
enthalpy will be positive. Similarly the removal of



electron is quite difficult from stable configuration
and so ionisation enthalpy is higher. However EN
remains unaffected because it neither involves gain
nor loss of electron.

Q33 (@

JEE-ADVANCED

OBJECTIVE QUESTIONS

Q1 (©

Q2 (A
18 Group

Q3 (A
Uy o +5%He
Uraniumelement comesin |l B & Tralso comesin ||
B group.

Q4 (A

Q5 (D
For isoelectronic species, asZ increases, Z ,, increases
(and viceversa).

Q6 (A
For isoelectronic species, asZ increases, Z , increases
(and viceversa).

Q7 (©

Q8 (A

Q9 (B
Atomic radius increases on moving top to bottomin a
group dueto increasing number of shells. However, it
decreasing on moving left to right in a period due to
increasing Z, and addition of electrons in the same
shell.
Nb (4d) ~ Ta (5d) (due to poor shielding of nuclear
charge by 4f electrons).
For isoelectronic species, ionic radius o
nuclear charge .SocorrectorderisY* < Sr?* < Rb*.

Q10 @A)

Qu @A)
L
Size Proton

Q12 ©
Sc>Ti>V>Cr<Mn>Fe~ Co =~ Ni<Cu<Zn

Q13 (©

Q.14 (B

Q.15

Q.16

Q.17
Q.18
Q.19

Q.20

Q.21
Q.22

Q.23

Q.24

Q.25
Q.26

Q.27

Q.28

Periodic Table

(A)

Across the period (i.e. 3 period) the size of atom
decreases and nuclear charge increases. So generally
theionisation energy increases. However theionisation
energy of Mg is greater than Al because of more
penetration power of 2s sub-shell electrons of Mg as
compared to that of the 2p sub-shell electron of Al.
Also, Mg hasfully filled configuration.

©

Removal of st electroniseasier because of bigger size
but 2nd electron is to be removed from ns? np®
configuration i.e. stable noble gas configuration. So

IE,>>IE.

©

©

(B)

S —1¢% 252 2p5, 3%, 3p?

IE, <IE, < IE, < IE, < IE, because as the number of
electron decreases, the attraction between the nucleus
& the remaining electron increases consederably.

(B)

Asakali metal |E, islessthan |E,.

D)

D)
Because of first hall filled then fullfilled orbital.

©

Al(13) — 1<, 2<%, 2p5, 3<%, 3pt
Al*(12) - 1, 28, 2p°, 3¢
Al> — 1, 28? 2pf, 35

Al — 1, 282 2p°

Al <Al*<Al®*

©

Because of lessE. A.
D)
®)

As size of atom decreases across the period, the
attraction between the nucleus and shared pair of
electrons increases. So electronegativity increases
across the period.

)

Electronegativity of elements generally increases
across the period (less increase) and decreases down
thegroup (moredecrease). Si=1.8,P=21,C=25N=
3.0. So, thecorrectincreasing orderisSi<P<C<N.

D)
Thereis moreinterelectronic repulsion in 2p-subshell
of fluorine than chlorine (3p). So extra electron will
beadded easily in 3p-subshell of chlorine ascompared
to 2p-subshell of fluorine.

3



Periodic Table

Q.29 (B)
Correct order of electron gain enthalpy isO<S<F<Cl
since F and O have moreelectron el ectron density with
respectto Cl and S.

Q.30 (D)
Thetendency to attract bonded pair of electronin case
of hybrid orbitals increases with increase in %
s-character and so the order : sp > sp?> sp?
The electron affinity values for 2p-series elementsis
lessthan that for 3p-series elements on account of small
size and high inter electronic repulsions. Statements
(B) and (C) arefacts. Every cation releases more energy
than neutral atom upon gain of an electrons.

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (€D
Group no. € in outermost shell
13" 3
11" 1
gh 2orl
18" 20r8
Q.2 (BCD)
Q3 (CD)

1% group elements show 1+ oxidation state and 2™
group elements show 2+ oxidation state.

Q4 (AD)
Q5 (BD)
Q.6 (ABD)
Zn have only 2+ or zero oxidation state.
Q.7 (AB)
05, 0%: 2, -1,+1,+2
Na K:+1
C:+4t0+4 Be:+2
Zn:+2 Rb:+1
Q38 (ABCD)
Q9  (CD)
Q.10 (ABD)

(B) Isoelectronic series of ions; al have the xenon
electron configuration.

1
nuclear charge
Atomic number : Te=52; | = 53; Cs = 55; Ba = 56.
(D) Due to poor shielding of nuclear charge by 4f
electrons (Lanthanide contraction).

lonicradius o«

Q.11
Q.12

Q.13
Q.14

Q.15

Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23
Q.24
Q.25
Q.26
Q.27
Q.28

Q.29

(ABCD)

(ABD)

(A) As removal of second electron takes place from
half filled valence shell electron configuration of S*
i.e. 35*3p3

(B) LE(I) of _Alis2744kJImol*whereasthat of | Pis
2910 kJmol. Thisisbecause of higher nuclear charge
in phosphorus.

(C) 1.E(I) of Al is577 kdmol= and that of Gais579 kJ
mol=. Thismay bebecause of their smilar sizesi.e. 1.25
A'in both.

(D) B*=1s"2¢; C'=15252p'; Ass-subshell electron
has high penetration power than p-sub shell dectron. In
addition B* hascompletely filled 2ssub shell. Sol.E(11) of

Bis2427 andthat of Cis2354kJmol .
(AD)

(AB)

(AB)

E.A.Order P>N>N-
E.A.Order S>0>0
B0

(ACD)

B0

(B)

D)

©

(A)

®

(A)

©

(©

(B)

©

(©



Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36
Q.37

Q.38

Q.39

Q.40

Q.41

®)
(©
©
©

(A)

Element just above Z =43 will beZ =43-18=25and
will haveelectronic configuration
1225°2p°3s?3p°3d°4<2.

B)

All these elements have outermost configuration ns?
np°. So they belong to Group (12 + 5 = 17) means
halogen family.

(©
B)
L 1 . .
lonic sizeocc ——  for isoelectronic
Nuclear charge
Species.
(D)

Both N* and AI** are isoelectronic species, but Al%
has greater nuclear charge. So, it will havesmaller size.
Zr(4d) ~ Hf(5d), because of Lanthanide contraction.
Zn > Cu, their occur greater interelectronic repulsions
incompletely filled eectronic configuration of 12"group
elements.

©

The metallic character of the elementsishighest at the
extremely left (low ionisation energies) and then
decreases acrossthe period fromleft to right (ionisation

energies increases across the period).

©

The non-metallic character of the elementsis highest
at the extreme right and then decreases from right to
|eft acrosstheperiod. Alsoit decreases more on moving
top to bottom.

)

(A) lonisation enthalpies of elements generally
decrease along a group and increase along a period in
Modern periodic table.

(B) In the 3 period of Modern periodic table, the
two most reactive elements are sodium and chlorine.

Periodic Table

(C) lodine hasthe | east negative electron gain enthal py
among all halogens.

(D) lonisation enthalpy of Pbisgreater than that of Sn,
because of poor shielding of nuclear charge by 4f-
electrons.

Q42 I-c;ll->dlll—>blV—>a

Q43 (i)-r,(ii)—s, (iii)—t, (iv)—q, (V) —p
On moving left to right in a period, atomic radii
decreases due to increase in Z . and addition of
electrons to the same outermost shell.

Q44 A-pr;B-ps;Coqt;D—par

Q45 A->qgnB-opsC—o>sD-aqr

Q.46 a—iv;b—iii;c—o>i;d—ii

Q47 a—iiijb—iv,c—ii;d—i

NUMERICAL VALUE BASED

Q1  [26
Fe

Qz [2
gsl
x=1y=1
1+1=2.

Q3 [7
N,O,F,RC,S,Cl

Q4  [13
+6,+7
6+7=13.

Q5  [g
BiFs, T/ 3, PoOy, SnCly, T/503,A5p03

Q6 [3
The 4f e~ in the antepenultimate shell are very
effectivily shielded from their chemical environment
outside the atom by 5s and 5pe—. Consequently the 4f
€ do not take part in bonding.

Q.7 [30]
Zn

Q8  [g
I’A+I’A=10A (i)
I‘B+FB:6A (i)

(i) + (i)
Z(FA + I’B) = 16A



Periodic Table

Q.9

Q.10

KVPY

I'A+I‘B=8A

(2
Be N

(5]
H,C,N,O,F

PREVIOUS YEAR'S

Q1

Q.2

Q.3

Q4

Q5

Q.6

Q7

Q.8

Q.9

Q.10

©)

Na,0>Al,0,>S0,>P,05

Basic Nature !

©
Na', Ca?*, F-, O* areisoelectronic (10 el ectron species)

(A)
CO and N, are isoelectronic because both have 14
electrons.

(A)

First ionisation enthal piesfor three elementsare 1314,
1680 and 2080. These aeinincreasing order so elements
should be O, F, Ne.

©

Atomic no. 33 and 17 belongs to 5" & 17" group
respectively therefore co-valent bond form between
both elements

XY™ Atomicno. 33=As ‘ |
. PO ASCI

N Atomic no. 17 =Cl ®
XY

©

Aluminiumfrom amphoteric oxidewith oxygen (Al,O,)

©

Mendeleev’s periodic table state that the property of
elementsare aperiodic function of their atomic mass
B)

O2isisoelectronic with Mg+

02— 8+2=10e

Mg?— 12-2=10e

(B)

Na=1s? 28* 2p®3st

Na" — 15?252 2p° [Ne]

[N€] isinert gas, so, electron removal isvery difficult
so |.P. isvery high.

Nt — 1222 2p°

(A)

Qu

Q.12

Q.13

Q.14

as we move left to right in a period atomic radius
decrease due to increase in Z , so. greatest radius
isof lithium.

©
N> >0 >F >Na _

effectivenuclear chargeincreases
sizedecreases

®)
Highest 3¢1.E. Ey2* —s Eud*e® removel of E® from

half filled E® configuration
Lowest 391 .E. = Ce (4f! 54! 689)

39 E® removel from 5d

©
Neutral oxide= N,O

©

Thefirstionisation potentia of K islessthan Na
.. Thefirstionization potentia of K isclosest
to4.3

JEE-MAIN
PREVIOUS YEAR'S

Q1

Q.2

Q3

Q4

Q5

@
Oxide
Ca0

B0,

SO,
ZnO

Nature
Basic
Acidic
Acidic
Amphoteric

)

The 1% |E order of 3¢ periodis
Na<Al<Mg<S <S<P<CI<Ar
X &Y areAr& Cl

Zissodium (Na).

@

Theionicradii order is

Na+ > MgZ+ >AI3+

(1)

Cr(Z=24)

[Ar] 4s13d5 Cr shows common oxidation states starting
from+2to +6.

@
N,O and NO are neutral oxidesof nitrogen
NO, and N,O, areacidic oxides.



Q6

Q7

QS8
Q9
Q.10

Q.U
Q.12

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18

Q.19

Q.20

@

X =_As— Metalloid
Y =] - Nonmeta
Z=_Bi > Meta

@

Na— [Ne] 3s' IEisvery low but IE, isvery high dueto
stable noble gas configuration of Na'.

Mg— [Ne] 3°IE, & IE,— Low

IE,isvery high.

(©)

@

(10

@
©)
(12)
@
@
©)

@
(18)

@
©)

Eu— [X¢€] 4f7 68
Eu?* — [Xe] 4f7

Periodic Table

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

Q3

Q4

®)
Duetoineffective shielding of d orbitalsin Galium, its
sizewill belessthanAl.

(C,D)

NO = Neutral

B,0,= Acidic

CrO— Basic

All other oxidesare amphoteric

9]

Atomic lonization Enthalpy (kJ/mal)
number I, I, I3
n 1681 3374 6050
n+l 2081 3952 6122
n+2 496 4562 6910
n+3 738 1451 7733

By observingthevauesof I, I, &1, for atomic number
(n+2),itisobservedthat |, >>l..

Thisindicatesthat number of valence shell electronsis
1 and atomic number (n+2) should be an alkali metal.
Also for atomic number (n+3), I, >> | Thisindicates
that it will be an alkaline earth metal which suggests
that atomic number (n+1) should be a noble gas &
atomic number (n) should belong to Halogen family.
Sincen < 10; hencen=9 (F atom)

Note: n=1 (H atom) cannot be the answer because it
does not havel, & I, values.

@
Only Na & F will show one non-zero oxidation state.
TheseareNa' & F-.



Chemical Bonding

| EXERCISES

)

ELEMENTARY

Q.1
Q.2
Q3

Q4

Q5
Q6
Q7

QS8

Q9

Q.10

Q.U

Q.12

Q.13

Q)
©)
©)

In N, molecule each Nitrogen atom contribute 3e” so
total no. of electron’sare 6.

©)

In CaCl, calcium loose 2 electrons and transfer to Cl
atom thus both acquire outermost 8 electronin valence
shell.

@
@
©)

In co-ordinate bond acceptor contain vacant orbital.

@
Water is a polar solvent while covalent compounds
are non-polar so they usually areinsolublein water.

&)
BCl, is electron deficient compound because it has
only ‘6" electrons after forming bond.

@

H,SO, has co-ordinate covalent bond.

0
H—O—%—O—H
0]

S

NH, has lone pair of electron while BF, is electron
deficient compound so they form a co-ordinate bond
NF,— BF,

©)

@

Co-ordinate bond is a specia type of covalent bond
which isformed by sharing of electrons between two
atoms, where both the electrons of the shared pair are

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

contributed by one atom. Since this type of sharing
of electrons exits in O,, SO, and H,SO,. Therefore
all these contains coordinate bond.

©)

@
In graphite all carbon atoms are sp*hybridised and
have covalent bond.

©)

H-C %—f CH

@
n-bond is formed by lateral overlapping of
unhybridised p-p orbitals.

()
CO, issp-hybridised

)

Silica has tendency to form long chain covalent
structure such as carbon so it has giant covalent
structure.

@
1o and2rn

©)
In a double bond connecting two atom sharing of 4
electronstakeplaceasinH,C=CH,,.

)
C=C isamultiple bond so it is strongest.

@



Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34
Q.35

Q.36

Q.37

Q.38

(1)

(4) . . . . . .
H,O isnot linear because oxygen is sp® hybridised in
H,O

&)

3
In sp® % p character = 2 x 100

)

&)
CO, hassp —hybridization and islinear.

&)
©)
N o
/ ||_|\H Pyramidal; / \H bent
@

@

In NH_ nitrogen has one lone pair of electron.
@
©)
@

There are three resonance structure of C032— ion.

o) o ?
//C\
0" o

D)

\S—F InTBPaxia and equatorial bond length are

F
unequal .
@

In BF, molecule Boronissp? hybridised soitsall atoms
are co-planar.

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51
Q.52

Q.53

Chemical Bonding

(3)

Due to Ip-p repulsions, bond angle in H,O is lower
(104°.5°) thanthat inNH,(107°) and CH (109°28'). BeF,
on the other hand, has sp-hybridization and hence
has abond angle of 180°.

©)
C,H, has linear structure because carbons are sp-
hybridised and liesat 180°.

@
CO, hasbond angle 180°

@

XeF, moleculeisLinear because Xeissp hybridised.

@
CO, isasymmetrical molecule so its dipole moment
iszero.

4

These all have zero dipole moment.

@
HFhas largest dipole moment because € ectronegativity
difference of bothishigh soitishighly polar.

@
st

H/} \\H FSBr=F
u#0 u=0

@

®

Due to distorted tetrahedral geometry SF, has
permanent dipole moment

@
InH,Sbond angleis ~ 90°

@
I ce has hydrogen bonding.

@
@
©)
The strongest hydrogen bond isin hydrogen fluoride

because the power of hydrogen bond o

9



Chemical Bonding

Q.54

Q.55

Q.56

Q.57

Q.58
Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68
10

electronegativity of atom and electronegativity

1

m . .
atomic size

So fluorine has maximum electronegativity and
minimum atomic size.

)

H,O canform hydrogen bondsrest CH, and CHCl are
organic compound having no oxygen while NaCl has
itself intraionic attraction in the molecule.

@
In electrovalent crystal has cation and anion are
attached by electrostatic forces.

)
©)

Vander waal’sforcesistheweakest force of attraction.
@
@
)

Boron does not have d-orbital.

S
Electrovalent compounds are good conductor of heat
and electricity in molten state or in agueous sol ution.

@
@

Duetoitssmall size (fgjan’srule)

@

lonic compounds are polar.

@

Li, Naand K areakali metalswith low ionization energy
and one electron in their outermost shell so they will
form cation easily.

@

Csismoreelectropositive.

@

When electronegativity differenceismore between two
joined atoms then covalent bond becomes polar and
electron pair forming abond don’t remain in the centre.

©)

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Fajan.

@
Hexane has symmetrical structure so does not have
polarity.

©)
HCIl ismost polar dueto high electronegativity of Cl.

@
Greater the charge of cation morewill beitspolarising
power (according to Fajan’srule).

©)

_ No. of bonding e” — No. of antibonding e”
B 2

B.O.

@

In N," number of unpaired electronis 1.

@
O,* isleast stable.

@
Hydride of boron does not exist in BH, form. It is
stable asitsdimer di borane (B,H,).

©)

1

B.O.0fN,= - (10-4)=3
1

N;'= = (9-4)=25

©)
Oxygen is paramagnetic due to the presence of two
unpaired electron :

0, = o(ls)?c* (1s)* 5(2s)* o * (25)*
o(2p,)*x(2p,)*n(2p,)*x" (2p,) =" (2p,)’
@

©)

InO,?all electron are paired.



JEE-MAIN

OBJECTIVE QUESTIONS

Q1 @
The maximum covalency of representative element is
equal to the number of s& p electronsinvalence shell.

Q.2 @
Oxw O y/
4 Nx
O (e}
Q.3 (€)

Covdent bond

Vanderwall
force

Q4 @
In SF,, PClg and IF; thevalence shell has12, 10 and 14
electrons. Asall contain morethan 8 electronsin their

valenceshell they are example of super octet molecules.

Q5 @
In all species the valence shell contain more than 8
electrons. Thus the octet rule is not applicable to

BrF,, SK, and IFE, .
Q6 ©

Q7 O

105°

O
C )
()N,O, Dinitrogentrioxide 7 N )‘D 30
)
6]

17

(2) N,O,* Hyponitrite ion O/

Q8

Q9

Q.10

Q.11

Q.12

Q.13

Chemical Bonding

(3) N,O, Dinitrogen pentoxide

0 0
\
/N—O—N\
O 0
Q @)
\ EN/ )135o
(4) N,O, Dinitrogen tetroxide 5\\,\/ \
o) O
)
H +

. . I
Thecorrect Lewisdiagramis H_T_H
H

@
The monothiocarbonate is CSO,2~and carbon can not
have more than 8 electrons in its valence shell.

©)

|
@ H_(l:_H (only covalent)
H

(2@QH—0—0—H (only covalent)

e H|__o
(3)|E| Il\l\l_il ==Cl (covalent and ionic)
H

(4H—C=N (only covalent)
(A)

NC\ /CN
o e

o—bond=9

n—bond=9

(4)

The strength of metallic bonds depends upon the
number of mobileeectron(s) per atom. Sodium hasonly
onemobileelectron per stomwhereasiron has8 mobile
electrons per atom.

@
Metallic bond results from the electrical attractions
among positively charged metal ions and mobile,
delocalised electrons belonging to the crystal as a
whole,

11



Chemical Bonding

[PtCI, ]~
Q14 (2 = Ptisof 39transition series
Hyper valent = voilating octet rule = all ligand will bestrong field ligand
0 = Hybridization = dsp?
o—£|— 5 i Originally
o~ @
(||) PN LI 1T
In thiscompound dueto SFL.
0
0 0 A O CE]
®° 1 ° @ A T
0 0]
PCl, = spsd
(Hyper) (no)
(Hyper) (no) Onn] OLTTT]
= 1,3 areHypervaent
sp3d
Q15 (4 cl
(1) FBe—FLinear |
B = gp?
/
e a’
()] cl Trigona planar 019 (@
cl ©
(3) NH, Trigonalpyramidal C|\© Cl
AN
Cl Cl
: &
©
= No of bond pair-lone pair repulsion=4
@ ¢ T-shapal PAITONERATTE
T Q20 @
0
Q16 (2 1‘
+ N
F 0=N=0 N N
= SN /N
|!:, sp? trigonal planar. SP S 5 O 8 X 0
F/ \F sp sp
180° =Bent
Q17 (2 (NO,">NO—>NO,")
(AsLPT,BA.J)
H
2 |
T \® Q21 @
N\ \
0=N=0 8/()‘0 q o H
180° 120° H gi
2 i (equal length)
sp sp sp® @ /| \
F F
Q18 (2 .
@ |/F{ axial bonds are
S longer than
, N\ sp® 2 © | N U equitorial Bonds
H L H

12




Q.22

Q.23

N
@ > Q\ (eaal length)
H

B (all equal length)
@ H7 [\
H
©)
i
(1) F~PF SP= Terahedral
F
ﬁ
—S—

SP3 — Terahedral

(3) Xe NE SP3d2 = Square Planer

0
r O r
H
le

@p " P \ P> Tershedral

H

©)

0
© T

Pyramidal Sp
F )
>B—F (SP?) H/OfHH
F (SP?)
Planer (Pyramidal)
N=N— N\
H
©)
H H ®
H cl: c|: H _Heterolytic, G
—C—C— eterolytic
| Fission ‘l’ X
H H SP

8/ X (planar)

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Chemical Bonding

(4)

N5, (CNO)~ and (NCN)?-al have same number of
electronsi.e., 22 ; soall areisoelectronicwith CO, which
also has 22 electrons.

@

d = T- shaped

N=C— C=N =Linear

@
Asthe p-character in hybrid orbital increases the size
of hybrid orbital increases.

@

() %T:@

spd

(i) [N = N = N]?~
sp

(iii) PClg (s) exists as [PCI,]* and [PClg]~,
CI\|/CI
C|/|\C|
Cl
Sp3d7

(iv)",Cl (1) =—==TCl]* +1Cl]- self ionisation

N\IZ

I
o’ e

3

sp

13



Chemical Bonding

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

14

(4)
sp’sp sp sp’ sp’
Vv vy
(1) H)C=C-C=C-C=CHy
I |
H H
H H
o |s
@N=C-C=C-C=N
[e3 [e2 o o (o} Q37
(3) Indiamond each carbon atomisin sp® hybridisation.
4o0=C=C=C=0
S P P
€
H
H
Planer Q.38
©)
F
Q) [ Q.39
I
F
=SP3d
@
| r
-~ F
Si—sp’ C>S sp °d
// \ |
(1) Tetrahedral and see-saw shaped.
(2) Both are sp® hybridised and trigonal pyramid.
(3) Both are sp® hybridised and tetrahedral.
(4) Both are sp®d? hybridised and octahedral.
@
(i) SF, Stericno.=5
Lonepair=1
@i [PCL]* Stericno.=4
Lonepair=0
(i) XeO,F, Stericno.=5
Lonepair=1
(iv) CIOF, Stericno. =5
Lonepair=1
Q.40

)
ICl,, doesnot exist, but thedimer LCl isabright yellow
solid. Its structure is planar.

Note: I,CI Br, will have the same hybridisation asthat
of iodinein I.Cl.. Butit existsin 3 different forms,

@

)
To have minimum repulsions, thetwo lone pair occupy
the trans positions in octahedral geometry.

@

@ 0
TPNY

1
| /D
@ |C>1 Number of bond pairsaround |
1\
1

= 2. Number of lone pairsaround | =

/l\
F/.“
o)

©) ] N

QP

CI/ ¢

(4)
(1) XeQ,istrigona pyramid. (2) IOF,"issee-saw.
(3) PClistrigonal bipyramidal.



Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

F\@/F
1\,

F\g)e F
@_/ (ll N\

Sguare pyramidal.

)

1
f—&/bridization isprocess of mixing of atomic orbital of
nearly equal energy
@
$|
pCl; AN (Tetrahedral)
Cr & ¢l

sp3d

cl
ci_!
Ms__ |
cv'|
Cl

sp3d Trigonal bi pyramidal
)
120

n=0

@

P-P>P-S>S-S
(moredirectional character)
=moreoverlap

=more stability

(1)

I SP2=33% S
0] 5 /C\6 0

Q.47

Q.48

Q.49

Q.50

Chemical Bonding

F\®/F 1
@ /Xe\ SP3g2 95 S= — x 100 = 16%
F7() °F 6

1
(1 I—1—1 SP% T 100 =20%S

v

(V) o1 N ol 58 =25%s

Cl

(V) Cl—Be — CI 50%S
sp

©)
NEC\ /CEN

C=C
N=C”| \?EN
P gp
= SPand SP2hybridized
@
F F
| F | 0
AN SN e
| °F L F F7O) F
F F
see saw tetrahedral Square planer
L.P=1 L.R=0 L.P=2
@
F F
: |
@ @ F/ |\F
F F F
=dlB.L.equd alB.L.equd
F\SZ/F
@ %, () CIF,
alB.L.equd SP3d

=axia bondsare
longer than equitorial one

@

no.of B.P.=7

15



Chemical Bonding

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

16

(4)
S}
C=N

@
AV

e g SPP sq. Pyramidal
F

- SP3d3 Pentagonal bipyramidal

©)

(D both are spid

(2 both are sp3d

(3 [CIF,Q]*issp?but [CIF,O]issp3d?

0 71 0]

Cl Cl
7 \F\O F/(|L N

(@ both are sp3d?

&)

(C-Cl) bond in CH,=CH-CI have partial double bond
charcter same type partial double bond character
present in chloro benzene

@
AsE.N. of central atom T
BA.T

@

@

QPO

QO
@ H/(e)l\H 2 F/S?F

QP
® c/Pa

=CL,0>H,05F,0

(exception)

AsEN of surrounding atom T BA
(VSEPRtheory)

Q.59

Q.60

Q.61

The P— 0O bond lengths shows that the bridging bonds
on the edges are 1.60 A but the P = O bonds on the
cornersare 1.43 A and thisP = O isformed by pr —dn
back bonding. A full p-orbital on the oxygen atom
overlaps sideway with an empty d-orbital on the
phosphorus atom. The bond angle POP is 127° and
thereisno P— P bonds.

@

As the electronegativity of central atom increases the
bond angle increases due to repulsion between bond
pair and bond pair as bond pairs are more close to the
central atom.

@

Atomic size arguments can be used for these species.
Larger outer atomsresult in larger angles dueto steric
repulsion.

@

y y

A A
1/ \I I I \I I I I 1
102° 100° 990

Phosphorus is the most electronegative of the central
atoms. Consequently, it exerts the strongest pull on
shared electrons, concentrating these electrons near P
and increasing bonding pair-bonding pair repulsions—
hence, the largest angle in PI,. Sb, the least
electronegative central atoms, has the opposite effect
: Shared electrons are attracted away from Sb, reducing
repulsions between the Sb— bonds. The consequence
is that the effect of the lone pair is greatest in Sbl,,
which hasthe smallest angle.

Atomic size arguments can also be used for these
species. Larger outer atoms result in larger angles ;
larger central atomsresult in smallest angles.



Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

(1)
= more s, more EN of ¢
(1)
PH; ~ 91°
NH, ~ 107°
(Drago’'srulein PH,)
(3)
H

.

n” | \H Angle109°
H

SPe

(€)
QOD
CHZ " ™NCH,
= due presence of bulky group

B.A exceedsfrom 109° also and reaches 110°
= Hyb=SP3

@
H H

H—(IZ—(li—H H\c=c/H
b v
ethane ethene

H—C=C—H

acetylene

(8] o] 0
CH,—CH,>CH,=CH>CH=C

. ) 1
(stability freeradica) o BE.
@

QL

S angular
HY H

= pu=0

)
= H,Oispolar molecule
= Hence H,0 hashigher critical temp

@

Cl Cl

Cl
el Cl

(A) (B)

Cl

Q.70

Q.71

Q.72

Q.73

Chemical Bonding

cl cl
(©) (D)
Cl Cl
n
1200
Hre=0 (1=0)
u H
=Ahasmax.pu
@
o ¥ @ K
S TN
(open book) (open book)
Cl e cl
(3 / #HH—C=C—H
S
(open book) (Sp) Linear
@
1
Dipole moment oc Wangle

@

O1 O1

F H

So dipole moment of NH; isgreater than NF,.

©)

17



Chemical Bonding

Q.74

Q.75

Q.76

Q.77

Q.78

18

CT
P p = 0; SiF, , BF; and PF; are
F&|‘I§ 4 3 5
F

F

symmetrical molecules thus p = 0.

@

Polarity order

c~—>Cc-C

Distance (Bond) C—Cl > C—F

* Here as exception,distance factor is dominant
CH4—Cl > CH;F>CHy—0or—>CH -

distance factor polarity factor dominant

@

cl Cl
cl

n=15D
Cl cl

Cl
cl

130

120

120
cl Cl

=d.M. of Cl at 120°will cancel each other
= u=15D

@
Q)

Symmetrical moleculeshave zero dipole moment.

planar, 6 =120° 1 =0.

Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

(4)
0O O ﬁ |C|)
(1) 0—S—S—0 @i x°
A o
S 0 0]
0 ! 0 5 o) g 0
©) ” @ [ Il
0 Q 0
@
Bases are connected by H-bond
® |
H_,O due to H-bond has highest b.p.
)
H /H ...............
| /O ..'O\ |
() H=C NC—H (Inter H-bond)
| 0. o” |
H ™ H e H
/I
(1 N\\\\ (IntraH-bond)
(0]
HO
H— ~
NO, 79
T A
(1 (IV) i
@) o0—
OH -
OH
(3)
[ |
H—C—C—0H-~HO—C—CH,
o h

(H-bond)

= due to intermolecular H-bond, it has higher b.p.
than CH,OCH,

(4)
(1) HyC—CH,—CH,—CH,n-butane



Q.85

Q.86

Q.87

(I1) CH,—CH,—CH,—CH,—OH--~ OHCH,CH,CH,CH,

|~

........... C—CH>—CH—CH5—CH,

o
H

Cl

(V) OH3C—(|:—CH3
H;
H>1>1>1V

As H-bond>d Interaction
>gt. chain>Branch chain

3

o

CH3_O ........... H_O_(:H3
I

N,O, (no H-bond as no H)
CH,, (Vanderwaal bond)

(4)
H,S — NO H-bond
H—0OH—0—H
W
H—F—H—F
H,0,>H,0>HF>H,S

2
(AyHO—H-=-O—H

N—O
(B) (Intermolecular
H-bonding)

(©) H—FH—F

Q.88

Q.89

Q.90

Q.01

Q.92

Q.93

Q.94

Chemical Bonding

@

Strength of H-bond

o polarity of H-atom

o EN of central atom attach to the H-atom

©)

for symmetry

@
due to H-bond, HF has Low volatility

(3)

H-bond holds two ice cubes together

(4)
In pure phosphoric acid the PO, groups are bonded
together through many hydrogen bonds.

19



Chemical Bonding

Q.95

Q.96

Q.97

Q.98

Q.99

Q.100

Q.101

Q.102

Q.103

20

(4)

Nitrogen is less electronegative than oxygen so
electron pair is easily available for bonding, thus P
has stronger H-bonding than Q. As oxygen is more
electronegative so H-bond strength of Q is greater
than S. The same explanation is given for Rand S as
that of Pand Q.

@

Hydrogen bond acts as a bridge between atomswhich
holds one atom by covalent bond and the other by
hydrogen bond and this increase in the attraction
between molecules.

©)

In CH,, H,Se and H,S the central atoms are not more
electronegative ; hence do not form hydrogen bonds
with itself and other molecule. InN_H, the nitrogen is
more electronegative and thusisableto form hydrogen

bond with itself and other moleculeslike water.

salicyladehyde

(O
van der Waal'sforces oc molecular weight.So AgBr will
have maximum van der Waalsforces.

@

London forces are extremely short rangein action and
the weakest of all attractive forces.

The order of strength of bonds/ forcesisionic bond >
covalent bond > hydrogen bond > London force.

Q)

All statements aretrue.

(O

Boiling point of SbH is greater than NH,. The higher
boiling point of SbH, isattributed to higher van der
Waal forces because of its higher molecular weight.

(2)

Theboiling pointsof ICl, H,Sand CO can be explained
on the basis of dipole-dipole attraction between their
respective molecules. London dispersion force exists
among the non-polar moleculeslikeH,, O,, Br, etc. in
solid or liquid states. Evenin atomsin moleculeswhich

Q.104

Q.105

Q.106

have no permanent dipole, instantaneous dipoles will
arise as aresult of momentary unbalances in electron
distribution.

&)
Ci\ Ci\, /Clg /C|
@ C|/AI—CI—>C|/AIR JAK ¢
Cl
(Incomplete octet) (Complete)
Cl Cl
B . S rMNgef N
e —> Be VAN ABe
@ & 7/ Na” O g
(Incompte octet) Complete octet
€] CI\I% CI\I/CK‘I/CI
c”’ \cl c’Rer’ Nl
(complete) (complete)
@ @ o\\N—N//O
N — N
O/ \\o O‘/ (0]
(incomplete octet) (complete)
(3)
LN
() H— Be/ /\Be—H
\H”
3C—2e”
H H\
VAL /
/ AN
(@ Be /\Be\ /Be<
\H” \H”/
(3C—2e")
H H
® -
H \H
(does not contain
3C—2e")
H
4 H\B// \\E<H
H/ \\H/ H
(3C—2e")
(2)
3'{2—2e‘
H H-. <H
NS 2c-2e
H” “H/ NH
2C2eBond=4 3C—2eBond=2



Q.107

Q.108

Q.109

Q.110

Q.11

(4)
F
B—F
F/f %
Vacant Filled
2p-orbital  2p-orbital
F Fe.
AN "\ Ny f o %
/B=|: — /B—F<—> /B—F = /BrF
F F/ F F~

Decreasein B —F bond length isdueto delocalised pr
—pr bonding between filled p-orbital of F atom and
vacant p-orbital of B atom.

@

Thecentral atom of PCI; havevacant d orbital therefore
represent extended covalent bonding whilein NClg N
have no vacant d orbital

@

| |
—Si— 0 —Si—
| |
0 9
—Si— 0 —Si—
| |
)
Cl
| &+
Cl—N+CI—0O—H
Cl T
57|\|‘ 5+K\" §
(" 1O ¢ nHaHoC
ol finally
NH,+3HOCI
Cl—B—Cl+H,0 —> CNg_§_
c’T H
Cl Cl
— HCI+CI,BOH ~finally > B(OH)4+3HCI

©)
BtH,0 — Cho @
/BN g8 .
dge N
sp="¢| H

(Transition state)

Q.12

Q.13

Q.14

Q.15

Q.16

Q.117

Q.18

Chemical Bonding

@

H,BO,+H,0—>B(OH) +H"

1) (no back Bond)

o|-|—FT;—OH

OH
(Back Bond)
@ H,S0,+H,0—2H*+S0,%
(NoChangeinBL.l.)
(3) HNOz+H,0— NO,+H 0"
(NoChangeinB.L.)

= B-O Bond length changes

@
In CH,Cl carbon does not carry vacant orbital soit can
not be hydrolysed.

@

The conditions required for the formation of an ionic
bond.

(i) lonization enthalpy [M(g) — M*(g) + €] of
electropositive element must be low.

(i) Negativevalueof electron gainenthalpy [X (g) + &
— X7(g)] of electronegative element should be high.

@
Cshaslowest | E; amongst the metals and F has higher
eectron affinity. So Csand F form most ionic compound.

@

(1) Downthegroup decreasein lattice energy isslightly
but decrease in hydration energy is more.

(2) Down the group decrease in lattice energy is more
as compared to decrease in hydration energy.

©)

A(Cl, (s) + ag———— A¢* (aq) + 3CI™ (aq)

- AHL.E.

Al +3C0 aq

(Athciratlcn)A\:“+ + 3 (Athdration)Cl—

= AH =—-4665-3x381+5137<0

solution

Hence A(Cl will dissolve and solution consists of
hydrated Al3* and Cl-ions.

@
AsF haslowest polarisability amongst O and N*-.

21



Chemical Bonding

Q.119

Q.120

Q.121

Q.122

Q.123

Q.124

Q.125

Q.126

Q.127

Q.128

22

(1)
@

As Pb?** haslow polarising power. So PbCl, isionic.

©)
Ascharge on cationsincreases, their polarising power
increases and thus covalent character increases.

+ 2+ 3+ 4+
LiCl< BeCI2 < BC|3 <C C|4

@

Sn* has highest polarising power amongst Na*, Pb?* ,
Sn**and Al** because of smaller sizeand higher charge.
So SnCl, ismost covalent and thus have least melting
point.

@

Because of high charge density on Sn* it has high
polarising power and thus |eadsto greater polarisation
of anioni.e., greater distortion of electron clouds of the
Cl~ions. So SnCl, ismost covalent.

@

Increase in oxidation state (Ni4*) increases the
polarising power of cation and thus increases the
polarisation of Br-ion.

@

for maximum ionic character,
* |E of cation must be less

* EA of anion must belarger
= CSand F

=(B)

@
Cy =>%¥*c-c=C

=oc—-bond=2
n—bond=2

)

MgCO; > CaCO4>SrCO; >BaCO,

most stable least stable
=BaCO,;— BaO+CO,

=as¢of cation TT.S. LKy T.

Q.129

Q.130

Q.131

Q.132

Q.133

Q.134

Q.135

Q.136

Q.137

Q.138

Q.139

(1)
Polarizibility size of anions
[=>Br>CI”F

@

. 320C
solubility é

!

N&,S0, 10HO,

@

Nahaslower IE, and Cl hashigher electron affinity and
thus form Na" and CI- which are held together by
electrostatic force of attraction.

@
@

Cl>Br,>F,>1,
very less due to interelectronic repulsion
dueto small 2p orbital.

@

Across the period the size of anion decrease and thus
the degree of hydration increases.

hydration enegy « 1/ size of anion.

@

According fagjan’srule
()
)
bond length bondorder

Q0 < CO,< CO~

(2
--------
Wiood
— _ Cry T Cr
o~ Wi iJ ~o0

= 6 Cr— OBond equa dueto resonance effect.

(3

Asthe size of anions decrease the distance of valence
shell electrons from nucleus decreases and so
polarizability decreases.



Q.140

Q.141

Q.142

Q.143

S
Solubility BaCO, and MgCO, can be explained onthe

basis of their hydration and |attice energies.

@

eNz= 0 c=0
C=N°
(1)
"
() Tetracyanomethane N;c—(lj—CEN
C=N
c_8_ 1
T 8
2 0=C=0 o2,
() - - 2 -
H
H H
12
—:—:4
© T 3
H H
H
|
~H c 9
@H—C=c—C=¢  _=5=%4>
[ I Ny 7
H H
=A=B<C<D

Q.144

Q.146

Q.147

Q.148

Q.149

Chemical Bonding

4 z Zero overlap

©)
(1) and (B) have negative overlap while (C) haspositive
overlap. Thus (C) will show effective overlapping.

@
(OF)

@

(1) NO (16 e) = paramagnetic

(2) 02~ (18 e) = diamagnetic

(3) (CN) (14 e) =diamagnetic

(4) CO (14 e) = diamagnetic

@

o bond energy

O —
bond length

(4)

(1NO—> NO*

30=25 B.O=3
(Para) (dia)

(205 -0, (unpaired=2)
unpairede=1

B.O=25 B.O=2
(Para) (Para)

©) N2—>|$l 3

(dia)  (para)

@

B, bondorder =1; C, bond order = 2; F, bond order =
1; 0, bond order = 1.5

bond order « 1/bond length.

23
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Q.150

Q.151

Q.152

Q.153

Q.154

Q.155

Q.156

(1)
(cls)? (o*1s)* (025)* (0*25)* (m2p® = m2p?))
(52p,)* ; number of anti bonding electronsin N, is4.
* represents antibonding molecular orbitals.
(3)
() O,:(c1s)? (c* 19 (5297 (5*29)* (62p,)* (n2p? =
n2p,) (n*2pt=mn*2p)

O, :(clsy (c*19) (5297 (6*29)* (62p,)* (n2p? =
n2p?,) (n*2p2=mn*2p)
(4)
M.O for C, = 0,5? < 0,"5? < 0,8% < 0,'$? <
mp% = mop?,
T homo
It isimportant to note that double bond in C, consists
of both pi bonds because of the presence of four

< O-sz
-
LUMO

electronsin two pi molecular orbitals C,2- [C == 1 .

(1)

(A) Bond order of N," =
2(10-5)=25.

(B) Bond order of F,=1; Thebond order of Ne, =0.
(C) Bond order of O,=2; Thebond order of B, =1.
(D) Bond order of C,=2; Thebond order of N, =3.

(©)
The electron density is zero in the nodal plane during
theformation of amolecular orbital fromatomic orbitals

=2.5; Thebondorder of O," 1/

of the same atom.

@
03" 03"
B.O.=3 B.O.=1

(3)

Fy~ H>
B.O.=0 B.O.=05

ala
|5

1
SN

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

24

®)
Ni isin + 2 oxidation state and CN- is strong field
ligand and so,

[Ni (CN),J>
d s ap
At ][44

dsp’ - hybridisation

Q.2

Q.3

Q.4

||
Xe €«— sp’

i
P~ s@
//|| S |‘\

(©
(A) in S, hybridisation of each S-atomis sp? , in P
hybridisation of each P-atom is sp?
(@)
“0- N{Z— sp’
\O

F o
1770 AKF
(B) S 104° due to bp-Ip repulsions
F
F

(C) Inter molecular H-bonding (PO,* groups are
bonded by many H-bonds)

I I
—Si—O0—Si—

D) O <|3

—Si—0—Si—
(A)

—F
~F

i

H
C=S

H
F

Hydrogen atoms are in a vertical plane with axial

fluorine atoms, ©-bond involving ap-orbital of carbon

atom must liein equatorial plane of themolecule.

Six atoms, i.e. 2 H-atoms, C,S. and both axial F-atoms

liein one plane.

(©

(@ AccordingtoV SEPR asélectonegativity of central

atom decreases, bond angle decreases. So bond angle

of H,O>H,S>H,Se>H,Te

(b)CH,>C,H,>CH,>NH, withbond pair- lone pair
sp %  sp®  spd repulsion

(c) SFg <NH;<H, O <OF, inthiscasebond angle of

NH, is highest because Ip - Ip repulsion is absent in.

it.

(d) ClO,>H,0>H,S>SF;

ClO, bond angleishighest duetoiits sp? hybridisation,

rest all are sp3 or sp3d? hybridised more repulsion in

double bond electrons.

O//iC I'\\O R} H/i Oi\H

> SF; (Octahedral)



Q.5

Q6

Q7

Q.8

Q.9

(D)
e
\Q/F
A s, ® 7 ™
F F F O F
C|\© /Cl
1
©) o|/©\0|
© B
>Xe/— ~~~~~~~ F
'

Hybridisation sp®d®, pentagonal planar ; two non-
bonding electron pairs one above the plane and the
other below the plane.

®
() [PCL]"— sp

(DIY
F F

repulsion, as bond pairs are closer to F-atoms.
(111 All have sp® hybridisation and onelone pair.

/N
(V) :P\—|—/P:

P

has ~ 102° bond angle dueto Ip — Ip

(B)

Fluorineis more el ectronegative but dipole moment is
the product of charge and di stance between combining
atoms (covalently bonded) ; due to more charge
separationin CH,Cl, it has higher dipole moment.

(A)

(A) Boiling point of ICl > Br, asICl ispolar and Br, is
non-polar in nature.

H .- .. ~H
(B) H>N - N<H pyramidal about each N-atom.

Q.10

Q.11

Q.12

Q.13

Q.14

Chemical Bonding

P

2 > 3 < Cl
©) ‘ ](D) &[S0
P P

due to resonance.
(A)

O /O\S 0
|

s
o4|
0

identical

A\

3

sp

/|

0]

\/O

S ____—pndr
N

(B)

Strength of H-bond depends on following factors.

(i) Electronegativity of element covalently bonded to
hydrogen atom.

(i) Size of electronegative element.

(iii) Ease of donation of lone pair of electrons by
electronegative element.

(B)

Asmolecular weight increases, magnitude of Van der
Waal'sforce of attraction increases.

Therefore, boiling point increases. Though NH, has
strong H-bonding but boiling point of SbH, is highest
due to highest molecular weight. Boiling point NH, =
238.5K and SbH, =254.6K.

(D)

FO F] —sp®
F,B\F (with one empty sp® hybrid orbital)

All bond lengths are identical.

(D)
. spF H oy

WFEN=N @ N =N =N

CH,

CH, |
|

CH3—/S|\\~ - Si—CH,

CH, l\,l\ CH,
(© S sp’
|
VAN

cH. | “cH,

CH,

25



Chemical Bonding

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

26

(B)
BF,~ismuch bigger than F~. So NaBF, ismore soluble
than NaF in water.

(D)

(A) H,0, = 1.48 A due to repulsions between non-
bonded pairs of electron on O-atomsand O,F, = 1.217
A

(B) In O%f very dlightly increases due to charge (—

ve) on two O atoms.

©
Internuclear Number of unpaired(s)
Bond Order Distance (pm) Electrons

Q. (dioxygenyl) 25 112.3 1
0, (dioxygen) 2.0 120.07 2
Q, (superoxide) 1.5 128 1
O, (peroxide) 1.0 149 0
(B)

N,*: cl8?c*1s’c 28’ c* 28 n2p 2 n 2p *o2p, m 2p,}
n*2pt.
10-6 10-6

B.O.N,>= 5 =2, BO.O=—7=2

10-6
NO-isoelectronicwith O,s0B.O. = — = 2.

All have same number of electrons (i.e. 16) so
isoelectronic.
(D)
(A) Stability 0,>0,>0,
Bond order 25 2 15
(C) In all these molecules al electrons are paired in
molecular orbitals.

(A)

02 02_ 022_ 02+
Bond Order 2 15 1 25
(©

Bond order Unpaired eectron

o, 25 1
NO 25 1
N, 25 1
(A)

NO > NO > NO* (bond length)
Bond order 20 25 3

H,> H,” > He," (bond energy)
Bondorder 1 05 05
(InHe," more electronin antibonding MO's)

NO,’> NO,> NO, (bondangle)
Bond angle 18(° 133 ns°

022_ < OZJr < O2

(paramagnetic moment)

No. of unpaired e

0 1 2

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (BO
Breaking of bond requires energy.
Q.2 (ABC)

(A) BrF, contains 10 electronsinplace of eight.
(B) SF,contains 12 electronsinplace of eight.
(C) IF, contains 14 electronsinplace of eight.

Q.3 (ABD)
(C) InNO5;~molecule, nitrogen can not expand its octet
dueto non availability of vacant d-orbital. In (A), (B),
(D) central atom expand octet by exciting electron in

outermost vacant d-orbital.
Q.4 (BC)

(A)O=C=0
(octet only obeyed)

Cl
I

B
(B) cr Nal
does not follow octet rule

Cl
SN
P—ClI
© o]
does not follow octet rule
F
|
Si
0  FLF
follow octet rule
Q5 (BC)
(a) Electronic configuration of boron in ground state
is1s?2s?2p*.
2s 2p

K

sp” hybridisation

(b) Electronic configuration of nitrogen in ground
state is 1s22s22p°,

2s 2p

I T

3" prp—

sp® hybridisation

(c) Electronic configuration of phosphorus in
ground state is 1s?2s22p°3s23p°.



Chemical Bonding

(B)

® e

XeF,—> XeFs +
Sp3d2
= Ans —(B)

(AC)

Itisthe orbital that undergo hybridisation and not the
electrons. For example, for orbitals of nitrogen atom
(2s* 2py, 2py 2p}) belonging to valency shell when
hybridise to form four hybrid orbitals, one of which
has two electrons (as before) and other three have one
electron each. It is not necessary that only half filled
orbitalsparticipatein hybridisation. In some cases, even
filled orbitalsof valence shell take part in hybridisation.

(AC)
XeF, = Square planer
©
I
> 0,1
5 —T..-
)| C @ Cl ®8) I/
(r-shape)

sp’d® Planar

- |

3s 3p
Q.8
PCl, 1 11111
sp’ hybridisation
(d) Electronic configuration of boron in ground state
is 125
BeF, : /‘ 1
sp hybridisation
Q.6 (ABCD)
® F
©
0=C=0
» ) 3P Q.10
G ,
sp’d
©
(B) I-1-1, CI/Hg_Cl
sp’d sp
linear linear
c=b
© Cg—CI Linear
) Sp
sp’
2 P
7\
Bent Bent
sz Sp3
Q.7  (ABD) o
@l i
@ D __
(:7| @‘
(B)
spij T—Shape
planar (Planer)
Q.12
Cl
N\ 7 /NG
(©) 0=CI-Cl=0 (D) Cl—Be B—Cl
7N\
0 2p? Cl
0 planar

sp; Tetrahedral
non planar

sp’d® Planar

/||\>

sp tetrahedral

nonplanar
(BCD)
(A) g (B) GN _ C('B: ~ O_
a’ Nai (plinear)
sp
v-shape
+
© s=C=s 0 O=N=0
(sp) linear sp
(ABD) (linear)
o W
® H/ \ H/ \H
sp? sp3

27
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Q.13

Q.14

Q.15

28

OH

!
/

)
\
(B) HO ¢ OH

O_

sp3

(C) sp?
%=1/3x100=33.33%
% p=2/3x100=66.66%
= unegual P-cnarater

(D) consider VBT theory

(ABCD)
(A) 1 —=Cl, linear and polar because of the differencein
the electronegativities of iodine and chlorine.

F F

| Fro—t——AF
C—F,iz0 (0 A )

R

F F
F
“‘.\I/ ~~~~~~~~~ F
O — T u=o
F
F
(A)
©
0] o o)
N
sy N
800 e/ﬁlx\ 0 8();0
120° 0p© 120° 120
2 Sp3 sp2 SpZ
s .
pIa%ar pyramidal  planar planar
32e 42e 40e 3%e
(AB)
N
7 .\
g | H
H
o
(pyramidal)

Q.16

Q.17

@ @e
Se C
1 N0 -

(a) -0 I" o (B)H/J'\H

3
Sp 3

sp
Pyramidal (pyramidal)
i j
®
B C
(© F7 M (D) w/ MH
sp? sp>
planar planar

(BD)

H
NH; ———>NH,
(A) sp sp°
= No changein hybridisation

e ©
(B) AlH3 +H — AlH,
sp? sp>

= Hydridisation charge

€]
(©) NH; —>NH,

sp? sp?

= no charge in hybridisation

= Hybridisation is changing.

B0



Q.18

Q.19

Q.20

Q.21

Q.22
@ @ Q.23
N
(B)CV/\CI ©d o
sp’ sp’
Bent Bent
(D) Cl-Be—-Cl = sp= linear
.24
(AD) °
. QP
(A) ;_7_ | 1°
I-1-1 N
Sp3
Bent
spd, linear
P,
©d (@ C>X Q.25
sp? Bent @
sp’d I|near
(ABD)
(Consider VBT theory)
(AC)
N N
/N ZIN
() H L H
sp’ (bent) sp’ (trigonal pyramidal)
H +
N
H” | H Q.26
sp’ (tetrahedral)
(ABCD)

(A) Cl — Hg—Cl.

(B) i 1f§§:\’
Cl\@,]_

Cl '/'®> Cl

(AB)

(A)

CH,

!

sp3

B9

Combustion

co,

Sp

Chemical Bonding

capped octahedral or distorted octahedral

(ABCD)

H
[€]

()

Al ¢
(A) H/|!|\H (B) H/I_I|\H

(©)

(AB)

(A)

3

sp Sp
0 ap
0 g (D) / \
pyramldal sp3
o F
O_ 07 .. ..
Xe (B) v
O_ O_ (N 3
u F

Perxenate ion [XeOJ"

3

XeF, (Linear)

29
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Q.27

30

O

e

(C) Xe

. F

XeOF, (one I.p.)

(D) Xe

O

F F
F XeO,F,(one l.p.)

XeOF, (two l.p.)

(ACD)

(A) see—saw and sguare pyramidal with one lone pair
of electrons.

(B) XeO,F, is see-saw and XeO,F, is trigonal
bipyramidal and XeO,F, hasoneand XeO,F, has zero
lone pair of electrons.

(C) Both sguare pyramidal and has one lone pair of
electrons.

(D) XeF, is square planar having two lone pairs of
electrons whereas XeF;~ is pentagonal planar having
two lone pairs of electrons.

IF 0
Ox A
Xe< D Sx e
o/|F (see-saw) 7 O F(squarepyrarnldal)
Xe02F2 XeOF4
i
@)
Ny
F (trigonal bipyramidal)
XeQ,F,

(square pyramidal)

XeF,"

Xe (square planar)
F/ F
XeF,
ke |
N 7%
i Re -—,‘F
. i @\ F (pentagonal planar)
Q.28 (ACD)
Hybridisation Atomicorbitals Bondangle(s) Geometry
sp s+ arbitrary p" 18P Linear
sp? s+ arbitrary p"  120° Trigona
sp® s+ arbitrary p"  109.5° Tetrahedral
spsd d,o+ S+p, +p,+p, 9°10°
Trigonal bipyramidal
dsp? deo ot S+p,+p,+p, >90°, <P
Square pyramidal
dzsp3d22+dxz_y2+ s+p+p,+p, 90° Octahedral
Q.29 (ABO)
H H
\c = C/ no rotation
A)
H H
— H
(B) (no rotation)
O. o)
(C) H-C = C-H (no rotation)
H
"
(D) H - | | \ H
H H

(Rotation possible)



Q.30

Q.31

Q.32

Q.33

Q.34

(BD) Q.35
N NIZ
7 0\ S
Aol 77N\
H H H
(A) (B)
107° no hybridisation
's Rul
sp3 (drago's Rule)
0]
£ F/I\F
©H (2)
sP sp3d2
104° (all angle 90°)
(ABC)
Q.36
QO @
o Q
cl €3¢l
~ 112°
sp’
Q.38
Bond angle increases on account of bp - bp repulsion because
of more electronegativity of oxygen and steric repulsion between
bigger Cl atoms.
0
FR_F
~ 103°
sp’
Bond angle decreases on account of £p - #p repulsion
because of more electronegativity of fluorine
(bond pairs are closer to F-atoms).
Q.39
(A)
1 !
% S-character o« B.A o BN © Bond strength « Size
of orbital
(BCD)
(ABCD)

Chemical Bonding

(ABD)

(A) According to VSEPR theory as electronegativity
of central atom decreases, bond angle decreases. So
bond angle of H,O0>H,S>H, Se>H,Te

(B) C,H,>C,H,>CH,>NH;.InNHthereisbp-Ip
repulsion so bond angle decreasesto 107° from 109.5°.
sp sp?2  sp®  spd

18 o 1095 107

(C) SFg<NH;<H,0O <OF, inthiscasebond angle of
NH, ishighest becauselp - Ip repulsionisabsent in. it.
(D) ClO,>H,0>H,S>SF;

F | F
2 53 53 sp3d2
(=117°9)  (104.5°) (92°) (90°)

Note: Itissupposed that in H,Sthe hybrid orbitalsdo
not participate in bonding but pure p-atomic orbitals
participate in bonding.

BB

(ABC)

(A), (B) and (C) arecorrect statements according to the
V SEPR theory but (D) isfalse. Bigger atoms occupy
equatorial positionto minimizetherepulsions.

(AB)
(A) Due to the presence of lone pair bond angle
decreases.

CH,

|

B
@®)HC™ | ~CH
sp” hyb.

(C) NH,Cl is an ionic compound and ‘N’ is in sp3
hybridisation.
(D) S; molecule has 16 electron pairs left behind after

the bonding.

(ACD)

C'@CI@CI

cl /@\ cl ‘?@\ cl

Square plane
n=0

31
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Q.40

Q.41

Q.42

32

I
C
® ,/C{/ Y

=0

=

=0

© 52

C
0]

(D) Cl cl

u=0
= Ans.:A,C,D
(ABCD)

Cl

©
cl

(BCD)

(A) /O\

p=0

Cl

C
© /¢
c c

D)

ol

\@¢O

(B)

cl

Cl
cl
D)

u=0

(B)

O

Q.43

Q.44

/ X\ H
H
p=0
= odd no. of double bonds
= Planar
= Ans-D
(ABD)

net Qf[
dipole

(A) moment| | ZN &,
Y XN

H

(B) Dipole moment is a vector quantity as it depends
on the magnitude and the direction.

<« -
(©o0o=Cc=0 p=0.

(D) Asaresult of polarisation in covalent bond which
arisesduetothe differencein the el ectronegativities of
combining atoms, the molecule possesses the dipole
moment.

B0
Polarity depend on net dipole moment. If diple moment
p=0itisnonpolar.

F\@/F
(A) F/ée\F XeF, p=0 nonpolar

p=0 polar

XeOF, p=0 polar

pu=0 nonpolar



Q.45

Q.46

Q.47

(BCD)

0 0
[ [
mwo-a—O—O—ﬁ—OH

0] 0]

0O o
Il
(B) HO — £ — & — OH

0O O

0O O

1l
©Ho —s —s—0H

0 O

1l
D)HO — S — S — OH
(D) 7

0]
= BCD

(ACD)

0
I

o- P
N 7 N\o-
o o
= H* will add it self where
O~ is Resonance stabilised only

= Ans. A,CD

(ACD)

(A) Ethyne being non-polar ismore solublein acetone.
(B) CD,Fismorepolar than CH,F. InCD,F, C-D bondis
more polar as deuterium is more €l ectropositive than
hydrogen.

(C) Silyl isocyanate (SIH,NCO) is linear in shape
because of pr-dn delocalisation of lone pair of electrons
on nitrogen. While in methyl isocyanate (CH,NCO)
thereis no pr-dr delocalisation of electron as carbon
doesnot have empty d-orbital and thusisbent in shape.

H
H//////, P, p, /
C C C C

D Y
©) Hﬁsmﬁpy) (s+p,) (s+p,*+p,) (s+px+py)///H

In CH_=C=C=C=CH,, the 2H-atomson oneC-atomlie

Q.48

Q.49

Chemical Bonding

in a plane perpendicular to the plane in which 2H-
atoms on other C—atom lie.

(ABCD)
0 H-bondOH
I / ,
P — OH -f-mmemeee P -
OH
no | o/| )
@ § W
K+ K* ¥ Ionic
Ionic

(b) In solid state, Baric acid Individual units Blonl,
hydrogen Bonded together in to two dimensional sheet.

o) 0]

I [
(© CH,-C-CH,-C-CH,

(ABC)

O‘H/ H-bond
¢
(A)

O —™H,,—> H-bond
“0
Vi
(B) —Cl - OH

(©) | I
CH3—C:CH—C—CH3

33
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OH
|
(D)
OZN_O Q.52
no Intra H-bond
Q.50 (AQ
H
| H
H\ oH- /H /C_ C\_\H
@ B B @ H | H
H T\
(x-x bond exist)
no x—x Bond
H H
AN Ngisi”
(© AL Al Oy’ T \H
VARV RN H
H “H° H H H
(x=x bond)
Q51 (O
Partial doublewill occur dueto Back Bonding
(A) /'l\' N (no Back Bond)
FFF
Q.53
F
| Q.54
C
B) | N (no Back Bond)
F F
F

© P
<

F to vacant orbital of P)

(Back bond from L.P. of

= has double bond character

34

(

g
, K

no back bond

(ABC)

~H H

H ~_ -
B B

(A) )
H / \ H -~ \

H

(3c - 2e bond exist)

CHs
N s
Al
AN
CH;  CHs

(3c - 2e-bond exist)

-~ CH
® A
CH; ~

R N
© Be Be Be
/" \ H / \\,H ,"" \

(3c - 2e bond exist)

Cl Cl
N. ¥ N ¥ N _~
Be Be Be
7 \Cl/'7 \CI/’ N

(D)

(3c - 2e bond absent)

(A)

(ABC)
N\
A) N2 o ®) L X
134°
sp’
<) Q§N Né'O
© Cl o M
< X0 d/' \No



Q.55

Q.56

Q.57

Q.58

Q.59

(AC)
Inert pair effect isshown by Bi an pb

(AD)
Pb2+ = [Xe] 4f14’ 5d10,
= (18+2) e system

6%, 6p2
Similarly Cd?* will have the same system

(BC)

(B) B,H, isaelectron deficient compound asboron has
only six electroninitsvalence shell.

(C) AICI, isaelectron deficient compound asaluminium
has only six electron in itsvalence shell.

(BCD)

CHs3
N
A) N=C=S

€

Bent

(B) HSie<N=C=S
Linear due to Back bond

H.,Ge
AN
© N=C=S

Bent as no effective Back Band
due to large size of Ge

v,

(D) P pyramidal
sing | “SiHs
3 SiH,
(ACD)
(A) Nitrogenismore electronegative than phosphorus.

()1 ()1

N<—30 P<—21

25— CH, Il CH 25—>CHI| CH,

So, dipolemoment of trimethylamineisgreater than
trimethy phosphine.

N +
(B) H_s;i Qq — SiH,«— H,Si= 0 — SiH,

Intrisilyl ether thelone pair of electron on oxygen
atomisless easily available for donation because
of prn-dr delocalisation due to presence of the
vacant d-orbital with Si. This however is not
possible with carbon in CH,— O — CH, due to the
absence of d-orbital making it more basic.

Q.60

Q.61

Q.62

Q.63

Chemical Bonding

(C) Bond order of C,and O, are same i.e,, 2. In C,
mol ecul es both bonds are n-bonds whereas, there
isone ¢ and one n-bond in O, molecule

C,=131pm ;O,=121pm.
Si(Me),
©) ,I\ig—spz(trigonal planar)
(Me).Si7 “Ssi(Me),
F
B<—sp’(trigonal planar)
®)
9
—0—Si
6/| \_
0 o ©
(ABC)
CI) (|3 o) 0
| I
S' 0—Si
o”ll Mo”1 Yo
O 0 o) 0
o 0
|/
0 0 /Sl\
|| II Cl) ?
n\ /n 50 si—o-si,
oL L%
0]
(ABC)

(A) With hydrogen sulphur does not undergo sp3d?
hybridisation because of larger difference in energies
between s, p and d-orbitals. Sulphur show +6 oxidation
state with highly electronegative lementslike O and F.
(B) Asfluorineissmaller and more €l ectronegative than
oxygen.

(C) I- being stronger reducing agent reduces Fe3* to

Fe?*.

(AD)

(A & B) Ba2* islarger than Mg?*. According to Fajan's
rule smaller cation has higher polarising power and
therefore, MgO ismore covalent than BaO (i.e. BaO is
moreionic).

35
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Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

36

Melting Points : BeO = 2500°C; MgO = 2800°C ;
Ca0 = 2572°C ; BaO = 1923°C

(BCD)

(A) is incorrect, as ionic compounds have higher
melting points as well as higher boiling points due to
strong electrostatic force of attraction between theions.
(B), (C) and (D) are properties of ionic compounds.

(ABD)

(BD)
(B) and (D) favour the covalent bond formation
according to Fajan'srule.

(AC)
Consider Fgjanrule

(ABCD)
Factual according to Fajan's Rule.

(BCD)

-+ A doesnot conduct el ectricity in ag. molten or solid
= it must be non polar covalent comp.

= B only conduct electricity on fused form or in ag.
solution hence it must beionic.

= Conly conduct eectricity in ag. solution hence

(ABCD)
0.,* 0,
(A) B.0.=2.5 (B)B.0.=1.5
NO H,'
Opo=25 (D) B.0.=0.5
(CD)
O'\\. /_O,__
(A) I { .
G O i
AN e
Il (0] (0] / \

6/ \6 HO OH

(equivalent R.S.) (non equivalent R.S.)

= All B.L. equal = not all B.L. equal

0
0 I

[l C
H-C-0-H N
(B) non equivalent R.S.

equivalent of R.S.
=all B.L. not equal

= all B.L. equal

Q.72

Q.73

Q.74

0
; g
Holl —
© A _5 (0)6/ \5
o 0
I [l
C \
’ / \6 6/ (0]
(ABC)
02*(14€) NO*(14e)
M) g -3 ®po.-3
CN(14e) C®N(1 2%)
e
©go.-3 O g0 2
= Ans.A/B,C
(ABD)
(A) Perioxide ion (037) Oxyfen(oz)
J
BO. =1 B.O.=2
1
(B)B.O.x BL

= Peroxide hasweaker bond compoundto O,

(C) 02 (18€)

0O, (16e)
diamagnetic N

Paramagnetic

(D) correct
(BD)
N, CO
CN NO*
(14€) (14e)
(14e) (14e)

2 \’

VN
Diamagnetic Diamagnetic
Diamagnetic Diamagnetic
N=N C=0"
C=N N=0"
(n=0) n=0
p=0 p=0
Linear Linear
Linear Linear



Q.75
Q.76

Q.77

Q.78

Q.79

Q.80

(AD)

(ABC)

(A) O,":(cls)® (c*1s)* (529)* (c*29)* (02p,)* (n2p°,
= n2p)) (n*2p,t=n*2p,)

(B) NOisderivativeof O,: NO(O,") (c1s)* (c*1s)
(629)? (c*29)? (62p,)* (n2p? =n2p?)) (n*2p,} =
n*2p,)

© 0O, :(cl9)? (c* 19 (529)* (c*29)* (02p,)* (n2? =
n2p?)) (n*2p 2 =n*2p)

(D) B,:(cl9)? (c*19)* (629 (c*2s)* (n2p* =n2p)
(op,)°

(ABCD)
(A) He—H H,~

(3e) (3e)

0," NO
®) (15 e7) (15¢€7)
(C) Hej (3e) Li," (5e-)

1<%, o*, 1st o01s?, 0% 1%, 525t

= sameunpair € = same magnetic moment
(d) N3(13e) N,”B.O=25
B.0.25 (15¢€)

e?,, 0 *1s%,02s%, 6 * 2s?, n2py?, i2pz?, o2px’

= umpairede” =1
unpairede =1

(ABC)
(A) C,
12e
(X
(18¢)
(C) Li,
(6)
(D) Ny
13e

= diamagnetic
= Diamagnetic
= Diamagnetic

= paramagnetic

(AB)

(A) B, =
(10e)

(B) O, =
(16 &)

© N, =
(14e)

(D) He, =
(4e)

paramagnetic
Paramagnetic
Diamagnetic

Diamagnetic

(AC)

Q.81

Q.82
Q.83

Q.84

Q.85

Q.86

Chemical Bonding

(ABC)
O,?* bond order = 3, NO* bond order = 3, CN~ bond

order =3, CN* bond order =2
(AC)
(AB)

(BCD)

(A) Structureissimilar tothat of ethane. Each N atom
istetrahedrally surrounded by oneN, twoH anda
lone pair. The two halves of the molecules are
rotated 95° about N —N bond and occupy agauche
(non-eclipsed) conformation. The bond length is
145A.

A

C>N—N—H
/N
H H

(B) Has partia double bond character due to pr-dr
delocalisation.

(©) OF,=103° (approximate) and OCl, = 112°
(approximate).

(D) Existinpolymericstructureas

cl Cl cl .
B _Be _Be insolid state.
cl c”Ta

Sp

i ]
O
S
F ()
1

Cl-atom is in sp3d hybridisation state. Hence
geometry is trigonal bi-pyramidal which is similar to
I~

(D)

Number of electrons pairs= 6 ; number of bond pairs=
5; number of lonepairs=1. According to VV SEPR theory
geometry of themoleculeistrigonal bipyramidal. Asall
positions are equivalent the lone pair of electrons can
occupy any position in octahedral geometry as given
below.

F F F
F ! F F ! " g F
S s
- F F
[ 1L
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Q.87

Q.88

Q.89

Q.90

38

(D)

(D) (A) CCl, CHO (chloral)

(A)
density up to 4°C then decreases sharply

®)

(A) H,0 H,O (A6 greater no. of H - bond
(B.P.order)  occuringinH,O
® CH, — OH CH, — OH
CH, — OH C|H — OH
CH, — OH
Ethyleneglycol more no. of H-bond

Less no of H- bond
= Hence glycerol is more viscous than ethylene

glycol.

(©)

Q.91

Q.92

Q.93

Q.94

= due to Intramolecular H-bond exist
= discreteform steamvolatile
(D) Not equi distant

(B)
S
H%H
YR
v

He = \/2 p.%_H +2 ué_H xcos 97°

He= V2 XHg, X 1-0.12, Hz=42 Xug,%/0.88

1.5
J2x0.94

D

Ms

0.15x1079 x1.6x1071°

(MS—H)CaI = % x10730

(He,)ey = 3%0.15%x 16 % 10D

1.5 1
So % lonic character = \/Ex094>{0 15X16X3} x

100 =16%

D)
H Cl
) 4
NN
cl
H.C >C/CI > Cl (|;|C'H |L H
¢ J 1
1 I

p=3p, xCcos705+ Hep, = 15+04=19D
p=3p,*xc0s70.5—p.,,=15-04=11D
p=3p.,%Xcos705+pn. ., =19D

(A)
CH, \
2ug, COS 60 A :O
CH; 25D
M =25+ lig, =25+04=29D.
(D)
® )

PBr;, —— PBr, + Br

anionic
part



Q.95

Q.96

Q.97

Q.98

Q.99

©
@ ©
PCls —— PCl, + PCl,
@ S
PCl, + PCl,
@® ©
PBry — PBr, + Br
1090 280
109° 28°

= differenceinB.A.=0

(B)
@ S)]
PCl, == PCl, + PCl,
spd®
a0°, 180°

©

(A), (B) and (D) have intermolecular H-bonding ()
whileanion of Caro'sacid (i.e. HSO,") hasintramolecular
H-bonding (X) as shown below.

Oks/ TN,
O% \_O “““““““““
©
Cl H
(A) N—iCl-—HOH __ -HoCl | N—H
C|/ H ~

(B) Association of molecules leads to a high melting
solid because of inter molecular H-boning(Y).

O H—0

CH;-C=N N=C—CHq
+2
CH T T
HsC-C=N N = C — CHj

rosy red ppt

(D) lonic peroxides form well crystallized hydrates
such as Na,0,.8H,0 and M"O,.8H,0. These
compounds contain discrete O, ions to which water
molecules are hydrogen bonded, giving chains of the
type shown in structure ----- 0,7 - (H,0), —----
0,2 ----- (H,0), -----

The formation of such stable hydrates, accounts for
the extreme hygroscopic nature of crystalline peroxide.

®

Q.100
Q.101

Q.102

Q.103

Q.104

Q.105

Chemical Bonding

(B) In the solid state, the B(OH), units are
intermolecular H-bonded together into two
dimensional sheets with almost hexagonal symmetry
the layers are quite a large distance apart (3.18A) and
thus crystal break quite easily into very fine particles.

(B)
®)
©

spe? (dezy28Nd dy2 )

(A)-p: (B)-d; (C)-p;(D)-s
Stericno. of I10,F,~=4+1=5, sp3d;
Steric no. of F,SeO =3 + 1 = 4, sp3;
Steric no. of CIOF, =4+ 1=5, spd;
Steric no. of XeF;*=5+1=6, spid?

(A)-r;(B)-q,p;(C)-S;(D)-pq

5
NG Si\si $_/S".Sp3
W I I @ sl
c|/®\ Cl /Q\q Si _ \Si
sp’d’ S 4 \si
O§S/O
s Hy., CH, N
KA|,,,./C W Ns?
© v e New @) O \®
3C-2e ST
AN

(A)-p,r;(B)-r;(C)-q,s;(D)-pr,s
(A) CIF,,BrF} ,IFg ; al have sameoxidation state
(+5)

F —|+ F\ f@q_
N

F

F F _
(square pyramidal) (see-saw) (distorted octahedral)

All have onelone pair of electronseach ; but different
shapes ; 1 = 0 so polar,

(B) CIF,, BrF; , ICl 5 ;all have same oxidation state
(+3);
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Q.106

40

F

@...

Cl—,

@ T ClK'@"" EC'—|_

TR LN
W0 (polar) W#0 (po'a") 1 =0 (non polar)
(T - shaped) (bent) (square planar)

(C)XeF,=+2;1Cl =+1;13 =+1;

Qp  QP1 Qpl

F— Xe— F; Cl— | Cl ;11— | —I

All have three lone pairs each and same shape but
different oxidation state. In all p =0 ; so non - polar

(D) CIOF,, CIF,; 10,F3 ; All have same oxidation
number (+5)

F F —|+ F —|—
Fuo. Fuo. 0.
NN NS
CI<:) NP ONEDRO)
/ VA 7
] F ] o ]
F F
seesaw see - saw see - saw
Inal u=0,soal polar.
(A)-q (B)-r (C)-s (D)-pay
C'\@ Cin/Chy e
A o \CI cl’Ner” \cl
sp’d sp’d?
planar planar
Cl
CK ——>C|\ |/ I\ I/
sp?  planar sp3 nonplanar
© AIF, nodimer form
@ O\\N N//O
N — VAR
< o 0 0
©) ©
sp’Planar sp’Planar

Q.107
(A) B,

(B)N,

(OloN

(D) C,

Q.108

(A)-p.s;(B)-q,rt;(C)-pr.;(D)-qrst
ols’ ols* ? 62s?02s* ? n2p,! = n2ptc2p,’
Bondorder=1/2(6-4)=1: Paramagnetic

cls’cls* 2625?0252 n2p 2 =n2p *o2p,?
Bond order =1/2(10-4)=3(N=N):

Diamagnetic
Bond order of O,=1/2(10-6) =2.

618 61s" *628°62s" > 62p ?o2p * =
n2py* 0
Bond order of O,=1/2(10-5)=25:

cls’ c1s* ? 628%62s* ? n2p? = 712py2 o2p,°
Bondorder=1/2(8—4)=2: Diamagnetic
Both bond are 7 bonds,

Bond energy of C,is620 KJmole whereasbond energy
of O,is498 K¥mole

n2p*Zn2p Xt =

Paramagnetic

(A)-q,r;(B)-pars;(C)-qs;(D)-pars
spe? (dez_y28Nd dy2 )

sp’d (TBPthen d.2)

dsp? (dy2-y2)

NUMERICAL VALUE BASED

Q.1

Q.2

Q3

Q4
Q5

(4
N,*, N,-, O,",C," havefractional bond order.

9]

No. of sigmabonds=9

[4]

(a) PCl,; (Coordinate Bond = 1)

(b) NH, - BF, (Coordinate Bond = 1)
(c) HNO,(Coordinate Bond = 1)
(D) CO (CoordinateBond =1)

(3
[18]
H
~
H—
H/

Vacant d-orbitals

Si—N=C=0

LPof N canbedelocalised back bonding (prt—dr). SN
of N=2sp



Q.6
Q.7

QS8
Q.9

Q.10

Q.U

Q.12

Q.13

Q.14
Q.15

(4]
(4]

No. of resonating structure in hyper conjunction
=n+1

wheren =no. of o Hydrogen
CH,—CH=CH,,3(a)H

Ans.=3+1=4

(6]
(3]

(iv, vi, vii)

(3

Bl
(NO,,CO.F

3 2

Cl,Br, 0,0, Li,", He,")

8]

sp?

[0

Because CCl, symmetrical molecule.

(4]
[0

S-Being very low electro negativity can not form H-
bonding.

Chemical Bonding

Q.16 [2]
Q17 [3
Q18 [4
@]
I:I’
:?:/ \:cl):
O
P4010 O_Ir/ /O P=0O
|
Q——ﬁ\gz
O
Q.19 [10]
T 0 I
Na'0-S-S-S-S-O'Na HO-S—S-OH
00 g +3
+5 45 +5
x=5 y=2

vaueof x xyis=5x2=10

Q.20 [g

P

</

—p—Q
KVPY
PREVIOUS YEAR'S
Ql ®
G lCCI Clearly B hasonly 6 &7, Octet isnot complete
Q2 (A
H H
N |
H-C-C=C-C-Br
R T
H H H H
bonds= 10single + 1 double
Q3 O

Bond order of 0%

Total electron=18
Configuration = KK o (25)*c*(2s)*6*(2p,)* n(2p,)*

41
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Q4

Q5

Q6

Q7
QS8

Q.9

Q.10

42

n(2p,)* n*(2p,)* n* (2p,)? Qu
N,-N, 8-6
= a=——=10
Bond order > >
(©
Threebond pair & twolonepair presentin CIF, molecule Q.12
.. F
“Cr—
£ | i Q.13
" F
T-shape
(A)
Correct structure of PCLF, is Q.14
Trigonal biprymidal
for minimum repul sion between atoms. Q.15
®)
XeR; +3H,0 N XeR; + 6HF
\ \
Spéd®Hybridisation Sp® Hybridisation
(distorted octahedral) (Pyramidal)
Q.16
©
©
(A)O,,B.O=2 (B)F,,B.O=1
(©)0,'B.O=25 (D)F,B.O=05
D)
7/ N\
cl | cl Q.17
Cl
n,=0
(A)
1
Bond |ength oC Bond Order
Q.18
CO,B.0.=3
0=C=0,B.0.=2
o

e
0=cC B.O.=1.33
No

(A)

2

2 O 3 2
S sp T Sp Sp
HC=C—-CH,-C~CH,-CH = CH,
Sp

)
CCl, has zero dipole moment due to its tetrahedral
shape, all C- Cl bond moment cancel each other.

©
XeF,; no. of Ipon Xe=3
XeF,; no. of [pon Xe=2

©
H... .-t
N——N
v ~NH

2 lone pair on nitrogen
4N —H bond pair
1N —N bond pair

(B)
o

6.~0 2~0 9o
C

(L F s
© G CO o0
6>~6 o~ o ™~ CHz/\ CH,

17, C—C sigmabond present in this structure.

)

Species having unpaired electron are paramagnetic &
without unpaired are diamagnetic

:N =0 1unpaired electron
O,2unpairede (MOT)

¢N = O unpaired electron
(@]
CO, no unpaired electron

©

.
O=>|(|e=0 sp¥ Pyramida geometry

o)
XeF,+3H—OH — 6HF +XeO,

(D)
Alkali Metals has highest tendency to formionic bond
readily

1s? 252 2p° 3s' [Na metal]



Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

©
Lewisacid strength of BBr,, BCI, and BF, isintheorder
of
BF,<BCl,<BBr,
Due to back bonding

F-B-F:

I
F Strong 2p — 2p Back bonding
®

H-CH H-N-H H-O-H
BP=4 BP=3 BP=2
LP=0 LP=1 LP=1
Hybridization sp’ ¥’ ¥’

Bond angle  109°, 28' 107°.1 104.5°

D)
SCl, = 4b.p+IL.p.

a cl

D)

[I1O,F;]ion

Hybridisation is sp*d® shapeis pentagonal bipyramidal
Double bond cause more repulsion so they would be
onAxia position 180° angle to each other so shapeis

F F

F F
O F

D)

poc AEN

So HF has highest value of dipole moment

©
Greater isthetendency to donate ¢ .p more stablewill
be the lewis. acid-acid-base adduct.

Q.25

Q.26

Q.27

Q.28

Q.29

Chemical Bonding

(B)

sp’ e} 5
Lo l
N
0 Oy
S —» CH, NN
H,C-C =N

(|||) (iv) Hi:C=?H—C?3
@ Sp’ sp’

(A)

F
|
F—
| . T-Shape, spd hybridisation
F
(©
\@/
/)ée\
= 4 bond pair + 2 lone pair. = Steric Number = 6
= gp3d?

©
Number of electron Bond order
| 1 |eso-2E
B, 10 Bo-2"%
2
D)
F
F

Bri— =Square pyramidal

The lone pair occupy more space around the central
atom and push away the four planar F atom. Here the
axial Br—F bond length is 170 pm but equatorial Br-F
bond length is 177 pm
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Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

44

JEE-MAIN
Cl cl PREVIOUS YEAR'S
Q1L (@
PCl—> Species Bond order
cl ID cl Ne, 0
| N, 3
Cl o, 2
F 1
=Triangular peramidal 2
Two type of P-Cl bond Q.2 1)
P—Cl axial > P-Cl equatoria Species —> Bondorder
(A) Be, — 0 (zero) (not possible)
BF, > NH; > NH, > PH, 05 — 1(one)
120° 109°28 107° 92°
1
He, —  —(H4f)
(A) 2
Reason: Better extent of back bonding, Note—Cl can’t 1
donate 3p electron pair to boron as fluorine He; - 5 (Half)
because of larger size 3p orbital. 03 1(sF)
(D) Scl,+4H,0—»H,S0O,+4HCI
Configuration of C, PCl, +2H,0 — POCI, + 2HCI
2 42 BF;+3H,0—» H,BO, +3HF

2 %2 2 _ 2
G150 "15 0250 "5 Tl',sz _TthyGsz

an extra electron added to the s2p of the above

configuration. Q.4
®
MgCl, CaCl, SiCl, BaCl,
> ¢\ 4 Covalent Q5
> Character 4
BaCl, < SrCl, < CaCl,<MgCl, (Covalent
character)
D)
Ansisoption (D)
AlCI, non - polar
ca, non - polar
SeCl, non - polar
AsCl, polar Q.6
®)
Largesizeof anion o polarisation Q7
Sizeof anion ¥ = Polarization T
Q.8
©
i H e
N +H —>
H | e l|\|\H
H
3 H,
® SY
D)

o§* = diamagnetic due to absence of unpaired
electrons.

SF,+H,O— Noreaction

@

Theory

@

| F
F

s

| F

F

>

SF, see-saw structure Axia bond length is more than
equitorial bond length

(2)
@
()
F F
SF, = ©s|<F BFS = é&e
4 | F ] 4 F/l \F
F F
F
CIE. = @(l:l E As= __A
3= ®| — y 3= F/ | S\F
F F



e
PCI, = Cl . BIF, = A r/

Q4

XeF,= Sxe( . S = >sC

Twol.p. on central atomis= CIF3, XeF4

Q.9 (15)
AX isacovaent diatomic molecule.
ThemoleculeisNO.
Total no. of electronsis 15.

Q10 (@

o Q@ 0

N (@) 0)
07 Mo o’ >a o Mo NN
Bent shape  Bent shape  Bentshape  Linear

Qu @

Lewisbase: Chemical specieswhich has capability to

donate electron pair.

InNF,, SF,, CIF, central atom (i.e. N, S, Cl) havinglone

pair therefore act as lewis base.

In PCI, central atom (P) does not have lone pair 05
therefore does not act as lewis base. ’
Q12 @@

Q.13 (109
Q14 (O
Q15 @
Q16 (3
Q17 &
Q.18 (0

JEE-ADVANCED
PREVIOUS YEAR'S

Q1 (1 @]
Lonepairsonthecentral atominBrF, =1
Lone pairs on the central atom in CIF, = 2

Lonepairson the central atomin XeF, =2
Lonepairson the central atomin SF, =1

Q6
Q2 (AQ

O (B.O. = 3) have shorter bond length than
0,(B.0.=2)

Q3 (B

Chemical Bonding

Correct order :

H3P04 > H4P206 > H3POS > HSPOZ

(+5) (+4) (+3) (+1)

(A,B,D)
Structureof Al(CH,),

3 centre-2 electron bond

H
o, o
HC/ \CH
H

H

= BCl, isstronger lewisacid dueto small size of boron.
= Structureof ALCI,

\AI/ :\ /
o FCI/ \

Structureof B,H,

3 centre-2 electron bond

=
(ACD)
T H-O-Cl
;,Sp “o®
Ay §IS Y
o 1 3
(B)Cl, +H,0— HCl +HOCI
(© Acidic: HCIO, > H,0"
Acid-1 Acid-2
Basic o, < HQO
CB-1 C.B.-2
0
[

|
D) -
o o
Resonance stabilization
(AD)
Xzi6152,6*152,0252,(5*282,(52[322,

c 2p,°
(HOMO)  (LUMO)

45



Chemical Bonding

(F) Q.10 (B,D)
Down thegroup =" to ¢ excitation become easy. Polar molecule Non-polar molecule
CHCI,, sO,,CH.Cl, BeCl,, CO,,BCl,, SF,
Q7 [q H,Se, BeF,, O,, XeF,
Species lone pair on central atom NO,, NH,, POCI,,, CH,Cl
TeBrz- : 1 So correct answer is option (B) and (D)
BrF,’ : 2
SNF, : 0 Q11 [400]
XeF s : 3 N=N->O0
Total Number of loneof pair=6
O
N RN I
I O‘/N—N\ HO-5-OH  N=N-O
: ¢]
SNF, : TN o
i 0
0
Q8 (6 Il [
(H,Cl.,Be,C, .Nz, F) HO —ﬁ— 0-0 —ﬁ—OH
H, . olg (@] @]
He, . ol 518
: A2 (29
Li, . 0ls,6'18%,629 Q ;ZFOO_?_ OF. — XeF. +0
Be, i 0l 6'19%, 629, 6' 2% 4 22 v 6 2
i . . 1=
B, ' 02182’1 o'1s", 025, °28, n2p, Y has 3 lone pair of electron in each fluorine and one
c zlzzy, o1, 029, 0'28, 12p? = Ionepairgfelectroninxenon. Hencetotal lone pair of
2 ) x electronsis 19.
any
) . . 2 =
" TS SRR s g
~ y . Herepolar moleculesintheliquid formwill beattracted/
0, . 0l8, 6’18, 629, 6'28%,62p7 =
2p 2= 12p 2202 = 12p deflected near charged comb.
X y ! X y .
F, L ol 0'1, 02, 0'2%, 22 = Polar molecules: HF, H,0,NH,, H,O,, CHCI,, CH_.Cl

(6-polar molecules)
Nonpolar molecules: O,,CCl,,CH

4 76 6

n2p2=n2pf, n2p 2 =n'2p?

Q9 (AD)
SnCl, +Cl-— SnCl -
Q )
Me
N Cl
SnCl, + Me,N — SnCl,. NMe, |Me—N — S
Ne cl
SnCl, +2CuCl,— SnCl, + 2CuCl
Q @
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Hydrogen and It's Compound

| EXERCISES

)

ELEMENTARY

Q1 (I
SH=n+p=3.

Q2 (3

Q3 (4

Q4 (3

Q5
Q.6
Q.7
Q.8
Q.9
Q.10

Q.11

Q.12
Q.13

Q.14

Q.15
Q.16

= Alkali metals because of valency e~ one
= Halogen due to forming salts like halogens NaCl,
NaH.

(3)
(4)
(4)
(4)
(2
(2
AL
H-”
:> .
(1)
Due to open cage like structure.
(1)
(2

By boiling temporary hardness of water can be

removed. Ca(HCO,), —*— CaCO,+ H,0+CO,

(insoluble)

(1)

Chlorides and sulphates of Mg and Ca produces
permanent hardness and bicarbonates of Mg and Ca
produces temporary hardness.

(4)
(4)
The density of water is 1gcm= at 4°C

. 100
so molarity = 18 =555 M.

Q.17

Q.18

Q.19
Q.20

Q.21

Q.22
Q.23

(4)

Water containing Ca?, Mg*? and H* (> 107" m) isa
hard water.

H* (aq) + CH,COONa(ag) = CH_COOH(s) + Na*
(aq)

(4)

(2)

(3)
Na,0, + H,S0, - Na,SO, + H,0,

(3)
H,S+H,0, > S+2H,0
-2

In this reaction H,O, shows oxidising nature
(2)

(3)
Reactivity of H, is least among then due to bond
dissociation.

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q4

Q.5

(4)

Hydrogen does not has lone pair of electron so it can
not form coordinate bond with other atoms or
molecules.

(4)

Hydrogen and alkali metals are electropositive their
electronegativity isvery lessi.e. H— 2.1, Li 1.0, Na
09,k=0.8 Rb=0.8

(3)

In electronegativity of hydrogen isin between metals
and non metals so it behaves as both electro +ve and
electro — ve. It can lose electron to form H* ion and it
can also gain electron to form H-ion.

(4)

Hydrogen is colourless gas.

(1)

lonisation energy of hydrogen is (1312 kJ mol?)
which is too high than that of alkali metals and low
than that of halogens.
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Hydrogen and It's Compound

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

48

(1)

Hydrogen accepts electron to form anion and get inert
gas configuration like halogens.

H+e —— H* (hydrideion)

X+e — X

halogen halide ion

(3)

The ratio of protium, deuterium and tritium in nature
is not certains.

(3)

Hydrogen does not combine with helium.

(4
Zn + NaOH —— NaZnO, +

Sodium zincate

H T

2

(3)

Occlusion.

(3)

H-Be-H

&N a” N 51

H” \ / \H

(2)

H” +Hﬂ)H(,)—>H +OH

(aq) 2(g) {aq)

CaH, + 2H,0—> 2H, + Ca (OH),

(3)
Ortho hydrogen is not the isotop of hydrogen but it is
isomer of hydrogen.

(3)

Oxidation number of hydrogen in hydrogen molecule
and hydrogen atom is zero. Oxidation number of
hydrogen in all compound containing hydrogen is +
1. except hydrides.

oxidation no. of hydrogen in hydridesis— 1.

(3)
Cation exchangeresin exchanges Ca?*, Mg?* ionsfrom
water, and water becomes soft.

(B)

Hydrated silicates of Al and Na is called permutit
NaAlS,O,. x.H,0

(1)

CaCl,, CasO,, MgCl,, MgSO,, When dissolvein water
it becomes permanently hard.

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

(2)
Na,AlSi,0, .
2Nar

xH,0 + Ca" — CaAl,Si,0,.xH,0 +

(2)

In bosch process water gas is used for production of
H,.

(4)

H

2

(D)
Clark's process involve addition of slaked lime for
removing temp. hardness.

(3
AtAnode

2H ——— H, +2e

(1)
Dueto Caand Mg salts

(2)
D,0 Heavy water

(2)
Slowing down the speed of high energy neutrons.

(2)
Ma,N, + 6H,0 — 3Mg(OD), + 2ND,

(4)
Each oxygen atom attached with four hydrogen, two
by covalent bonds and two hydrogen bondsin ice.

(3)
(3)

(2)
Na,0, + 2HCl — 2NaCl + H,0,
Na,0, + H,S0, —> Na,SO, + H,0,

(3)
(4)

H,O, when oxidised in acidic or basic medium it
produces O,

2MnO, + 6H* + 5H,0, — 2 Mr?** + 8H,0 + 50,
(acidic medium)

2MnO, + 3H,0, — 2Mn0, + 30, + 2H,0 (basic
medium)



Hydrogen and It's Compound

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

(4)

Hydrogen peroxide can be used as an oxidant,

reductant and an acid. It oxidise Fe** into Fe** solwly

in acidic medium but in basic medium it oxidisesvery

fast.

2Fe? + 2H"  + H,O,— 2Fe”  + 2H,0 acidic

medium (SRP =+ 1.77 V)

2Fe** + H,0, —> 2Fe* + 20H" basic median
(SRP=+0.87V)

Hydrogen peroxide is also acidic in nature.

H,O0, —— H'+ HO,

Ka=15x 1072

Na,CO, +H,0,— Na,0,+H,0 + CO,

(3)

H,O, can not be dried over conc. H,SO, because it
oxidises by H,SO,

HSO, — HO+S0,+0

HO,+0 — H0+0,

H,SO,+H,O0,— 2H,0+ 30, + 0,

(2)
10V means 3.035% HZOZ, hence 20 V means 6.070%
H.O

272

(4)

H,O, can be used as antiseptic, bleaching agent and
propellent.

(3)

It undergoes autoxidation on prolonged standing.
(2)
(3)

JEE ADVANCED
OBJECTIVE QUESTIONS

Q.1(B)

Hydrogen has three isotopes and two isomers.

© e

© ® @

Protium Deuterium Tritium
Electron- 1 1
Proton- 1 1
Neutron- Nil 1

Q.2

Q.3

Q.4

Q.5

Q.6

e &8

Orthohydrogen Parahydrogen
1
1 (Isomers of hydrogen)
2 (Isotopes of hydrogen)

Ortho hydrogen-two protons in hydrogen molecule
when spins in the same direction the form is termed
as orthohydrogen, and when proton spins are in
oppositedirection theformisknown as parahydrogen.

OXOIOR-1=
€8

(B)
Electronic configuration of hydrogen and deuterium
isthesamei.e. 1s'

(B)
The number of possible diatomic molecules of three
isotopes of hydrogen are six

i.e

1.H-H 4.D-D H — Protium
2H-D 5D-T D — Deuterium
3 H-T 6. T-T T —Tritium

(B)

First ionizatition potential of H is 1312 kJ mol*
(A)

(A)Cu + HC —— No reaction

(B)3Fe + 4H0(@ —
(C©) Mg + 2H,0 (hot) —>
(D) Na+ C,H.OH —>

(B)
(A) 4Fe + 10 HNO,
— 4Fe(NQ,), + NH,NO, + 3H,0
very dil.

FeO, + 4H,T
Mg(OH), + H,
C,H.ONa+H

4Fe + 10 HNO,—>
4FgNO,), + N,O + B5HO
dil.

(B) Mn + 2HNO,—> Mn(NO,), + H
dil.

2

(C) 3Cu + 8HNO,
— 3CU(NO,), + 2NO + 4H,0
dil.

(D) 2Al + 8HNO,
— 2AI(NO,), + 2NO + 4H,0
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

50

(A)

Hydrogen atoms at the moment of formation isknown
as hascent hydrogen. It is believed that part of energy
liberated in the reaction producing hydrogen become
associated with hydrogen molecules and thus make
them hyperactive.

(©

Hydrogen can act both as oxidising and reducing agent.
It acts as oxidising agent when reacts with metal and
form metal hydrides which are electrovalent
compounds.

2Na+H,— 2NaH

Ca+H, — CaH,

Hydrogen aso acts as reducing agent when its reacts
with oxides

PbO+H,— Pb+HO

CulO+H,— Cu+H,0

FeO,+H,— 3Fe+4H,0

(A)

Zn + HSO, — ZnSO, + H,

1 mole excess 1 mole
Zn + 2NaOH —— NaZZnO2 + H2

1 mole excess 1 mole

Ration of volume of hydrogen in both casesis1: 1.

(B)
In the reaction with calcium hydrogen acts as an
oxidising agent.

Ca+H,—> CaH, (Ca* 2H)

(©)

Hard water contains soluble salts CaCl, MgCl,, CaSO,
MgSO, Ca(HCO,),Mg(HCO,),

(B)
Temporary hardness of water is due to the presence
of Ca(HCQO,), and Mg(HCO,), in water

(A)

Ca(OH), reacts with Ca(HCO,), to precipitate CaCO,
Ca(HCO,), + Ca(OH), —> 2CaCO, | +2H,0
Mg(HCO,), + 2Ca(OH),— 2CaCO, ¥ + Mg (OH),
L +2H,0

(B)
Caso,

(D)
Hard water passed through cation exchange resin
which releases H* and then passed through anion

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

exchanges resin which releases OH-

RHy+M* ) === MR, +2H",

(i) [M? = CaZ* /IMg?]
RNH, +H,0 ) === RNH", + OH

RNH",. OH" + X7, === RNH_X"+OH"

(i) [X-=ClI, HCO, SO%,
etc.]

OH neutralise the H* released in the cation exchange
in (eqi)
H*  + OH-

N
(aq) () X

H,0,

(D)
Hard water when passed through resin containing
R—COOH groups it becomes free from Ca* ions.

(A)

Permanent hardness can not be removed by boiling
wate.

©

Temporary hardness is because of the presence of

bicarbonates of Mg?* and Ca2*. The methods used for

their removal are

(A) boiling method

(B) Clark's method , Ca(HCO,), + Ca(OH), —
2CaCO, + 2H,0
Permanent hardness is because of the presence
of SO,*, Cl- etc of Mg* and Ca**. The methods
used for their removal are

(A) Washing soda method, MCl, + Na,CO, - MCO,
+ 2NaCl

(B) Calgon's method M* + Na, P,O5, — NaMP,0%

6718

(A)

(©
Calgon is sodium hexametaphosphate Na,[Na,(PO,) |

©

Ortho H, have spin of protons paraH, have same dif-
ferent spin of protons.

(©

Ortho and para H, has similar chemical properties.

(B)
Deuterium is prepared from ordinary hydrogen by
fractionation.

(A)

Saline hydride means salt like hydride. Alkali metals
and alkaline earth metals and some highly + ve
members of lanthanide series can transfer electron
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Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31
Q.32

Q.33

Q.34

Q.35

easily to hydrogen atoms. Ex. NaH, KH, CaH, | (S, B,
and Al do not form salt like hydride).

(A)
Ti H

15-18

isaintergtitial hydride.

(D)
In CaH, H has oxidation state (1) [+ 2+ 2x =0, x =
-1

©
Gaseous H,0, has dihedral angle equal to 111.5°.

(B)

H,O, acts as reducing agent and reduces KMnO,
solution in acidic medium.

2KMnO, + 6H* + 5H,0,— 2K* + 2Mn? + 8H,0 +
50

2

(A)
In basic medium H,0, oxidises Cr,(SO,),

2Cr% + 10H" + 3H,0, —> 2CrO*, + 8H,0
Cr—Oxi. No.=+3 Cr—Oxi. No.=+6

©

lonic compounds are more soluble in soft water than
heavy water. Soft water has high dielectric constant
(78.39), while that of heavy water in 78.06. Due to
higher polar character of solf water it is an excellent
solvant for ionic compounds. Distillations ionic
compouds takes place because of ion-dipole
interactions solubility of covalent compounds is due
to the formation of hydrogen bonds with water
molecules.

(©)

(D)
CaH, isionic hydride

©
Acetanilide

(A)

O, slowly decomposes to give nascent oxygen,
which decolourises the coloured substances
H,0,— H,0+[O]

nascent oxygen
Coloured substances + [O] —— Colourless

substance.
nascent
oxygen

(A)
Onindustrial scaleH,0, isprepared by auto oxidation
of 2-ethylanthraquinol.

2-ethylanthraquinol

Q.36 (O
A solution of K.Cr,0, in H,SO, is oxidised to blue
cromic acid by H,O, and dissolvein ether to give blue
coloured solution.
K,Cr,0, + H,SO, —> K,SO,+H,.Cr,0O,
H,Cr,0, + 4H,0, — 2CrO, +5H,0
K.Cr,O, + H,SO, + 4H,0, — K,SO, + 2CrO, +
5H,0
Percromic acid (blue)
Q.37 (D)
Hint : H, = 50 volumes, CO =40 volumes, N, and
CO, = 5 volumes etc.
Q.38 (O
Oxidation number of MninMnO-, is+ 7 and oxidation
number in Mn?* is+ 2.
The oxidation number decreases from + 7 to + 2,
hence MnOr,. is reduced.
Q.39 (A
Q.40 (D)
H,0, # H*+HO, ; H,O, # 2H"+ 0O~
2NaOH + H,0, — Na,0, + 2H.,0.
JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1
Q.2
Q.3

Q4

Q.5

(A)
(B)
(D)
C+H,O 270K , H +CO
(A) (B)
FeCrO,
CO+ H2 + HZO 673 K H2 + Coz
B ™ (A) (©)
©
Bosch process.
(B)

BothA and X areH,0.
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Q.6

Q.7

Q.8

Q.9
Q.10

Q.11

Q.12

(B)
Z=H,

(B)
Syngas=[CO +H,]
(A)

H.,O, is also known is oxidane.

©
(B)
(D)
Interstitial hydrides are non-stochiometric hydrides
and thus deficient in hydrogen. Transition and

innertransition elements at elevated temp. absorb
hydrogen into the interstices of their lettices to yield

metal like hydrides.
(A) -1, (B)-p,(C)—a,(D)-s

NUMERICAL VALUE BASED

Q.1
Q.2
Q.3

Q4

Q.5

Q.6

Q.7

Q.8

52

(6l
(2
(2

0 o)
bl
X =CrO, 5 |O| \o
two peroxide linkage

(1
Acid is

(2]
H-bonded structure of H,O(s) is

Lo Hs _-H~_

[750 ml of O, at NTP]

According to definition,

1 ml of '30 volume' H,0, gives 30 ml of O, at NTP
. 25 ml of '30 volume' H,0, gives 30 x 25 ml of O,
at NTP=750 ml of O, a NTP.

(4]

No. of Peroxy linkage in H,S,0g, CrO; & H,TiO, are
1, 2 and 1 respectively.

(3]
H,S,04 on completely hydrolysis gives ....2..... mole

of H,SO, & ....... 1...... mole of H,0,,.

KVPY
PREVIOUS YEAR'S
Q1 (© .
H, is reducing agent
Q2 (O
Clark method
Ca(HCO;,), + Ca(OH), —>2CaCO;, ¥ +2H,0
Q3 (O
CO(g)+H,0(9)—>CO; (9) + H,(9)
Q4 (D)
Permanent hardness can be removed by — sodium
hexametaphosphate.
Calgon process
Na,[Na,(PO,) ] + Ca?* — Na,[Ca,(PO,) ] + 4Na’
JEE-MAIN
PREVIOUS YEAR'S
Q1 (1)
Calgon — Na[Na, (PO,) ] _ WaerSoluble , 2Na+
— 2+ + N C PO 2
[Na,(PO,)J* & , 2Na [ aQSoﬁJ(ble 3)e]
Q2 (1)
Q3 (1)
Since extent of intermolecular forces are more in
D,0 as compared to H,O, therefore D,O has more
viscosity aswell as Boiling point as compared to H,,0.
Q4 (2
Q5 (1)
_ |/| _
I
spsd hybridisation
I
Linear shape Z1-1-1 = 180°
Q6 (4

In basic medium, oxidising action of H,O,.
Mn?* + H,O, — Mn** + 20H~

In basic medium, reducing action of H,O,
I,+H,0,+20H — 2I-+2H,0 + O,

In acidic medium, oxidising action of H,0O,.
PbS(s) + 4H,0,(aq) — PbSO,(s) + 4H,0(1)
Hence correct option (4)
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Q7 (4 Q.14 (2)
For temporary hardness, 015 (4)
Mg(HCO,), heatig_y Mg(OH), |, + 2CO,+
Assertion is false. Q.16 (3)
MgCQ, has high solubility product than Mg(OH),,.

According to data of NCERT table 7.9 Q17 (4

(Equilibrium chapter), the solubility product of Q.18 (1)
magnesium carbonate is 3.5 x 10® and solubility

product of Mg(OH), is 1.8 x 10°**. Q.19 (2
Hence Reason is incorrect.
The question should be Bonus. Q20 (1)
Q.21 (3
Q8 (3
The dielectric constant of H,O is greater than heavy Q.22  (2)
water.
Q.23 (1)
Qe Q24  (4)
H\ Q.25 (1)
S 0O— O\' """" s Q.26 (0)
. H ™
Nemememmmmmmmmmmmneeeemnamanans hN Q.27 (173)

Structure of H,0,
(Open book type) — Non planar
H,O, is used in the treatment of effluents.

Q.28 (3)

JEE-ADVANCED

A O2 PREVIOUS YEAR'S
oS Q1 (A

22 actasboth O.A & RA.
OZaH,0

H,O, ismiscible in water due to hydrogen bonding.

Q.10 (2
(a) H,0O, can acts as both oxidising and reducing agent
in basic medium.
(i) 2Fe*+ H,0, — 2Fe*+ 20H
In this reaction, H,0, acts as oxiding agent.

(i) 2MnO™+3H O —2MnO +30 +2H O+ 20H"
In this reaction, H,O, acts as reducing agent.

(b) The basic principle of hydrogen economy is the
transportation and storage of energy in the form of
liquids or gaseous dihydrogen.

Advantage of hydrogen economy is that energy is
transmitted in the form of dihydrogen and not as
electric power.

Q11 (3)
Q.12 (2)
Q.13 (3)



s-Block Elements

| EXERCISES

Elementary

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q7

Q8

Q.9

Q.10

Q.11

Q.12
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)
M+0,->M,0 _*% , M,O, % , MO,
M =K,Rb,Cs

@
Vaency shelle =1

)

Alkali metals are highly reactive metals. They react
with

Alcohol —2C H,OH + 2K — 2C H.OK +H,

Water —2K +2H,0 — 2KOH + H,

Ammonia—K + (x +y)NH, —

[K(NH,), ] +[e(NH,), |
Ammoniated cation Ammoniated electron

But they do not react with kerosene.

@
Full filled configuration, polarisation.

)
Smaller sizeionin gasform have greater sizeionin ag.
medium.

@
LowE.

S

@

Alkalimeta oxidesarebasicin nature.

@
Element — Li Na K Rb

Atomicradius(pm) — 152 186 227 248

@
For 11| E Alkali metal haveinertgas configuration.

@

@

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18
Q.19
Q.20
Q.21

Q.22

Q.23
Q.24
Q.25

Q.26

Q.27

Q.28

(1)
LiOH < NaOH < KOH < RbOH

Down the group basic character increases

©)

Fe(OH), is solublein sodium hydroxide sol ution.
@

1
lonic mobility oc — .
size

@

@
O,~— Super oxide

)
@
@
@
@
Element — Mg Al Si P
Atomicradii (A)- 160 143 132 128

aswe move acrossthe period nuclear chargeincreases,
hence, size decreases.

@
@
@
@

Dueto small size of Be*?, high covalent character.

©)

Zn, Be, Al, Sn, Pb oxidesare amphotericin nature.

@
Ba(OH),> Sr(OH), > Ca(OH), > Mg(OH),
Solubility decreasing order.



Q.29 (4)
Q30 (@
Q31 @
BaSO, is sparingly soluble in water because the
solubility of second group sulphates decreases with
increasing atomic size. Because of hydration energy
decreases.
Q32 (@
. . 1
Basic strength of oxides o« —
EN
Q33 (2
1
Ca+ > O, — Ca0.
Q3 @
Q3 (@
Chlorophyl iscomplex of Mg.
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 @
The block of an element depends on the type of sub-
shell which receives the last electron. Aslast electron
enters in p-subshell of outer most shell according to
Aufbau rule, the element of option (2) belongs to p-
block.
Qz (3
They have weak metallic bond because of onevalence
electron per atom. So they have low melting points.
Q3 B

(D Down the group, the atomic size increases with
increasing atomic number and so attraction for
shared pair of electrons decreases. Hence
electronegativity decreases.

(@ Down the group, the atomic size increases with
increasing atomic number and so attraction between
valence electron and nuclear decreases. Hence
ionization energy decreases.

(3 Downthegroup atomicsizeincreaseswithincrease
in number of atomic shellswhile effective nuclear
charge remains constant.

(4 Downthegroup atomicsizeincreaseswithincrease
in number of atomic shells and therefore, the
strength of metallic bond decreases. So melting

point decreases.

Q4

Q5

Q6

Q7

Q8

Q.9

Q.10

Q.11

Q.12

s-Block Elements

(2)

For (A), (C) and (D) refer above question.

(D) Sodium is smaller than potassium in size. The
valence shell electron is tightly bound with nucleus
and therefore, more energy isrequired to gject out the
electron. So sodium has higher ionisation energy than

that of potassium.

@

They easily losevalence shell €l ectron because of their
low ionisation energies, on account of their bigger
atomic sizes. So they behave as strong reducing agents.
@

Alkali metals have one mobile electron per atom, those
may undergo oscillation producing metallic lustre.

@
Emmited wavelength liesinvisibleregion

h
(390nm-760nm) AE=hu = TC

violet blue Red

Blue has high frequency low wavelength - high energy

@

The metallic bond is purely the electric attraction
between the mobile electrons and positive part of the
atom, thekernel. Thiselectrical attraction depends upon
the (i) number of mobile electrons per atom and (ii) the
size of theatom.

Thestrength of metallic bond isweakest in Csmetallic
lattice amongst these elements because of largest
atomicradius.

(2)

Sodiumisreactive because of it'slow ionization energy
and so reactswith benzene, a cohol and water but does
not react at all with kerosene.

@

It has highest polarising power among theakali metals
because of small size and thus show different properties
than that of other elements of the group.

@
Li reactswith N, and O, of air forming Li;N and Li,O
but Nareacts with only O, forming Na,O not with N,

forming Na;N (it requireshigh temperature.)

@

Down'sprocessinvolvestheeectrolysisof fused sodium
chloride containing CaCl,, & KF using Fe as cathode &
graphiteas anodeat about 600°C. CaCl, & KF areadded
to decrease fusion temperature (1600°C).
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Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

56

©)

Salt of KCl giveslilac or paleviolet colour to theflame.
NaCl and LiCl give golden yellow and crimson colour
to theflame respectively.

)
Along the period, atomic size decreases and nuclear
charge increases and thus lattice energy increases,

Charge on cation

L attice energy oc - -
Size of cation

@
Down the group Z,, decrease & complex farmation
tendeny decrease

@

M+ (x +y) NH; —— [M(NHy),]* + [e(NHy),]~;
solution contains unpaired solvated electrons which
areresponsible for their strongly reducing and highly
conducting nature.

@

Electropositive character is the measure of ease of
formation of cation by losing electron. With increasing
atomic size, the ionization energy decreases and,
therefore, the ease of formation of cation by losing the
electron increases resulting into more electropositive
character of the metal. Down the group, metallic
character increases due to decreases in ionisation
energy and so electropositive character increase.

@

Na+H,0—> NaOH +H,

A C B (Combustible)
Zn+NaOH — Na,ZnO, + H,
Amphoteric

Zn+dil H,SO, — ZnSO, + H,

@
T.Soc lonic character (for polyatomic anion)
Li,CO, isleastionic or most covalent

@

K, 0, KO, K,0,
Rb,0, RbO,, Rb,O,
Na, Li fromnormal oxide

@

NaHC03+NaOH Neutralisation NaZCO3+ HZO
Acidic Base

hydrogen

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

(2)

According to Fagjan's rule NaF has highest ionic
character because of smaller size of anion F~. So NaF
has highest melting point. The order of melting point is

generaly fluoride > chloride> bromide>iodide.
@

1
(1) 2LiINO; —— Li,0+2NO, 1 (brown) + > O,

1
(2)KNO; —=— KNO,+ 5 0,71

(3) P(NO,), —2— PbO+2NO, 1 (brown) + %02 0

(4) 2AgNO; —2— 2Ag+2NO, 1 (brown) + 0,1

@

Alkali metal carbonates except Li,CO, are stable
towards heat because they are most basic in nature
and basic character increases down the group and
thermal stability increases down the group.

Bigger HCO,~ anion is polarised by smaller Li* and
thus readily decomposes to give CO, gas.

Li,CO, —2— Li,0+CO,

)

Bigger HCO,~ anion is polarised by smaller Li* and
thusreadily decomposesto give CO, gas. LIHCO, does
not exist in solid state this exist only in solution.

@
2Na+0, — Na,0,
(1)

Inframetest thermal excitation deexcitation takes place
in cation with low lonisation potential

@

Nay+ (x + y),;NH,— Na(NH,), + e(NH,)y
solvated solvated
sodium or

ion Ammoniated
electron

@

Fajanrule

solubility inpolar solvent oc lonic character

solubility in non polar oc cavalent character solvent
@

Thermal stability of alkali metdl oxy-acid saltsincreases

withincreasing metallic character so Li,CO, haslowest
stability.



Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

(3)
KHCO;, is soluble in water so it can not be separated
as intermediate product.

©)
Na,CO, + SO, (excess) +H,0 —— NaHSO, + CO,

(€)
NaOH +1, —— NalO, + Nal, with dilute NaOH, Nal
and NaOl areformed.

)
Washing soda is decahydrated sodium carbonate.

)

Sodium carbonate does not decompose on heating as
it is stable towards heat.

©)

Microcosinic salt isused in microcosmicbed test

@
NaHCO, +H,SO,— Na,SO, +H,0+ CO,
extingusher fire

S
Csis highly electropositive & formsionic bond with
Cs' cation.

@

It is prepared by Solvay's ammonia process using
sodium chloride asraw material.

S
Glauber's salt is decahydrated sodium sulphate.

@
Na,0, +H,S0, —— N&,S0, +H,0,

@

Fluorides of alkaline earth metals except BeF, are
insoluble in water. The solubility of BeF, in water is
due to higher hydration energy on account of small
size of Be* ion and F~ion and high charge density of

Be2*ion.

S

Na+Al,O,— Na,0 +Al (Position in electrochemical
series)

Na,0+CO,— Na,CO,

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

s-Block Elements

(2)
According to Fajan's rule, smaller size of cation and
higher charge density on cation favours covalent

character.

14
BaO, existsasBa?* and O, and K ,O, existsasK* and
0,7, therefore, O,> isperoxideion.

@

A compound dissolves in water when its hydration
energy exceeds lattice energy. BaSO, is sparingly
soluble in water because lattice energy of BaSO, is
greater than it's hydration energy while Na,SO, is
solublein water becauseit's hydration energy isgreater
than the lattice energy.

@

P,+NaOH — St 5 pH +NaH,PO,
Sodium
Hypophosphite

@

MgCl, being covalent in nature, gets hydrolysed by
the water of crystallisation present, into MgO.
MgCl, . 6H,0 —— MgO + 2HCI + 5H,0

©)
K,0+H,0—>KOH

©)

ABaCO3 white ppt.

2-

Co,

Ba’* + Cr0,” —>BaCrO,(s)

2 Yellow ppt

so,

\ 4

BaSO,(s) + white ppt.

@
A——>Ca(OH),

Lime water

Ca(OH),+ CO, ——>CaCO,+H,0

Lime water White ppt
©

C - CaCO,
Ca(OH), + Na,CO, — CaCO,+ NaOH
Cc
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Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

58

(2)

(1) Casat imparts brick red colour to the flame.

(2) Sr saltimpartsbright crimson colour to the flame.
(3) Basaltimparts apple green colour to the flame.

(4) Mg salt does not impart any colour to the flame

because of high ionization energy.

@

Generd dectronic configuration of second group metals
is[Noble gas] ns?. As all electrons are paired, so the
alkaline earth metal saltsare diamagnetic.

@

Along the period from left to right, atomic humber
increases and, therefore, nuclear charge also increases.
So first ionization energy of alkaline earth metals are
higher than those of the alkali metals of the same period
because of higher nuclear charge.

@

Be has higher ionisation energy than boron because of
stable completely filled valence shell, 22 as compared
to less stable partialy filled valence shell, 2s? 2pt.

@

Downthegroup sizeincreasesand, therefore, attraction
between valence shell electron and nucleus decreases
and thus ionisation energy decrease.

Along the period the atomic si ze decreases and nuclear
charge increases. So generally the ionization energy
increases. However, half-filled and completely filled
valence shell electron also affect theionization energy
along the period.

(4)

Downthegroup sizeincreases and therefore, attraction
between valence shell electron and nucleus decreases
and thus ionisation energy decreases.

(4)

The oxide and other compounds of beryllium is more
covalent than those formed by the heavier and large
sized member (Ca, Sr, Ba) because of higher ionization
energy on account of it'ssmall atomic size.

@
Mg+ 3N, —— Mg;N,;
Mg;N, + 6H,0 —— 3Mg(OH), + 2NH, .

23

Mg?* ion has higher hydration energy than that of Na*
and Ca2* ions because Na* ion has small charge and
bigger size of atom than that of Mg?*.

Ca2* ion has bigger size then that of Mg?*.

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

(2)
Hydration energy oc polarising power
Na+ < Mgz+ < M93+ <A|3+ < Be?.+

©)

Thesolubility of sulphates of alkaline earth metal salts
decreases down the group from Be to Ba. This is
because of thefact that down the group with increasing
size of cation the lattice energy as well as hydration
energy also decreases but the change in hydration
energy is more as compare to that of lattice energy.

@

K [Ar] 4s' — secondionisationisextremely difficult.
Ca[Ar] 4¢

Ba [X¢€] 55

(3)

Ca" or Mg + EDTA* —— [Ca(EPTA)]*
Hardness or[MgEDTA]* causing ion

@

Be& Mgdueto small sizedoesnot impart colour to the
flame as excitation & deexcitation isnot possible.

@

©)

Lithopaneis(BaSO, + ZnS)
white pigment

BaSO, isinsolubleinwater

)

Be(OH), down the group solubility increase
Mg(CH),

CO(OH), Ky=48
S(OH),

2

éa)reen flameisgiven by Ba?*

BaS,0, + HCl — BaCl, +H,0+50, T+,
pungent gas yellow ppt

BaS,0,+K CrO,— BaCrO,+K,S,0,

yellow ppt

@

Mg(OH),

Base or Antacid which distroys
and as per neutralisation reaction

(1)
3Mg+N, —— Mg,N,; 2Mg+ 0, ——> 2MgO



Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

(3
Mg,C, or (Mg??,=—-C}?

& C/orc+—C =C°

©)

Basic nature of hydroxides increases down the group.
The strength of a base depends on ionisation of the
hydroxide which depends on polarity of bond and
internuclear distance between the oxygen of the

hydroxide and metal atom.

@

1
Ba(NO,), —2— BaO + 2NO, + 5055 Alkali metal

nitrates gives only O, gas.

Alkali metal nitrates give only O, on heating below
500°C according to following reaction,

MNO; —— MNO, + %02
@

The solubility of hydroxides of akaline earth metal salts
increasesdown thegroup fromBeto Ba. Thisisbecause
of the fact that down the group with increasing size of
cation the hydration energy as well as lattice energy
also decrease but the change in lattice energy is more
as compare to that of hydration energy.

@
Evident from Fgjanrule
@

MgCO; —— MgO+CO,
Alkali metal carbonates except Li,CO; are thermally
stable.

S
Plaster of Parisishemihydrate of calcium sulphate.

@

Setting

2CaSO,H,0 —95 Cas0,.2H,0 i,
Plaster of Paris Orthorhombic
CaS0,.2H,0

Monoclinic

@
CaC0O, ——» Ca0+CO0,,Ca0+H,0 — > CaOH),

X Y
Ca(OH), + 2CO, ——» Ca(HCO,), , Ca(HCO,),
— CaCO, +H,0+ CO, z

Q.81

Q.82

Q.83

Q.84

Q.85

Q.86

s-Block Elements

(1)

2[Cas0,.2H,0] ——> 2CaS0,.H,0 (calcium
sulphate hemihydrate) + 3H,0

Gypsum Plaster of Paris

@

Desiccator isacovered glass vessel in which material
isplaced for drying along with dehydrating agent.
CaCl, isdeliquescentin nature and, therefore, it absorbs
water. So it is used as a dehydrating agent.

CaCl, +6H,0 —— CaCl,.6H,0

2

BeO isamphoteric duetoitsdiogiona similarly with Al

@
MgHCO, (ag) — s MgCO,{ +CO,T +H,0.

@
MgCl, . 6H,0 ——> MgO+2HCl +5H,0.

@

M agnesium oxidewhen mixed with asaturated solution
of magnesium chloride setsto ahard masslike cement
known as magnesia cement or Sorrel’s cement. The
compositionisMgCl,.5MgO.xH,0.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q3

Q.4

©

The alkali metal atoms have the largest size in a
particular period of the periodic table and thus they
contain loosely bound electrons which absorb the
photons and then re-emit it and producing metallic

lustre.

D)

Ag. radius o polarising power

©

Na+R-OH —» R-O Na'+H,

Rest does not contain acidic hydrogen in faet sodium
instroredin keroceneoil.

D)

(A) Along the period, the nuclear charge increases
and, therefore, atomic size decreases. So Na has
larger atomic radius than Mg.

(B) Mg is smaller than Na and Mg has two valence
electrons per atom while Nahas only onevalence
electron per atom. So Mg has stronger metallic
bond than that of Na (Nais a soft metal).
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s-Block Elements

Q5

Q6
Q7

Q8

Q9

Q.10

Q.U

Q.12

Q.13

Q.14

Q.15

Q.16

60

(C) Because of stronger metallic bond in Mg than Ca,
boiling and melting points of Mg are greater than
Ca

(D) Mg does not impart characteristic colour to the
flame because the electronsin Mg aretoo strongly
bound to get excited by flame. Caimpartsbrick red
colour to the flame because of its low ionisation
enthal py.

©

Degress of hydration o polarising power of cation
1

o

radius of cation

®)

©
2KNO,+10K ——» 6K,0+N,

©
Ca(OH), + Na,0, —omPressed , a0 + 2NaOH.

®)

2NaNO, +10Na——> 6Na,0+N,

(A)

Na,SO, + CaCO,+4C —2» NapCO3+CaS +CO

furnace black ash

©

¥ -
KI + ,——KI;
Brown

©

FromFaganrule
M.P. o thermal stability ot L atticeenergy of dissociation

1

r+r
©
(AD)
K*O, Rb* O,
(K"),0,7 Apply MOT on
(Na"), 0, 0,& 0~
(D)

Zn(OH), is amphoteric

(A)

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

(A) KHCO, obtained asintermediateiswater soluble.
So it cannot be separated for obtaing K,CO, by
calcination in Solvay process.

(B) Le-Blanc process:

KCl+H,S0, —— KHSO,+ HCl;

KHSO, +KCl ——> K,S0,+HCl
K,S0, +CaC0, +2C —— K,CO,+CaS+2CO,

(C) Prechts process:
(8) 2KCl +3(MgCO,. 3H,0) + CO, ——> 2(MgCO,.
KHCO,. 4H,0) + MgCl,

(b) 2(MgCO,. KHCO,. 4H,0) —4%°C_, 2Mg CO,
| +K,CO,+9H,0+CO,.

(A)
Al3* +40H- (fromNaOH) —— [AI(OH),]~
So aluminium existsin the anionic part.

©
Zn+2NaOH —— Na,Zn0, + H,,.

©
2KOH +4NO ——> 2KNO,+N,0+H.0.

D)

Hargreaves process.

4NaCl () +280, (9) +2H,0(9) + O,(g) — 2Na, SO,
+4HC.

(A)

KNO, - KNGO, +0,

Cu(NO,),—» CuO+NO,+0,

AgNO, —» Ag+NO,+0,

Pb(NO,), -» PbO+NO,+0,

(A)

@
Li aeeeaAIH?
©
(A)
(A)
L attice ener 1

I WL

(A)



Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

[ o />
M\“

1

Crown ether M* Li*.....Cs

D)

(A)

MgCl,, BaCl, and CaCl,, appreciably dissolve in cold
water because their hydration energies exceed the
lattice energies. Ba?* and Ca?* impart apple green and
brick red colour to theflame respectively.

The electronsin magnesium are too strongly bound to
get excited by flame. Hencethiselement does not impart
any colour to theflame.

Note : PbCl, does not impart any colour to the flame

but itisinsolublein cold water.

©

(A), (B) and (D) arecorrect statements.

(C) Inchlorophyll (acomplex) central metal isMgand
Mg aso formscomplex with [EDTA]4

©
Lit

\ Mg”" Diagiona relationship Li is

harder than rest alkalimetal which are soft & can be
easily cut with knife.

D)

Be, Al amphoteric

Na, K arestrongly Basic

CaMg Sr Baare moderately basic

®

fromFagjan’srule
Basic Nature o lonic character

D)

X —» Mg Y - MgN,

T — [Cu(NH,),]SO,

Mg+N, - MgN,; MgNN,+H,0
— Mg(OH), + NH,

NH,+CuSO, — [Cu(NH),]SO,

(A)

Ca(0Cl), + CaCl, —» Cl, + Ca(OH),

Z—NH,

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

s-Block Elements

)

(A) Thethermal stability of oxy-acid salts of alkaline
earth metals generally increases down the group
with increasing metallic character, i.e.
electropositive character.

(B) The solublility of the alkaline earth metal
hydroxides increases down the group from Be to
Ba Thisisbecauseof thefact that down thegroup
with increasing size of cation thelattice energy as
well as hydration energy also decrease but the
changein lattice energy ismoreas compareto that
of hydration energy.

(© Down the group atomic size increases and,
therefore, attraction between the valence shell
electron and nucleus decreases ; so ionisation
enthalpy decreases. Hence, they react with water
with increasing vigour even in cold to form
hydroxidesfrom Beto Ba.

(D) The akaline earth metals have low ionization
enthalpies due to fairly large size of the atoms.
Since the atomic size increases down the group,

their first ionization enthalpy decreases.

(A)

SnO, ZnO and PbO are amphoteric oxides and,
therefore, react with acids as well as bases forming
saltswhereas MgO isabasic oxide.

(A)

The stability of carbonates increases with increasing
metallic character i.e. electropositive character. Down
the group, ionisation energies decreases and thus
electropositive character increases.

©

BaSO, isinsolublein HCI

but BaCO, & BaCl, dissolublein HCI

D)
Mg,C, +H,0— Mg(OH), + CH,C'CH, .

©
Chlorophyll contain Mg*?ion.

®
Asper fgan'srule
1
Polarising power of cation

% lonic chalater o

(B)
BeO+C+CI2 (BeCI)+CO
Hydrolysis

BeCl, + H,0 —XY=2 5 Be(OH), + HCI
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s-Block Elements

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

62

(B) JEE-ADVANCED

BeCl, +LiAIH, — BeH,+LiCl +AICI,
Q.1

®)

Thermal stability o lanic characler

for salt having Q.2

polyatomic anion

©

Ca+H,0 — CaOH),+H,0
CaH,+H,0 - CaOH),+H,
hydroith

(A)

Lithopone is a mixture of barium sulphate and zinc
sulphide which is used in printing and paints.

(A)
Mn(OH), + 20,2 —— MnO,* (green) + 20H~.
Q3
®
CaC,+N, —— CaCN, +C.

®)

(A) Liquid sodium metal isused as coolant in nuclear
reaction.

(B) Steric acid is CH,(CH,),, COOH and potassium
stearateis CH,(CH,), . COOK whichisused inthe
preparation of soft soaps.

(© Potassium nitrate is used in gun powder as
explosive.

(D) Potassium superoxide absorbs CO and CO, and Q.4
liberates oxygen gas. Therefore it is used in
breathing apparatus in submarine.

©

Be,C+H,O0 — Beg(OH),+CH,

(Be),..C*

Ca* (C=C) +H,0— Ca(OH),+H-C=C-H

acetylene

)

Like dissolveslike as acetone

has high covalent character dissolves relatively
covalent compound.

(A)
It is not photoel ectric radius show

Q5

[3-emmison due to its radiactive nature.

MCQ/COMPREHENSION/COLUMN MATCHING

(AB)
Configurations given in options (A) and (B) are of d-
block elements as last electron enters in d-subshell.

(ACD)
(A) They readily form cationsby losing valence shell
electron on account of their bigger atomic sizes.
(B) They readily form cationsby losing valence shell
electron because of low ionization energies on account
of their bigger atomic sizes. Hence they have high
oxidation potentials.
(© Metallic bonds are weaker because of bigger
atomic size and one va ence el ectron per atoms. Hence
they havelow melting point dueto weak metallic bonds.
(D) They readily dissolveinliquid ammoniaat —33°C
(boiling point of ammonia) forming blue colour
solutions.

M +(x+y) NH; —— [M(NH,),]* +[e(NHy), ]~

(ABC)

(A) Inakali metals, the metallic bonds are weaker on
account of large size and one vaence el ectron per atom.
So they are soft and can be cut with knife.

(B) The alkali metals are highly reactive due to their
large size and low ionisation enthalpy. So akali metals
do not occur in free state in nature.

(C) Thealkali metals are highly electropositive due to
their large size and low ionisation enthal py.

(D) All alkali metal hydridesareionic solidswith high
melting points.

(ABD)

(A) The solubility of the alkali metal carbonates
increasesdown thegroup from Li to Cs. Thisisbecause
of the fact that down the group with increasing size of
cation the lattice energy as well as hydration energy
also decrease but the change in lattice energy is more
as compare to that of hydration energy. Lithium
hydrogencarbonate is not obtained in the solid form
whileall other elementsform solid hydrogencarbonates.
(B) K,CO, can not be prepared by Solvey process
because intermediate formed, KHCO, is appreciably
solublein water.

(C) Li,CO,and MgCO, both are not thermal ly stable.
(D) Na,CO,.NaHCO,.2H,Oisamineral calledtrona

(AC)

KO, A _,K0+30,

KO,+H,0___0°C _ KOH+O,



Q.6

Q.7

Q.8

Q9

Q.10

Q.U
Q.12

Q.13

(AD)

Sodium when dissolved in liquid ammonia produces
solvated el ectron which imparts blue colour to the sol.
refer (ques. 15)

(ABC)

(A) The increasing stability of the peroxide or
superoxide, as the size of the metal ion increases, is
dueto the stabilisation of large anionsby larger cation
through lattice energy effects.

(B) Bigger cation stabilisesbigger anion and similarly
smaller cation stabilises smaller anion through lattice
energy effects.

(C) Thelow solubility of LiF isduetoits high lattice
energy whereas low solubility of Csl isdueto smaller
hydration energy .

(D) NaOH isdeliquescent in nature. So, NaOH absorbs
moisture.

(BCD)
(A) Sodium bicarbonate is sparingly soluble while
sodium carbonateisfairly solublein water.

(B)AlO,+2NaOH —— 2NaAIQO, (soluble) + H,O.
(Bayer's process).

(C) NaHCO, + H,0 ——= NaOH + H,CO, —reduces
acidity.

2NaHCO, SN Na,CO,+H,0+CO,—CO, liberated
produces porosity and thus makes bread soft.

(D) Oneof the usesof potassium hydroxideisin making
the soft soaps

(CD)
(C)NaOH & NaH, PO, producesNa,HPO, and Na,PO,
(D) NaHCO4 & NaOH producesNa,CO,

(AC)
(AB)

(AB)
Zn*2 & Cr*3 solublein excessNaOH

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

s-Block Elements
(AC)
Assize T stability of hydride J
(AC)
(A) 4LINO; —— 2Li,0+50,+2N,.
1
(B)NaNO; —— NaNO,+ - O,

1
(C) Mg(NO,), —— MgO+2NO, + 2 O..

(ABC)
l/sp hibridised (linear)

Cl-Be-ClI
4 valence shell electron (electron defficient)
Cl
Cl-Be
Cl

Be-Cl

(AC)

P,0,+H,0 - H,PO,

CaCl,+H,0 — CaCl,.2H,0
P,0,& CaCl, are dehydrating agent.

(CD)
For solubility
Hydration energy should be greater then lattice energy.

(CD)
Oxideof Caisbasci in nature

(ABD)

(ABC)

The hydration enthalpies of alkaline earth metal ions
decrease with increase in ionic size down the group.
Be* > Mg* > Ca* > Sr* > Ba?

The hydration enthalpies of alkaline earth metal ions
are larger than those of alkali metal ions, because of
their much larger charge to radius ratio, exert amuch
stronger electrostatic attraction on the oxygen of water
molecule surrounding them. Thus, compounds of
alkaline earth metalsaremore extensively hydrated than
those of alkali metals, e.g., MgCl, and CaCl, exist as
MgCl,.6H,0 and CaCl,. 6H,0 whileNaCl and KCl do
not form such hydrates. So all statements are correct.
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s-Block Elements

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

64

(ABC)
(A), (B) and (C) are correct statements.

(ABCD)

(A) Na,CO, + Ca(OH), ——> CaCO, { (white) +
2NaOH.

(B) 3Ca(OH), +
Ca(OCl), CaOH),.CaCl,.2H,0.
(C) 2NH,Cl + Ca(OH), —— 2NH,+CaCl,+2H,0.
(D) Ca(OH), + CO, —— CaCO, ¥ (milkiness).

2Cl

2

(ABCD)

(A) Because of diagona relationship both have same
electronegativity (Be=1.5& Al =1.5).

(B) Beryllium hydroxidedissolvesin excess of alkali to
give a beryllate ion, [ Be(OH),]* just as auminium
hydroxide givesauminateion, [Al(OH),]-and salt with
acids.

(C) Theionic radius of Be** is estimated to be 45 pm;
the charge/radiusratio is nearly the same asthat of the
Al**ion (the charge per unit areais nearly similar, Be*
=2.36andAl**=2.50).

(D) Thechloridesof both berylliumand aluminium have
CI- bridged chloride structure in vapour phase.

(ABCD)

Berylliumthefirst member of the Group 2 metals, shows
anomalous behavior as compared to magnesium and
rest of the members. Further, it shows diagonal
relationship to aluminium. All statements are correct
because they show diagonal relationship.

(A)
2Na+ O, (zero) —— Na,0, (-1 per atom).

(A)
KO, + 2 H,0 (from moisture of the breath) ——
4KOH+30,;

KOH+CO, ——> KHCO,
K,CO, +3/20,.

®

Smaller cation stabilisessmaller anionand bigger cation
stabilises bigger anion through lattice energy effect.
®

2Na0 —— Na,0,+2Na

; 2KO, + CO, ——>

©

(A) O, and O, having unpaired electron are attracted
by weak magneticfield ; so paramagneticin nature.
(B) 2KO,+2H,0 —— 2KOH +H,0, + O,.

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

(C) K,0,+ CO —— K,CO,; but does not liberate
dioxygen.

(D) 4K (dissolvedinliquid NH,) —22— 2K O,

(B)

Very dilute solutions of the metals are paramagnetic,
with approximately one unpaired €l ectron per metal atom
(corresponding to one solvated electron per metal atom)
; this paramagnetism decreases at higher concentration.
As the concentration of metal increases, metal ion
clusters are formed and above 3M concentration the
solutions are diamagnetic.

)

(A) Thedilute solutions conduct el ectricity better than
any saltin any liquid and the conductivity issimilar to
that of the pure metals. Conduction is due mainly to
the presence of solvated electrons.

(B) The dilute solutions are paramagnetic but this
paramagnetism decreases at higher concentration. As
the concentration of metal increases, metal ion clusters
are formed and above 3M concentration the solutions
arediamagnetic.

(C) Ammoniated el ectrons are responsiblefor the blue
colour of the solution.

®)

The dilute solutions have strong reducing properties
on account of the presence of solvated unpaired
electrons.

®)
CaoCl, + H,0——Ca(OH), +Cl,

CH,COCH, +3Cl,——>CCl, —~CO-CH,

2CCI,COCH, +Ca(OH), ——(CH,C00), Ca+ 2CHCI,

D)
Ca0Cl,.H,0——Cl,
145 71

71x100
145

%

®)
6Ca0Cl, —Ca(CIO,), +5CaCl,

49

(A)-r,s (B)-r (C)-pars (D)-q
(A) Solvay process is used for the manufacture of
NaHCO, and Na,CO, ; theraw material isNaCl.

(B) 2NaHCO, —2— Na,CO, + CO, T +H,0 1.



(C) Na,0 + H,0 —— 2NaOH ; NaOH being basic
turnsred litmus blue.

Na,O, + 2H,0 —— 2NaOH + H,0, ; NaOH being
basic turns red litmus blue but H,O, being oxidising
agent bleaches coloured litmus.

NaHCO, + H,0 — NaOH + H,CO, ; solution is
alkalineand turnsred litmusblue.

Na,CO, + 2H,0 —= 2NaOH + H,CO, ; solution is
alkalineand turnsred litmusblue.

(D)Na,0,+CO —— Na,C0O;; 2Na,0,+2CO0 ——

2Na,CO; + O,. Hence, it absorbs CO and CO, and
liberates oxygen.

Q.38 (A)-r (B)-s (C)—q (D)—p
(A)3CA(OH), + 201, — 2"
(dakedlime)

C&(OCl),. CaCl,. Ca(OH),. H,0+H,0
bleaching powder

(B) 2Ca(OH), +2Cl, cold (below 25°C)
(milk of lime)

CaCl, + Ca(OCl), + 2H,0.

calcium hypochlorite

(C) GCdOH)Z + ZC|2 heat (above 35°C)
(dakedlime)

5CaCl, + Ca(OCl,), + 6H,0
calciumchlorate

(D) 2Ca(OH), +2Cl,, —fedheat
2CaCl,+2H,0+0,71
calciumchloride

NUMERICAL VALUE BASED

Q1 4
Be=[Heg] 25 2P°

11 1 |
2S
Be 1 1 1 A
four orbitals

Q.2 [2]

BeCO,<MgCO, < CaCO,<SrCO,

depends upon ionic character.

s-Block Elements

Q3 [2
Li,0
Nao,
Rb
CS} MO,
Q4  [g

MgCl,.6H,08& CaCl,.6H,0 can exigt.

Q5 [6

Mg has a high charge density and also has empty d
orbitals. This allows it to accommodate 6 water

moleculesin its hydration sphere.

Q6 [9

Cas0, . 2H,0 —*» CasO, % H20+§ H,0

© ® ©

Q7 [
Q8 [2
Gypsum: CaS0O, . 2H,0
KVPY
PREVIOUS YEAR'S
Q1  (©
Pb,O,+4HNO,(die) ——> 2Ph(NO,), + PO, + 2H,0
Qz (A
Mg do not give flame test
Q3 (D)
Fullerene contain both single & double bond with 2
type of bond length C—CBL =143.5pm; C=CBL =
138.3pm.
Q4 (O
Alkalimetal give deep blue solution on dissolving in
liquid ammonia
®
M +(x+Y)NH;—> [M(NH3),]  +[e(NH3),]°
ammoniated metal ammoniated
cation electron
JEE-MAIN
PREVIOUS YEAR’'S
Q.1 (2) (rb,Cs)
Q2 (1)
Theory based
Q3 (2
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s-Block Elements

Q.4

Q.5

Q.6

Q.7

Q.8
Q.9

66

Be(OH),, BeO

(3)
Latticeenergy o |Z*||Z]
1
T
LiF Lid
Sze F<CI- [chargeare same]
Latticeenergy LiF>LiCl
NaCl —> Na® +ClI- [Z']|z=1x]1=1
MgO — Mg?+072 |2|}2/=4
L atticeenergy MgO > NaCl
Charge dominate over size

2

(a) Be— itisusedintheWindowsof X-ray tubes
(b) Mg — itisusedinthelIncendiary bombsand
signas

(c) Ca— itisusedin the Extraction of metals
(d) Ra— itisusedin the Treatment of cancer

(©)
Ca(0Cl), is Bleach

1
CaSO4-EH20 is plaster of paris.

CaCQ, is used as an antacid.
CaO is major component of cement.

4

Li-Mg, B-Si, Be-Al show diagonal relationship
but Li and Nado not show diagonal relationship
as both belongs to same group and not placed
diagonally.

©)
)

Li" Na" K" Rb" Cs’ _
Hydration energy T

Tonic mobility {

Conductivity ¥

.. Correct option is Na* > K* > Rb* > Cs'.

OR
Asthe size of gaseousion decreases, it get more
hydrated in water and hence, the size of aqueous
ionincreases. Whenthisbulky ion movein solution,
it experience greater resistance and hence lower
conductivity.

Q.10

Q.11
Q.12
Q.13
Q.14
Q.15

Q.16
Q.17
Q.18

Q.19

Size of gasesousion : Cs"' > Rb* > K* > Na'
Size of agueousion : Cs" < Rb* < K* < Na'
Conductivity : Cs" > Rb* > K* > Na*

@

(8 CaCl,.6H,0—— CaCl, + 6H,0
(b)MgCl,.8H,0———>MgO+2HCI+6H,0

The dehydration of hydrated chloride of calcium
can be achieved. The corresponding hydrated
chloride of magnesium on heating suffer
hydrolysis.

(c) BeO — Amphoteric

MgO

Ca0

SO
BaO

)
@
@
@
S
@
@
@
@



p-Block Elements (Boron and Carbon Family)

_ EXERCISES

)

ELEMENTARY
Ql (@
Q2
Q3 @
Q4 @
Q5 (@

Q6

Q.7

Q.8

Q9

Q.10

Q.u

Q.12

Q.13
Q.14

B,O; oxides of non metals are acidic & of metalsare
basic boron is non metal.

©)
2H,BO, - B,0,+3H,0

@
Boronformdifferent hydride of general formulaB H_,
and B H_, but BH, isunknown.

n n+6

@)
BZH6

&( Empty sp’ orbital of B

Empty sp’ orbital of B

é/\?@

@
@

Liquified Ga expand on solidification Ga is less
electropositivein nature, It hasthe weak metallic bond
soit expand on solidification.

Q)

Aluminiumisused asreducing agent in metallurgy.

@
Al isused as reducing agent in thermite process.
©)
©)

Aluminaisamphoteric oxide, which reactsacid aswell
as base.

Q.15
Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

@
@

)

Boron (2), Si, Ge, As, Sh, and At are the metalloid
elements. Bismuth (Bi) and tin (Sn) are metals while
carbon (3) isnon-metal.

©)
@

CaC, have one sigmaand two « bond.
@
)

Solid CO, isknows asdry ice becauseit evaporates at
—78°C without changing in theliquid state.

@

Carbon suboxide haslinear structure with C—C bond
length equal to 130 A and C — O bond length equal to
120A.

O0=C=C=C=0& O0-C=C-C=0

@

Among all the central atoms of all the ions only C
does not has vaccont d orbital of suitable energy so
it can't have six coordination.

@
@

Glass being amixture of sodium and calcium silicates
reacts with hydrofluoric acid forming sodium and
calciumfluorosilicatesrespectively.

Na, SO, +3H,F,—NaSF,+3H,0

CaSO,+3H,F,— CaSF +3H,0

The etching of glassis based on these reactions.

@
When hydrogen peroxidereact with PbSthen they form
PbSO

4

@
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p-Block (Boron and Carbon family)

Q.28 (1)

JEE-MAIN

OBJECTIVE QUESTIONS

Q1 @
Downthegroup theinert pair effect ismore pronounced
on account of enhanced increase in effective nuclear
charge.

Qz (@

Q3 (@

Q4 (@
CuO+B,0, —— Cu(BO,), (bluebead) -

Copper (1) metaborate

Q5 (@
Na,B,0,+H,S0,+5H,0 —— Na,SO, +4H.BO,

Q6
B,H,+6H,0 —— 2H,BO,+6H,

Q7 (@
ALS,+6H,0 —— 2AI(OH),+3H,S

Q8 (I
Thereisleast van der Waal'sforce of attractionin BF;
on account of less number of polarisable electrons
among the boron halides. So BF; isgasat 0°C.

Q9

Sal. B(OH),+2HOH ——[B(OH) J+HHO"
In aqueous solution the boron completes its octet by
accepting OH- from water molecules. It therefore
function asaweak monobasic lewisacid.

Q10 @
BF,+3H,0 —— B(OH), + 3HF (Partial hydrolysis)
BF,+HF —— HBF,.

eQu @
As it becomes passive by the action of conc. HNO,
forming aprotective oxide layer on the surface.

Q12 @

68

2Al +2NaOH +6H,0 —> 2NaAI(OH), + 3H,.

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22
Q.23

Q.24

Q.25

(2)

It is acidic because of the hydrolysis of Al,(SO,),
according to the following reaction.

Al,(SO,),+6H,0 —> 2AI(OH),+3H,S0,.

(3)

According to Fajan's rule it is a covalent compound
and thuseasily hydrolysed. It isalso aelectron deficient
compound containing only six electronsaround Al atom
andthereforeisalLewisacid.

@

They havevalence shell electron configuration ns? np?
; so two electrons of p sub shell or four electrons of s
and p sub shells can participate in chemical bonding.

)
As differ in their crystal structures and physical
properties.

@

Because graphite has t-el ectronswhich are delocalised
over the whole sheet. The electrons are mobile and
thus it conducts electricity along the sheet.

@
It is chemically inert towards concentrated acids as
well as bases.

)

Methanides give CH, onreactionwith H,O.
Al,C,+12H,0 —— 4AI (OH),+3CH,
Be,C+4H,0 —— 2Be(OH),+CH,

©)
2NaHCO, +H,S0, —— Na,SO,+2CO,T +2H,0

@
CO, can not act as reducing agent because carbonisin
itshighest oxidation state, i.e., +4.

(1)
(2)

co+cl, —, codl,

@
CO, (g) + H,O (I) —>H,CO, (ag) ; H,CO, ==
H*(ag) + HCO; (ag) ; HCO,” —=H*(aq) + CO. (aq).
@

Coal gas contains H,, saturated and unsaturated
hydrocarbons, CO, CO,, N, and O,



Q.26

Q.27

Q.28

Q.29

Q.30

@

All compound areionic carbides.

Al,C, exists asAl** and C* ; CaC, exist as Ca?* and
C,%; similarly Mg,C; exist asMg?* and C;*.

@

(1) Interstitial carbides are formed by transition
elements and lanthanides.

(2) SIC is a covalent carbide known by the name
carborundum.

(3) CO is toxic, because it forms a complex with
haemoglobin in the blood and this complex is more
stable than oxy-haemoglobin. This prevents the
haemoglobin in thered blood corpusclesfrom carrying
oxygen round the body. This causes oxygen deficiency,
leading to unconsciousness and then death.

Hb—O,+CO ——> Hb—CO+0,

(4) 2Ca(PO,),+6SI0,+10C ——> P,+6CaSO,
+10CO,

©)

Sn(OH), + 40H + H,O —— [Sn(OH) ]* (soluble
complex)

©)

Pb* has higher polarising power and Br-and |- being
larger insizecan easily givetheelectronsto Ph* i.e. as
compared to CI-, Br-and I~ are good reducing agents.

@

Pb*4 actsas an oxidising agent dueto inert pair effect.
Inlarger |-, valenceshell electronsareloosaly held by
nucleus so acts as reducing agent. As a result Pb*4
oxidises|~to |, and itself reduced to Pb or Pb?*.

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q2

Q.3

©
On account of higher charge density i.e. charge/size
ratio it getshydrolysed forming H,BO,.

2B% +6H,0 — 2H,BO, + 6H"
2B% +6H,0 — 2H,BO, + 6H"

©
CH, group being larger can not forma bridge between
two small sized boron atoms.

®

Inthesolid state, the B(OH), units are hydrogen bonded
together in to two dimensional sheet with almost
hexagona symmetry.

Q4

Q5

Q.6

p-Block (Boron and Carbon family)

®)

X |
B
B
N H\T% \IT/H
/||3v\ J,'|3\ H/BX /B\X
H \N/ H II\J
| H
1,2- 1,3~
H X
I |
B B
N AN NN
H/B\__/B\H H/B\N/B\H
N
| |
X X
1, 3— 1, 4—
®)
B,0, + 3Mgor Na —ghtemperatire , 5p 4 3pgO/
A
Na,O
©

[B,0,(OH) ]+ 5H,0 = 2B(OH), + 2[B(OH)
or

[B,0,]> +7H,0 ——> 2B(OH), +2[B(OH) ]
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p-Block (Boron and Carbon family)

Q.7

Q8

Q9

Q.10

Q.U

Q.12

Q.13

Q.14

Q.15

Q.16

70

(D)

740°C
Na,B,0,.10H,0

2NaBO, +B,0,

(glassy bead)

H,O

©

Na,B,0,+7H,0 —Iee , 44 BO, +2NaOH ;
Hence basic due to formation of NaOH which is a
stronger base.

(A)
CoO +B,0; —— Co(BO,), (blue bead)

©
Ca2BGOll
2NaBO,

+ Na,CO, — 2CaCO,{ + NaB,0, +

©
®

Excess NH3
B,H, + NH,

> BZHG. 2NH3 or

low temperature

[H,B(NH,),]*[BH ] (ionic compound).

(ABCO)
cis-diolsformvery stable complex with [B(OH) ],
Thusremoving it from solution

I

CH - OH
HB(OH),+2 |

cle - OH

| |
CH-O\ ,O-CH
N,/ .
| 5 | +H+am,0.
C|>H—O/ N0 - CH
|

(A)
Peroxoborate in solution provides H,O, according to
following chemical reaction

[B(OH),(O,H)]" +H,0 ——>[B(OH) ] +H,0,

D)

[B,O,(OH),]> +5H,0 = 2B(OH), (weak acid) +
2[B(OH,)]- (salt)

(A)

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

[B,O,(OH),]> + 5H,0 ——> 2B(OH), (wesk acid)
+ 2[B(OH,)]- (salt)

©)
B,H,+2NH, ——> [H,B(NH,),]*+[BH,J-
B,H,+2N(CH,), [2HB N(CH,)]

®)

B,Cischemically inert.

®)

2Al+3H,0 — Al O, + 3H,0 (slow reaction)
Al O, formsprotecting oxide layer on Al surface
®)

CO,+H,0 H,CO, —— CO>+2H"

3CO,+3H,0+ 2AI* —» 2AI(OH), (asweakly
acidic) +3CO,.

©
Na,CO,+H,0 —— 2NaOH +CO,; 4OH-+Al ——
[AI(OH),]~ (soluble complex)

)

Formula of alums contain the ions [M(H,0)]",
[M’(H,0)]* and SO, > intheratio1:1: 2.

Example: (i) PotashaumK,SO, . Al(SO,),. 24H,0; (i)
ChromeaumK_SO,.Cr,(SO,),. 24H,0

®)
As AI(OH), is amphoteric in nature and thus form
[AI(H,0),(OH),].

(A)

AICI,6H,0 —=—> ALO, +6HCI +3H.,0.
hydrolysis

©

Al(OH), (amphoteric hydroxide) + OH- ——
[AI(CH),]" (soluble complex)

(A)
CO,+HO—— CO/>+2H*

2A1%* +3C0,2 +3H,0 ——> 2AI(OH), +3CO,

®)
AHO=0



Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

(A)
Mixture of CO and N, obtained by passing air over red
hot cokeis called producer gas.

(A)

Ni+4C0O —2, [Ni(CO),] volatile compound.

D)

CuCl +NH, + CO —> [Cu(CO)NH,]* CI-(soluble
complex).

®)

D)

(A)AI,C,+12H,0 — 4AI(OH), + 3CH,

(B) CaC,+2H,0 —— CaOH),+CH,

(C) Does not give any gas.

(D) Mg,C, +4H,0 —— 2Mg(OH), + CH,—C=CH.

()
Allylides gives 1-propyne on hydrolysis with water,

eg.,
Mg,C, +4H,0 ——> 2Mg(OH),+CH~C = CH

Such compounds contain C;~ [:C—-C=C 1" ions

®)
Graphite changes to Méllitic acid also called benzene
hexa-carboxylic acid with hot concentrated HNO,.

COOH
HOOC COOH
(Mellitic acid)
HOOC COOH
COCH
®

CO burns with blue flame and aso acts as reducing
agent ; used in the extraction of various metal from
their oxideores.

®

K, [F(CN)] + 6H,SO, (conc) + 6H,0 —~—
2K,S0, +FeSO, +3(NH,),S0, + 6CO

D)
Both have same number of electrons i.e. 22, so
isoelectronic and are linear so also isostructural.

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

p-Block (Boron and Carbon family)

(A)
S0, +6HF —> H,SiF, +2H,0.

D)
Si +NaOH (hot) ——» Na[Si0] (silicate)
©

(A)
CCl, is not readily hydrolysed due to non-availability
of d-orbital in carbon.

(A)
Me
Cl— éi —Cl
Vi

Me Me
I |
— "0 ,  OH—Si—O[H +OH|—Si—OH

I I
Me Me

Me Me

I I
——> OH—Si—O—Si—OH.

I I
Me Me

In thismanner several moleculesmay combineto form
along chain polymer i.e. linear polymer.

(A)

(A) When a mixture of PhSiCl, and (Ph),SiCl, is
dissolved in toluene and then hydrolysed with water
silicon resins are obtained.

(B) Siliconesfrom the hydrolysisof amixtureof (CH,),
SCl& (CH,),SCl,

The dichloro derivative will form along chain polymer as
usual. But the growth of this polymer can be blocked at any

stage by the hydrolysis product of mono-chloro derivative.
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p-Block (Boron and Carbon family)

Q.44

Q.45

Q.46

72

CH, CH,

T
CH/—Si—0—Si—O0+-Si—CH,

CH\  CH, CH,

n

R\Si/OMR\Si/OH
VAN 7 N\,

+2HCI

R R

OH—S8i—OH + OH—Si—OH

R R

—— OH—Si— O —Si—OH
—H,0 |

R R
In thismanner several moleculesmay combinetoformalong
chain polymer whose both the ends will be occupied by —

OH groups. Such compoundsare generally represented from
thefollowing formula.

©
(A) Zeoliteisathree dimensional sheet silicate.

(B) Asbestos is double change silicate.
(C) Emerald is acyclic silicate having SigOj5~ units

containing 1 —2% Cr giving green colour.
(D) Tacistwo dimensional sheet silicate.

®
Si atomsin siliconesare surrounded by non-polar akyl
or aryl groups, which repel water molecules.

®

Whenacompound like CH_SICl, undergoeshydrolysis,
a complex cross-linked polymer is obtained as chain
can grow in three places as

Q.47
Q.48

Q.49

(A)
(A)

Carbon does not expand its covalence beyond four as
it does not contain d-orbitals.

D)

Pb,0, —> , 6PbO+0,T

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1

Q2

Q3

Q4

Q5

Q.6

Q7

(ACD) _
BCl,+3H,0 oS, 1y BO, +3HC;

SICl,+3H,0 a1 5O, +4HC]

(BCD)
Boron does not increase its covalence beyond four as
it does not have d-orbital.

(BCD)

Borax bead test generally given by coloured salt of
transition metals.

(ABCD)

(A) Itisaacidic oxide and is anhydride of boric acid
and it reacts with alkalies or basesto form borates.
3Na,0 + B,0, — 2Na,BO, (sodium orthoborate)

It isaweak monobasic acid solublein water and in aqueous
solution the boron atom completes its octet by accepting
OH- from water molecules:

B(OH),(ag) + 2H,0(/) ——— [B(OH) I (aq) +
H,O*(aq). pK = 9.25.

(B) BX, (except BF,) get hydrolysed due to presence of
vacant p-orbital and SiX, get hydrolysed due to presence of
vacant d-orbital.

(C) Controlled pyrolysis of diborane leads to most of the
higher boranes. It catches fire spontaneously in air and
explodes with O,. Reaction with
oxygenisextremely exothermic.

B,H, + 30, — B,0,+3H,0 AH = — 2160 kmol-*

trace of alkali

Si,H, + (4 +n) H,0 2Si0,+ nH,0 +

7H,

(D) Aluminium hydride isapolymer dueto formation of
electron defecient bond (Al —— H ———Al).

(ACD)

(B) Borax isused asflux in soldering not H.BO..

(BCD)
(A) BF, isgasat roomtemperature.

(ABC)



QS8

Q9

Q.10

Q.11

(D) Only hydrated salts of aluminium are generally
ionic but anhydrous salts are covalent in nature e.g.
anhydrousAlCl, iscovaent whereas hydrated AICI  is
ionic.
(AC)
Compounds containing C,> gives ethyne on reaction

withH,0O.

2+
SrC3™ +2H,0 ——> S(OH), + CH=CH
Similary Al(C,), givesethyne.

(ABCD)

4 E Four electron pairs

(A) [BeF,]*

4-sp® hybrid orbitals

- two form covalent and two form coordinate bonds.
Two F-ionseach donate an el ectron pair in to an empty
sp® hybrid orbital forming two coordinate bonds.

(B) [B,0,(OH) ] +5H,0 ——> 2B(OH), + 2[B(OH) ]

~2[B(OH),] +2H,0* — 2B(OH),+4H,0

Only [B(OH),]-formed inwater reactswith HCI.
(C)HCOONa+H, SO, — CO1 +Na'+HSO, +
H,0.

K, [Fe(CN)] +6H,8S0, + 6H,0 — 6CO+Fe* +3K*
+6NH,"+6S0,*

Solid potassium ferrocyanide al so liberates CO (g) on
heating with concentrated H,SO,.

(D) 21,0, +5C0 —— 5CO, +21,

(ABD)

Exists as dimer, Al,Cl. and being covalent easily
hydrolysed. AICl, iselectron deficient, thusactsas L ewis
acid.

(©

Orthoboric acid acts aslewis-acid in water not as pro-
ton donor (as it does not liberater H* ion) because it
completesits octet by accepting the OH- from water.

B(OH), +H,0 —— [B(OH),]-+H".

In the solid state, the B(OH), units are hydrogen bonded
together into two dimensional sheetswith almost hexagonal
symmetry. The layered are quite alarge distance apart (3.18
A) and thus the crystal bresks quite easily into very fine
particles.

Q.12

Q.13

p-Block (Boron and Carbon family)

(A)

If certain organic polyhydroxy compounds such as
glycerol, manitol or sugars are added to the titration
mixture, then B(OH), behaves as a strong monobasic
acid and it can be now titrated with NaOH and the end
point is detected using phenolphthalein as indicator
(pH=8.3-10.0).

The added compound must be acis-diol, to enhancethe acid
properties. The cis-diol forms very stable complex with the
[B(OH) ]I, thus removing it from solution. The reaction is
reversible and thus removal of one of the products shiftsthe
equilibrium in the forward direction and thus all the B(OH),
reacts with NaOH; in effect it acts as a strong acid in the
presence of the cis-diol.

B(OH), +NaOH —— Ng[B(OH),] + NaBO, +2H,0.
HB(OH),+2 |

CH - OH
|
CH - OH
I

_
<

[ I
C|:H—O\B/O—(’T‘H
C|:H—O/ N\o-CH

I

_+H'+4H0.

(B)
(A)B,H;+HCl - B,H.Cl +H,

excess NH,
(B) BZH6+ NH3 low temperature BZHG'ZNH3
B,H,.2NH, isionic compound and comprises[H,N —
BH, < NH_]*and[BH,]-ions.
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p-Block (Boron and Carbon family)

Q.14

Q.15

Q.16

74

C)B.H. + 2(Me).N — 2[Me,N.BH
2 6 3 e3
D)B.H.+6H,0 — 2B(OMe). + 6H
2 6 2 3 2
Reactions involved
(A)2NABH,] (A) +1, —ndgyme B,H, (B)+H,+2Nal

solution
B,Hg + 6H,0 —— 2H,BO,(C) +3H,
B(OH)4+ 2H,0 === H,0* +[B(OH) ]~ ; pK =9.25

I

CH - OH
HB(OH),+2 |

cle - OH

I |
CH-O. ,O-CH
N >B< | +H+4H,0.
GH-0""No -

I

Q.17
B,H, (B) +30, —— B,0,+3H,0

CoO+B,0, — Co(BO,), (cobalt metaborate - blue
colour bead).

(A-0);(B-p);(C~-r,9;(D-0q).
heated

Q.18

(A)3H,+2BBr, > 2B +6HBr

Titanium metal filament

A
(B)N&B,0;. 10H,0 — > 2NaBO, + B O,

2CuSO, —» 2Cu0+2S0,+ 0,
CuO +B,0; - Cu(BO,), (bluebead)
(O)AICI;+3H,0 — Al(OH),+ 3HCI (whitefumes)

Q.19
(D) Cr,05+2A1 —2 5 Al,O,+2Cr
(BCD)
Both are diamagnetic as all electrons are paired.
Remaining statementsare correct.

©

. , __H'IH,0
S,:B,O,

hydrolysis B(OH)S :

S:S0+F 0, g g6
2" 4 hydrolysis 277 Q.20

Cl OH

I
——> Me-Si-OH
3-HCl |

I
S : Me-Si-Cl + 3HQO
(I| OH

3

Me Me

| I
—0—Si—0—Si—0—
| I
o) o)

Condensation

| I
—0—Si—O0—Si—0—
| |

Me Me

Complex cross-linked polymer of silicones

S,: Asthemetallic character decreases, the basic char-
acter decreasesand acidic character increases. |n other
words if electronegativities difference between ele-
ments and oxygen decreases the acidic character in-
creases. CaOismogt basic, CuOisweakly basic, H,Ois
neutral and CO, isacidic.

(AB)
HCOOH —~— H,0+CO; K [F&(CN)] +6H,S0, +

6H,0 —— 2K,SO, +FeSO, + 3(NH,),SO, +6CO
Malonic acid gives C,0, and Mg,C, gives 1-propyne.

(AC)

(A) HCO4 does not give pink colour with
phenolphthalein.

(B) Because phenol is weakly acidic.

(C) 2HCO;~+ Mg?* —— Mg(HCO,),
Mg(HCO,), iswater soluble.

©

As chain can grow in three places as

Me Me

I |
—0—Si—0—Si—0—

(ABCD)

(A) The double chain silicates can be drawn in which
two simple chainsarejoined together by shared oxygen.
Such compounds are also known as amphiboles.

(B) If two oxygen atoms per tetrahedron are shared to
form closed rings such that the structure with general
formula(SiO,*), or (SI0,), * isobtained, the silicates
containing these anions are called cyclic silicates.



Q.21
Q.22
Q.23
Q.24

Q.25
Q.26

Q.27
Q.28

Q.29
Q.30

(C) Orthosilicates contain discrete [SIO,]* unitsi.e.,
there is no sharing of corners with one another.

(D) The asbestos mineral isawell known example of
double chain silicates. The anions of double chain
silicateshavegenera formula(Si,O,,) .

(B)

(B)

(B)

(B)

(21t024)

(21) (B) Be,Con hydrolysisyields methanewhileothers
give ethylene.

(22) (B) CaC, hasNaCl like structure, so co-ordination
number issix.

(23) (C) Only Al,C, and Be,C yield methane on
hydrolysis.

(24) (B) Itisbest explanation.

(B)

(B)

©)

(A)

(B)

(A-p,9);((B-p,1;(C-q,9;(D-q)

(A) Al(C,); + 6H,0 ——> 2 Al (OH), + 3C,H, ;

(HC=CH)
(B) 3CH, (COOH), + P,0;, — 3C,0, + 4H,PO, ;
(O=C=C=C=0)

OH
(C) CHy SICly + 3H,0 — > CH—Si—OH-»
OH

complex crosslinked polymer (Silicones)

(D) SNCl,+ 2H,0 ——> SN(OH), . (white) + 2HCI

NUMERICAL VALUE BASED

Q.1

[21]

x=4

B, A/, In & T/ are solid at 40°C. Mélting point for
Gallium is 30°C.

y=4

I.LE.:B>A/<Ga<In<T/

z=3

Al is third most abundant element after oxygen and
silicon. So it has to be most abundant element in the
family.

SX+2y+3z=4+(2x4)+(3x3)=21.

Q.2

Q3
Q4

Q5

Q6

Q7

p-Block (Boron and Carbon family)

(6]
(c) iswrong as anthracite is the purest form of coal,
not carbon.

[3
[3l
BoraxNa,[B,O(0OH),].8H,0

L

J \\o\

OH-E O g_oH
e

“** Marked oxygen do not take part in pn—pr Back
bonding.

[26] ,
BH,™
X+y+z=12+12+2=26

[26]
a=12,b=20,c=30
3x12-2%x20+30=26

[11]

(@CO,»C—s

(b) Graphite — sp?

(c) Diamond — sp®
(d)CO

(e H,BO,(ag) > B — sp’
(f) Zeolite > Si — p°

R
I

(9) Silicones {O—ISi—O>L -3
R “/n

R
|

(h) Chlorosilane Cl- ]Si —Cl or
R

R R
CI—|Si—CI CI—|Si—R all are sp?
& k
(i) Borax 2-Borons are sp*and 2 Borons are sp?

cl cl cl
N, O
® Mg g &
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p-Block (Boron and Carbon family)

Q.8

Q9

Q.10

Q.u

Q.12

Q.13

Q.14

76

(¢) B,H, (3-centre-2- electron bond) B
— spd.
(m) SIO, (3-D slicate) Si — sp?

0
I

C =
(n)HO/ \OH c=9p*

o]
0 | c=
© Cl-C-CI **
(p) CH, sp°
(q) CCl, sp°
[7]
2B +6HNO,(conc)— 2H,BO, + 6NO,

(A) (B)
NO, formsadimer N, O, (diamagnetic white solid)
Bond angle about BoroninH,BO, (=120°) islessthan
bond angleabout N inNO, (132°).

(3]

Acidic nature H,PO,, H,BO,, H,P,O4
Basic nature Na,B,0..10H,0, Ba(OH),, Ca(OH),
Amphoteric PbO

Neutral oxide (e0)

(8]

B

B,0; —— Acidicoxide

T1,0;,NaAlO,, Sr(OH), ——> Basicnature

Cr,0O,, Al(OH),, Al O, Ga(OH),, Ga,0, —>
Amphoteric oxide

[20]
2NaBH, +1, —> BH, + Na + H,
4moles 2moles 2moles

Total molesof H,=4
Volumeat STP=4 x 22.4litres

_896 _
T 448 T

(5]

3Mg+2B—>Mg,B, —HCL, diborane+ MgCl,
S X=3& y=2

(6]

Silent

2BCI3 + 6H2 Electric discharge ? BzHe + 6HCI
onemole 3mole
HCI + NaOH —— NaCl + HZO

3moles 3moles

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

3]

Shared
oxygen atom

(2

Itiscyclicsilicateanion.

(12

[SigO;g] ™2 . So answer is12.

[10]

Unit can be
NN

0-$i-0-81-0-5i-0~ S1,05
o~ O O

[11]

[X]is(CH,),SCl,

[10]
p=4,9=4,r=0,t=2

[4

Al,Cl,+H,0 —> CH, + Al(OH),
BaC,+H,0 — CH, + Ba(OH),
Mg,C,+ H,0—— CH, + Mg(OH),
SC+H,0—> X

B,H, + H,O— 2B(OH), + H, T
FeC + H,0— X

[6l
(1) K,SO,Al, (SO );isawhitecrystaline solid.
(2) upon heating it swells up due to the
evolution of water molecules.
K,S0,-Al,(SO,);-24H,0 2 5 K,SO,-Al,(SO,),
+ 24H,0.
(3) becauese of presence of potassiumitimparts. Volilet
color to bunsen flame.
(4) Ba2*+ S0, — BasO, ¥
whiteppt.

BasO, + H,SO, — Ba(HSO,), Soluble
(5) Al3*+30H-— Al (OH); 1 __NaoH _, NaAeO,

white soluble

NHCL Al (OH),



(6) 4K* + [CO(NO,)J* — K, [CO (NO,)]
yellow ppt
(7) 2A13* + 352 5 ALS, —ati——> Al (OH); ¥
whiteppt.
KVPY
PREVIOUS YEAR'S
Q1 (B
NaBH, +1,—>Nal +BH,+H,
Qz (B
BCl, +3H,0——H.BO, +3HCI
4H,BO, + Na,CO,——Na,B,0, + CO, + 6H,0
Q3 (A
(|3H
Be
AN
O/l 0
/]
HO—Eli 0 /B—OH
O| 0
\l/
iy
HO
Q4 (D)
Al O, isamphoteric soit dissolvein acid aswell in
dkdis
Q5 (D
B,H,+2NH, —2 5 BNH,
H
I
H B.
N ™
N —H
L
H’ \N%
I
H
Borazoleor Inorganic benzene
JEE-MAIN
PREVIOUS YEAR'S
Q1 @

sl

Bond angleb >a
% S-character o B.A.

Therefore external bond has more % s-character or less

Q.2
Q3
Q4

Q5

Q6
Q7
Q5
Q8

p-Block (Boron and Carbon family)

% p-character.

©)

(Cu)

@
(4)

Structure of C_,

It contain 20 hexagons and 12 pentagons
@ so option 4 isincorrect.

)

@

@

™

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

(BD)

H_BO, does not undergo self ionization.

Onadding cis-diols, they form complexing specieswith
orthoboric acid.

Hence the acidity increases on adding ethylene gly-
col.

H,BO,+H,0 — B(OH); +H*

B(OH); +2

CH, —OH HG -0~ ~O-CH. B O
+

CH, —OH H,C -0~~~ NO-CH, 2

It arranges into planar sheets due to H-bonding.
Hence, it has 2- dimensional structure due to H-bond-
ing.

It actsasaweak acid inwater, soitisaweak electrolyte
inwater
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Q.2

Q.3

Q4

Q5

Q.6

78

©

B,H,+6CH,OH —— 2B (OCH,), +6H,

For 3 moles of B,H, mole of B containing product
formed=6

®)
For linear polymer, weneed R,SICl, and for termination,
weneed R, SICI.

(ACD)
Cl)H
o
B
/ Na
PN
HO— B—OH
\O‘i@
\BH4
oH
(BD)

4HNO, + P,O,,—— 2N,0O; + 4HPO,
P, + 20HNO, —— 4H,PO, + 20NO, + 4H,0
N,O, + Na—— NO, + NaNO,

o\ P
N—O—N
o Ng

(B)

(A) Pb,O, is insoluble in water or do not react with
water.

(B) 2K02+2H20—>2KOH+H202+02(9)T
(C)Na,O,+2H,0—->2NaOH+H,0,

(D) Li,O,+2H,0-2Li0OH+H.0,

Q.7

(A,BORA,B,C)

(A) SnCl..2H O isareducing agent since Sn* tendsto
convert into Sn*.

®) SnO, +2KOH, +2H,0 - K,[Sn(OH), ]

AMphoteric) (Base)

(C) First group cations (Pb?") form insoluble chloride
with HCl that is PbCl, however itisdlightly solublein
water and therefore lead +2 ion is never completely
precipitated on adding hydrochloric acid in test sample
of Pb?, rest of the Pb? ions are quantitatively
precipitated with H,Sin acidic medium.

So that we can say that filtrate of first group contain
solution of PbCl, in HCI which contains Pb* and CI~
However in the presence of conc. HCI or excessHCI it
can produce H,[PbCl ]

So, wecan concludeA, B or A,B,C should be answers.

Pb,O,
(D) romoy  +4HNO,—~P0O,(1)+2Pn(NO,),+2H,0

mixtureof oxides;

It isnot aredox reaction.



