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Classification of Elements

| and Periodicity in Properties

Modermn pPeriodic i o g o T TR AT = e o e i g
periodic ¢ . .

i enthf!ends I properties of elements-atomic and ionic radiisionization enthalpy, electron
v a_ _Py' valence, oxidation states and chemieal reactivity.

S .—-

The set of four n . )
numbers. The ﬁm:"t‘:s::k;ejwred to defined anelectron completely in an atom are called quantum

e been derived from Schrodinger wave equation.
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!t dcscrllﬂcs thc S[Z(’ (‘)f {.’\C C{CCfFOn wave al/\d H\E t()t(ll
energy of the electron. It has integral values 1, 2, 3, 4...

\

|
|
l

ete. and is denoted by K, L, M, N, ... etc. | e \
Number of subshell present in n shell = n Nucleus = _: / e
————— . Le”
n subshell | s ,
i
f Anti-penultimate  Penultimate  Ultipgs
5 i | Shell Shell Shell
3 s, p, d
4 s,p,d, F | —

O Number of orbitals present in n** shell = n*

--------------------------------------
................................
t s

-’
--------------------------------------
------------------------------

It describes the shape of electron cloud and the numbe# of subshells in a shell.

¢ It can have values from O to [n-1].

T e v i e 1 : < / - = :"‘:«_-
¢ | Value of | Subskell # ""ne notations for the sub-energy levels come from the!
| ‘erm: that were used to describe the

| 2=-ctrocci
f :.;wa c zreeira a2 have the following full form:
r
|
i
;

s ———> sharp f ——— fundamental

; 1
P2 i
| 5 i p —— principal g ——> generalized
| i d —— diffused ‘
| 4 —_— T T =
! > . e S e )
i [IlI] Magnetic,Quantum Number (m) |
It describes the orientation of
an orbital within a subshell. Q
it can have values from ¢ to ° (=0, m=0
+ including zero, ie., total
(2¢ + 1) values. Each value E A d = 0, +3
corresponds to an orbital, = B G A
— [ = 2) m = _.2, —1, 0, )
s-subshell has one orbital, e
~subshell three orbit. =3 =251 0 et 2
P oro| a(S(Px:Py f—> ¢ = 3, m= =3 -2 -1,0, +1, +2, +3 m

and p,), d-subshell five orbitals

(dyys dyps Ay dya g2 dy2) and

F-subshel( has seven orbitals.

@

= Click Here To Join @StudyShelf For More Study Materials - -

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

It describes the spin of the electron. It has valubs +1/2 and

A e . _1 . . one . . . =
signifies anticlockwise spivning, /2. (+) signifies clockwise spinning and (-)

i 1% | . | Energy Sequence and Set | No. of electrons in set
s n L = of Subshells | of subshell

n=2 2& 2P 1s 2

|
‘ 4 2s 2p |2+6=28 |
n=3 35 D & |
3s 3p (2+6=8 |

= ; 4 & @ 0
& & s 4s 3d  4p |2+10+6=18 l
n=5 SS Sp 5d sf LY 4d S5p |2+10+6=18 |

‘ : 6s 4f sd 6p |2+14+10+6=32

n==6 6S 6p o0 I ey WA ok
7¢ S LediiATp iz+14+10+6=32"
n=7 7s 7p T
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18 Groups:

Block: s, p, d, f 7 Periods: Horizontal Rows

Periods
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Period 4 1]

e
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Q Group-11 T
Period -4
EENEINE
. 38 E S | | ; 101
1222 = ’ | 18 |
| o e ' ‘_ ' !
19| 20| |21 w_zo 32 | @e—-e_.’:é |
| | ‘
i | 1
37 |38 | | 39 “4d Series! 48 | | 44 . | 54!
- | [ | ]
55| s6 57/3 72 80| |81 - 86 |
87| 88! /ga | |
et R /foj S Be) ] ] R | 18
S e ] ) 7 Z=eT
o2 ERoN e 1 !@" 71 /o Lanthanoids
‘ - T r— e Y D Group-3 f
90
103 Period-6
=== Lo = - s P — U NI Seu—— = - = = \\vW‘~w"

= cHEMIsTRY @
lc Join tudyshelf For Materials

T
T Sl

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.


https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDF?

Period No. ‘ 6 ‘ Period No. T

Group No. ‘ )

Group No. 3

s-Block (ns) d-Block (n - 1)d p-Block (np)

‘V T <l
<= <

>
> >

10 |11 | 12| 13

B lVB VIB | VIIB Vil
- v TianiqgiEiam Me&,.lp
% A (c Blm <_) _____ ~

Be BENSCIENSTROS) “F TiNE

Na | Mg Altsi'l Pt sl d|An

K | Ca | SesTi |.V A4 Cr | Mn| Fe | Co| Ni | Cu| Zn Gai,Ge.As Se | Br Kr

ce | Balta | HF | Ta| W | Re|Os| tr | Pt |Au| Hg| Tl | Pb Bi Po At Rn

Sr.| Y| Zr [ Nb Mo | Tc |Ru | Rh | Pd | Ag | Cd Mané’Sb Te | | Xe
| i 4
:
;
l

A B I —
Db | Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh Fl Mc Lv Ts 0‘5—\

The Rare Earths, (n - 2)f

N '_!-"“"—‘l

EY“TW\ Yb | Lu"

thanide
l;z:'\iesa('zf) Nd | Pm|Sm | Eu | Gd | Tb | Dy | Ho

Period : &

Actinide’ ks
series (5F)

U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Period : 7 ‘ ‘
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/" Alkali Meta s (Gmup l)

a1 g

| HLiNa ne Ki Rb Cs Fariyad Beti Mage Car Scooter Baap Razj ngan Alu J;jar "

S ——— =
P —

' Emup—l#— CarboniFamflg Y G!’Oup -15: N:trogen Famr!y YR Gro/p—,, O/fggf ;5” .

-
4
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/"Group—J.?: Halogen Family V' cepe LTS nerg Gas Family

Science Ticher Verg Cruel |
Mange Fees Copy Niha
Cukker Zindabad |

7~ ' N
Group -3

Fir Cal* Bahar | Aunty

- = 5 T T :
o Transition Serres:\\ r 3"”[ Transttion Senes:\‘ (/ 4™ Transrtion Series: )
4d Series

sd Sevies 6d Series

Yari Zra Nibhana [La HafTa Warna Re | || Ac Rutherford Dube SeYLa Ac
Mout T Rukawat Rah ||| Osama ldher | Sagar we Bohr Hs Mat € : : ﬁ =
Pde Age Cudo Pitayi Aur Hogi Darse Royga Caun rahti hai |
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Grnup 5 , Group -6 {

Fer* Rouya Osama :
| Con™ Rahega Iran me | || Nahi Padoge to Pitoge | |7Cyu Aage Aau Zindagi Cadbury Hogyi

|
| |
|
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|

¢

[ Actinoids — 1I"* lnner Transition Series (Part of Group 3)

J
' e bl
|
!
|
|
|

Thor Ke Papa ne U bola Nepal me Purane Am Cam Bikenge Cafe me jana
Ease Farmana Madam Noodles Lare

Place of Hydrogen is not fixed. in Pem’odlc Table because /it shares propertzes with both alkali
metals and halogens. | ,

Classification of Elements and Periodicity in Properties é
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AC NAME, COMMON NAME AND POSITION OF
T5 HAVING ATOMIC NUMBER 101 TO 118

TUP
ELEMEN

n f
u l
b |
3 d = ' : !r | ‘105 :  Unnilpentium (Unp) U
o T I | Ry, Wil
o )5:- pent 114 ' 110 : Ununnilium (Uun) R
| 6 hex | #/"_7#._ | >N
=" ”'l’f ) :cpt ' 3 118 : Ununoctium (Uuo)
| - s e T il W .- —
| ¢ | o | . :
e IS a“*’—?i"‘ "r””’"*—_w 119 : Ununennium (Uue) :
R T IR B 2
: Atowuc Number 101 to 118 | |
Jobel [ 1027 v L ovivence [103]

1 Mendeleev [101] ko wmila
(2 Rutherford [104] Dube [105] ), Sea [s06] we Bohr [107] Hass [108] Meit [109]
(3) Dar[1210] se  Rde [111] WGoper [1212]

(4} Niho [123] FleJai4] _to 4 Mosco[115] to Live [116] Ten [117] Ogan [118]

g Sl e e e
VP e e i iy

i o
T S s

& |
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Atomic Number ‘ Name Atomic Number 5 Name

\ lo1 Mendelevium (Md) 110 Darvestadtiuva (Ds)

! 102 Nobelium (No) 111 Poentgenium (Rg)

: 103 Lawrencium (Lr) 112 Coperniciura (Cn)

; 104 Rutherfordium (Rf) 115 Mihoniura (Nh)

‘ 10s Dubnium (Db) 114 Fleroviura (FI)

, i} | ‘

| 106 Seaborgium (Sg) | | 115 Moscovium (Mc)

‘ 107 Bohr:’um (Bh) { 116 » Livervaoriura (Lv)
- - W . ‘ | - 1 - : e T

s 108 % HQSSIUM (Hs) el ) JEnnessing (TS),

‘ e ot 118

‘A e Lo . e A Meltnenum (Mt) j e N g anesson ) (Og) i

104 105 106 107 ... 118

Period No. — 7 | & 1 1 7 ] |
Group No. — 3 (Part of 5 Group Noo—>' 4th  sSth  oth  7th 18th
actinoids) E Deving Mo —» - |

e e i i 4 e i sk

1. The IUPAC symbol for the element with atomic number 119 would be-
[8 April, 2019 (Shift-2)]

(a) Unh (b) Uue (¢) Uun (d) Une
Sol. (b)
2. Lanthanoids and Actinoids are present in which of the following group-
(a) Group 1 (b) Group 3 (¢c) Group 17 (d) Group 18
Sol. (b)
3. If the atomic number of an element is 35, it will be placed in the periodic table in the-
(a) Group 1 (b) Group 3 (¢) Group 17 (d) Group 18
Sol. (¢)

Period -4, Group-17
10
18

9| 3¢

54
86
118

Cl H mndlrl?v in Proner‘hes 7
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| %
. 4. Matﬁk List-1 with List-Il _Eso J;:\ '210‘25—(91#;[‘&:"
‘
(A) 57 0 p-block
(B) 78 (i) d-block
(©) 52 (iii) f-block
(D) o5 (iv) s-block

J Choose the correct answer from the options given below:
| (a) A-ii, B-iv, C-i, D-iii
(b) A-i, B-iii, C-iv, D-ii
(c) A-iv, B-iii, C-Ii, D-i
(d) A-iv, B-ii, C-i, D-iii

sol. (d) A-iv, B-ii, C-i, D-iii
m Lanthanoids (58 < < 71)

! ¢ 6" period 3" group ’—H m 5% period
\ o F-block ] I:Lé”‘group(p—b(ock)
| :
| ‘
| s |
| 18 |
T |
37 52)§<—54 |
I
@i <80 7] I
118
& % ;
m s period m 2 position left to Z = 80 (12*" group)
m 1%group (s-block) m 10" group, &% period
5. The element with atomic number 117, 119 , 120 , 91 will be- [30 Jan, 2023 (Shift-1)]

(a) Alkali’s
(b) Halogen, Alkali, Alkaline earth metal & Lanthanide
(¢) Halogen, Alkali, Alkaline earth metal & Actinide

(d) Transition element, Halogen, Alkali, Alkaline earth metal

@
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e

Sol. (¢) Actinoids (90 < 91 < 103)

10

18

p-block
e 36

54

d-block
86

118
g group @?
Alkali metals <'— ——) m 2" group (Alkaline Earth metal) m 17% group

m st period m 8™ period (Ha!ogen family) |
m 7% period |
6. The elements with atomic number 101 and 104 belong to, respectively- [4 Sept, 2020 (Shift- 1)]

(a) Actinoids and Group 4 (b) Group 12 and Group 4
(¢) Group 6 and Actinoids (d)Actinoids and Group &
. Sol. (a) [
7. The element with Z = 120 (not yet discovered) will be an/a [12 Jan, 2019 (Shift-2)] |
(@) Transition metal b) nner transition metal ‘
(¢) Alkaline earth metal (D) Alkeli we:a
Sol. (¢)

s fdentnfy the mcarrect match [NEET 2016]

“LUPAC OffciallNae

(A) Unmlumu m (0 | Mendelevium
(B) | Unniltrium (i) | Lawrencium
(©) | Unnilhexium (ifi) | Seaborgium
(D) | Unununium (iv) | Darmstadtium
(a) A-(1) (b) B-(ir) (¢) C-(iin) (d) D-(iv)

Sol (d) Ununumum [111] - Roentgemum

Metal JEETETS

O Metals comprises more than 78% of all known elements and appear on the left hand side of the

periodic table.
O Metals are usually solids at room temperature (except Hg, Ga).
O They have high melting and boiling points and are good conductors of heat and electricity.

Classification of Elements and Periodicity in Properties db
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N+e — N

Non-metals are located at the top right hand side of the periodic table. |
Non-metals are usually solids, liquids or gases at room temperature with low melting ang boil ;
"

points. They are poor conductors of heat and electricity. J
|

.....................................................
-

.
--------------------------------------------------- *

it has been found that some elements which lie at the border of metallic and nonmetallic behaw-or{
possess the properties that are characteristic of both metals and non-metals. These elements aye Callyy

semi-metals or metalloids.
Examples - As, Sb, Se, Te, Ge

8

Vo oma d GO
q\Aas Sab Se Tz Gc%ﬁ) B

@

)

- Alkaline Earth Metals (Group-2)

Alkali Metals (Group=1)"
General electronic configuration = [ine rt éasjll_;;_s :

‘qgr‘;e:ral electronic configuration = [Inert gas] ne

n=2 i, [Hejad | & ol '__7 " Be, :[He] 25

n=3 Nay, : [Ne] 351_ _ o j oy Mg,, :[Ne] 3s* 7

n=4 | Ky [ATAE T IO 1 vy [AY 48

n=s5  Rby, :[Kr]ss & —I f_ i ,,,5-,'33;’7[’(".-7_ s 7
h=6 | Csss :[Xe] st | L Bag sl e . .

When shells upto (n — 1) ave completely. filled and the last electron enters the s-orbital of the out;zr--n—nost(
(n™) shell, the elements of this¢lass are called s-block elements,. f
U Group 1 & 2 . |
O General electronicconfiguration : [inert gas] ns* =2 | |
O s-block elements lie.on the extreme left of the periodic table.

Q This block includesmetals.

Bs : [He] 2s® 2p* - . €, & [He] 2s® 2p* r
6’13 . [NC] 35% 37p1 - ) : ) Sl-!_4 7: [NB] 352 3?27 Ny - - j’
Gos, + [A] 6 3 4" ey, : AT45 38749
Ingg i [Kr] 58" 4d™ sp* | Sng, : [Kr] 5§* 4d*° sp* » !
| Tlyy & [Xe] 65* 4% 5d*° eop* | Phy, i [Xe] 6s? 4f** 5d*° op” B
_ Nhyyy i [RH] 78" 5P* 6d™ 7p* " Flyye : [Rn] 78 sF** 6d?® 7p?

" o
S Click Here To Join @StudyShelf For More Study Mateghg®isTRy §
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He: 15

N: [He] 25" 2p° - O:[He] 25 2pt F: [He] 28 2p° Ne: [He] 25* 2p*

P: [Nﬂ} 35" 3p° s: [Nc] 35 3p Cl: [Ne] 36 “ps |

Ar: [Ne] 3 > 3p

As: [Ar] 452 sd“’ 4p Se: [Ar] Asz 34°° 4p Br [Ar] 46* 34*° 4p5 Kr: [A;; z—f 34~ 4p

Sb'[KTJSS?"?dep Te:[Kr]S?M“’Sp ![Kr]5524d‘*05p5 Xe: [kr] 5E 447 sp*

Br‘[Xisi’ fF“ i‘{i cip’ Po: [X:] 65" 4F* sd ¢p* At [Xc] 65 4F* 5d° ep’ Rn: [Xe] ef 4F“ 547 ep®

thn shells upto (n — 1) are com !etel filled a oF the
nd diffi
n? orbit, elements of this class arapcallez p-block efev:wi\';csnhatmg L0 hil f"& P“Om‘u" o

Group 13 to 18

o

General electronic configuration: [inert gas] ns np®

p-block elements lie on the extreme right of the periodic table.

This block includes some metals, all non-metals aid metalloids
Representative Elements: s + p block elements except inert gas elements.

Sd-seﬁe_swr”lf-__ | La, 4f Series | Hf,, Ta | W | Re | Os

Ir | Pt | Au | Hg,,

Sl el e b L
LS Ac,, SfSeries Rf,,, Db | Sg | Bh <l Hs 1[ Mt | Ds | Rg
AEEEa | [ E 1 3

| El_eétrom’c Configuration

! ¥
3d series: [Ar] 4s 3d sd series: [Xe] 6s 5d : for La
[Xe] 6s 5d 4f**: from Hf - Hg

Y
6d series: [Rn] 7s 6d : for Ac

| 4d series: [Kr] 55 4d [Rn] 7s 6d SF* : from Rf - Cn

4

—
[a

13
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— @ a9t S For Electronic Configuration of 11 Elements —_
= n
Rahgir(iig) Kyu(Cu) Aage(Ag) Aau(Au) Pitayi(Pt) Croge(Cr), Nabab(Nb) Mout(Mo) Rukawat(Fu)
Rah(Rh) Padegi(Pd)
RﬁICHIAgIAuIPtJCrle'MolRuth, Pfh
e
| Se 1) o | v | Cr | Mn Fe Co Ni Cu | Zn |
45 3d* 45 3d%| 452 3d3| 45> 3d° | 45% 3d° | 45" 3d° | 45* 3d7| 45 3d° 45t 3d° 45" 3d*°
Y | zZr | Nb | Mo Te Ru | Rh pAN,| Ag | cd |
552 4d* 5 4d* 55t 4d*| 55 4d° 1{ 562 4d° | 55* 4d7 | 55* 4d® | 5° 4d*° | 55* 4d*° 55" 4d*°)
1 I I
La HF | Ta w Re | Os lr Pt Au Hg
6s® sd* 6 sd* 6s? sd? | 6s* sd* | 66 5d° | 6 5d°\6s* 5d” | 6s* 5d° |65 5d*°|6s” 547
4f** ' 4 | aft 44 4 44 4t | 4ft | 4t
Ac | RF | Db Sg Bh Hs Mt Ds , Rg w} cn |
78 6d* | 7% od*| 75* 6d®| 76* ed* | 75* 6d® | 7s* 6d® 75" od” | 75" 6d® | 7s ezi 75" 6d™|
) || ert | st | spt | sptad &Pt C| sPt | Pt | sPt | sPt

Q Group : 3 to 12
Q General electronic configuration ¢finert gas] ns” 2 (n-1)d*~°
When outermost (n®) and penultivaate shells (n—21)" shells are incompletely filled and diFFe_:rentiatr’ng
electron enters the (n — Z) d orbitals (d-orbital of penultimate shell) then elements of this class are
called d-block elements.

Q All the transition-elements.are/metals.

(except, Pd : 4d*°55°)

v sl el e [} =" 0 et

'O 3d series 'O 4d series
YR T L e,
.PE; ;tarts FFOW;;_J_SC - 504N _ D ] ?t_artisiﬁroyr\r 5,4.1 - _43_Cd e
o F;n'fll'ng o? e!ectu_fc;r:srtakiers hface i 5d éébshe({. f O Filling of electrons takes place in 4d subshfll.ﬂ v _Ji

6d series

5d sevies a
f Q 10 elements
a

10 elements

Starts from g,Ac , 5 ,,RF — 1, ,Uub.

es place in 5d subshg!(.f a F:’({:’r}g qF e!gcfr?m_ takes pfffce :in 7651775:,«_?_5;\{{1._ 3

a

D E o

Cl St:;rts from _,La, ,,Hf — ;,Hg.
g

Filling of electrons tak

LLIEMTSTRY. @
T v iv?y
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.........................................

Transition Metals

.
......................................

The elements whose atoms or simple lons contain partially filled d-orbitals are called transition metals.

1. Scis a transition metal because Sc has partially filled d-orbitals.

2. Zn is not a transition metal because Zn and Zn** both have filled d-orbitals.

| Zn  : [Ar] 4s* 34*°
n* : [Ar] 3d*°

3. Cu is a transition metal because Cu** has partially filled d-orbitals.

Cu :[Ar] 4s* 34*°
u?* : [Ar] 3d°

m 5 - "'-r-,-q v,—; v - ~ ‘\

Q Zn, Cd, Hg are not considered as transition e{ements because thcg have filled ‘d*° configuration’
in atomic (M) and ionic (M**) form.

Q All transition elements are d-block elements butmot all d-block elements are transition elements.
¢ Elements in Liquid State at STP - Hg (metalY\Br, (Non-metal) !
¢ Metals in Liquid State (at T < 40°C) - Rubi Mar. Gayi Fir se '

i
[} r:‘, Hg@Ga Fr Cs

w—“mmr—-—wm—-mmw "

The f-block consists of the two series, lanthanoids (the fourteen elements following lanthanum) and
actinoids (the fourteen.elements following actinium).

Lar\thamwls : C‘es3 Pri| Nd | Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu,,

Actmo:ds ‘? Thy, [Pa’| U | Np | Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No |Lr,,,

O They are metals
O All f-block elements belong to 3™ group.

2% nner Transition Series- Sf series

it e
= 14 elements - ssCe to 55 Lu i O 14 elements - o, Th to jo5Lr

| = F:ng oF e!ectrons takes place n 4F subshe!l 1 O Filling of electrons takes place in Sf subshell.

Transuranium Elements| Z > 92 §

O The elements coming after uranium are called transuranium elements.

Classification of Elements and Periodicity in Properties
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General electronic configuration : [Inert gas] ns* (n—-2)F ** (n-1)d°"*

O When n, (n-1) and (nt—2) shells are incompletely filled and last electron enters into f-orbitg|
anti-penultimate (n—2)" shell, elements of this class are called f-block elements. of

a They are also called as inner transition elewents as they contain three incomp!ete outermost Shellg
and were also veferved to as rare earth elements since their oxides were rare in earlier days.

4. The element Z = 114 has been discovered recently. It will belong to which of the following Fé;\ni"lg}’.
group and electronic configuration?

\

(a) Carbon family, [Rn]sF*6d*°7s*7p* (b) Oxygen family, [Rn]SF“éd”Bz?p“ [

(¢) Nitrogen family, [R“]5P46d107518}96 (d) Halogen family, [Ry\JSP4@d1°7f7P5 5

| Sol. (a)

10. Which of the following is representative group of elements in the periodic table? 'i
(a) Lanthanum (La) (b) Argon (Ar) 5

(¢) Chromium (Cr) (d) Aluminium (Al {

Sol. (d) ”

g e g e g = =

g B i e e it IR = g s S s N S

11. If Z is given (Z = 32, 57, 71, 87), then what will.be Period number, Group number, Block,
Family, Electronic Configuration?

Sol. Z=32 =257
= p-Block > d-Block :
— Group Number - 14 > Group Number - 3
- Period - 4 (Carboyr far~ili __» Period Number - & f
L > EC = [Ar] 45* 34’ #p* L > £7 7 [Xe] 657 S'al'1 :
2=t z=87 g:
> f-Block (Lanthanoids) > Alkali metal !
—> Group Number - 3 — s-Block g
> Period Number= 6 |, Group 1 [7™ Period]
> EC = [Xe]es® sd* 47 L EC = [Rn] 75"

e e s P B g s 7 s e PN e s S5 s s e g e s e o P e O i i

i S

If electronic configuration of an element is given and you have to find the position of element in
periodic table then add all electrons and find atomic number (For neutral element — Total no. of
electrons = atomic number).

Q Through atomic number, you can find the position of element.
. i

s

12. The IUPAC nomenclature of an element with electronic configuration [Rn]SF*6d*7s is : ',"
| [23 July, 2022 (Shift-1)]|

(a) Unnilbium (b) Unnilunium
(¢) Unnilquadium (d) Unniltrium
' Sol. (d) Total number of electrons = 86 +14 + 1 + 2 = 103 [IUPAC Name - Unniltrium]

6 PRI ITE S @
Q Click Here To Join @StudyShelf For More Study Materials m*ﬁRT 9
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35. A atom has electronic configuration 1725 2p 57 3p 377 gou wil place -
i (a) fifth group (b) fifteenth group (c) second group  (d) third group
| Sol. () Total number of electrons =2 + 2 + 6 +2 + 6 + 3 + 2 = 23

14. The characteristics of element X, Y and Z with atomic numbers, respectively, 33, 53 and 83 are:

[16 March, 2021 (Shift-2)]
(@) X and Y are metalloids and Z is a metal

(b) X is a metalloid, Y is a non-metal and Z is a metal
(¢) X, Y and Z are metals.

(d) X and Z are non-metals and Y ic metalloid

Sol. (b) Metalloid X — 33 [As] Non-metal Y - 53 [I] Metal Z - 83 [Bi]

15. Which among the following electronic configurations belong to main group elements? Jn

[NEET 2025]|
A. [Ne]ss® B. [Ar]3d>4s? C. [Kr]4d*ss’sp®
D. [Ar]3d*°4s* E. [Rn]sfPed*7s*
Choose the correct answer from the option given below: |
(a) B and E only (b) A and C only () Diand E only (d) A, C and D only

Sol. (b) Main group elements = Representative elements 'I
16. The number of d-electrons in Fe** (Z = 26) is not'equal to the number of electrons in which one |
of the following? [NEET 2015] |
(a) p-electrons in Cl (Z = 17) (b) d-electrons in Fe (Z = 26) ,
(c) p-electrons in Ne (Z = 10) (d)  s-electrons in Mg (Z = 12) :
Sol. () Number of d-electrons i\ Fem' — i [>1°] ‘
Number of d-electrons ... “e — @ 3d‘]
Number of s-electrons in Mg — & |1s*, 25~, 357]
Number of p-electrons in€l =11 [2p°, 3p°]
Nuwmber of p-electronsin Ne.— & [2p°]

Test
aﬁﬂﬂa of Nuc!eus p—0 Shfcfdfng COV\StaV\t - (" C.’C:':V'Cl‘\
. Screening constant
Atomic
number Slater's constant

O Number of inner shell electrons t = 0t =>Z gl

d nucleus.
O There is a reduction in nuclear charge due to presence of screen b/w test electron an

. . ctive
Screening/Shielding Effect: The phenomenon where inner electrons in ?n“a te;::n" eodru:ﬁi:&e” ?ttkt:aou:tzr
force of the nucleus on outer electrons. These inner electrons effectively "sc

electrons from the full nuclear charge.

, 1 [ti-electron
O Effective nuclear charge (Z,5): The net positive charge exp ?ﬂ'j'."“‘é b?n?:;: 'ffeiﬁ';,'\?, A
atom, which is less than the full nuclear charge due to shielding by

Classification of Elements and Periodicity in Properties
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Q Pe ' - e
enetration Power means the ability of an electron in an orbital to get close to the nucleus.

an
N

Y
:.n
e\
# \
+ \

.’b\’j : Closeness to the nucleus : s >p > d > f

W Penetration effect : s> p > d > f

+
C\ I J ” b\_;"{/ Screening effect/Shielding effect : s > p > |d > f
r l
S Orbital P = Poor Shl.efdl'hg

Due to spherical shape of s orbital, Contribution of subshell in shielding eonstant (o) :
ns>np > nd y pnf

it (S wore attracted towards nucleusf
(centre of sphere) than p orbital having
dumb bell shape. ‘

- ¢ S S

¥ s-orbital ¥ p-orbital

= g7} \ o =
Nucleus FRESEE / - —
: Test 2 >
electron B I

i i

17. The order of screening effect of electrons of s,.p, d and f orbitals of a giVen shell of an atom on its|
outer shell electrons is :

Sol. (d) Screening effect is not observed in 1 electron system.

i
(a) s>p>d>f (b)y f>d>p>s E
! (c) p>d>s>F (d) F>p>s>d }
| Sol. (a) '
| 18. Screening effect is not observed in : E
; (a) He' (b) L™ (c) Be>* (d) In all cases
l
|

....................................................................
.

-
-------------------------------------------------------------------

1.Z2pxZ z Z
-— — Clfeer
ZGFf = Z (e} 1 1 ‘FF V\e
A e *
¢ n, = Total number of electrons in atom

@
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O Variation in a Period: Lcft — Right = Z,; 1 [Generally it is valid in all s, p, d and f block]

N

eff : T L,. < BC ?

2
¢ -
¢ Same shell number (3 P —4—— ( 4p ——]—f0
¢ No. of protons 1 : z - :
175 2

efr 1 1

O Variation in a Group: When we move from top to bottom

1. Zeff = Constant [Generally valid in < and p blocks but not always]

BN
(2p)

o : For Example )
’ 3 29 3 4 Alyy %’ [Ne], 3™ 3p1 @ :
Zeff is constant as : _ o
no. of protont but 15“3; L-’; [Ac]4s8zd*° | 4p*
distance between

Due to poor shielding of 3d*°
electrons, shielding constant

nucleus and test
electront.

lv 7 decreases and Z, .t . (_\\
S Al <Ga iif/!

| 1

Atomic radius isfthe-average or typical distance from the center of an atom's nucleus to the outermost
shell.

Inter-nuclear Distance
2

Atomic Radius =

vander Waal Radius

¢ Covalent Bond ¢ Metallic bond | VW — Force of attraction
¢ Non metal — non metal (H) | ¢ Metal — metal (Na-Na) | ¢ Inert gas / molecules

| | (He, Ne, Ar) (H,, Cl,)
| .

., |

0B

H H | Na Na

Classification of Elements and Periodicity in Properties
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Q d, <d, <d, dy
Q resrmyéng | 2

e e

g
|

U Variation in a Period: Left - Right = Z,4 1 = Atomic Radius |

¥ iahn *

P iy Li>Be>B>C >N O > F : Atomic Radiys

vander
waal radii

O Variation in a Group:

|

; Top = Z,p = consant
;
: ¢ Due to addition of mew |
|| Bottom | gl = Atoinic'Radius 1 |
, i | .
4
5
6

Same Period Elements

| | e
|! O Left - Right : Atomic Radius | ! O Period Number t : Atomic Radius 1

< S <Al, <  Ca

01‘!3'5"f7'16'>N>FT ’lcl l r | :

n=2 n=3 n=23 n=3 n=+4

B<Cl<S <P <Br— Atomic Size

- Click Here To Join @StudyShelf For More Study MaterigB$eMISTRY ()
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. = |
Boron Family i | deat Family (D[D 1607
------------------------------- = \‘. Ll‘
B g 140
A §-
| Al T [Ne] 35* 3% 3 1201 . ‘
S e i
v N [
Gay = [Av] 4s* 4p* g 200f (
N ' 3 B i
In Due to Poor shielding of 3d orbital - . | \E N
R electrons, Z . is more in Ga w.r.t Al ‘ ‘\‘\‘0_5 !'
T{ . 60 1 1 L g ¢ 1 |
|\> Z,it ¢ Size| 2 4 & g 10 “
Atomic number (2) |

...........................................
......................

...............................................

300
H He |
AL A s 250 Cs i
Li Be Bells €F (oM. 05 g B SN k Rb
A A A A A A A A _g ;
. I Na |
Na Mg Al Si P S Cl Ar $ 150 i
A A Vv A A ~ ~ A Bl '
l‘ '
K Ca Ga Ge A Se Br kr 1 Frr l Br
A o) A A A A “~ ~ .'\ c
‘ sor F
Rb Sr In Sn Sb Te | Xe
A A A A A N A A | 1 1 1 ] |
. Cs Ba“: Tl Pb Bi Po At Rn

5d series Y
4d series
3d sevies

o
---------------------------------------------------------

There are two facters inorder to decide atomic
radius of an element.

Radius/nm

1. Nuclear charge [Nuclear charge® : sizel]

2. Interelectronic vepulsion (IER) [IERT : sizel]

[ S L L1112
—— S Ti V Cr Mn Fe Co Ni Cu Zn
—— Y Zr Nb Mo Tc Ru Rh Pd Ag cd

----- La Hf Ta W Re Os Ir Pt Au Hg

Elements

Size
Al e i v ]

Reason

Sc > Ti—»> V- Cr

Mn — Fe —» Co = Ni

Cu —» Zn

Decreases

Nearly constant

Slightly increases

Nuclear charge dominates
over IER

Nuclear charge = [ER

Classification of Elements and Periodicity in Properties

IER dominates over |
nuclear charge

Click Here To Join @StudyShelf For Morg
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. ' B P shielding of 4f ¢~ from n
U The decrease in atomic or ionic radii from Ce to Lu due to “'“Puf“t ” 9 “Clear

charge is known as lanthanoid contraction ' .

O Lanthanoid contraction is similar to that observed in an ordinary transition series and is Attributy
to the same cause, the imperfect shielding of one electron by another in the same su'bslae{{.

Q' The shielding of one 4f electron by another is less than one d electron by.anotb'\er fmtl« tLTe increqs,
in nuclear charge along the series. There is fairly regular decrease in the sizes with increasing atop;,

number.

v +3 ’
U Lanthanoid contraction is applicable on both metal (M) and metal ion (M) size orders.

Ce — Lu

ic Radius : Eu > Ce
Size decreases | Q Remember — Atom

------------------------
--------------------------------------------------------------------------------------------------

.
---------------
---------------------------------------------------------------------------------------------------------

s7ba |(s€e —( Lw)ag,HFY Ta W Re  Os lr Pt Au Hg
R Ve Framtereet o

T

those of corvesponding members of the 4d series.

|

fD Due to lanthanoid contraction, radii of the members of 5d series are found to be very similar to

! _ ; ! . -
U For d-block elements; the trend in atomic radii is: Vs series < Viad sories 2 Ko eirine
! .

| 29. The lanthanide contraction is responsible for the fact that :
(a) Zr and Y have about the same radius

(6) Zr and Nb have similar oxidation state
(¢) Zr and HFf have about the same radius.
J (d) Zr and Zn have same oxidation state.

| Sol. (c)
‘ 20. Which of the following has similar atomic radius with respect to Ag :
(a) La (b) Zn (¢) Au (d) Rf

| Sol. (¢)

A ——————————

é‘ Click Here To Join @ StudyShelf For More Study Mateygjals.. .., J@
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éAm'an = ) vely charged ion
i :

!O e - 0 ity P
8 8 2
z —_ == c——
eff T 8 ze}'f o q Zcff x 10
Z,: : Be < Be' < Be** Zg :0>0 > 0*"
Size : Be > Be* > Be?* sfff-o>0 >g:
1ze : <0 < >
: Mother atom > Cation y

: Mother atom< Anion

'y Mg,)Mg")Mgz’:Size ¢ I<I :Size

Q Species having same n NS [ i

p g umber of elect cis &> Ky i as isoelectronis species.
: 4= a3— 2= = -

O Allions— C™7, N°7, O*7, F, va’. Mc ™) \P*

a e ioelectv ns t

eceise they all have 10 electrons.

Number of

Electrons : (6 +4) (7+3) (8+2) (9+1) (11-12) (12-2) (13-3)
Number of A\ T T w e R —

Protons : 6 y 8 q 11 12 Mt
T BT

eff e ‘ | — < _L < i < i < E’_ < E 13

10 10 10 10 10 10 10

Size = 5 N>~ > 0% F~ > Na* > Mg** % AP

Q si*7, P*7, $77, CI7, K*, Ca**, Sc® | isoelectronic because they all have 18 electrons. |
|Sizel> SI*™> P>~ > S*7> CI™ > K* > Ca®* > Sc**

)
Classification of Elements and Periodicity in Properties é
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Q' H,S, HCl, Ar, SH™ - Isoelectronic with 18 electrons
O NH,, NH,, CH,, H,0,0H",NH,, NH, -+ isoelectronic with 10 electrons
QO CoZ~, NO;, BOZ™ -+ Isoelectronic with 32 electrons
Q siof, Po,*", 5027, Clo; -+ Isoelectronic with 50O electrons
a INie ’ - oL.T7*~ | Fe(CO),(NO),] — lIsoelectronic with
[T'( 0).] [Co(CO),] [Fe(CO).] [ -(T)‘z—‘f\*z 84 electrons
28 + 4 (6+8) 27+4(6+8)+1 206+4(6+8)+2 26+2(6+8)+2(7+8)
84 84 84 84
G ‘ —
Find the order of ionic radius? Sl LS
Qa = 5 o > K* > Ca* :Size f,--’"d h“a-_. L
[16+2] [17+1] [19-1] [20-2] : Numberlof ¥* L
electrons ;’ a @ »S%7 > ClI™ > K" > Ca** : Size’
a Te*~ > 1T :Size > <
S2+2 53+1] : Number of electroins % . S
[ _ 1T ] ., vander Waal radii =
Period Number — 2 Peviod Niumbor — = T woa
¢ VL T M SN
o o < N7 < 5 ¢ 27 :Sive Mam e
Q K">Na® > Li": Size [K.> Na > Li* Size]

O F <cCl"<Br < I :Siz¢& I>Br>Cl>F: Size]
|0 0%~ < 5%~ < Se* < T il

mi.m’ S I 7 4 5 3el HgERs AR e e A R R FrSgaar

The smallest anionyis F~_and not H™ (ionic radius 208 pm). The radius order of anions is F- < C(‘<j
Br < H™ < I". The exception in the size of H™ is because this is the only anion with z/e ratio = O.5.

i -

21. Which of the following order is incorrect for size :

e ——

, (a) Al > Ga (b) Te*~ > 17 > ¢s* > Ba?* (e) Cr’t < cret (d) Pd = Pt
Sol. (¢) .’-‘
22. The ionic radii (in A) of N>~, 0*~ and F~ are respectively : !
(a) 1.36, 1.40 and 1.71 (b) 1.36, 1.40 and 1.71 }”
(¢) 1.71, 1.40 and 1.36 (d) 1.71, 1.36 and 1.40

Sol. () N*>~ > O*~ > F ™ : size

- cHEmtsTry @
elf For More Study Materials | s
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»23 lanfc radii of A (HT JEE 'J:qéé’ ‘
Rl (B)FSsClEe=iels (c) K'>clt (d) P>*> P ')
, Sol. (d)
i 24. AW\O"g V(CO)‘" c'(co)s: Cu(CO)B, M'\(CO)s, Fe(CO)s, [CO(CO)JB‘, [CY’(CO)J4-, and ""(CO)B, tke

total number of species isoelectronic with Ni(CO), is (JEE Adv. 2024)

[Given, atomic number: V = 23, ¢f = 24, Mn = 25, Fe = 26, Co = 27, Ni = 28, Cu = 24, Ir = 77]
Sol. [1] Total number of electron in Ni(CO),

, = 84

! Species Total electron Species Total electron
V(CO), 107 Fe(CO). 6
Cr(CO). 4 [Co(CO),1*~ 72
Cu(CO), 71 [cnCO),1*" 84
Mn(CO). 95 In(CO), 119

e,

25. The element expected to form larges??bri toacklevethe:;arestm;oble gas configuration is:
(@) Na b o (S @ N [NEET 2023]
Sol. (d) N°~ > O*7 > F~ > Na" : ionic size [All ions have noble gas configuration (Ne)]
26. Which one of the following represents alliisoélectronic species?
(a) Na’, CI”, 07, NO* (b) N,0, N,O,, NO*, NO
(¢) Na*, Mg**, 0™, F~ ) T, o K

[NEET 2023- Manipur]

Sol. (d)

27. From the following pairs of ions, which one is not an isoelectronic pair? [NEET 2021]
(a) Na*, Mg** (b) Mn**", e (c) Fe**, Mn** (d) O, F

Sol. (¢)

28. The species Ar, K*~and Ca®* contain the same number of electrons. In which order do their radii
increase? [NEET 2015]
(@) Ca® < Ar <K' Wi(b) Ca* < K'< Ar (c) K'<Ar<Ca* (d) Ar<K < Ca*

Sol. (b)

249. Be*" is isoelectronic with which of the following ions? [NEET 2014]
(a) Li* (b) Na* () Mg* (d) H

Sol. (a)

30. Identify the wrong statement in the following: [NEET 2012 Pre]

. . nd
(a) Atomic radius of the elements decreases as one moves across from left to right in the 2
period of the periodic table

(b) Amongst isoelectronic species, smaller the positive charge on the cation, smaller is the ionic

radius
() Amongst isoelectronic species, greater the negative charge on the anion, larger is the ionic
radius .
(d) Atomic radius of the elements increases as one moves down the first group of the per fodic
table.
Sol. (b)
\e
cl —

et R Prete T PFoP @ STUAYShalf For More Study Materials
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| 31. lonic radii are:
(a) Inversely proportional to square of effective nuclear charge

(b) Directly proportional to effective nuclear charge

(¢) Directly proportional to square of effective nuclear charge |

(d) Inversely proportional to effective nuclear charge
. Sol. (d) ,
- 32. The ions 077, F~, Na*, Mg®* and AP* are isoelectronic. Their ionic radii show: [NEET 2003]|
| (a) A significant increase from 0*~ to Al** »

(b) A significant decrease from 0>~ to Al**

() An increase from O*~ to F~ and then decrease from Na® to AL’

; (d) A decrease from O*~ to F~ and then increase from Na” to AlP*

- Sol. (b) N

All electrons are paired

——

* Paramagnetic
A =D | Have one or more unpaired electrons o,

At e g e ) . Repelled by an external magnetic
i Magnetic Behavior  ENadglazZ =0 external magnetic field feld

—_— !

B Has a net t:vTégnetic moment No net magnetic moment
Fe>* Mn?*, NO He, Ne, Zn"", Mg

¥ J
23 elecvurs 15eectois

| Entities having odd number of electrons
are always paramagnetic.

Minimum energy requiredito remove an electron from an isolated gaseous atom is known as ionisation
energy (IE).

Min. Energy i -
A(g) _ A( R

Successive IE : ‘ ;
Removal of 1% electron  Removal of 2™ electron

l 4 =4
Zeff . B < B+ IE IE
IE: B<B . ——s

IE, of B<IE, of B

ety oo S : —-e + -e 2+
70 IE, of B=IE, of B' ™, sB S . G

IE, of B = IE, of B>
= IE, of B~ S 5 5

B 5

SN CHEMISTRY @
_J Click Here Tg Join @StudyShelf For More Study Materials
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[,'J— Za[f' Left — Right Z,t:IEY
e .Li<  Be:lE

LI ¢ B<«C:IE ® O“F:IE
! Size 1 : IE | Py oy e ——
Li Bottom Metallic Character | M -~ M" + ¢~
v ¢ Ten?(f:ncy of an element to lose electrons and Form
i positive ions or cations.
. ¢ IE | : Metallic character 4
¢ Metallic character : o RbB> K > Na > Li
K As we move from S
v top to bottom 2 R
Rb
v
Cs

Y

3 | Electronic Configuration

Half filled / Fully filled subshell — Stable due to high exchange energy.

’ : i~ P~ — Removal of electron is tough so high IE.

g 3 «zpj { e AT Nero ]

In the oxygem atom, two of the four

| —

- Removal of electron fromdnalf filled subshell is tough {2p electrons wust occupy the same

| T2 p > S 2p-orbital, resulting in an increased

[ s =t e’ - e repulsion. So, it is easier to remove

’ i P the fourth 2p electron from oxygen

[E : As 2 Se than it is to remove one of the three
4p> 4p* 2p -electrons from nitrogen. '

lonisation Energy,

Q Grbup—gl_ ‘ Group-2 L
i Na Mg }
| [Ne] 35" [Ne] 353 L
; [E, : group T < group 2 '
4 IE lE . >

% |t 1 = IE, : group 1 > group 2

| Na'=18 28 (2p° Mg® = [Ne] (3s*

, 5

| [E, Removal of l'Ez Removal of electron

i ' electron from 2" from 3" shell is easy

| Na** shell is tough. Mg**

—

Classification of Elements and Periodicity in Properties
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Q N 0 : \
25 (2p°)— Half filled 25 2P BN e
_ I_e- E,:N < O
=F IE :N' ¢ o
N' o
26 2p° 2 @ Half filled
Q c¢r Mn g
[Ar] 4s* 34° [Ar] 45> 3d°
—e | —-e” ] 4
Cr;. [Ai/‘j 36{5 Mn+ = [AV'] 36(5 3 {Ez 2 Cry My:j
For 2" (E, removal of e~ From For 2" (E, removal of électron l
3" shell is tough. from 4™ shell (s easd. i
oy Al o e e : ———

4 Penetration Effect

Y Sy -

O Pencetration Effect for different subshell: s > p2d>f g

e R VE—

¢ Be > B:IE The penetration of a 2s -electron -

28 titie nules is mroc than that of a 2p electron; =

§ hzee heip zict-on ¢’ B is more shielded from the }
nucleus by the inner core of electrons than the 2s -

electrons of Be. p—r

Removal of ei from 2p subshell
IS\ easy'with respect to 2s (Be).
¢ Mg > Al IE

¢ Ca > QGa:|E

| 33. The correct order of décreasing second iohr"sation enthalpg of Ti (22), V (23), Cr (24) and Mn (25) i

(@) Cr> Mn >V >Ti (b) V>Mn>cCr>Ti
, (¢) Mhn>Cr>TisSV (d) Ti>V>Cr>Mn
' Sol. (a)

- 34. Assertion: The first ionization energy of Be is greater than that of B.
Reason: 2p orbital is lower in energy than 2s.
(a) Both Assertion and Reason are true and Reason is the correct explanation of Assertion.
(b) Both Assertion and Reason are true but Reason is not correct explanation of Assertion.
(¢) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

Sol. (¢)
35. Four successive members of the first row transition elements are listed below with their atomic
numbers. Which one of them is expected to have the highest third ionisation enthalpy? ‘ '
(a) Vanadium (Z = 23) (6) Chromium (Z = 24)
(¢) lron (Z = 26) (d) Manganese (Z = 25) '

|
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rd
Sol. (d) Mn [4513451_;1 M [4513015]%}’ ﬁj!M;\Z'lvlgtdosFuisL«:{{!efst:g:gg,o:2,
\ ] IE, will be highest among all.

36. The set representing the correct order of first jonisation potential is:

‘ (@) K> Na>Li (b) Be > Mg > Ca () B>C>N (d) Ge>Si>C

| Sol. (b)

- 37. Reason of lanthanoid contraction is:

(a) Negligible screening effect of f orbitals

(c) Decreasing nuclear charge
! Sol. (a)

(b) Increasing nuclear charge
(d) Decreasing screening effect

1

O lonisation Energy: ns* < ns® > np* < n

L_»due to

penetmtxon effect

pz < np3 ? np4 < nps < np"
due to
stable electronic conﬁgumtlon (np”]
1
ns” < np <y\.$2 '<np <t np <V\P3 '<np <np

= & 2 1

25 2s* 2p 2p* 2p° P :
. p 2p 2p® 2p°
¢ L
B , ¢ @ o F Ne
|Li<B<Be<C<0<N<F<Ne:@

¢ Na @ Al N eri S cl Ar

fNa(A’(Mg(Si(S(P}(Cf(Ar-Ti

¢ K Ca TR Y. Y- AT £
Q “« A (e As e Br Kr

| }
K< Ga< Ca<Ge<Se<As<Br<KerlE|

............................

Q B>TI>Ga>Al>In:

_L(laa = 549 eV and

Aly; © [Ne] 358 3p* e = S

Gasy :  [Ar] 45* |3d%°| 4p™
\
Vv

poor shielding of 3d electrons .
ng :  [Kr] 55 4d*° sp* _}
A B Al Ga In Tl Elements
| Tyt [Xe] 68% |4 | 5d*° ¢p*
| ; ¢ (IEq, —IEy=1t) < (IEq - (E,=1)
| oor shielding of 4f electrons | "k
e L] —t Wil § “.-._—p’— it g e ’ AlE(Ga Af) < A(E(T’ | )
Classification of Elements and Periodicity in Properties &
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B T L T A T TR

---------------------

i\ S Block : | .
--------------- . He
v
i st s e AR e e SEES R F N
Lt Be : Highest LE. : He | B f ":I f o ve
: ' v
% VN : | :
Na Mg oo LOW“HEQS" | Al Si P S cl Ar
| :' ---------------- . . : i v v v v
Y % | Due to poor shielding of =] 5 v
K Ca 10 d electrons in Ga | Ga | Ge As Se Br K
v OB G- v v \ Y ¥ v
I Rb Sr ! Due to poor shielding of | n SA“ B 7;‘3 I Xe
v v i 14 F electrons in T & Pb | A v.
Cs L i J Tl [ Pb Bi Po
‘l Size !—», 4d series = 5d series
[ 4d | T ,= LoZr « Nb Mo JC Ru Rh Pd Ag cd
I | 51Y | u A u u Q u u ] i
S P (oo ) P QTa \WTRe 0s I Pt Au Hil
. | =z
Free from the effect of
Lanthanoid contraction CEETC) 0, ' = .
J ‘enisatior. Lnergy | ! 4d series < 5d series |
PR E Py S ) N6 Mo T R« Rh Pd Ag
1 ' sqv ! A ./\ A A A A A A A
| sat [ d5La] (uce Ny Y HE Ja W Re  Os I PE Au  Hg

The first ionisation enékgy of sd elements is higher than that of 4d elements due to a greater Z,; acting
on the outer valence electrons, combined with weak shielding by the 4f electrons.

How to find ne. of Nalence Shell Electrons?
O Removal of electron from valence shell is easy and from inner shell is tough. So there is a large
difference in energies requived to remove those electrons.

O No. of valence electrons = No. of n™ ionisation energy just before SUDDEN JUMP
Removal of inner shell

¥ e is Tough
Removal of outer shell
~Ye~ is Easy

A -~ A+ -~ A2+ = A3+ —e” A4+

|5.1] 47.2| | 71.6 [ag.a|
B ~Sudden, e En |
1

Jump
No. of valence electron = 1 [large difference b/w IE; & IE,] l

Element. |~ IE, | [E, | 'IE;
I sag | 18.22 | 284454dc 11494 | eyl 3
“ E | — Jump |
| — . ey ey = j— |
| Y | 1120 | 2038 | 4744 | 7741%55%392.07 | 4 |
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O If the difference in ionisation ene
oxidation state is stable.
For Na, A (IE,

rgy A (IE, — IE,) is greater than 16 eV atom™, then the (+1)

= IE;) = 41 eV atom™ = Na* is more stable.

O If value of A(IE, — IE,) is less than 11 eV atom™

then the (+2) oxidation state is stable.
For Mg, value of A (IE, — IE,) ~ 7 eV atom >

= Mg?* is more stable.

2500 He |
%
2000 |~ | O The periodicity of the graph is
T quite striking.
g 1500 J £r @ O You will find maxivaa at the noble
< 3 r gases which have closed electron
S Xe shells and very stable electron
| 51000 configurations.
/ Qf Minima ~occur at the alkali
ST metals and their low ionization
K Rb c/ enthalpies can be correlated with
o ' ; i \ Y : their high reactivity.
o 10 20 30 40 50 60
Atomic number (Z)
2500 |- 550
| .\Ll
| 72000 ‘,*soc}\l\a
° )
g g
3 1500 | 3 4sof
t N
I I
< Sy Rb
1000 - 400} K Ce
5'000 L 350 | 1 1 1 1 1
_ O 10 20 30 40 S50 6O
Atomic number (Z2)

Atomic number (Z)

38. Consider the following ionisation enfha(pies of two elements ‘A’ and ‘B! Which of the following |
statements is correct? [8 April, 2017 (Shift-I)] |

Element |\ | llonization enthalpy (kJ/maol)
15t o ‘
A 899 1757 14847
B 737 1450 7731

(a) Both 'A' and 'B' belong to group-1 where 'B' comes below ‘A’

(b) Both ‘A’ and ‘B’ belong to group-2 where 'A' comes below 'B'

: (¢) Both ‘A’ and 'B' belong to group-2 where 'B' comes below ‘A’

l (d) Both ‘A" and 'B' belong to group-1 where 'A' comes below ‘B’ o

15"" (¢) Both ‘A’ and 'B' belong to group-2. On moving down the group, the lomsatfc'm'energy decreases. |
Since first ionisation energy of B is lower than that of A, 'B' comes below ‘A" ,

e ——

T r——
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ED) Which i . tallic character of the given elepg, ..
of the following represents the correct order of me [24 Jan, 2023 (Sk?'?tt”i
-

(a) S|'<86<Mg<K(b) Be < Si < Mg < K (c) K(Mg(BE(S,’ (d) BB<SI<K<MQ~J‘£

Sol. (a)
40. Outermost electronic configurations of four element A, B, C, D are glven below: -
(1) 3¢ (2) 3s”3p* (3) 35°3p°> (4) 35°3p !
‘ [27 July, 2022 (Shifs_, |

h

The correct order of first ionization enthalpy for them is
(@) (1) < (2) < (3) < (4) by (2) < (1)< (4) <(3)
(€) (2) < (4) < (1) < (3) (d) (2) <(2)<(3)<(#H

Sol. (b) IE - Al < Mg <S <P (4) 35°3p* > s

(3) 35%3p> > P

(1) 362 > Mg (2) 3573p” = Al
41. Statement-I: The decrease in first ionization enthalpy from B to Al is wuch larger than that F"Omj
Al to Ga. [29 Jan, 2023 (Ski&~,0]5
|

Statement-Il: The d orbitals in Ga are completely filled.
(a) Statement-I is incorrect but Statement-Il is correct

(b) Both the Statements | and Il are covvect
(¢) Statement-I is correct but Statement-Il (s iincorrect

(d) Both the Statements | and Il are incorrect

Sol. (b) B
| 42. Match List-1 with List-Il. [26 Feb, 2021 (Shift-f]

s el s

P SN TR

! . |1¢ 2 :

f (V8. [2s% 25 2Pt . | 844 |

|| c [1 28 2p° m. |1314 |

| | D [22222p7 V. | 1402

fl Choose the most appropriate’answer from the options given below:

| (a) (A)=(in), (B)(Hh), (€)-(1V), (D)~(1) (b) (A=), (B)=(li), (C)=(IV), (D)~(lD) i
(€) (A)=(N), (B)-(Iv), (C)~(111), (D)~(1) (d) (A)-(Iv), (B)=(D), (€)=(1D), (D)~(lIT)

' Sol. (a) N >0 > Bew B
43. The Fiv_e_1successive ionization enthalpies of an element are 800, 2427, 3658, 25024 and 32824
kJ mol™. The number of valence electrons in the element is: [3 Sept, 2020 (Shift-Il)]

| (a) 4 (b) 2 (¢) 5 (d) 3
' Sol. (d) Due to large difference in 3% and 4" jonisation energies, the number of valence electrons|

s 3.

4. If first :’onizatior;_enthalpies of elements X and Y are 419 kJ mol~* and 590 kJ mol™*, respectively
and second ionization enthalpies of X and Y are 3069 kJ mol™ and 1145 kJ mol™>, respectively.

Then correct statement is: [NEET 2022 Re]|
(a) Both X and Y are alkaline earth wmetals.

(b) X is an alkali metal and Y is an alkaline earth metal.
(¢) X is an alkaline earth metal and Y is an alkali metal.

(d) Both X and Y are alkali metals.

Sol. (b) X «11(/7)(, 069 >X2* Y sqo;Y» 1145 Y2+ [IE1 XY, l52 X > Y_{
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- 45. Amongst the elements with following electronic configurations, which one of them may have the

highest ionisation energy? [NEET 2004]
l (:) [Ne] 35°3p* (b) [Ar] 3d'°4s4p®  (¢) [Ne] 3s?3p*  (d) [Ne] 35°3p°
| Sol. (d)

46. With which of the following electronic configuration, an atom has the lowest ionisation enthalpy?
[NEET 2007]
(@ 1725207 (0) 1222 2p% 5 (o) 128 apt (d) 15 25 2p°

¢ Fuu > Frep. : Release of Energy

KD, o

+ Energy
4 Fat < Frp 2 Absorption of Energy

....................................
~

-~
.................................. @

Tendency of an isolated gaseous a = to 1dc an el ety on
is known as electron affinity.

(o )

= More —ve A, H = more electron affinity
O Less —ve A, H = less electron affinity

Q Electron affinity is measured.in terms of EGE (aH,,).
+e~
¢ H—e— H™ A H =/~ 73 KJ/mol
S €4 Electron affinity : H > Li
Li —— Li AggH = — 60 KI/mol

Q Formation of multiple gve anion: Overall energy change during formation of multiple eve anion is

always @ve.
1. Qs O AH, = — 141 KJ/mol (Exo)
= e -
q\/m. o* AH, = + 844 KJ/wmol (Endo)

02, 0>~ AH, + 8H, = + 703 KJ/wol (Endo)

e~
2 N— N3 AH,, = @ve (Endo)
3 p 3e” =_
——P AH,, = ®ve (Endo)
Classification of Elements and Periodicity in Properties ‘&
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L{ thf LC& - Right : de T : EA T 03 < FLE{\(.
To - |l Size 1 ——————T ) |
2 )Size | | lp [EA: Cl>Br> ’ Afwl
' | Bottom | EA e
3 | Electronic Configuration
. ’ AH = @ve.
O Generally for stable electronic configuration (half filled and fully f_'”ed) =
e N~ A H=ove 'y Ne . Ne A‘gH = bve
o (252N2P3) ? s 2
|4 ) Penetration Effect J _ N -
= Li >

Addition of electron in s-orbital is wore
favorable than p-orbital because s-orbital is
near to the nucleus and upcoming electron

(2_51) (252 ZPI)

Lo%e™y | i (25?) hose . g (25 2p%)
Al

get more attraction by nucleus. < :
: K> Ga a X
- EA: Rb > In (35") (35" 3p")
:Cs > Tl
Important Points
OISR g = 5 (EXO)
O Generally For neutral atom : AgH,= (-)ve : e A
He —  — He (Endo)
Ne 25 i Nes (Endo)
6— -
QO But For (Be, Mg, N) (Inert Gas) : AegH =(+)ve N ~ N (Endo)
Be Ll NBe= (Endo)
Mg Mg~ (Endo)
=
¢t——C (Exo)
‘ons : A, H = (-)ve X
Q For all cations : 4,, e e

i A
O For all anions : A,H = (+)ve o —T_—b o (Endo)
N-——» N*  (Endo)

an electron to a negatively charged ion is more difficult because it requires energy to overco

Anaing ¢ negative charge on atom and electron. This makes the second electron §°

the repulsion between th .
enthalpy positive (endothermic). (
\
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AH%] may be +ve/ —ve. 2" EGE [AH%] is always @ ve.

a j.'d EGE [
_ - r ;
Vo 0T Sy ve | ® 0Ty g,
5 - = e T
¢ N____t__—»N AHcgl—ch ¢ N — N* AHCQ © ve
DEA:‘NMBMN < B SLISICISOKIE
AegH = Bve ACQH e
A H = ©ve A, H = ©ve
DEA:FA"'<M9 <| Al<Na<P<Si<S<(l
O EA: alkali metals > alkaline earth metals
o nst 5 n o ns® — il npt
o Fully-filled electronic configuration e Fully-filled electionic configuration
is achieved is\disturbed
o A H is (<)ve o A _Huc (+)ve

T T — - | o, S i i el Siiisit e cai

e 7 : r—uw  TE—————

a F ——— > F A Hi= — 328 KJ/W\OIl
282 2P5 2 2p6 eV A e ,
~ S PR et T EA=CI>F
o a__¢ {4 (A H = — 349 KI/mol | |
3523p5 3523,9" o e—p——

- Add"'“ﬂ an electron to the 2p-orbital ( F) leads to greater repulsion than
adding an electron to the larger 3p-orbital (Cl). Hence electron gain
enthalpy of the Cl is more negative than F.

98BI AP N O (Period 2)

/s A A

A A

_—

i
| | |

é :
AlSi: Pl ol e Peviod) =) |
S |
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Group 16

K -48 | Se -195  Br -325 | Kr +9¢

Rb -47  Te ~190 | | 295 Xe +77

Cs Py -46 | Po -174 | Atﬁ L. —210; fzn,-,,,_._,, +éee
Q Order of (=)ve electron gain enthapy: H > Li > Na> K 7WRbACs

L= approx. same value

Q Order of (-)ve electron gain enthalpy: S > Se > Te Po > (O

cl > F > Br> 1h),> At

Q Order of (+)ve electron gain enthalpy:  Ne > Ar = Kk > Xe > Rn > He

Noble gases have (+)ve electron gain enthalpy as they have
completely filledvorbitals of valence shell.

— : = - - —— - — S ——— e
= — o - - - i Y — 2 ———
§

? ! 1 L2 & _v » > 'n,
Q €l has most (—)ve AH,, ana Ne nas mos (F)b e id,, avicng a.l elz:nents.
P 7Y b 7N : P

O Oxygen has wmin. EGE in family.| EA:S > Se > Te > Po> O 7

— |

Q Halogen family has max. EGEtin pem’o‘dic table.
O Any element from G-17 has higher EGE wrt other element in periodic table.| E

‘\ _— £ Aa - R

™ T

| 47. Find the order of electron affinity in Fo"owing: ‘
(a) CI,Br, S, 0 (b) O0,S, Se, | (¢) Li,B (d) F,Cl,O0, N (e) P, S,ClLF

Sol.(a)Cl > Br > S > O:AH,, (more negative) or electron affinity
byr > s > Se> 0
(¢) Li > B
> F > O > N

(eycl > F » s > P

48. In which of the following pairs, electron gain enthalpies of constituent elements are nearly the same/

l
(@
|
,i
[28 July, 2022 (ShiFt—i)]_;

or identical?

1. Rband Cs 2. Na and K 3. Arand Kr 4. land At’
Choose the correct answer from the options given below :
(a) 1 and 2 only (b) 2 and 3 only (c) Tand 3only (d) 3 and 4 only
|

Sol. (¢) E

CHEMISTRY ?
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44. Inert gases have positive electron gain enthalpy. Its correct order is :  [24 Jan, 2023 (Shift-1)]

(d) & L Kr < Na < He (b) He < Ne < Kr < Xe
(c) He < Xe<Kr<Ne (d) He < Ky ¢ Xe < Ne
Sol. (¢)
50. The first electron gai .
is : gain enthalpy (AH,,) of oxygen is —141 kJ/mol, its second electron gain enthalpy

(a) Almost the same as that of the first
(b) a more negative value than the first
(¢) wnegative, but (ess negative than the first
(d) a positive value
Sol. (d)

51. The formation of the oxide in o0*"

shown below - requives first an exothermic nd then an endothermic step as

0O —— 0" AH, = -141 kJ / mol
0" —— 0*” AH, = +844 kJ / wol
This is because:

(a) Oxygewn is wore electronegative
(b) Oxygen has high electron affinity.
(¢) O ion will tend to resist the addition of.another electron.

‘ (d) O ion has comparativels \arge ~si et a v o, ‘ygev aiovn.
| Sol. (¢)

- 52. For electron gain enthalpies of the elemients denoted as AggH, the incorrect option is:
[1 Feb, 2023 (Shife-1n)]
(a) A, gH(CI) < &, gH(F) (b) A H(Se) < A, H(S)
| () A H(l) < AZH(AY) (d) A, H(Te) < 4, ,H(Po)
- Sol. (b) A H (S) isimore (=)ve value than A H (Se).
 §3. The process that.is NOT endothermic in nature is: [4 Sept, 2020 (Shift-II)]
| (@) Hg+e” > H, ] (b) 07y +e” > 0",
(c) Na — Na @+ e (d) Arg +e = Arrg,
Sol. (a)
54. ldent:f'y the least stable ion amongst the Followmg
(a) Li~ (b) Be~ (c) B~ (d) €

Sol. (b) Be™ ion is formed by absorption of energy, so they have high energy — means least stable.

<o

C
lassufacq‘rlon of Elements and Pemodu:lfv in Properties
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e ! : ~ IE of Na v
lE ~ ‘ ‘
O ‘
EGE - g .

f\j(i _— > ,.lﬂ + € :
T T e -51eV .

[E of A = | EGE of A% ] r -
= SO v ~ EGE of Na*
OrderoFlE:F>Cl* S P PPN Y.

| Order of EA: F* > CI' ——&— SRR
P ; ‘ = IE‘OF F~ o
—_— ke W= F+e
¢ 4 l EAof F EA=Clyp
IE A~ w = -
0 A"—<__o_—_—’__A+6' [ [E of A” = [AH of A ' f IE of CI~ _ IE=cr3g
AH,, of A - ’ o NEFIE—=Cl+¢
' EA of Cl

- 2  ———————

If energy is released when an electron is added to.an atom, the electron affinity is taken as positiys,
contrary to thermodynamic convention. If energy hastobe supplied to add an electron to an atom,
then the electron affinity of the atom is assigned.a negative sign. However, g!gctron affinity is defined
as absolute zero and, therefore at any other temperature (T) heat capacities of the reactants and

the products have to be taken into a:coiint ‘n @y H = -A -5/2 RT. )

55.1In which of the Fgl?owmgoptnons,ti\:arder of "aul:mngement does not agree with the variation of
property indicated against it? [NEET 2016-]]
(a) Li< Na <K < Rb (increasing metallic radius)
(b) AlP* < Mg* < Nah<'F (increasing ionic size)
(c) B < C < N*< O\(increasing first ionization enthalpy) :

i

!

(d) | < Br < F&Cl (increasing electron gain enthalpy)

Sol. (¢)

$6. The formation. of the oxide ion,
then an endothermic step as shown below: |

O (g) + e » 0™ (9); AH° = —141 kJ mol ™

0 (g) +e - 0* (9); AH’ = +780 kJ mol™* |
Thus, process of formation of 0 in gas phase is unfavourable even though 0>~ is isoelectronic with |
neon. It is due to the fact that, [NEET 2015 Re]l
(a) O~ ion has comparatively smaller size than oxygen atom [
(b) Oxygen is more electronegative |
(c) Addition of electron in oxygen results in larger size of the ion

(d) Electron repulsion outweighs the stability gained by achieving noble gas configuration

0?~ (g) from oxygen atom requires first an exothermic step and|

Sol. (d)

57. Which one of the following arrangements represents the correct order of electron gain enthafP_EI
(with negative sign) of the given atomic species? [NEET 2003
(a) Cl<F<S<O (b) O<S<F<cl (c) S<O<Cl<F (d) F<cCl<0O<sS

Sol. (b)

: : CHEMISTRY @
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3« - | 58 What is the value of electron gain enthalpy of Na' if IE, of Na = 5.1 eV? [NEET 2011 Mains]
i 5 (a) +2.55 ev (b) +10.2 ev (¢) -5.1eVv (d)y -10.2 eV

S ' Sol. (¢)

3

O Tendency of an ato = . . ;
Y om to attract shay 64 pair of electrons in a covalent bond is known as electronegativity.

S . -
=N =8 : partial Gve charge -5 v ' ——
2 AL _p ZLH:A>B:>EN:A>BI‘
e ——————— '
:hi J = 1:en l(zeﬁ)A > (Zo)a Left — Right = EN 1
3 (EN), > (EN), B<C <N<O< F:EN|
(@ sizet:ENy l(s,'ze)A < (Size), -
Top — Size i Z{
\ v
Bottom |- EN | ri'"
=L
Graph of Electronegativity T .
Trends for Group 13 and T \ VAl
| Group 14 Elements ENIQ in
| e ek
e X . L Gesm
EN:C>Pb>Si=Ge=Sn
o [ R
Pauling Scale Mulliken Scale Allred Rochow Scale

RY] 21 .f
......... oy
w 2 fas ‘2' 2.5‘ et 35 | !4%
as(2s) 2| | . Be ! B c | N o | F o
HP (2.1) | | |
ey, a” | OA jit2et sl 1.8 i_' 2.1 | 2.5 !_’ 3
] Nagi—=-pMgRl - BAl "B' Eiirrg - pyglit iy 262
g: Br
| 2.5
l
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O Most electronegative element : F
O Second most electronegative element : O
Q It s based on an empirical relation between energy of a bond

Lh - Xg = 0.208 \[& keal mol™ A=Esp— Esa*Fps

A = Extra bond Energy i
= Actual bond Energy (A — B) — Caleulated bond energy for 2007 covalent bond (A — B)

Xa — Xg = 0.208 JEA—B - \/EA—A - Ep_p

Yo = X = 02018 kJ wol™

and electronegativity.

t:wty ity values of the elements is ;

e

. 59. The correct optnc;;w;ﬂ\‘ ?e;};ect to the Pauling electronega o
(a) Te > Se (b) Ga < Ge (c) Si<Al (d4)
Sol. (b) > ; 1

...................

lowisation energy of an elewent in eV/atom.

Fr L L.E. ——

% Am = LEAEA (eV/asomi EAL_ wElectron affinity of an element in eV/atom

M 2 E .

| ) @, — - Electron goti vy of an element on Mulliken scale
‘ : A A

il m=281p | : N — Electronegativity of an element on Pauling scale
{

SHIP

e SR T e

JAL RELATION

O Some elements of certain groups of second period resemble much in properties with the element
third period, whith are diagonally related in properties.
O Diagonal relationship arises because of similar size of atom and ions.

For Example: Atomic size : Li=Mg ,  lonic size = Li" > Mg**

; . . Approx.
Period 2 — Li | Be B c L i
(Size 1) ] \ze
Period 3 -  Na Mg Al Si & v
(Size )

S —— i S U - — - —

"60. The set of elements that differ in mutual relatnonshup from those of the other sets s :
[17 March, 2021 (S}\:'ff'

(a) Li —Mg (b) B -Si (c) Be - Al (d) Li - Na
Sol. (d) -
0 Chck Here To J oin @StudyShelf For Moreaady Materials ]
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| 61. Match List-1 with List-1|

b ; List=1l

”

(Properties in their. respective éraups) :

(Elements)

! A lcl s ith hi
| . | Elements with highest electronegativity
}l B. |Ge, As l. | Elements with largest atomic size
C. |Fr, Ra 1
3 | lll. | Elements which show properties of both metal and non metal
| D.|F, 0 ith hi
:'\ IV. | Elements with highest negative electron gain enthalpy
.‘, C‘h)oose the correct answer from the options given below: [08 April, 2024 (Shift-1)]
_ (a) A-ll, B-ll, C-1V, D1
: , (b) A-lll, B-1l, C-1, DAV
(¢) A-IV, B-lll, C-Il, D~ d v,
’ A"‘”, B"_, - 3 E
i -y (d) C-IVG.D-lil
62 Arrange the following elements in increasing order of e!ec_trone;tivitg: - [NEET 2024]
| N,O,F C, Si |
Choose the correct answer from the options given below:
(@) OKF<N<C<SI (b) F<«Ox N«<C<si |
| () Si<C<N<O<F (d) Si<C<O<N<F

A\\':

The oxidation state of an atom in dimaoleéule orin an ion is the charge the atom would have if the electron
in each bond were located ongtlie wore eleétronegative atom.

Rule:

y j(Li — () l(Be — Ra) lZn P42
TN Rl \Group 1 : +1 Group 2: +2 |Al, Sc, Ga : +3
2. H:+1

S ' 0: -2 ! Q Elements in rule —1 ALWAYS show fix oxidation
: : ‘ state in all molecules.

Q Elements in rules 2, 3, 4, and S generally show

the listed oxidation state but can also exhibit

4. N: -3

ES:BCL B, =1 Q Priority of rule: 1 >2>3>4> 5

|

e I variable oxidation states in different compounds.
|
|

NH;

X'=s -3 X+ 3(-2)=-1 ‘ X+ 4(+1) = +1
L theax=+5 | thenx=-3

H,so,

I (+*1)+x=0 2(+1) + X+ 4(-2) =0 | 2(+1) +X = O . 2(+1)+2x=0
ESthenix=~1 . |, then x = +6 ! . thenx=-2 | thenx= -1
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r 2NaOH — Na,CO *H

Na.O +2HC! —2NaCi+ H;0 Acidic Oxides: Co,

| Basic Oxides: ; i i) o el
' Basic  Aci a ol
Oxide x| Oxide e
- 7. - -~ | % v ) O
L] Oxides: Cco / ‘2
. Amphoteric Oxides: Neutral Carbon Mitrous  Nitrig
—2HE o ZnC!z + H,0 monoxide oxide oxide
Zn0 — Excess
| e Zn(OH), ™ ;ﬁcﬂzﬂ(%m b il s o
1A Amphoteric Oxides
--------------------------------------- Te(+4)
Cr(+3) V(+5)
O Ag(+3) Sb(+3)
Aas Sab Car Vento ';ebra 2
Al
Sn Be _
- G Be Aaaliya Pub Gayi
Zaan

| Amphater:c but
'predommantly acidie

_____________________________

GETESOEE ERIY  e = e
i TeO
Example — /;5?203 Sb,0, - E'ijl R s litiecs 2
LI e ks e AT R _,____w____j_,, :
ZnO BeO Al O Ga,05 SnO Snu, Pvo PbO Wi PO 0]
Bas:c Oxides
------------------------- d +3.

O Most common dxidation states for metals are +1, +2 an
O Generally oxide of metals are basic in nature but some oxides are amphoteric and acidic also.

¢+6/+7

V1742743 1

Basic Oxides Amphoteric oxides Acidic Oxides
+2 +1 +2 +4. +4 +4 + +7
Ca0 L0  MgO Tio, MwnO, ZrO, cro, Mn,0,

+3 +2 +2

V,0, Cro MnO

.............................

..........
..................

O Generally non-metal oxides ave acidic except some neutral oxide [CO, NO, N,0O].
0O Metalloid oxides are acidic except those which are considered already in amphoteric.

<25 Click Here To Join @StudyShelf For More Study MaterialgHEMIST

ry @
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Non-metal Oxide Metalloid Oxide

P S—
Acidic Neutral As O As,0, (+3): Amphoteric
B0 co sb As,0; (+5) : Acidic
co, ~ No Se O Sb,0, (+3): Amphoteric
N,O. N,O Te Sb,0, (+5): Acidic '
O TeO, (+4) : Amphoteric
P.O< Ge i
Fisd Q Teo, (+6) : Acidic
cl,o, el

Acidic Nature of Oxides

O In an oxide, as oxidation state of element increases, acidic nature of oxides increases

+1 +2 +3 4 +5
. ‘2
¢ Li,0 < BeO < B,0, < CO, < N,O, ¢ Coc< c?)
2
+1 +2 +3 +4 +5 +6 +7 +4 +6
¢ Na,0 <MgO < Al,0; < Si0, < P,0, < SO, < clyag ¢ S0, <so,
+1 +2 +3 +4 +5

® N,0 <NO < N,0, < NO, < N,0,

= S S ,_,,'“_-::T",_v~—-——j—ﬁ——-——u~~—-—_h_.‘..__=.___,.____
m A W, el e T e — e ————— i,

' M—O—H like compound will act as'acid 5}.@5 base can be predicted very easily.
| a. Acts as a base when Q Cs—O—H is a base because
M—O—H = M" + OHT Yo—Xge = 3.5 — 0.7 = 2.8
I Xo—Xm I > | Xo—XH l Xo~ Xy =35 —21 =14
' b. Acts as an acjd when Q Cl—O—H is an acid because
| M—O—H<=MOT +/H’ Xo—Xg = 3.5 — 3.1 = 0.34
| o=t | > | xSstaer] Xo—Xy=35-21=14
e\t"‘f Sy = - = - - - — v" _" = ” 'A e = == “-"’)
BasicOciles ic | Acidic " Amphoteric - Araphoteric
: xf ¢ | . hydroxic - | hydroxide | - oxide hydroxide
Na,O NaOH sio, Si(OH), Al,0, | Al(OH),
[ |
MgO Mg(OH), B,O, B(OH), ‘ Zno : Zn(OH),
MnO Mn(OH), | N0, | HNOy | BeO | Be(OH),
l
Cuo cu(OH), | co, | H,co, } PbO | PB(OH),
Classification of Elements and Periodicity in Properties é

Cli i t {
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| 63. Three elements X, Y and Z are in the 3rd Pe"i‘od of the perioda'é table. The oxides of X, Y“:\J
respectively, are basic, amphoteric and acidic. The correct order of the atomic numbers op, 2,

and Z is: [2 Sept, 2020 (3;.,&"”?';
(@) X<Z<Y (b) Z<Y<x (6) X<Y<Z (L) TR - y
Sol. (¢) Atomic number — X (basic oxide) < Y (amphoteric oxide) < Z (acidic oxide) |

- - Ty

B4 The 'Covrect Seduenes alzie belsid cootatuig | al, acidic, basic and amphoteric oxide ,,
vespectively. s;:quence given below containing neutral [NEET 2023- Mar.,‘;ﬁ:;i
(a) NO, Zno, CO,, Ca0O (b) ZnO, NO, Ca0, CO, &
(6) NO, CO,, ZnO, Ca0 (d) NO, CO,, €a0, ZnO ‘!
| Sol. (d) |
o . )

@ Lothar Meyer Classification @ Modern Periodic Table
Periodic Table

‘ *9 Dobereiner’s Traids
;\ \:1-’-\ Newland's Law of Octaves @ Mendeleev’s
o= . : — —

- o e g

.......................................

~+opain mass of A

A, B, C M. =R , . = aioinic mass of B E
53 SpE T ] < - | M, = atomic mass of;Camit

»
|

o
<
"

i

r properties in groups of three (Triad) in such a way

bereiner arranged certain elements with simila '
chat the . early the same the average atomic masses of the first

that the atomic mass of the middle element was n
and the third elements:

Atomic weight' . ‘Element = | Atomic weight

Be 8 [sin 52 P 31 |H 1-;— Sc : x

Mg — 24 !Se—:—?q As — 75 lF_>1qE Y__>H=x;z
|

Ca 40 f're 127+ Sb 120 | Cl  35.5— Lalk: iz

...............................
----------------------

O When elements are arranged in order of increasing atomic masses, every gt element has ropcrlff!S
similar to the first. Newlands called it law of octaves because similar relationship exists in the musicd

notes also.

é? CHEMISTRY @
| Click Here To Join @StudyShelf For More Study Materials
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Lothar Meyer Classification

......................................
................

O He calculated the atomic volumes b

O He plotted a graph between atomi
elements.

Q Elements with similar properties occupied similar positions on the curve

Q Atomic volumes (a physical property) '
of the elements are the peviodic
functions of their atomic masses.

Yy dividing at'owu'c masses with their densities in solid states.
¢ masses against their respective atovatesvoltimes for a number of

O Alkali metals (Li, Na, K, Rb, Cs) having _ &
larger atowmic volumes occupied the Rb \ f
crests. Na K By | e |

Q Alkaline earth metals (Be, Mg, Ca, Sr, Li cl Ca \ Sr ‘

Ba) occupied the positions at about
the mid points of the descending
portions of the curve.

O The halogens (F, Cl, Br, I) orcugied
the ascending portions of the curve
before the inert gases.

Q Transitions elements occupied the
troughs.

At waic: rolume
Y
X
-4
&
o<
e o

- . ’
i | cransition metals| |

Atomic weight ——

..................................................
S

Characteristic ‘'of ‘Mendeleev's Periodic Table:

() It is based on atomic weight.

(i) 63 elements were known, noble gases were not discovered.

(iir) He was the first scientist to classify the elements in a systematic manner (in horizontal rows and
in vertical columns). ,

(V) Horizontal rows are called periods and there were 7 periods in Mendeleev’s Periodic table.
(V) Vertical columns are called groups and there were 8 groups in Mendeleev’s Periodic table.

(vi) E{“Cl" group upto Viith is divided into A & B subgroups. ‘A’ sub group element are called normal
element and ‘B’ sub groups elements are called transition elements. NS

) . ol NI
(vii) The Vilith group was consist of a elements in three rows A2 !
(Transition metals group). Ru Rh Pd ‘

(vii ; hit civad ;
) The elements belonging to same group exhibit similar properties. Os I th

CI e pe .
assification of Elements and Periodicity in Properties é
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Groups ol: Elements

He \Li Be B C ‘
= ' ; 149.0
4.0 7.03 9.1 11.0 12.0 14.04  16.00
' j P S cl
Ne |Na Mg Al St | |
1 9.9 235 24.3 270 2844 SI33.0 32.06] - | 3545
I R e . #"‘ 1 Vv iCr Mn Fe Co Ni {
Ar K Ca Sc i , ! a“
2 1 1.4 [52.1 55.0 559 54 54 4
4.1 48.1 51.
38 13q 1 40.1 4 | | |
| ' 1 Br
| Cu Zn Ga| Ge AS| g i |
x | 70.0| 72.3 75| 74 ; |
{ 63.6 654 , . . iy |
[EE——— = i i‘Mo Ru Rh P4 |
| Y Zr Nb _ [i‘
K Rb Sr | [ ' ‘
s;. 8 iss.4 87.6 29.0 90.6 q94.0 96.0 101.7 1030 1p4¢ l
‘ | |
| | (|
‘ Sb | Te
Ag | cd In Sw | |
7 ; 107_3 112.4 114.05 114,0 120.0 1276 12649 | |
e e | ‘_ | -
Xe Cs Ba La \Ce N i >
PPy 1329 1374 139 140 |
f Y, (= = S S5 W N |
W - Yb Ta v/ los Ir pt
(- - : = 191 193 1943
et e 3 ? 173 185 184 |
. | |
% 1a72 ( 2000| W2041| 2064 | 208 B

(oF
Hfgher aaseaus Hgdro_qen Compounds
IR~ SR, RH - st

Merits of Mendeleev Periodic Table:

simplified and systematized the study of elements and their compounds.

a It has o
O It has helped in predicting the discovery of new elements on the basis of the blank spaces gven™
periodic table. i

O Mendeleev predicted the properties of those missing elements from the known properties 0

elements in the same group.

st

: Eka—a(umim'um - Ga I

Eka-s;hcan - Ge | 2
QU
O Later, it was Found that properties predicted by Mendeleev for these elements and thost
experimentally were almost similar. @
RY
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Demerits in Mendeleev's Periodic Table:

O Position of hydrogen is uncertain. It has been placed in IA and VIIA groups because of its resevablance
with both the groups.

Q No separate positions were given to isotopes.
O Anowmalous positions of lanthanides and actinides in periodic table.

O Order of increasing atomic weights is not strictly followed.
Te (127.6) is placed before | (126.9)

O Similar elements were placed in different groups (Cu in IB and Hg in 11B) and similarly the

elements with different properties were placed in same groups (alkali waetals in IA and coinage
metals in [B).

...............................................

O Henry Moseley observed regularities in the
characteristic X-ray spectra of the elements.

A plot of W (where v is frequency of X-rays
emitted) against atomic number (Z) gave a
straight line and not the plot of Vv vs atomic ‘EE 2
mass. 8 g é?

N <3
¢ Wz D| |

Jv = a(Z - b)(a, b: constant) i
JFrequency

65. It is observed that characteristic X-ray spectra of elements show regularity. When frequency to the
power ‘n’ i.e. V¥ of X=rays emitted is plotted against atomic number 'Z', following graph is obtained.
[24 Jan, 2023 (Shift-1)]

A

Y

Z
The value of 'n' is

| (a) 2 (b) 2 (c) 1/2 (d) 3
Sol. (¢)

66. Henry Moseley studied characteristic X-ray spectra of elements. The graph which represents his
observation correctly is: :
(Given: v = frequency of X-ray emitted; Z = atomic number) [8 April, 2023 (Shfft“")]l

Classification of Elements and Periodicity in Properties &
Clic re To Join @Stud elf For t Materi
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( />
d) V£ (b) \j:
—_— >
v2
(¢) () v
—_—
- Z

Sol. (b) Vv « z

©7. In the graph between Vv and Z for the Moseley's equation,

. A the intercept OX is —1
What will be in Frequency when atomic number (Z) is 517 P on Vv Qg

v
4s°
e %
(a) 50 Hz (b) 170 Hz 2 146d (d) Nowe
Sol. () :
Jv = a(z-b) Slope (m) =a'=tan 45° =1 |a=1&b=1 v=(50)2=250?{.
v=az—ab N W = a (z-b) |
y=mx+c —1.b=-1 \/__1(—-1
thea'b = 1 =1 (z-1)
=51 —-1=50 a1

e e g i e e e b g S —— g e e iee e VO -
e N I e N O N e e M sy s s e e e e s g

68. The increasing order of atomic radii of the following Group 13 elements is:  (JEE Adv. 2016)"

(a) Al < Ga<In<Tl () Ga<Al<In<Tl

(¢) Al<In< Ga< Tl (d) Al<Ga<Tl<In
Sol. (b) :
69. The option(s) with only amphoteric oxides is (are) | (JEE Adv. 2020)

(a) NO, B,05, PbO, SnO, (b) Cr,0,, CrO, SnO, PbO \

(c) Cr,0,, BeO, SO, Sno, (d) Zno, ALO,, PbO, PbO, |

Sol. (¢) and (d)

Click Here .To Join @ StudyShelf For More Stud3; Méterials
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70. Which of the following ;tatérﬁents are true? ' - [NEET 2025]

—s i

A. Unlike Ga that has a very high melting point, Cs has a very low melting point.

B. On Pt:“’l"‘\g scale, the electronegativity values of N and C! are not the same.

C. Ar, K", Cl, Ca® and S*" aye all isoelectronic species.

D. The correct order of the first ionization enthalpies of Na, Mg, Al, and Si is Si > Al > Mg > Na.
E. The atomic radius of Cs |s greater than that of Li and Rb.

Choose the correct answer from the options given below:

(@) A, B, and E only (b) C and E only
(¢) € and D only (d) A,C,and E only
Sol. (b)

[NEET 2020]

Neutral

| Acidic
v) | Amphoteric

e amtn w0

Which of the following is correct option?
(A (B () (D)

(a) (iV) (M (iv) fin

(b) (iiiy  (iv) O] (ii)

(c) (iv) (iir) (i7) O] t

@ O @ ) |

Sol. (a)
| 72. Which of the following oxide is amphoteric in nature? [NEET 2020-Covid] |
(a) sio, by Geo, (c) co, d) sno, }‘-,
Sol. (d) E

=

rties

yShelf For More Study Materials

Classification of Elements and iodi

Click Here To Joi

n @Stud

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.


https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

Chemical Bonding angd

Molecular Structure

R e e o e e et

-~ . - = _—— .

Kossel-Lewis approach to chemical bond formation, the concept offignic and cova{ey_\;é;;‘ést-.‘
lonic Bonding: Formation of ionic bonds, factors affectingmgtheyforimation of ionie ey '.
caleulation of lattice enthalpy. :

Covalent Bonding: Concept of electronegativity, Eajars, rulg,dipole moment, Valence Skef[:
Electron Pair Repulsion (VSEPR ) theory and shapesiof simple molecules,

Quantum mechanical approach to covalent!bonding:Walence bond theory- its important
features, the concept of hybridization involvings, p and d orbitals, resonance. |
Molecular Orbital Theory: Its important featuresgk@AOs, types of molecular orbitals ( bonding,
antibonding), sigma and pi-bonds, MReletularierbital electronic configurations of homonuclear
diatomic molecules, the concept of beRdhorderbond length and bond energy.

Elementary idea of metal ic bon Un fh 1c == erft on i g a1 d 'ts applications.

' {  WHAT IS BOND? '} | Bond

T T S o e e e e i 8 e
~

L

7 =
[
W

. Strong Bond Weak Bond
8 Bond = Force df attraction
vy (= 200 kJ/mole) (4-20 kJ/mole)
J The attractive force®which holds various (Inter-atomic) (Inter-molecular)
constituents (atoms, ions, etc.) together |
v
in differe ' es | :
nt chewmical species is called a (a) Covalént Bond (a) Hydrogen Bond
themical bond. (b) Coordinate Bond by vander Waal force
: , (¢) lonic Bond of attrartion
d Bond Formation — Exothermic Process i;! {) Metallic Bond ;

------
...................................................

Reason for Bond Formation

»

e
-------------------------

S Tendency to gain stability
g Tendency to acquire minimum energy

J Tendency to attain Inert gas configuration

Click Here To Join @ StudyShelf For More Study Materials
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Va !ence Electror\

Lewis Symbol Li -Be- B e N- ok F Me
Lewis Symbol of Cl — :cy: Lewis Symbol of P —» P
Lewis Symbol of S — s Lewis Symbol of Xe — :3:

Atoms can combine e:tker by transfer of electron from one atom toranother atom or by sharing of
clectrons in order to have an octet in their valence shell,

™ lonic bond
A { = Ng :..2:.: eB

Na : 1s* 25 2p° 3> F F

............. * 2 val nt bond

.............

F:1s* 2% 2p°

_____________ After bonding F attain 8 electrons in its valence
Cl™: 15* 25% 2p®i 35> 3p° | =St of 8 electrons [Octet]  shell.

.............

lonic Bond: The bond formed, as a result of the Covalent Bond: When two atoms share one
electrostatic attraction between the positive and electron pair they are said to be joined by a

negative ions was termed.as electrovalent bond. single covalent bond.
. He—H 1. Non-bonding Electrons [RIBE]
2. Lone Pair [LP]
NBE = Zero 3. Bond Pair [BP]
2. LP = Zero
3. BP=1
0—:0. ONE==INO
. =2
1. NBE=2 o LP
3 Lp e 2. BP=3
3. BP=2 3. NBE=4
Chemical Bonding and Molecular Structure é
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Central Atom
¥

v \

Less in number Least electronegative Tendency to form maximum number of bond
§

8¢ ge”  ge

2e” 8e” 2e”

H atoms attain a duplet of

electrons and O attain the octet IF two atowms share two pairs

Each of the four.Clatoms along of electrons, the covalent
0% with the C atom attains octet
N bond between thewa s called q
H H of electrons
double bond.
:Cl:
|
= < & ~ 2
=" | CE
Dy i .C.l s R
NH, = T
iy N,
= \\
H H B
H H‘/ \H
— H A
I We add 16 "2
H o to boron atom <
I We remove 1¢” from H/ \\H LZ, to get B™. S
N nitrogen atom to get H LaAnS™
H/ \\'H N*, So N* has 4" in
H valence shell.
N
@
P .
NF, IR /‘S\e\
H F E E

e Note = E—

F & H can never act as central atom.

\,

E ~ Click Here To Join @ StudyShelf For More Study Mater1a£sH
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. o:
OO\‘O 5 Oi“\e - T
0:
Ho) ! o: N O=—=N—0
: e =i,
O o
N— OH
7 e , ~ i
@QO/ alN\[eF] O—N+ 0"—N__A H
L
A
o o A
i ‘F—S=N
0= ol 5] i SNE %
0 o~ i

...............................................

1. It applies mainly to 2" perio ! z.2me 1ts.
O 2" Period elements [B, C, N, ©,.F1= s + p subshell in valence shell
— maximum no. of electrons = 2 + 6 = 8
2. Expanded or Super or Hypevalent Octet: Elements in and beyond the 3™ period of periodic table
have d orbitals forbonding.
O 3" Period elewsents [Al, Si, P, S, Cl] — s + p + d subshell in valence shell

= maximum no. of electrons =2 + 6 + 10 = 18

:'|F°: N :'IF': By

.. P o b _aFe

T p N g
| >F Tl
IF: (F:

O In a number of compounds of these elements there are more than eight valence electrons around the
central atom. This is termed as the expanded octet.

f j i
5—5—0b oA o=cl=0 adpid
- I o | FoN O
0 o._ 0=
Chemical Bonding and Molecular Structure é
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5 0
I ey I lc‘)
o0, o=cl=0 H,ro, I
HO 0
o o H
IO S
: . 5 l | I
clor,; PN POCl, P pscl, P
o7 | CI/CI‘{\CI c!/l, cl
c

3. Incomplete Octet: In some compounds, the number of electrons surrounding the central atom i5 fos.
33

than eight.
cl

o H
BE0H e ]
M c” S

Nl Ne==0
IN—O0: ()
LS
' A &
Total no. of electrons in Total no. of electrons in Total no. of electrons in
NO =7 + 8 = 15 (odd) NO,.= 7+ 8 x 2 = 23 (0dd) Clo, =17 + 8 x 2 = 33 (0dd)

5. Octet rule is based upon the chemical inertness of noble gases.

Some noble gases«(for example xenon and i
krypton) also/ combine with oxygen and Fe
fluorine to form a number of compounds like
XeF,, KrF,, XeOF, etc.

1. The number of molecules or ions from the following, which do not have odd number of electrons|
are ’ 249 Jan, 2023 (Shift-I)]|

(a) NO, (b) IicI] (¢) BrF, (d) clo, (e) NO: () NoO
Sol. [3] ICI,, BrF, and NO, do not have odd number of e~
2. Number of molecules from the following which are exceptions to octet rule is ____.

[08 April, 2024 (Shift-I]

1

|

|

'J

; €O,, NO,, H, SO, BF,, CH,, SiF,, ClO,, PCl,, BeF,, C,H,, CHCl,, CBr,
! Sol. [6] NO,, H,S0,, BF,, ClO,, PCI,, BeF, "‘

™

S CHEMISTRY 0
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mOltCufe? ( 37399 (Chift Ni
BCl, and SF (b) NO [29 July, 2022 (Shilt-1)
(a) BCly ¢ ) and H,S0, (¢) SF, and H,50, (d) BCl, and NO

| sol. (b) )
BCl, — electron deficient molécule

SF, - expanded octet molecule

NO — odd electron containing molecule
H,S0, - expanded octet molecule

4, Amongst the Followmg. the total nurv:be;bf Spéc:'es NOT ;having eight electrons around central

atom in its outer most shell, is: NH,, Alc’s' BeCl,, ccl,, PCl, [NEET 2023]
(a) 2 () 3 (c) 2 (d) 4 |
sol. (b) AlCl, BeCl,, PCI,
5. Which of the following species contains equal number of ¢ and tébonds? [NEET 2015 Re]
(a) (CN), (b) (CH),(CN), (¢) Hco,~ (d) XeO,
Sol. (d)
6. Which one of the following molecules contains no n bond? [NEET 2013]
(a) SO, (b) NO, (c) co, (d) H,0

Difference between the number of valence electrons of that atom in free state and the number of
electrons assigned to that atom i the .ew's sieuu e

V = Total number of valence ele trcas i th > € ee ~*-m | Fczv-N-g
N = Number of non-bonding electrons - FC
. 0 a | zero
B = Number of bonding eléctrons 1 s ol i
a c |
AT
104 ok
FC on "a" FC on "b" FC on "c"
V=06 V=6 V=6
6 = - =6-6- ;,__ -
N=4:}‘FC=6—4—§=0 N=2:""FC=6‘2‘E‘*J‘ N=6 »FC=¢ > 1
B=4 B=¢6 B=2
o =5
o e
H—o-dN="a \0 C=0: sx=-1
c Y X Y Ty=tt
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Formal charge on
Oxygen

Formal charge
on Nitrogen

Formal charge on
Boron

QO The structure of least energy (most stable) is usually the one with minimal formal charge and wmog
distributed real charge.

1 zero -1
co, ze{o ze*ro ze{o 4‘- zero -1
0=C=0 d=¢It 17
Neutral molecule b Molecule With:'—> Stability {l—) This structure is
(No charge) iesmbahtyf formal charge not acceptable.
NE N=NQ@—=N N=N=—=N
B = -1 +1 -1 -
o0 +1 -2 More distributed clr\arge} More stability

Less distributed charge > Less stability

€‘='C—€ < €=€=€:Stabr'h'ty

-1 zero -3 -2 zero —2

K X axis
4 Q p orbital (2 lobes)
QO Directional nature

O s orbital (1 lobe) Q PPy Ps
O Non-directional nature

Px

a +or —sign

Click Here To Join @StudyShelf For More Study Materials
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P 5T B S AT

Electron
density of b

> partial merging (overlap)

OQ—*@ HABEE K/l N4 — Nucleus of a N, — Nucleus of b
-------- ey \ e, — Electron

: N Electron
(1), (35 H, wolecule ‘> Bond Energy e, =¥ el of o density of b

Force of attraction: (i) (e™), — (N Forece of repulsion: g?) g: )a)a——(fle)b )

(i) (e”) = (N),

A A
Potential Bond length
Energy A
eVe T et .
{74 P Internuclear distance (r) =
P i
eVe
FRep ’ Fattr ; Fatt ® Frep
Bond - .
Energy |
T e PR ESEEEE
kJ/wmol @
R
r
Fatt = FﬂP

the hydrogen molecule
1 ed between two hydrogen atoms,
D U 56 reizasari ke g farsh e The energy so veleased is called as bond enthalpy.

is more stable than that of isolated hydrogen atoms.

Chepmi .
zﬁic[g ﬁere To Join @StudyShelf For More Study Material
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O VBT is an Orbital Overlap Concept.

H, molecule A
kﬁ L_) - LD 1 4“ s
atomic |atomic molecular H Y
orbital |orbital orbital atom ¥ atom
Y . .
1 Nucleus  wore than X
1 nucleus
H, molecule

Q oOrbitals which are undergoing overlapping must have one electronwith opposite spin for formatig,
oF covalent bond.

Pos:t:ve Overlap Negat:veaverlap fip b 3 Ze'fob;féﬂap
Same phase (sign) Overlap Opposite sign Overlap i« No Overlap between 2
o B3 orbitals
ii. Both positive & negative
overlap
| positive overlap
negative
overlap 2
Sl S
&
gy  x
99
A \ z
PS'( 'Px
No,overlap

.............................

Over!appmg along the molecular axis/Head on overlapping

—FM-» —0-{"",—» — —O-gP- 2

cbond (1:1 overlap)

i. s—s overlapping _‘—b _0" o _es_’

o bond (1:1 overlap)

ii. s—p overlapping —F*O-* _°"* T —C"Q—*Z

o bond (1:1)

<bss  Click Here To Join @StudyShelf For More Study Material SHEMISTRY 9
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ii. pP overlapping ~rc = ““' - — 'r ‘0‘ D>z

2
Pz 2p, a bond (1:1)

g Extent of overlapping { - Strength of bond }
gxtent of overlapping : 2s — 25 < 25 — 2p <2p - 2p
strengf“: 25-25 < 25-2p < 2p-2p

...........
.........
-

...........
.........

o i P @ 4 Z
qu U Py v @
strength : o bond > mbond nbond (2:2 overlap)

(i) pr—pn bond (i) pn—dn bond (i) dn—d= bond

X X

s e

= ATR 52 KK

08, N[ W5 oo
Px Px 2p, . 3d,, 3d,,

Xz

Q Extent of overlapping | : (A, ¥ n,) ¥

Extent of overlapping : 2p-2p > 2p = 3d > 3d - 3d
n+n, i (2+2)<(2+ 3)<(3+ 3)

Strength of n bond :2p<2p > 2p=3d > 3d-3d

....................................

() When ny + n, is same: 2s—25 < 25-2p < 2p-2p : o bond strength
(hy+n)>  (2+2) (2+2) (2+2)
(i) When n, + n, is different:
1s -1s> 2s - 25 > 35-35 : o bond strength
(hy+n)> (2+2) (2+2) (3+3)
2p —2p > 2p-3d : n bond strength

(h+ ) (2+2) (2 +3) 6
2p — 3p < 2p — 3d :n bond strength
2Px

(hy+n)s (2+3)  (2+3)

Better over{appmg in 2p-3d w.rt 2p-3p

hemical Bonding and Molecular Structure ‘
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23 dgz_yz_ ahd d et

Q Overlapping of 2 d,a_,2 or 2 d,, orbitals gives a 5 bond, whein z axis is internuclear axis.

d;“*--..‘—» z (o bond = 1 : 1 overlap)

> 2 (2:2 = ngond)
overlap

: X
RS e

S+ s =g bond m

e Pt o= o bond (I x

o b e Py * Py = m bond ]
S + Px =0 bond \)L/\_-/ 1’4 }. X
pP. + p, = © bond =
s+ p, = No bond /\@
}’ ~ X Q  Overlapping of orbitals when x axis is
$ + Pz = No bond \-’@ internuclear axis. ,

—— cuemrsRy &
| o Click Here To Join @StudyShelf For More Study Materials §1 -
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VV
HF Molecule
/"/’/
H- +Fr —=H—F:
‘s & B
15(U ....... ““ Hll l“} ond ( (1S)H - (ZP)F)
2p 2s

F, Molecule
P

m ......... —>F-—F
(2p)e (ZP)F > o bond

i i e e o g ey e——
S —

S R g

o s g g

7. Draw the type of overlaps between given orbitals,
(a) s and dzz

(c) sand dyz

Z (s mternuc!ear axis.
(b)_s and d,(z_yz

(d) ppand dz

(b) y

N T S

S - B i S S S S S G S S g -

—— el

8. The intermolecular potentml energy for the molecules A, B, Cand D given below suggest that-

[4 Sept, 2020 (Shift-1)] |

Interatomic distance (pm)
olse. 11003y 150
-100 |— ”

Potential —igg s \\{f 7
Ener: - T e,
(kJ Mgly_1) —4oof it \JTA-D
—soolATA L A-C

-600 A-B

(a) A — A has the largest bond enthalpy (b) A — D has the shortest bond length
(¢) D is more electronegative than other atoms (d) A — B has the stiffest bond.

| Sol. (d) Lower the potential energy, stronger will be the bond. A — B has lowest potential energy which
3 means it has stronger bond.

e ————— T

1
1
1
1

C i .
hemical Bonding and Molecular Structure é
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9. The potentml enerqgy (y) curve for H, formation as a function of mtemuc!ear d.mm; (’) o{ -
H atoms is shown below. ] ,

VSEPR THEORY
VALENCE SHELL ELECTRON PAIR REPULSION THEORY

N e

.......................

QO The shape of a molecule depends upon the number of valence shell electron pairs [bordsd -,
non -bonded] around the central atom:

O The valence shell is taken as a sphere.with the electron pairs localising on the spherical surfacs »
maximum distance from ov.e ano hei .

O Pairs of electrons in the valer.ce she.! .ep.! une acocher since their electron clouds are negazin
charged.

O These pairs of electrons tend te occupy such positions in space that minimise repulsion ard thu
maximise distance between them.

3 electron pairs are localised
on spherical surface at
maximum distance, when
they are placed at corners
at triangle.

2 electron | pairs  are
localised on spherical
surface at maximium €
distance, when angle
between them (s 180°.

5 electron pairs are localised
on spherical surface of
central atom at maximum
distance when 3 are placed at
equatorial position [at angle
120°] and 2 are placed at
axtal positon [at angle 90°]

4 electron pairs are
localised on spherical
surface at maximum
distance, when they
are placed at corners
| of tetrahedron.

@

1;'3 Click Here To Join @ StudyShelf For More Study Materiaf; EMISTRY
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o electron pairs are ik //

| jocalised on spherical
| 7 electron pairs at maxivaum d:;-
| g

curface at maximum
distance is shown in figure o

distance, when they

are placed at corners 1/

setahedron. @ 1/
[ v gt

O A multiple bond is treated as if it is a single electron pair and the two or three electron pairs of a
multiple bond are treated as a single super pair.

A==B ASB ASEEB

1 e pair Single Super
Pair
O Where two or wore resonance structures can represent a wmolecile, the VSEPR vrodel is applicable
to any such structure.
The repulsive interaction of electron pairs decrease in the order: . ' |
Lone pair (Ip) - Lone pair (Ip) > Lone pair (Ip) - Bond pair.(bp), > Bond pair (bp) - Bond pair (bp)

i O

1
]
[}
)
[}
[}
1
]

A ™2 lone pair are localized on the central ator,

‘ aca bonded pai i sy ared between two atoms. AS
w vosuls, e lone pals clectrons in a molecule occupy
more space as compared to the bonding pairs of
electrons.

O We can representiany molecule in AB,L, form where, A — Central atom, B — Side atom, L — Long pair
O Number of valence shell electron pair decides the geometry of a molecule.

Valence'shell electron paiv [VSEP] = X + Yy

..........................................

AB, Type Molecule

Y
~

Q Valence shell electron pair = 2

O Valence shell electron pair = 2 B e cl
AAAYE] e
, O Geometry — Linear el O Geometry Lmear;
l O Bond angle —» 180° J O Bond angle -~ 180
AB,L "
AB,L 20 : / N\ >
== = - @%J—— Be é{ J
| o=e=0 | sect,
v v X=2 -
X=2 1 single 1 single _
y=o0 super pair  super pair y = (0]
6
Chemical Bonding and Molecular Structure Q
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AB, Ture M telecule

J Valence shell electron par=3 + 0= 3
b 3

Jd Geometry Trigonal planar
v -
AR, | < Beond angle » 120
' \O\
X=X
1-20'
o = .:!
'@“ | kO‘

A Valence shell electron pair=2 +1 =3

J Due to [p - bp repulsion, bond angle reduces
v from 120° to 119°

,\-‘

Structure with lone pair = Georsty,

¢ &

Structure without lone pair - Shap,
Y
A
9= = O 119" @

Geometry — Trigove! plaar | Slap . — Bevt

-------------------------------------------

2 Valencesshell electron pair = 4 + o 4 F

|, © e 1

0 = Tetrahedral ': o

"' 0 awn:ctryf 1-Oq° 8" 109°28' E-—--J'.X\-“H ‘: @-’ At bOdH centre
AB.L, BRANgy™ 2 1oh 9_3 ' _C_T:?_____"_' of cube

‘ i b H— At altermate
- 4 C A corners of cube
y=0
INjEEy Y Valence shell electron pair =3 + 1 = 4
2 O Due to lp — bp repulsion, bond angle reduces from ideal tetrahedral angle 109° 28'to 10T

1 [p — bp repulsion
AB,L,

T : —

' —of \ & -
x=3 (H)2e7Y. (H
Ji=a (H

Geometry — Tetrahedral Shape — Pyramidal

CHEMISTRY @
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» bond angle reduces from 109° 2.8' to 104.5°

o
=2 107 Q—{:o%

X
Y= Geometry — Tetrahedyal

ﬁ O Valence shell electron pair = 1 + 3 = 4
T €60 — o~

Geometry — Tetrahedral Shape — linear

Shape — Bent, V-shaped

........................................

PF5 ——> AB4L,

O Valence shell electron pair = 5 + 0 = 5
O Geometry — Trigonal bipyrimidal
QO 06— 90° and 120°

P —— ABL,

: . lp — bp repulsions at 90°.
Q' There are 2 Ip — bp repulsions at 90 and 2|0 There are 3 lp — bp rep

lp — bp repulsions at 120°.

O Repulsions at 90° are more ¢ffective than 120°. So we are going to compare on the basis of

|___repulsions at q0°.

Chemical Bonding and Molecular Structure
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. n j Tt 5 . ‘ﬁ\\\
O case — 1 structure is more favorable than case-2 due to less vepulsio

n. T

0 So, case — 1 structure (s Acceptable on the basis of postulates of VSEPR theory

\!?cpufsfon between lp & bp \
E—® E—8—E

- / "‘g\ 0 f
® ®

v

Geometry — TBP

In TBP geometry due to less repulsion, more favorable position fordone paik IS equatorial posi

tion.
L : e
TS o Q

Valence shell electron
pair=3+2 =5

TB/ _(jeo wety 4 Bent T shaped

O Valence shell electron
pair =2 +3 =5

------------------------------------------

- .
----------------------------------------

O Valence shell electron pair =6 + 0 = 6
O Geometry — Octahedval

5 f\
U Bond angle — 90 e

CHEMISTRY )
~ Click Here To Join @StudyShelf For More Study Materials
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O Valence shell eletron pair = 5 1 1 = ¢
a All bond angles are less than 9o°

B e ® .o
The lone pair would force the Br-f (f- *y, F’
bond pairs upward, and all Br-F - | BR L
bond angles would contract. - B

‘dal
Geometry - Octahedral Shape — 544aré PR

O Valence shell electron pair

=$aR =4 ®\9 F G o
O Bond angle - 90° @)X ——> (\/x_ﬂ\/\

Geometry~ octahedral Shap;l;— ijuare

---------------------------------
..........

-------------------------
---------------

IF, [0 = 72°, 90']
Pemtagona! bipyramidal Geometry

’ 27 June, 2022 (Shift-I1)]
10, In the structure of SF,, the lone pair of clectrons on S i 1[2 u: i a0 (SkE-H
(a) Equatorial position and there are two lone paiv — bond pair repulsions a

t qa0°.
. | (b) Equatorial position and there are three lone pair — bond pair repulsions a
* () Axial position and there are three lone pair =

' ' q0°.
(d) Axial position and there are two lone pair — bond pair vepulsion at
' Sol. (a)

i . CHeCHere 16 Join @StudyShelf For MorStud Materlals .

| P

bond. pair repulsion at 90°.

SR,
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. 11. Based upon VSEPR theory, match the shape .(geow\et'ry) of the MO’eC“(éAsi;'ﬁ‘ LasE-
molecules in List-1l and select the most appropriate option. [27 June,

List-I (Shape) i L Lict=I[ (Molecules)

lv w.‘t‘;‘\"“ '
)

.

A. |T-shaped l. XeF,

B. |Trigonal planar I. SF,

C. |Square planar . CIF,

e T GRG0
(a) (A)-(D), (B)=(IN), (C)-(ltN), (P)~(! ~(111), (B)~-(IV), (C)~(1), (D)~(1n)
(c) (A%—El?l),( ()B)(-('V); (€)1, (P)-(N (d) (A)-(IV), (B)=(1IN), (C)~(1), (DY~(iry

Sol. (b)

N r—
. e e — . - ",

12. Match List-1 with List-IL. [NEET 2055

List=1/(Compound) |

List=11|(Shape/geormetry) it

A. | NH I. | Trigonal Pyramidal
& S
B. | BrF, Il. | Square Planar
C. | XeF, Il. | Octahedral
D. |SF, IV. | Square Pyramidal
Choose the correct answer from the options given below:
(a) A-lll, B-IV, C-I, D~ (b) A-Il, B-lll, C-IV, D-I
(¢) A-l, B-IV, C-lI, D-I"" (d) A-Il, B-IV, C-lil, D-I
Sol. (¢)
? ! 13. Match List - | with List - II: [NEET 2022 e

LisE=T (wolecules) W | 1%

A. | NH, l. |square pyramidal
B. | CIF, ll. | trigonal bipyramidal
| C. |PCl . | trigonal pyramidal
| D. | BrF. IV. | T-shape
Choose the corvect answer from the options given below:
(@) A-lll, B-IV, C-I, D-II (b) A-ll, B-lil, C-IV, D~
(¢) A-lll, B-IV, C-Il, D~ (d) A-IVv, B-lll, C-I, D-II
Sol. (¢)

| 34 Amongst the following, which one will have maximum ‘lone pair-lone pair’ electron repulsions?
| [NEET 2022

| (@) XeF, (b) CIF ¢) IF d) SF
- Sol. (a) ? @ s () %
- 15. Identify the incorrect statement related to PCl; from the following: [NEET 2031

‘ (a) Three equatorial P-Cl bonds make an angle of 120° with each other
! (b) Two axial P~Cl bonds make an angle of 180° with each other

(¢) Axial P-Cl bonds are longer than equatorial P-Cl bonds

; Sol. ((2[)) PCl; wmolecule is non-reactive
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16.~ predict the f:orrect order among the following:
(a) Lone pair = bond pair > bond Paiv = bond pair > [one pair — lone pair
(b) Lone pair — lone pair > lone pair — pong pair > bond pair — bond pair
(c) Lone pair — lone pair > bond pair — bond pair > lone pair — bond pair

(d) Bond pair — bond pair > lone pair — bond pair > lone pair — lone pair

[NEET 2016-I]

Sof_ (lﬂ ) )

17. Which of the following species has a linear shape? [NEET 2006]
(a) NOZ— (b) SOZ (C) Nozo (d) 03

sol. (€) p

48. In BrF, molecule, the lone pairs occupy equatorial positions to minimize: [NEET 2004]

(a) Bond pair-bond pair vepulsion only

(b) Lone pair-lone pair repulsion and lone pair-bond pair repulsion
(c) Lone pair-lone pair repulsion only

(d) Lone pair-bond pair repulsion only

Sol. (b) I
14. BCly is a planar molecule whereas NCI, is pyramidal because: [NEET 1995]

(a) Nitrogen atom is smaller than boron atom
(b) BCl, has no lone pair but NCl; has a lone pair of electrons
(c) B-Cl bond is more polar than N-Cl bond

| (d) N-Cl bond is wore cova'ent thin 3=C\ bownce
' Sol. (b)

e ———

Bonding in CHj dccending to VBT

: a fferent types of overlapping
Cground state ' D-—Iz]pj 2 different typ pp
H Coxcited state * L]_J m e (ZS)C - (19),
lo 1o o o
|c1 nnEn > (2p) - (39)y
4/ \2- (28)y (284 (28)y (284
4 5!{3 H O 2 Different bond lengths.

] h
- lap would be the same and differ from the 4t
VBT ' formed through s-p over .
bondPF:e::\'nC:;l t:;\“i{f;‘; f f or\isrla(z This difference in bond types would result in unequal bond lengths
v - :

Which is not what is observed in methane.

| ' . __» This fact can be explained by
NPl All ¢ — H bonds are same In CHg4: new theory = Hybridisation

VT

iR
Chemi ture
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V Hybridisation

11 [
25 2p

2 el e
«" o few Hybrid Orbitals . . . .

4 hybrid Orbitals (sp*)

PP~} 4(H) H-»C—H ¢ bond H
| — |4 l
: _ ‘ c
“» FEENONT 1
Overlapping between All C—H bonds are
sp> hybrid orbital of equal in length.

carbon and 1s atomic
orbital of hydrogen

4 SP3 hybrid orbitals
of carbon at 109° 28'

i
Inter Mixing of pure atomic @rbitals before bonding to produce new hybrid orbitals, specially for bondirg

purpose.

....................

------------------------

() It is a hypothetical-concept.
(ii) Only those orbitals can take part in hybridisation which have comparable (almost equal) energies.

2P——'\‘ 2p— —., .
T .—"'—-:_s—p—@-r:i_ orbrtals

s 2 sprybnd orbitals _,/" 3, sp® hybrid orbitals

2s —*
(i) The number of hybrid orbitals generated will be equal to the number of pure atowic orbitals taking

-
-
2

25—

part in hybridisation.
; . . I
(M AIl 3 type of orbitals (having a pair of electrons |1 or having a unpaired electron [1] or completely

empty ) can take part in hybridisation.

(V) The hybrid orbital generated will be represented by

D v Bigger lobe will be used for bonding.
CHEMISTRY @
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steric Number Rule i (s o— ¢ at

R e i ; —— er = No. of lone pairs + No. of side atorss|

% Lw{rﬁ RS el | sp 0 = 180°
3 lTrigomal planar sp"‘ I
4 rTetmhedml 2 T
5 Tﬂgowa! bi-pyramidal sp>d o = 90°, 120°
- ’-’!) - @ O
6 |Octahedral spPd? 0 = 90°
7 Pentagonal bi-pyramidal sp>d® - q0°, 72°
sp Hybridisation
¢l — Be — ¢l d - N
ghrs) ¢ \ P \.\ y 2
O SN=LP+SA=0+2 (‘;‘3 : | £ P-
= @ — sp hybridisation Spl hybridisation
e @©-
3 23 2Px 2Py 2p; 2, sp hybrid Orbitals
Be, — [ 1 1 I
q : 2p,
boeeees £ @ . 2P:
isp hybridisation &
spVsp 2Py 2P T e
Be 1 1 | o ‘* cl

€Ny [ ) L[] s

0 2Be — Cl g bonds : (sp)g, — (3P

Q2 vacant orbitals (2p, and 2p,) at Be-

Chemi ; e
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Cz' 0=C=0
28 2p, /
O SN=LP+SA c— @ 9
=0+2 L I ‘ 2p,
= 2 - sp hybridisation ‘1

Two p orbitals -
a5 2P2Py2Ps 2% bong,

Ces: CQ C@

Ll__j Two sp hybrid orbitals : 26 bonds
sp hybridfsatfor\
sp¥sp 2Py %P

c KA\ &

<

! c! ny, T : ». sz v
2p G W D>
" AT AW
(2, (2P)o, (2P.)o, (2P, o & L
o, ) 1
C o,
2 — (2 -, k4
Hor G ™ 7ot ™ ;7 mbond [(2p),. - (2p)
BE=l =g,
/ [(5R). = (2P)o] © bond 4 “acbond [(sp), - (2p,),]
H—C=C—H 2p, 2p,
Q 2 C—H g bonds”: (sp), = (13} & ?7:’52’0’
O 1C—C o bond : (sp)r —A(sp), ®E\.ﬂm. @
. 20 W2
2 C—Cnbonds: (2p,). = (2p,)c and (2p,). — (2p,), A 4
c ¢

Molecular plane 5| H— c= ¢ — H
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BFx ﬁ 2p, 19

2s 2p, 2p,2p, 2px g
a 8, @M [OLL] B_}(«)-:@. d
25 2p.2p, 2p, | _J
B¢ [1 [

4 \ B
sp® Hybridisation =
B

HE Kk /120°
v

3, sp” hybrid orbitals

O 3 sp* hybrid orbitals arearranged at 120° before
bonding.
25 2p,ap, 2p, Q
F: %

O 30 B — Fbonds: (5¢7)5 — (2P

. szas+px+py ::yB:_——c-—_'_‘:::-
F= O Lxg plane
2p, (Vacant)
0, | o ’r_ lp-bp repulsion
g [ 220 (@2
S _ S
O SN=0+ 333 0/\0 O SN=1+2=3 0{,,)\0
O hyb" = sp” O sp* 49 < 120°
O Shape = Trigonal planar Q v shaped
Alcly . "'(ID‘*— H
£ H . 2N
QO SN=0+3=3 p!{ CIRSN = O + 3 |."/B\'\
AN 2 O--~~mmam= 0
O sp? cl cl Q sp |

Q Trigonal planar 0 Trigonal planar

‘ Chick Hete 1o Join @StudyShelf For MoreStudy Materlals
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Q spi=s+ptp,

4 C—H o bonds : (sp7)c — (19)4

O

1C0—C o bond : (5P — (P°)e

O

1 C—C = bond : (2p); — (2P)¢

e Y

O

e TR e

Q Molecular plane —

--------------------------

---------------------------
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H
|‘+)10Q° 238! N
a 5}93 }L ! Ly s2° ‘\H/\"*‘
O Tetrahedral Q Pyramidal 8 =107
Q
= LP
O SN=LP+SA Ol O SN=3+1=4 _—O
s2r2=4 P-\ a sp® HOOD
5
o By 9': 104.5° Q Linear
Q Vshape
XeO,
_ _ o
s Si_o+4_4 .. 209° 28 @
sp Xe ) = Xe .
N “Z o
Q Tetrahedral o? \C\)\O Q Pyramidal O “ 25
~OT 9 < 109° 28"
o
O SN=O+4=4 ?I) O SN=0+4=4 I
a sp® A3 o sp® ) /‘\’\O_
QO Tetrahedral o \>) o O Tetrahedral O o
CHEMISTRY
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% s Character % p Character

)

s orbital 100% 0%

0% 1007

p orbital

PR S S

2

sp hybrid orbital

33.3% 66.0%

D
» 50% 50%
D

sp* hybrid orbital &*

sp3 hybrid orbital @ 3 25% 75%

Bond Length & % s Character
Q % s character: Csp > Cspz > csp3

O Bond length: ¢, < €, < {4
a

Bond length = % s character

< % p character

Electronegativity & % s Charcctr

Q | EN o« % s character

Q % s character: C;, > Coa > Cy
Q Electronegativity=Co, 2 Coa.> Cops

| PCI axial position = =a !
: equatorial position = e 1
spPd=s+prpy + Patdza g
______________ ol .
! 2 ld] P C{\ ...........
[Slp Ty [pdl; xy plane _ P —“—"”c[ :
approx 100 % s character approx O % s character | Cl 7
! l
- cl
Bond length : P — Cl, < p-cl, 1l a
A
'\'z axis

Chemical Bonding and Molecular Structure
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(1) Lone pair of electron prefers to occupy those hybrid orbitals which has greater 7, of . char,

lone pair at equatorial position because it has More

6SFS . E -
;Fi%'“' = g ¢ character than axial position.
| g
.--/..'_*____
FE

efers to occupy that hybrid orbital which has smalle, % of

F PCl.F; PCLF,

(2) A more electronegative atom pr
character (axial position)

XeO,F, F
O " e E
O SN=LP+SA=1+4=5 §>Xc<} ’ ,a [F
O Geometry - TBP b--{--f ----- 6N CI\P_
it ‘ P
| c” |

O Shape - see saw

PF. SF; ezl - EA XeF,

F F - tl' F
l-oF F Fl l
o 7 N N\, o, o),
F=P{! 5<9 2@, F—=Cl E>Xe
AN % £ P S
F < a0° B g< ao0° F g€ ag"F j
O SN=3+2=5

Q SN=2+3=35

O SN=0+5
) i O sN=1%% =5
a sp d 0 Spsd a Spsd g Spsd
O TBP Shape O See’Saw Shape Q Bent T shaped Q Linear Shape
Q BL:P-F,>P-F, o BL: S-F, > S—F, O4BL : CI-E;> Cl-F,
15| [cig XeE!
,! cl 'IE
} l
& % oL 2% L2
l | \O | N\
! cl F
] -
;S’i—3+2:5 DSN=3+2=5 O SN=LP+ SA
Ds;lzd Dsp3d =2+3=5
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%inv’ SN G TN U I = GO [ 5 ISSE VWG
------ 34* Hybridisation: Ge
2 (0
R Metry — Octahedral
? 2 sp‘dz =Sep,t pu ) dr’wf‘ p,+ dtl :
‘ . .
F Xy élane Z aXIs
SF(- e F--;i _____ ‘F_'x 7 ) ) ‘
PFbp_- ) ':__" ) J . i: S S,.g,- p- Arz» i
SiF; S =y Sl g |
8 | Sl M
. F o
.:] (i‘ABS ’_)A = Brj xe 3 l, C‘, S_ J
g SN=1+5 =6 Friosefeecass " U SN=1+5=¢6 Pl F
2 PN A Q Square pyramidal —» shape P oXel
*d ' Dbl
a sp FZoa! e
O Square pyramidal — shape O F ‘)
O No of bond angles at 90° - zero

m Q XeF, . O

g SN=2+4 =6 (spd?) C‘,[-{ l_/‘C:'l Q Square planar — shape F ;6/ F
a Square planar — shape c{//\\cl F/O\ F
K-_- )

R i ki, TR Rl £
3 H ’ N B =N
Xy P{CW\C Z axis F) lﬂo \\,‘F ‘Xg pfane
FL--|- . =4
O SN=LP+SA=0+7=7 L
O Pentagonal bipyramidal — shape :
O 68— q9o0°/72° z axis

IF5iSerZe

XeFe ()

O SN=LP+SA=1+6=7

O Shape — Distorted octahedral
Capped octahedral

Chemical Bonding and Molecular Structure
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Some Important Molecules-

lo (l) 0
Sii si s
\.\l y e
€0, ko) , -"0/ I N\ o/.'/ ‘ N
‘ . cl »sp’d o: o0 “ipo
o:c:fzc*; |/ cl e

sp 0256\ \—-'Sr'Oz
hybridisation (!' .’ cl

|
0

Sk

o=

F

I0F;:

0 -
E==1l==", E Q Structure is like HCN
Y vl
btk H—C=N

| Dianond | Graphite

sp” (Tetrahedra
S A vaf)
c/\c\c:;.'f..
! 20. Number of lone pa.-r(s) in XeOF, is/are (T JEE 2004):

(a) 0 (b) 1 (e 2 (d) 3 |
Sol. (b) K

~

T T el .
Ak e Yt o, =
e e S v St S R A Sy e © i — - -

& CHEMISTRY @
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| 21. Molecular shape of SF,, CF, and XeF, are (IIT JEE 2000)
| (a) the same, with 2, © and 1 [one pair of electrons respectively

(b) the same, with 1, 1 and 1 lone pair of electrons respcct:'vel;;

(c) the different, with 0, 1 and 2 lone pair of electrons respectively

(d) the different, with 1, 0 and 2 [one pair of electrons respectively

|

\ 22. Based on VSEPR theory, the number of q0° F-Br-F angles in BrF,is . (IIT JEE 2010)
Sol. [O]
| 23 The "Hb"'ffsation :F atomic orbitals of nitrogen in NO.}, NO; andyNHj.are  (IIT JEE 2000)
(a) Sps sp” and sp™ respectively (b) sp, sp” and sp” respectively
(c) sp”, sp and sp® respectively (d) sp®, sp> and sp_respectively
Sol. (b)
. H
O— N—O0 |+
T Nl H
sp H/ T\
sp” CH p
| 24. Match List—I with List—lI: [27 Aug, 2021 (Shift-D]
INE b Bdne g A e qPys on the centraliazor) |
[,' A. |XeF, l. ) |
!' B. |XeO,F, . 1
1 C. |XeOF, (. 2
| D. |XeF, IV, 3
? Choose the most.appropriate answer from the options given below:
i (@) (AIV)A(B)D)., (C)-(In), (D)) (b) (A1), (B)=(11), (C)=(IV), (P)~(I)
f (e) (A, (B)(IV), (C)~(1N), (D)-(1) (d) (A)-(v), (B)=(I1), (C)-(1), (D)1
| Sol. (d) XeF, XeO,F, XeO,F, XeF, ,\
Lone Pair = 3 Lone Pair = 1 Lone Pair = O Lone Pair = 2

25. Amongst the following, the number of species having the linear shape is :

|

i _ :
| XeF, Iy, C,0,, 15, €O, SO,, BeCl, and BCI, [30 Jan, 2023 (Shift-1i)]
i = [

| , &l . .

| Sol. [S]T(D| =B (i) Cl—Be—Cl  (iii) gi@ (iv) XeF, - Linear
.% Linear I

i Clgmfl Linear

1’ &

|

%; (v) Q‘@ (vi) CO,- Linear (vi))C,0,(0=C=C=C=0) (viit) SO, - Bent

i ,/ \, Linear

| V-Shape

C - ¢
i Click Here To Join @StudySpelf For Mori Study Materials |
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‘iT -
26. Which of the Fol!awmg statements is not carrect for si s:gma and pi- bom{; formed betw,-_,

carbon atoms? betu ‘n’?

(a) Sigma-bond is stronger than a pi- -bond

(b) Bond energies of sigma- and pi ~bonds are of the order of 264 kJ/mol and 34+ kJ/y..,

respectively
Q (¢) Free rotation of atoms about a sigma bond is allowed but not in case of a pi-bond

! (d) Sigma-bond determines the divection between carbon atoms but a pi-bond has Prinar,
effect in this regard

|

................................
............
...................
..............................

-------------------------------------------------
........

..........
.......................

l's‘o—structuml"Spnges i ;_f_,,_. »

-------------------------------------------------------

D Species having same shape O Species I«\avmg same no. oF electrons
CH4—>SN 0+4(Tetrahedm() CH4_.)no_0Fe =6+4x1=10¢" |
ccl, - SN = 0 + 4 (Tetrahedral) NH > no.of e"=7+4x1 -1=10¢"

- 2~ 2- _ _ - |

XeF, BrF, SeCl;”  TeCl XeF; IF2 a |

O Shape — Distorted octahedral O Xe= 1" - 8¢ in valence shell F > F\/TF |

O Xe=Br =Se* =Te*" Q. Shape ~ Pentagonal planar F"Q"F: |

A No. of ¢ in valence shell -» & i O no. of e” in XeF; =54 +5x9+1=100 |

"’J‘ S5 ] 3 no f 2 mIF*=53+5x9+2=100 |

§ — 1
/

J

-----------------------------------------------------

(3) 2PCl —> PCL-RCI; (2) PBry, — PBr; Br°
Q hyt" of cationic part of PCl, = PCl, = sp®

[Tetrahedral] sp” hyb" [Tetrahedral
Q hyb™ of anionic ‘part-of PCI. = PCl; = sp®d®

[Octahedral]

l
I

(3) XeF iy —> XeF. F~ (4)  N,Og —> NO; NO;

sp>d* [Sq. Pyramidal]

OD=—N==0 O_N\O

Q sp hyb" O sp® hyb"
a Ll"’\eat" Q Tn'gonafw

(5) NyOy) — NO* NO; (6) ClOuu— ClO; Clo;
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. 27. Which of the following contains a maximum number of lone pairs on the centm’( fr;OZ?E 5

(a) ClO5 (b) XeF, (c) SF, (d) 15
Sol. (d)
: 28. Which of the following are isoelectronic and isostructural?
. No.. COZ, clof, so, (1T JEE 2003)
(a) NO,~, COZ™  (b) SO,, NO," (c) clo,”, co?™ (d) €07, S0,
Sol. (a)

29. Among the following species, identify the isostructural pairs.

| NF,, NO, , BF,, H,0", N,H (IIT JEE 1996)
| (a) [NF5, NO,7] and [BF, , H,0'] (b) [NF, §HNL] and/[NO, , BF,]

. (¢) [NF,,H;0'] and [NO,™ , BF,] ()" INF, H,0 T and [HN , BF]

[ Sol. (¢)

' 50, The sum of the number of lone pairs of. electrons on each central atom in the following

: species is
{ [TeBr >, [BrF,I’, SNF5 on! [Xe T
{ (Atomic numbers : N = 7, F= 9, 3222, 35 17 £2, X¢ = 54) (JEE Adyv. 2017) |
' Sol. [6]
‘i S.N. Species No..of o= bonds with central atom No. of LP at central atom
)
» (0 In [TeBr P~ 6 1
} (i) In [BrFy]" 2 2
(i) | n'SNFs 4 o
(iv) In [XeFs]™ 3 3

31. Among the triatomic molecules/ions BeCl,, N3, N,O, NO‘;_: 0,, SCl,, ICl3, 15 and XeF,, the total
number of linear molecules(s)/ion(s) where the hybridisation of the central atom does not have °

ibuti the d-orbitals(s) is [atomic number of S = 16, Cl = 17, | = 53 and Xe = 54]
contribution from (s) is [ e ey |

W T eI gy - N e

Sol. [4] . |
o0 — + 0 T f
( Cl—Be—cl N=N—>N N=N-»0: O=N=0 g
A 4 4 jp |
} P sp P :
Chemical Bonding and Molecular Structure Q
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32. The linear structure assumed by . :
(a) Sncl, (b) CS, (¢) NO; (d) NCO

S=C=5 o—fi—o
Sol. (b, c, d) 7 .., Linear Linear Bent

o . (IIT JEE 1
%3, CO. is isostructural with 934)
(a) ZHQC{,_ (b) CH2 () sncl, ) b, ‘
Sol. (a, b) CO,, HgCly» CoH, are all linear. s — ——
e airon [fjééf‘iblé-uj

34 Amohg the -Foifbfw:';:ghv\;ﬁicd}r:;r‘\.éuis a wrong statement?
(a) SeF, and CH, have same shape (b) 1,° has bent geometry |
4 r
(¢) PH, and BiCl. do not exist (d) pr - dn bonds are present in SO,

Sol. (a . . -
@ the pair in which the two species are not isostructural is:  [NEET 2004]

35 Among the following,
(¢)" PF, and SF,  (d) SiF, and SF,

(a) 105 and XeO,  (b) BH, and NH;

Sol. ()
36. XeF, s isostructural with
(a) ShCl, (b) BaCl, (c) TeF, (d) 1cl,”

B Sol. (d)
37. Which one of the following pairs is iso-structural (i.e., having the same shape and hybridization)?
[NEET 2012 Pr]

(a) [BF, and NH/] (b) [BCl, and BaCls]

| (¢) [NH, and NOST (d) [NF, and BF,]
Sol. (a) :
38. In which of the following pairs, the two species are isostructural? [NEET 2007]
(a) SO,*~ and NO,7 (b) BF, and NF,
(¢) BrO;™ and XeO, (d) SF, and XeF,
- Sol. (¢) ‘
- 34 Which of the following is not iso-structural with SiCl,? [NEET 200¢]
(a) scl, (b) SO2~ () PO~ (d) NH{
Sol. (a) .
[NEET 2024 Ri]

40. ldentify the incorvect statement about PCI.
(a) PCl; possesses two different Cl — P — Cl bond angles

(b) All five P - Cl bownds are identical in length
(¢) PCl; exhibits sp®d hybridisation
(d) PCL; consists of five P — ¢l (signa) bonds

Sol. (b)
—Click Here To Join @StudyShelf For More Study Materigls - rov @
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41. The hybridisation of atomic orbitals of nitrogen in NO;, NO, and NH, respectively are:
e [NEET 2016-1]

(@) sp,sp” and sp*  (b) sp”, sp” and sp () sp, sp* and sp* (d) sp”, sp and sp”
Sol. (¢)

42. Which of the two ions from the list given below have the geometry that is explained by the same
hybridisation of orbitals?

NO, , NOy , NH,”, NH ', SCN™ [NEET 2011 Pre]
(a) NO,™ and NH," (b) NO,” and NO,”
(c) NH," and NO,~ (d) SCN™ and NH,~
Sol. (b)
43. The correct order regarding the electronegativity of hybrid orbitals of éarbon is:
[NEET 2006]
(@) sp >sp*<sp®  (b) sp>sp*> sp? (c) sp < sp*> spPem(dYnsp < sp” < sp’
Sol. (b) .
' 44. Nitrogen form N,, but phosphorus form P,, but aftersome time convert in P, reason Is:
| [NEET 2001]
(a) Triple bond present between phosphorous atom
(b) prc — prc bonding is weak
| (c) prc — pre bonding is strong
\‘ (d) Multiple bond form easily
Sol. (b)
| 45, drc - prc bond is present (a: [NEET 2000]
L (@ coF (b) POF () NO3 (d) NO;

Orbitall % Bond i aiEE e
Can not form n bond
p Can form = bond p .{ \b/{-
t available
Can form = bond ( : P - o
’ = in 2" period elements.

O f central atom or side atom is from period no 2 (B.C.N.0) then only p orbital can make © bond.

P, S, Cl, Xe) then p and d both can make

O If central atom or side atom is from period no > 2 (Al, Si,
n bond.

emical Bqfipglanpf¥ple g ST @ StudyShelf For More Study Materials |
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o Bt O overlapping between p orbital of carbon ang o ort)
n bond ) C\ n bond of oxygen makes n bond. ital l
: ! O No. of pn - pr bonds = 2
pr - pn pr - pn

bonds + 3 n bond
(0] Su!phur(S)-——->6b0ndS—->30 onds + 3 1 bonds

[l
2%

T e ¢ [
# l |
= sz hybﬂ'd orbitals 3 n bonds
'
3 & bonds 1 pn — pr bond
2 dn — prn bonds
so:_ ) :'
Sulphur (5) —> 2 © bonds + 2 n bonds + 1 lone pair :
| s+p+p| * +d :
@f\spz hybrid l l
orbital {
oésﬁo 3 sp” hybrid orbitals,, 2™ ‘iﬂhdS
I
Y
’ | 1pr-jntownd 2. d p
Z.otonss LV or A 3 Ndond
XeO,
= f Xenon (X&) =—> 4 ¢ bonds + 4 n bonds ”Hm o
_Xe I—s+p+p+p +ldvrd+d+d . Xenon' | Oxygen
o0~ \\0\0
l l i
4 sp® hybrid orbitals 4 n bonds % d v
l l 4. d p
4 o bonds 4 dn — pr bonds

A @ Xenon (Xe) —> 3 o bonds + 3 n bonds + 1 lone pair

28 $£psprpl v |frats _ Xenon | Oxygen
o\ ~o J, l
4 sp” hybrid orbitals 3 n bonds

} }

3 o bonds + 1 lone paiv 3 dn — pr bonds

#) cupmrstay §
~ Click Here To Join @StudyShelf For More Study Materials
— A e h
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(0] 0 (0]
| I I
P 7Px # e
\ "OH H \ "OH Ho OH
OH H
O Hybridisation of P : sp® Q 1 pr - dn bond
H,50, I
2 Q Hybridisation of S : sp® ﬁ
/\\\ Q 2 pr - dn bond HO — S — OH
0 >
W e T e N Conjugation
{ RESONANCE '} N o
\ 7/
--------------- =vY—-Z
Q Delocalisation of pi electrons i
O Conjugation — Necessary condition for resonance )C?— y=2z
0
C—04—’0-""‘C‘09“—’0——C:0
(c)
Q Resonating structures=a, b, ¢
-2
03
¢ Resonance Hybrid ——> QO C =0,
b 3
c+n 3+1 pi3
Q No. of bonds b/w 2 atoms [Bond order] = i 1.33 - 1o bond AR bonds.

Q Formal charge on oxygen = —?

Q Bond length = AllC - 0O bonds are same due to resonance

Chemical Bog@ihg-gnd-MotesiliD FeHU@ StudyShelf For More Study Materials <=
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U Resonating structupes » alb

O Reso . o
b nance Hybyid =
@ o ik o T %
) '; - N
- - N
‘o\/ o 0/ o O Bond order = u:?ij;:i,.
c 2 -~
O Bond length = All © - 0 bppy. are <
- rrs
0 o
9 |
By = . (). CH—Ci=—0p
3
O 2
O Resonance Hybrid CH,—C==02
+n 2+1
O (O bond order = UU == 1.5 8. Bond length = All C — 0 bonds are sarz
>Seaance Hybrid Bond Order
/ P i+
PO>: P Ip Boz"”:‘*:l:m
y i - 4 3k °©
_ 0 4 -3 0 4
0] -l
4
F
4+2
S0 o—ﬁ——o BO=—4
o

3 & 3+1
NO Goﬂ_;\-,&j BO=G+K=~—;—>—-=153
e .
Formal Charge Bond Order
o,
e ”J -1 _okn 43D 495
HC{O4 ‘i_ 0{04— ¢C{ —4— BO = - 4
o~ \|
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P
SEl - N
HClIOy, ———= ClO; ®C|‘l\(;9 -1 80 = 212 . 1.6¢
o= >
(0]
Hclo, —H— clo; ® ”) -1 po-2*t.15
Cl 2 2
© "o
©
Helo —H- —— Clo” fﬁg}l——oGD -1 BO =1
dity « Stability of conj S S
a Acidity « Stability of conjugate base « Forval chargs

Q Acidic Strength:a>b>c¢>d

| (JEE. Adv.2015) Y A

. 46. The correct statement(s) regarding,
(i) HClo, (it) HClO,, (iii) HCIO5 and (iv) HClO, is (are)
(a) The number of Cl = O bonds in (ii) and (iii) together. is two
(b) the number of lone pair of electrons on Cl in'(if) and (iii) together is three
(c) the hybridisation of Cl in (iv) is sp>
(d) amongst (i) to (iv), the strongest acid is (i)

Sol. (b, ¢) L )
47 3= ion, the formal charge on each oxygen atom and P-0 bond order respective!y are:
L 47. In PO 1on, the form 9 Y9 [NEE-T- 1‘?4’8}
(a) -0.75, 0.6 (b)<0.75, 1.0 (c) -0.75,225 (4) -3, 125

Sol. (c) U - R

O In some cases (like group 15, 16 hydrides from 3rd or higher period), the central atom doesn't

participate in hybridisation.

O Bonding occurs through pure p orbitals, leading to a bond angle of approximately 10°.

bond angle 0 is near to ideal angle 109°28" of sp®
Ntk =3 BoP, | ARHD ke " | hybridisation.

93.6°  H,S I

s : 9 —| bond angle 0 = 90° T No, Hybridisation
) H Se q1°
AsHs e g Pure p orbital of central atom overlaps to
© ] [ side atom H.
SbH, q1.3° H,Te q0 15 atomic orbital of si

Chemical BoddhicdodMeteriko FOif*@ StudyShelf For More Study Materials ‘.51
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Bonding in NH,

/%0\7'

H
Orbital overlap in NH, Eivana] Shapg

in order to make N— H bonds sp” hybrid orbitals of
nitrogen overlap with 1s atomic orbital of hydrogens.

Orbital overlap in PH,

A 4 Inorderto make P — H b _
N -[1] ‘ ‘ Sl onds p -atomie orbitg
"""" 1"5;’- Hybridisation Fx> Pys P) OF prosphorus overlap with 14 atom
orbital of hydrogens.
Illl ]
U 5 |0' Px 5PH 3Pz
) i) (1 Ee== - —
. (25), (29) (284 l o‘: G
' O 3N -Hogbonds: (sp?), - {5 lone pair is : :
/ J c.r o (sp ?N ' )u ‘ P 2ss At in 35
O 1 lone pair in sp~ hybrid orbitaliof nitrogen. atomic orbital G (9. 6
H H m

Prrescmnnna
.-...-...---- -
- - =2 escesccecncaannnnaan,

................
-----------------------------

Hgbndfsat:on —0:sp>sp” > sp®
6:co, > CO7 %> CH,

Lol

%S chamctcrl sp 6=280" 1
bond c:mgfely sp*  8=120°

sp>  6=104°28/

{

~
sp sp” sp®

0: CF, = - +

F4=CH, = NH;, = XeO, = 109°28' [sp® hybridisation]
9.'1\!0;_:c02 5 SO:. S XCO4

p sp s’lgl S'lyg

6: BF, = B -

3 = BCl, = BBr, = 120¢ [sp® hybridisation]

=

EH y
| . Click Here To Join @StudyShelf For More Study Materials It
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1. If same Hybridisation — No of lone pairt : 0}

() ]
=CH, > NH
6 4 s > H,00 O:NHy > NH, > NH;

P | TRk G

3 n . @ -:‘\ [} -
sp” hyb" with  sp hyb" with sp> hyb™ with N 4 Ny 'u N/
zero lone pair lon i W . XI\-.‘
T mE AN R
2. No. of lone pair : same = Size of CA } : Bond angle |
6: NHy > PH, > AsH, > SbH, 6 cl, > Bel, > Ascl, » Sbely, 18, OF, 7 SF,
6 : OCl, > SCl, > seCl, > Tecl, 6 :NF, >PF, >AsF, > SbF,
3. | No of lone pair : same 6:H,0 > OF,
0O ‘0
A “r
E.N.of S.A. 1 : Bond angle| H “r’\gb\H = 6;/.-,_—"5';:
\/ :
' .
QO Bond pairi=bond pair repulsion t Q Bond pair - bond pair
repulsion |
1 Bond ancle T QO Bond angle |
C  0=-Ng s O 6<104.5°
4. | No of lone pair : same 6" OBr, > ocl, > OF,
¢ 60% %Q Co%
Size of S.A.4 : Bond.anglel @/( >\@ @/( ’)\@ ®/( ‘1’}\®
v \ \
8 »111° 6 =111° 6 = 104.5°

' Bent's Rule % s character 1 : Bond Angle t
1. Lone pair orbitals must adopt a higher s character to stabilise the unshared, tightly bound

nonbonding electrons.

u : |
| CH4. t
L """ * % =25
% 309°28' O Each C-H bond has 25% s character and bond t
/C{ "nf"”‘ﬁﬂ =25 angle s 109°28". E
| H 4 H - !
B .

e B Te R ETRRE TS T0uh @ StudyShelf For More Study Materials I

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

;1 NH,.

{

E . Flow \‘14 =S

} £3‘ Y rater 0 Flow- of %s character from N-H bond to lone paiyr
| ,\\ of nitrogen.

| H YH

; e25Ee '_,>';:.s<25?- O %s character decreases in each N-H bond. s
‘ X bond a e
i y e y nd angle decreases.

|
2. Eiccfrvnegatr've element prefer hybrid orbital having less s character and more
less electronegative substituents prefer hybrid orbital having more s character-

T ——
P character whil,

% H 9.5 character > 25% 9 e
- 25
C > S character
C __ %scharacter <257 o/ \\____,4
H/ }:\F H 4 H
% < character : C — H bond > C — F bond ZHCH =/109°28'
Bond angle: ZHCH > ZHCF > ZFCF '
.. > [£HCH]p, e, > [ZHCHTG, fmmemmemmemt
%, = - D o r emeem—— e
B (OTJEE1999) [N S— R—

* 48. In compounds of type EC!,. whire 2= BIP As r 3i the xigles CI—E—Clis in order
(@ B>P=As=8Bi (b, B>P>ic AL (¢ E<P-As=Bi(d) B<P<As<Bi

Sol. (b) . ——
44. For OF, molecule, consider the Fo”ow:‘r\g: [30 Jan, 2023 (Shit-{.|
 (A) Number of fone,pairs.on oxygen is 2. (B) FOF angle is less than 104.5°. |
(C) Oxidation state of O is -2. (D) Molecule is bent V' shaped. i

(E) Molecular geometry is linear.
; Correct optionsare:

(a) C,D, E only (b) B, E, A only (¢) A, C,Donly (dy A,B,D only
Sol. (d) =l
. Bond Length
Size 1: Bond length 1 Bond order ¥ Bond length t
H=F<H—Cl<H—Br<H —1:Bond length cacec=cec-C ol
e R Clele =B e P i pong length AaNeC=N<C—N [#=Bona B

NEN<N=N<N-N

-~
curSTRY @

% Click Here To Join @ StudyShelf For More Study MaterialsCH
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%S characterT : Bond lengthl

5P (25 %)

2
sp.4 (33.3 %) xgp (50 %)

> H—C?:CF—H

o)

P 1s 4 1s 1
S /HH
( )’:'—/_Lv g\ Q % scharacter:c > b > a
L gt O C—CBond length:c<b<a
fia "—(CH=CH
DM
25 33.3%
H\ C=CH
(0 W27 =
H V v
25 50%
GHS >  C,F,: C—C bond length SOMNRN 50, S—O0 bond length
% % C LN}
H _H F! 5” i ( '?“’%S
H—=C1C—H F=C7-C R 4 ;
s S s P
H I Ny F T 7N, 7 o
\‘ '
less % s character % s charatter Concentrates A i O % s character < 25%
5 character O Less % s character — more bond length
0,F, < H,0,{0=0 bond length
Q _~H ,
co O Order of % s character in © - © bond : O,F, > H,0,
l —1> O - 0 bond length : O,F, < H,0,
0@ Q % s character: 0 -F<O -H

My c-H bord

E
Aow of % s character
C from C-F bond to
/

Bond length : 0 -F >0 - H

CHFs > CF,
F
C s
Yy FNE
F F

CHemical BokaligkndlgaIecde® doinn@ StudyShelf For More Study Materials 4':-1
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=1.5 Ovder of %s character. in @-0 Less %s character in O—0 bond
1 bond: O,F, > H, @ in 02 than O,F, and H,0,
0—0 bondlength : OyF, < H20,

%5 character concentrates

in N—N bond
y Q H F\@ P

— ] £2003
i "
| _F e
&k < SF NS
= He) Sens e OSIS\F SOF, 4 Q1\
e a
a ‘M ,.——-—.;_-__.- ............. " n H l
B —0 bond Iength in F,0,. The o0-H bond length in H:

| 50. 0-0 bond length in H,0, is X than the 0

F} is Y than that of the O—F bond in F,0,: [1 Feb, 2023 (Shift

[ W.
| Choose the correct option for X and Y from the given belo

- longer
’ b) X - shorter, Y
(a) X - shorter, Y - shorter (b) _ chorter

=)

(C) X - IOH.ger) Y - on\ge'» (d) X - IOV\gﬂr)
' Sol. (d) - -

S N— e — @
" Click Here To Join @StudyShelf For More Study Maten@fgmﬁni
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Equivalent Hybrid Orbitals Non-equivalent Hybrid Orbitals

H @ U All 4 hybrid -=» Orbital having lone
| « orbitals are O pair is swall in size
.N..
\ N
\
H

C - .@ equl 1 . 7c
25 ¥ quivalent jn 5 due to wmore %5
H L H ® ®@ energy and size. H (H) character.

o]

ho @

&

H

O Central atom without lone pair and attached with Q Central atom with lone pair or attached wit'h
same side atoms has equivalent hybrid orbitals. different side atoms has non-equivalent hybrid

orbitals.

Example: XeO,, BeCl,, BF, o S
i Example: H2% NH,, CH,F,

Q) BDE i Bord Lengtht
O Bond length: C=¢" > C=N ¥ N=EN (Size : C > N)
BDE:C=C < CENg< NEN

h | Order of bond length: C— C < Si— Si E ‘
'

|
—C—Cl—[ —=Si—Si— ; . :
- f C|‘ . Sll |[ Bond dissociation energy: C — C > Si — Si

€)Y BDE | : LP-LP Repulsion .

—N—N— ¢ —P—P— | Q In these 3 cases, bonded atoms has/have lone pair(s) so, we | l
o | | are going to consider lone pair-lone pair repulsion as a major i
factor in order to compare the bond dissociation energy. ' |

) O Lowe pair-lone pair repulsion is wmore when bonded atoms are 1l
EESE 4 1ol — ¢l small in size, so it will be easy to b“‘ﬂ‘,“[‘f_b‘,’ffi ‘ ‘

23,

CHemical Boglfg RIHRTETS IBTH @ StudyShelf For More Study Materials |
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pm—— ives the bond dissociation energies (E . ) for sin '
ble shown below gives t : g diss) for single covale
51. Z:"h:: with element A, B, C and D. Which element has the smallest atoms? & bor,:\fg- of Car),

(a) C (b) P (e) A (d) B
. Sol. (b) _
' 52, Match List-1 with List-lL: [NEET 20,4,

A. |HCl . |435.8
B. |N, I. | 498

c. H, . | 946.0
D. |0, IV.|431.0

Choose the correct answer from the options.given below:
(a) A-lll, B-IV, C-I, D-I! (b) A-IV, B-I, C-Ill, D-lI

(¢) A-IV, B-Ill, C-II, D ¢ d) A-'v,E-ll, C-l, D-ll

. (d
Z’. (T:xe correct order of bond angles'in the following compounds/ species is: [NEET 2022 R
(a) CO, < NH, < H,O<'NH; (b) H,0 <NH, < NH; < €O,
(¢) H,0 < NH €NH4.<.C0, (d) H,0 < NH} = NHj5 < CO,
Sol. (b) ‘
S4. Consider the molecules CH,, NH, and H,0. Which of the given statement is false? [NEET 2016~

(a) The H—C—H bond angle in CH,, is larger than the H—=N—H bond angle in NH,
(b) The H—C—H bond angle in CH,, the H—N—H bond angle in NH, and the H—0—H bornd &

in H,0 are all greater than 90°.
(c) The H=0—H bond angle in H,O is larger than the H—C—H bond angle in CH,

(d) The H-0—H bond angle in H,O is smaller than the H—N—H bond angle in NHs

Sol. (c)
5. The correct order of increasing bond length of C —H, € — 0, C = ke C["i!:EET 2011 ¥

(h) C—H<C=CeC=0¢C=C

(@) C—H<C-0<C—-C<C=C
c<C=C

(€ ¢-c<c=c<c-0<c—H
Sol. (b)

(dy C—0<C—H<C—

WIS TRY i

TN |
(0] g [ =1L
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Complete or partial +ve charge on central atom supports ORBITAL CONTRACTION, which leads
hybridisation of atowic orbitals.

B e (D1 ¢

3s 3p P
% P :
=» P in PH5 has no hybridisation \ H 1 111

b5 38 3p P;s 1111 1;
PES P[] 1 [1]1 Qg I
"""""" v ; (NADEEN
@* . AERERE ']; 4 sp™ hybrid orbitals
-—5 _6 3 . .
F/ \\F 4 sp” hybrid orbitals H/ \H
Fo H

SPinPH, is sp® hybridised

= P in PF, is sp> hybridised

Bond Angle: PHy < PFy < PH/
[0=490°] [0>90°] [0=109°287

g e

e i e i e g, gy, ey, S e i e e W e, S i S e e

3

.;- 56. PCI_ exists but not PH, ? 7

! Sol. d-orbital contraction is possible in\PCls but not in PH,.

; Cl? ....» Partial (+)ve charge on P helps H > No charge on P.

{ cl® | /S in dorbital contraction H l {

L ey

-6/ H/

o] |

t cr® H

; 2

g 57. SF, exists but not SH, ?

! Sol. d-orbital contraction is possible in SF, but not in SH,.

O 2" period elements — B/C/N/O/F — Can have maximum 8e” in valence shell
— max. covalency = 4 |
— d orbitals are not available

| — Possible hybridisations are - sp, sp*, sp”

Chemicql Bonding and Molecular Structure
Click Here To Join @StudyShelf For More Study Materials |
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Q 3™/ath y5th soth s7tM period elements — Al/Si/P/S ete.
- d orbitals are available of bonding
- Possible hybridisation are sp, sp?. sp®, sp’d, sp*d?, pEyE

— These elements can form more than 4 bonds.

T PCl.
Ncﬂ »P and Al can haye

+—»N and B can not form AlCL.>
BCl 3" more than 4 bonds & covalency more than 4.

Molecules That Do Not Exist
(1) SF,, SF, & PF,, exist while OF,, OF,,, NF donot exist
(2) (a) Pi(vap) & SCI, do not exist
(b) SCl, does not exist while TeCl, exist dueto steric effect.
exist while SHy, PH, XeH,, XeH,, XeH, do not exist.

SRS 9

(3) SF,, PF., XeF,, XeF, & XeF,

(i) Vacant d orbital: SiF,

() Vacant p orbital: BF;

/
|
B(OH)5 i PCl,
AlCl, j
(i) Vacant s orbital: H" H
(i) Vacant p orbital: CH5" /C—H
HO
2 2p

..........................................................................
.

] =
CA with lone pair ; NH,,0PH5, H,00
)

CA with ~ve charge : [N =allle] ulllo Vi

CHEMISTRY 9
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s

./'/_\’k
O F + BFy —— Bf - & B
B 5p°] fa :;7’1 a  OH +BOHs — M7 5

Z .
o ¢ +AlCly — AlC{4‘

v o l,~
Al : sp” = | 2™ pLly =¥ PC", D
[Al: sp7] [Al = 7] " ';"'SHJ P spd’]
H F
= SO L)
a ﬁHs *BFZ, = H= N Il3 ~ ) SiF. 2"
/ 7R Adduct a 2F + SiIF, —> >lF, o
H F F [si sp’] [Si = spd’]
NPT [Basp™] [N g B : °]
o H N
a HZOO + H —_— o@_\) HCD = \B_H = H.0"
/-n /O - 3
s N H
[0 :sp7] [0 : ]
X i
0N W —— R s
N : sp®
[N :sp’] H/ '\_‘\H H/ }_,\H &

Lewis Basicity NH; vs PH,

'

:.~~"")~{one pair in SP3 — - lOne pair in
Q hybrid orbital 3s orbital k
H
N H
i (6 .
H \ TH r
H H
K K
O H,N > H ==X NH, O HA == H —=2FH,
¢ K, > Ky, Order of Lewis basicity is due to fact that lone pair on N is in sp”

{ hybrid orbital which is more diffused and directional. But lone pair on
I Lewis basicity : NH, > PH, P is present in a 's' orbital which is contracted and non-directional.
¥ fo 2

Bp— ppee——. g e e e A g e e e SN S SN N,

(IIT JEE 2002) "

: 58. Specify the coordination geometry around and hybridising N and B atoms in a 1 : 1 complex of

, BF, and NH,. .
) (a) N: tetrahedral, sp>; B: tetrahedral, sp>  (b) N: pyramidal, sp”; B: pyramidal, sp

“ (¢) N: pyramidal, sp; B: planar, sp* (d) N: pyramidal, sp*; B: tetrahedral, sp*

. Sol. (a)

Chemical Bonding and Molecular Structure &
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QO When side atoms are more electronegative than central atom then odd electrons are considey,, "
steric number to find hybridisation.

SN = j— + 3 = 4= sp” hybridisation
odd electron I‘>Sfd¢ atoms

Flow of %5 =
character from N g )
+5 2 2p C —F bonds to '({ f)":b,‘tzfnd
C“ : 1 1 1 1 the orbital having [~" 4 ey
t 1l ) an odd electron. [ 25 '\)}',‘\C.\ i
i N
111 [ 1] 1] 4sp® hybrid orbital F
; SN = 0 + 3 = 3= sp” hybridisation
Cils e
side atoms
[odd electron is not considered
because side atom H is less
electronegative than central
atom C]
ps 25 2p .........
Ca (R|WEY.'E Ca—H
t 4 E INISS ) .U I e
11 1L 14017 =—=>0dd e is present
3 sz H.0. 2p n 2p orbital of C p orbital
NO, 5
g o
* >N
O SN=1+2 \0
-3
= ‘disati “em Odd e is present in sp”
Q sp” hybridisation o o e
C’Oa o d‘spa
. AY .
G AL d
0 SN=1+223 () ° JSN=1e3 //\\\o
= = i &
a sz hybridl'satfon ) odd electron in = SP3 0
p orbital

& Click Here To Join @StudyShelf For More Study Material$pyemzstrY @
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odd e molecule
hyb” of centrql qtom 7

CH ‘

2 p sp”
CF_’, Sp?: sz
NOZ SPZ SPZ
ClO_,, SP.’: SP3
A p sp”

.............................................................
.

B
kg A
Q CH, + CH,—>H—C—H—H CH, "0Q4NO, + NO,— N0, © N//
2 N —
sp 5p3 H SPZ SPZ / N
(Paramagnetic) (Diamagnetic) (paramagnetic) (Diamagneticy O o

Product of the magnitude of the charge and the distance between the centers of the positive and negative
charges.

. 1 = -
Dipole moment = charge ‘distance of separation Dipole moment u = g }

| Dipole moment i avector quantity when 2 vectors (i, & pp) are separ ated by § then we can. calculate
resultant pp.

Q cosOt: pgt
QO 0t:co0{: ppi

= 1 Debye = 107%% esu cm
= Debye [D]

-19
Charge on e” = q, = 1.6 x 10 ¢
C = Coulomb = 4.8 x 107 esu
M = metre

| %Su > Electrostatic unit of charge

Chemicql Bonding and Molecular Structure
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Nah-palar Molecule (i, = o)

Polar Molecule (i, = 0) |
() Homonuclear diatomic

U Hetero-nuclear diatomic -
I m
O Molecule having 2 different atoms (1 Molecule having 2 same ato
+5 -5 Gl E., 02‘ N2 F F

S Non po/ar bgy,:{

O Hcl H cl
-* Polay bond

................................................................

Symmetry and Dipole Moment  ;
d symmetricdl structure indicates the zgp, dipy

A polyatomic molecule having polar covalent bonds an

moment of the molecule.
i T BeCl, —» Symmetrical molecule
Clis—==21¢ cl Mgecl, = o V]
F .
y O BF, - Symmetrical molecule
3
Hy X B XM Q pge, =0
F’//($%F O BF, - Non polar molecule
H'R =Hu
‘2 _ 2 2 20 | ,
e = by ® Ha ® Ptz €05 JRO f“'llp i« woncelld be p (7o
np=n [ =p =4l i

= (“R)malecufc =0

QO Symmetrical molecules are non-polar molecules.
on central atom and having same side atoms. -~ 5

1. Molecule having no'lone pair
- I W =T [
| BF,, CH,, PCl,, SF,, IF7}-E g =

CO,, CS,, BeCl,(g)
Non-Polar molecule

|
|

Cl
oO—C—20
S—(C=—35 Linear (U)ol = © 614\( II
( | —
¢l — Be — Cl | - _7;‘: f cl,/‘P-'_—)CI

e v
2. Molecule having lone pairs on central atom but in such a way that they can cancel each others dipo

moment.
XeF,
FOLF O Non polar molecule
Xe ) D “R =0

F/OI F

& Click Here To Join @StudyShelf For More Study Mateg#ahs™ 6]
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Molecule having lone pairs on central atom but in such a way that they can not cancel each others

W\ow\ent.

SnCl,, PbCl,, So,

NHI” Hzél NF3J §F4 2 H2§ :

* Angular wmol. : polar

: Polar molecule |

dipole

U
H S“.\\”i
c;}}I el

' Hp = ni o+ n? + 2p 6, coso

> pp E K2

> Usel, = ©

bR QI Orbital dipole
N

H&I‘ e
H
H

SNFE:

Dipole moment

| O Orvitat dipole

e T,
% F/\;\FI»

In case of NHj, the orbital dipole due to lone pair | INWNFy, the orbital dipole is in the direction opposite
is in the same direction as the rasultc b Lponle' o the resultant dipole moment of the three N-F

moment of the N — H bonds.

The orbital dipole because of lone pair decreases the effect of the resultant N - F bond moments, which

results in the low dipole moment of NF,.

vo ‘ads.

a PCIZES <

Hp = O (Non Polar)

Q p - CBr, < CHBv
Br T
M= O ¢
R AT . \\
Br \ Br Br Br

Br Br

<

PCLF,

F
cl -
\\4 -

>

2

Cl Ko
E

He # O (Polar molecule)

CH,Br, < CH.Br
H
H
| ﬁ)\\‘gﬁ B—B
C H —
Br H

Br

—

Chem: . fure
UII%E ﬁere To Join
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Cl

f pi i

PN

e e L

He t: 0 eos0

Rt
N

. .

iy " el [t

Cl
Mg : ortho - dichlorobenzene > wmeta-dichlorobenzene > para-dichlorobenzene

¢ j c
g @/ VIS R
el NN s
e o) PPt

Hgr = O Hg = O

(non-zero dipole moment)
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g HF > HCIl > HBr > HI

................... -~

p.R -----------------------

———4

*=->| charge factor dominates over length factor |

CHy=Cl > CHyF > CH,Br > cH,

“(cxp/obs) i

100 ]

g, jonic character = T
u(ca!/tkeo)

chpgriw\ent = g"ven — H - C{ [ p‘calcu{ated = ql = (48 X 10—10 eSu). Band {ehgth

H/\\Cl . Q For 100% ionic character—
‘ It is assumed/ that L.electron is completely
H' cr transferved fromione atom to another.
~——

[ (Bond length)

e D O A A AN o~ S o A e o S S S o S

54. For HCl gas molecule p = - 03 L an Libe 1 di: tance = 1.275 p Calculate the % ionic character.

Sol. p,,, = 2.03 D

[=1.275 x 1072 em . 1.03

% lonic character = ——  x 100%
Mo = 7 (4.8 x 1.275)
Qpy=9,-1 = 01683 x 100 = 16.83%

= (4.8"x 107%° esu)#(1.275 x 107° cm)
= (4.8(x 1.275) . (107 %esu - cm) = (4.8 x 1.275)D

60. Among the following, the molecule with the highest dipole moment is (I JEE 2003)
(a) CHiCI (b) CH,CI, (¢) CHCly (d) ccl,
' Sol. (a)

61. Each of the following options contains a set of four molecules. Identify the option(s) where all .

four molecules possess permanent dipole moment at room temperature. (JEE Adv. 2019) |
. (a) SO,, C,HCl, H,Se, BrFs (b) BeCl,, CO,, BCl,, CHCI,
. (¢) NO,, NH5, POCls, CHSCl (d) BF,, O,, SF,, XeF,
Sol. (a, ¢)

nemical Eerde PTG T3 @ StudyShelf For More Study Materials P
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. 62. Which one of the following molecules has maximum dipole moment? (0,; April, 2 =y
(a) NFy (b) CH, (c) NH, (d) PF, " (Shife )
. Sol. (c) . |
6. Given below are two statements: one is labelled as Assertion (A) and the ot e is |
Reason (R). abelley

Assertion (A): NH, and NF, wolecule have p?mwu'dal shape with a lone Pair of ¢ o

nitrogen atom. The resultant dipole moment of NH, is greater than that of NE eCtrop, on
5

Reason (R): In NH,, the orbital dipo!g due to lone pair is in the same direct(
dipole moment of the N=H bonds. F is the most electronegative element. on as the Fesulty,

In the light of the above statements, choose the correct answer from the options giy,
en

, [05 April, 2024 (<, belay,
(a) Both (A) and (R) are true and (R) is the correct explanation of (A) t (Shifs_,
(b) (A) is false but (R) is true
(c) (A) is true but (R) is false
(d) Both (A) and (R) are true but (R) is NOT the correct explanation of (A)
sol.() W
64. Which of the following wolecules has “NON ZERD" ;'polemmoment value? [ ,—:T ;: =
(a) CCl4 (b) Hi (C) co 4 BF LNEE T 024 ;’aj
Sol. (b) 2 (d) BF,

6S. ldentify the correct answer.
(a) Dipole moment of NF is greater than that of NH,.
(b) Three canonical forms civ be ¢ ravm tw £7),27 on

| mweo |
m
W)
8
PA y

(¢) Three resonance structures cav. be uyawn Jor vzone.
(d) BFs has non-zero dipole wioment.

Sol. (b)
66. The correct order of dipole woments for molecules NH;, H,S, CH, and HF, is:.
[NEET 2023 -Manivur]
(@) CH, > H,S >»NH, > HF (b) H,S > NH, > HF > CH,
(¢) NH, > HE >CH, > H.,S d) HF > NH, > H,S >
Sol. (d) ud A “ il

67. Which of the following set of molecules will have zero dipole moment?

(a) Boron trifluoride, hydrogen fluoride, carbon dioxide, 1, 3 -dichlorobenzene
(b) Nitrogen trifluoride, beryllium difluoride, water, 1, 3 -dichlorobenzzene

(¢) Boron trifluoride, beryllium difluoride, carbon dioxide, 1,4 -dichlorobenzene

ol Ed)) Ammonia, beryllium difluoride, water, 1, 4-dichlorobenzene
ol. (¢

68. The electronegativity difference between N and F is greater than that between N and H yet the
dipole moment of NH, (1.5 D) is larger than that of NF, (0.2 D). This is because: [NEET 200¢]

{ (]
L = = R

(@) In NH; as well as in NF,, the atomic dipole and bond dipole are in the same direction

(b) In NH,, the atomic dipole and bond dipole are in the same direction whereas in NF, these art
In opposite directions

(6) In NH,, as well as NF, the atomic dipole and bond dipole are in opposite directions

(d) In NH,, the atomic dipole and bond dipole are in the opposite directions whereas, in NF5 thest
are in the same directions
Sol. (b)

AL M TSTRY !
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. | denfl'fy the correct orders -against f;‘e

propert s
A Hzo ¥ NH3 ? CHCls = dipole mom d 4 Mentioned

ent

B. XeF, > XeO5 > XeF, — number of |one Pairs on central atom
| C'O_H>C—H>N—O-bondlength

D. N, >0, > H, - bond enthalpy

Choose the correct answer from the options given below: [NEET 2025]
sol. () oo
70, H,0 is dipolar, whereas BeF, is not. it is because [2004

(a) H,0 mvf;{ves hydrogen bonding whereas BeF, is a discrete molecule
(b) H,0 is linear and BeF, is angular

(c) H,0 is angular and BeF, is linear

(d) The electronegativity of F is greater than that of O

s0h@)

MOLECULAR ORBITAL T

HEORY,

I According to VBT l I Need of new theory

0 : [SEER ' O “Experimental fact - (i) O, is a paramagnetic
; mwolecule
G n (1) 2, as 2 unpaired electrons
0=0 0 : il
’ ae ]

Interaction between
lig. O, and magnetic
field.

) S llq (0] 0
Q All electrons are paired.
Q 0, is a diamagneticwolecule

 Valence Bond{Theory "

.:.n.}_,',_\nl theories of chemical bonding.

197 41744

DT R HEE TS Tom @ StudyShelf For More Study Materials <o)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

e“r» 7 “o il ) g Bk o

1s atomic 15 atomic O o Bonding molecular orbital

orlu’fa! orbital = I -
b 2 2
A b B (L]IA 2 ‘IIB)
U
_i?‘\\ ,’,’_1—5 \112A+ \l/28+ Z‘PA' 1*1,3
o, Overlap_lntegral
MOT
o O — -
O15 = Opmo
1s 1s " 3
2 - 2
w2, v2 S 4) At W2y, ¥,

Evergyl: Bicoue lectron densit
‘ 1+ betwe ,
< coree o ctraction 1. . i i

@ o g @2 Nodal plane

; c,. S0
= 15 i 15 = Cagmo
2 2 2
w2 ¥ (¥ - )" = W2, + V2, - 2w, . w_
¢ Energy 1 : Because of no electron density between th
nucleus, so force of repulsion 1 between 2 nucleus
C 15 = Capmo
E’I/ \\‘\
s ¥ i 1
# |E>E # Energy Order : o, <o,
+: - Ny Moy
15 o # Bond Order = 2
. ~ i 2
. Orbital [Nb = no. of electrons in bonding wolecular orbital
o, = = ] ]
se = Oy Nap = no. of electrons in anti bonding molecular orbital
(Molecular Orbital |

1. Click Here To Join @StudyShelf For More Study Materials
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Atomic orbital
Molecular orbital

g An atomic orbital is monocentric while o wolecular orbital is polycentric.

a Justas the electron probability distribution around a nucleus in an atom is given by an atomic orbital,

the electron probability distribution around a group of nuclei in a wolecule is given by wnolecular
gy'blta{.

a The molecular orbitals like the atomic orbitals are filled in accordance with the Aufbau principle

obeying the Pauli Exclusion principle and the Hund‘s Rule of Mdximudma Multiplicity. But the filling
order of these wolecular orbitals is always experimentally decided.

g To construct such wolecular orbitals we need to combiie the atomie orbitals of the atoms that rake

up the molecule. This approach is known as the Linear-Combination of Atomic Orbitals [LCAO]-

» s-s overlapping > Symmetry Term
a ade: Centre of symmetry is present
——>® [No, nodal plahe] Gy con J yusp
/_\
15 1s 15 = %Mo = 7, ( P4 ) o =0,
. i
: C_Cgis resent COS : A molecular orbrtal |
: p has a centre of symmetry f
— @ O Ungerade: COS is not present | when, for any molecular |
: orbital in the molecule, an |
' — identical lobes (phase-wise, |
s &» Nodal p{ane -. %15 = %u + or -) exists diametrically |
o, F O =0 l opposite to this centre at |
= = 1 ,
v e COS is not present speaal st {
[2nodal plane]
> p-p overlapping
xy plane xy plane vy plane
% a@—’ | - o’zp = GBMO=65 [Tota’ V\Oda{ P{a'f\e —> 2]
] ] Z
z'pz 2p, ' No, nodal plane b/w 2 nucleus

m@@ M @3 ®'3 = Oapmo=9. [Total nodal plane — 3]

1, nodal plane b/w 2 nucleus

Pz 2p7_ <‘New noda( plane
[xy plane]

Chemical Bonding and Molecular Structure
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p-p o\ L"‘/u,l‘,l’l"fi [
= ’.'_’;‘Jf .:,F. ;»’:
SUs ; :”
08 am o e
-_.-- --'\- - - J . - V ) s = i J A p
ZPZ 2p, * "BMo = Map, T Ty 2p. 2p_ P _ é
« COS is not present "COS s presens
* 1 nodal plane [xy plane] "Fap T Fagmp =z,
.Zr.siafp:r,g ,——: 2’:"
i 3
& 7
Cis Sy S 55T Sl R —
1542 15 15— —1s T
. %
615 = —;
No. of e” in molecule : 2 X i
Electronic Configuration: o7, o i
AL
Bond Order =—t——ab . 270 _ 4 1-0
2 2 BO = = 0.5 2 =1
; e
Bond Length: H, < H; < H}
Magnetic Behaviour: Diamagnetic Paramagnetic
Pararacres:
PN T —_—
Q If bond order :s saw\e o N ab, T Bond Length 1‘
e — e Y )
He He
2 e},
He;
) —"_—’ o_n s‘\‘\ . ""-‘— ‘e T ‘\\‘
1s— :\‘ - = —i — O s —
Is T 1
Ois %1
No. of ™ in a molecule — 4 =
Electron ] ' Rz « Os
¢ configuration —» o2 o732 Oz Os
N, - N
Bond Order —» —b—_"ab _ 2-2 -2
- —4 0 = = =
¥ 3 P Bo " 0.5
Xistence — He, molecule does not exist because He atoms -
He; exists

are not bonded to each other.
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Energy Increases i
e ” 7
- - y n T
e -~ - . S I * - 2”,{ 2P1 .
P, T 1 . By &
B 2py 2p, S Energy Ovder: 01,045 0,5, 0, l:n G2p, l:~:' S2p,
= e T
2p s o 2p IS Due to s-p mixing energy order: Map < O2p
e e P, - 1
02Pz E_, 62 5* 2 o2 T2p
15 O45 Oy Oy 1
“ - (hn =10 Ta2p
n T ’ N, -N =
2Px 2Py (HBo= b _a :M:l
2 2
e (iif) 2 unpaired e” = paramagnetic behaviour
T T T f @
o m 2 *2 _2 *2 2 (hn=1
& ~ O1c Ogs Opc O [ 2 (0 -
25 el 7 25 ’ . T2 (YBO=2
R Q 4 e'cctron.s are present In nguo (jif) Diamagnetic
- - whichuindicates the presence of
two n bonds between carbon
Ty e atoms with no o bond.
d”' \\.' 2
e Ce i!,g >l (2 g2 52 M2p
— - = N 1 Y1 1% Pos <
35 e A g3 | Top ¥
T T (Dn=14
: e o inBO=3
Atomic o torrl (.. .
Orbitals As RLgric (iff) Diamagnetic
4 Ovbitals

(iv) HOMO —» Highest occupied MO —» C2p

(v) LUMO —s Lowest unoccupied MO —s r:'zp

; Removele'\ £ i
d N ner: rder
from Typ 32 94 N 2

LN ; 2 *2 _2 "2 ‘2P01
N o - 4 4 ) 77_75' i ! O35 O35 Op5 O I:nzzp 2p

Bond Order 3 25 25 77! ::\d;i; & O We can remove an electron

Bond Length N.< N* <N- | ’ from o, wolecular orbital

= : 2 7; 2 of N, by applying ionisation
ond Strength N, > Ny >N, | i energy of N, molecule.

Bond Dissociation > _ -

Energy N, > N, >Ny N2 2p

Magnetic === ] | Energy Order: ol 0y o2 0'25 l: 2 o l:

Behaviour Dia Para Para l

Unpaived ¢~ js » |

present in = Tap  T2p
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n> 14
e ozp Ehé'."ga h.-,c,—,:ﬁ:e;
i o % s Energy Order: 6,,. 0,. 06, G, “2py ﬂ.lp
T i LN 9Y * 015 015 O35 00, x e
T 20 T2 T * Tap,
“'2_-- ~:\,_—- PH zpa |
2p \_\::::‘\ 2p ® No, s-p mixing —» Energy: S2p< Ty,
. ‘;t——n— i ’,." .
“ T2p Tap - -2 2 2 %2 L7 Tap
= O1s O35 Oy O, Gzzp R:P [ g
2p 2p nlpz
(Dn=18
’ 10 -8
“." - ‘~\_‘ (”.) Bo = = 1
"—"’ 0-25 ““"‘
o i (iif) HOMO — Highest occupied MO —, ;"
S Op (iv) LUMO ~ Lowest unoccupied MO —,. &
e (V) Colour—s Pale yellow [HOMO to LUMO
_ee 1s T
electronic transition is the reason behind colour]
1s T T 18 (vi) Magnetic Behaviour : Diamagnetic
Atomic oy Aton k A E, CL. 3r. ond |y, all 4 are diamagnetic in
. ~[hd ~I- 'S
Orbitals T 0. bit-!z nucure and ure colored (due to transition of
Mofec':u{ar electron from HOMO to LUMO = * to o*).
Orbitals

:Nb

N : * * 2p L 2p
<. LI S W S Lk \ Of5 045 Ok O O [ 2 [ v1
‘ T T
3§ond on_*dfr 7“ 3 25 2 225 ()n=16 * :
Bond length | 02" < 0] < 0, ¢ 0;¢ 0F (if) Bond order = 2 !
| = © I (iii) 2 unpaired gfectrons\—-oz is paramagneti
:, Bond sfrehgth | ?_%2:,), O =0 RO >0~ are present in 3, in nature

O We can remove an electron from ,,

Bond energy 02'> 0> -O > O‘>' 02 .
g = s ~ - wolecular orbital of O, by applying o

Hiagredc ' . ionisation energy of O, molecule.
Beifaviour Dia  Para Para Para Dia | gyzex 2 +

o RS = 02 02
e, of | Q S, molecule is also paramagnetic with
Unpaired ¢~ = c: & + o | 2. unpaired electrons as O, molecule.

1
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‘ 13 2.5 E T

[ ol -

Jachne T 1.5 T g )

) %Q#_‘ el L | 18 | 2

‘ (qﬂu o ot - 0.5 : 19 } = 2

< L—— 2 : ' C___ .20 | noof electrons [n] —
== < = RXE >

............................................
...................
-

-------------------------------------------------

AB Type Molecule [CO, NO, CN™, NO']

1 - "1 1t has more contribution from atomic t
e ) orbital of A atom because energywise |
O Electronegativity: A < B i~ (5 closr Lo A with respect to B. |
O Energy of same orbital: A > E r|
E B
— B
It has more contribution from atomic
orbital of B atom because encrgywise it
is close to B with respect to A. |

Isoelectronic Species

N co NO* CN~
2 e ] -
(7+7=14¢") (6+8=14¢") (7+8-1=14e") (6+7+1=14¢") Bond order = 3
: N d order = 2.5
‘(14‘*1:155-) (7+8=15e7) Bond order = 2.
Bao, O, Nao, | [H2%et] 0, 0, O,[PtF] - OL[PtF,]"
= ¢ ~2- = Na' 0 (37¢” ) 28
SR DA TR e SO (16e) o7 o O; (15¢7)
BOhd Order - 1 2 1.5 | o+rn 2+1
' |Bond Order - 2 BO=——= =15 2.5
Bohd Ley\gth — 022— > 02- > 02 . 2
[0 -0 Bond Length -~ O, > 0, » O
C i .
hemical Bonding and Molecular Structure &

Ae=eh—Click Here To Join @StudyShelf For More=Study Materials | —

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB PDFZ

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

| Box-2 | KO, [K'0,7] O, ' O,[BF,] » O,IBF,]
' No. of e” in oxygen containing species - 0,” (16+1) 16 0O, (16-1)
| Bond Order - 1.5 [ES2 W s
' Bond Length - 0, <0, <0,
[c - O]
== | :
' CO (6+8 = 14) o, | co2" - I _
Bond Order — 3 |2 B 5. e,
Lo+m _ 3+ 1
" | BN =5 =133

|C—0 Bond Length — CO < CO, < COZ"

} Box—+4
3 &

O Bond Le h: NO > NO* + . —
| o ngt \ v co > CO, : Bond length % 3 4
Bond order = 2.5  Bond order = 3 B

L B S A S e e s S s — e N e
. e
.

71. Assuming 2s-2p mixing is ot S e, Tl varamagnetic species among the following is
(JEE Adyv. 2014) '

(a) Be, (b) B, (c)WC3 (d) N,
Sol. (¢) Assuming that no 2s:= 2p Mf)—(l'hg takes place the MO electronic configuration can be written g {

(@) Be, = o1s*, 0*18*, 0287 0*25 (diamagnetic)

(b) B, » 015%, 0*15%, o25*, %252, o2p”,, (diamagnetic)

(¢) €, = 018" o%1s?, 0257, 0*25°, 02p?,, 2p?, n2p’, (paramagnetic)

(d) N, —» o15%, 0%15%, 025>, 0*257, 02p?, m2p?, ne2p’, (diamagnetic)

§
!
{
i
L)
{
¢
]

72. The spe_cies having bond order different from that in CO is- (IIT JEE 2007) |
(a) NO (b) NO* (¢) CN™ (d) N, )
Sol. (a) .
73. Among the following, the paramagnetic compound is (1T JEE 2007)
(a) Na,0, (b) o, (¢) N,O (d) KO, :

Sol. (d) a —» 2Na* [10 e™ : all paired], 02~ [18 e” : all paired],
(@]
b- o0, [O/ \‘O:I ¢ = N0 [N=N—O] d

All electrons are paired
All electrons are paired ]

d—-K' [18 ¢ :all paired], O; [17 e™ : 1 unpaired]

e i Ay -~

ﬁé CHEMISTRY @
- Click Here To Join @StudyShelf For More Study Materials I~ -
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>
i

g

4

e bital overlap figures sh i et : d
'\, Match theor P H1gures shown in Column-1 with the description given in Coluran-Ii a
) ths select the correct answer using the codes given below the Coluwms.Pt 2 (JEE Adv. 2014)
|

p-d antibonding

‘?‘:E%:

2. |d-do bonding

3. [p-d  bonding

D. 0‘9083 4. |d-d o antibonding

Codes:
A B c D
(a) 4 3 2 1
W= 2 3 4
(c) 2 s + 4
(d) 4 1 2 3
Sol. (¢)

75. For diatomic molecules, the corvort statompnt(s) about the molecular orbitals formed by the :
overlap of two 2p, orbitals s are) (JEE Adv 2022) ;

(a) o orbital has a total of two nodal gpiunes. :
(b) o* orbital has one node i the xz-plane containing the wolecular axis. :

(¢) = orbital has one node in the plane which is perpendicular to the wolecular axis and goes |,
through the centerof the molecule. -

(d) n* orbital as.one nodesin the xy-plane containing the molecular axis.

Sol. (a, d)

S— B—— — a7
g g g e e e e e g e == S N - -

76. According to molecular orbital theory, which of the following statements "S(“"z é;r;edc:? 2016) |

(a) C,” is expected to be diamagnetic
(b) 0,* is expected to have a longer bond length than O,

(c) N and N, have the same bond order

I o e S,

" (d) He," has the same energy as two isolated He atoms

Sol. (a, ¢)

S -

+0: - 1 tic species is (Atomic °
77. Among H., He?, Li,, Be,, B,, C,, N;,0, and F,, the number of diamagnetic sp 7
num;egrs :ZH =2:L, Hze = 22, Liz= 32, Bez= 4,B=506=6,N=70=8,F=4) (JEE Adv. 2017) ]

s S i

Sol. [6] (H,, Li,, Be,, C,, N,, F,) are diamagnetic. ]

et e, i —— R BB S PRV VS -
T s Mo P o 0 1 e g s e e

e Seig R EME T JOTR @ Study Shelf For More Study Materials |
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. e ——  es to the orbital: N
78. During the change of O, to O, the incoming electron §o6s [10 April, 2014 (spp, )
d) n2 )
(a) nizpz (b) nzpy (C) TE*ZPX ( ) 1 PK
Sol. (¢) : d and paramagnetic chay,
74. In which of the following processes, the bond order has increase et i, SR éitg ha
changed to diamagnetic? i 2- et
* 0. >0 (d) O, >0, ‘
. (a) NO > NO* (b) N, > N, (€) 022> %
' Sol. (a) - ~—
| Q NO —— NO* ON,— N, 00, O . gz_z f’
B.0O-2.5 3 B.O-3 2.5 B.0-2 2o P;tm Di
Para Dia Dia Para Para Para a

here A and X are second row elements of periodic t2by

ond order of AX is 2.5. The total nuwber of electrons iy, Ax

80. AX is a covalent diatomic molecule w.
[18 March, 2021 (SM&‘O]

Based on molecular orbital theory, the b
’ is . (Round off to the nearest integer).

' Sol. [15] Given: AX = Diatomic molecule

Bond order is 2.5
According to the given data, the compound is NO.

Total number of electrons in it = 15
(- Number of electrons in N = 7, Number of electron in O = 8)

| 81. Amongst the following, the number of oxide(s) which are paramagnetic in nature is
Na,0, KO,, NO,, N,0, ClO,, NO, S0,, Cl,0 (Nearest Integer) [27 July, 2022 (Shift-y]
" Sol. [4] Paramagnetic species = '40,, ND,, €I, NC

82. Match List-1 with List-Il. [27 July, 2022 (Shift-I))]

. |Dipole moment

| [B.lu=axr [I. |Bonding wolecular orbital
l1l. [Anti-bonding molecular orbital

V. |Bond order

!D' Ymo = Yat Vg
! Choose the correct answer from the options given below

‘ (a) (A)-(I1), (B)~(1), (C)-(I1V), (D)-(llI) (b) (A)-(11), (B)~(1v), (C)~(1), (B)~(Il)
! (e) (A)=(lIn), (BY-(1), (C)~(1V), (D)~(IN) (d) (A)=(li1), (B)-(IV), (C)-(I1), (P)~(1)
Sol. (¢)

23. The !ingar combination of atomic orbitals to form molecular orbitals takes place only when the
combining atomic orbitals

A. have the same energy

B. have the minimum overlap

C. have same symmetry about the molecular axis

D. have different symmetry about the molecular axis

Chooze the most appropriate from the options given below: [31 Jan, 2024 (Shift-I]
(a) A, 1B, C only (b) A and C only (¢) B,C, D only (d) B and D only
Sol. (9) Ta bty e

114 Click Here To Join @StudyShelf For More Study MategM
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"‘O;J,.;g in which of the followin diatomi , -
g4. ?rheory, by removal of an elestr 0':\9? latomic Molecule(s) become(s) stronger, on the basé's :F& M)O}
B) N 25 June, 2022 (Shift-I
(A) NO ( ). 5 © o (D)[ : o
| Choose the most appropriate answey from the 2 2 2

options given below:
(b) (B), (C), (E) only
(d) (D) only

(a) (A), (B), (€) only
(o) (AL (O) only

' Sol. (¢)
| g5. Given below are two statements:

Statement-I: A n bonding MO has lower ¢ . . .
Statement-Il: The n* antibon, ding MO lectron density above and below the inter-nuclear axis.

has a node between th lei
the light of the above stat én the nuclei. -
g:a{ow: 9 atements, choose the most appropriate answer from the options given

(a) Both Statement-I and Statement-Ii are false jaitls SRS R
(b) Both Statement-I and Statement-Il are true
(¢) Statement-l is false but Statement-Il is true
(d) Statement-[ is true but Statement-Il is false

Sol. (¢) A pi bonding v_vxo{ecular orbital exhibits higher _electron density both above and below the
: internuclear axis.

86. Given below are two statements: [NEET 2025]
Statement-I: A hypothetical diatomic wmolecule with bond order zero is quite stable.
Statement-Il: As bond order increases, the bond length increases.

Lnlthe light of the above stater-ent:, ilic2c th' .. ast appropriate answer from the options given
elow:

(a) Both Statement-| and Stacemznt !' ave Liue
(b) Both Statement-| and Statement-Il arve false
5 (¢) Statement-I (s true but Statement-Il s false
; (d) Statement-I is false but Statement-Il is true
| Sol. (b)
| 87. The correct order of energies of molecular orbitals of N, molecule is: [NEET 2023]
|

(a) ols <o 1s<028<c 25< (“2Px = n?.py) < (n'?.px = n"2py) <o2p, <o 2p,
; (b) ols <o 15 €25 <o 25 < ("pr = any) <oz2p, < (n'pr = n'ZPH) < cs“2,t9Z
* (¢) ols<o 1s<02s<c 25< o2p, < (nsz - nzpy) < (r:'sz = n'2py) < c'zpz

‘ (d) c1s<c'1s<o2s <o 25< o2p, < c":z.pz < (nsz = n2py) < (n’pr = n'ZpH)

- Sol. (b)

' 82. Which one of the following statements is incorrect related to Molecular Orbital Theory?

_ [NEET 2023-Manipur]‘f
(@) The n* antibonding molecular orbital has a node between the nuclei.
(b) In the formation of bonding molecular orbital, the two election waves of the bonding atoms |

| reinforce each other.

(¢) Molecular orbitals obtained from 2P, and 2P, orbitals are symmetrical around the bond axis.

‘ (dy A n-bonding molecular orbital has larger electron density above and below the internuclear
i axis.
ol g

{
i
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. 89. Which ambngétﬂthe Fo!léw:’i\éﬁ incorrect statement?
(@) O ion is diamagnetic.

(b) The bond orders of 0}, 0,, 0 and 0’5 '
in its two degenerate n molecular orbitals.

are 2.5, 2, 1.5 and. 1, respectively |

(¢) €, molecule has four electrons

(d) H, ion has one clectron.
Sol. (a) . R
q90. Identify a molecule which does not exist. e [NEE: 44

(a) Li, (b) C, (¢) O, (d) He, |

Sol. (d) . '

91. (w}\ick of the following diatomic molecular species has only Tt bonds according to Mo
Theory?

(a) O, (b) N, (¢) C; (d) “Be, |

l

{

Sol. (¢)
' 92. Consider the following species: [NEET 201
CN*, CN™, NO and CN
Which one of these will have the highest bond order? )
(a) NO (b) CN™ (&Y CN (d) CN

| Sol. (b)
93. The correct bond order in the following species. is: [NEET 2015
(a) 02 <0;<0; (b) CZ e’y (c) 0y <0;< 05 (d) 0;7¢<0;<0;

{eCularo ;
rh
[NEET 201:{

|

' Sol. (c)
- 94. Which of the following is paraniagnetic? [NEET 2013
. (a) cO (b). 05 () CN~ (d) NO*

' Sol. (b)

95. Four diatomic species are listed below. Identify the correct order in which the bond order i
increasing in them: [NEET 2012 Mairs]

(a) He; <0, «NO < C7~ (b) NO <O, <C} <He,
(¢) O, < NO ¢ CZ™ </He; (d) C7 <He,” <O, <NO
Sol. (a)
96. During change of O, to O, ion, the electron adds on which one of the following orbitals? |
[NEET 2012 Marg)
(a) = orbital (b) T orbital (¢) o* orbital (d) o orbital '
. Sol. (a) i
' 97. Main axis of a diatomic molecule is z, molecular orbital p, and p, overlaps to form, which of ﬁ'f
following orbital? @ [NEET 200%]
(a) 1 wmolecular orbital (b) o wolecular orbital '
i (c) & wolecular orbital (d) No bond will form f
| Sol. (a l
Sol. (a) phitd]

8. The number of anti-bonding electrons pairs in 07~ molecular ion on the basis of molecular o7/
theory is (atomic no. of O is 8): [NEET 2444/
(a) 3 (b) 2 © s ) 4 |

T —— T T S ——

Sol. (d) fhent s CRMERIR ARG e Ll e T
Click Here To Join @ StudyShelf For More Study Mate&j@_,lgsmv @—|
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, N and 02 are converted into MOV\OCaﬁor\s, N* + ’ _Which is wrong?
q9. N2 2 and O, respectively. W (HEET 14497]
‘ (a) In 0,, paramagnetism decreases.
@ nNz the N-N bond weakens.
so! (b)
400 The correct order of C-0 bond length among: €O, CO,2", CO, is:
() CO < CO,*~ < CO,

|

| (¢) CO<CO,<CO2"

| 50l.9 .

101. The correct order in which the 0—0 bond length increases in the following is: ~ [NEET 2005]
(a) H,0,¢0,<05 (b) O,¢<H,0,<0, (¢) 0,<0,¢H,0, (d) 03¢H,0,<0;

(b) N; becomes diamagnetic.
(d) Inh 0} , the 0-0 bond order increases.

[NEET 2007]
(b) co;- < €0, < CO
(d)y co,<co,*” <co

" BACK/BONDING

N s i B S B BT

O Coordinate pi bond

T
0 N W
: v
non-bonding e~ oa'r diwmor for & pair ceeptov heving vacant
co-ordinate pi Lond orbita)
iF F F
= [29 - IQ — )., T
B = B
, < 1520 " & Ny
" \_F:z "4 \(}) e Fo ‘%9/ F

Back bond = n bond (Pn - Pr)

O Back bonding increases the bond strength and decreases the bond length.

No back bonding ( I
B—F Bond length: BF5 < BF,

--------------
------------------------------------------------------------------

.
---------------
----------------------------------------------------------

1. One atom from 24 period
2. Second atom from 2"/3™ period

™ bond strength [back bond strength] : 2p —2p > 2P - =Llinis e el A

Chemi .
| CHicK Here To Join @ StudyShelf For More Study Materials |
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o R R R ] G g
g g » -
]

sl

er than 1.30 A in BF,. Explain? :

g+ 3 A
R
P i Sy gy e S S R =

' 102. The B - F bond length in Me,N.BF, is 3.35 A, much long
Sol.

F T: No back bonding ’
I /N / e % NF |
Y F F !
: 1.35A

ng —> eB-F bond ‘
‘ » back bonding from F to B = small - No back bonding = 1arg {

> o - — ]
) B-F bond — B NS ey : —“’J
e o T T T e T e At et T
Inorganic Benzene (B;N3H,) N
e T
Q Back bonding from N to B. ,Iq@/' n?,[v__H
O 3n bonds [6n electrons] s el L
O All nitrogen and boron are sp* hybridised. N >
O Molecule is planar. I
Q It is an aromatic compound and isoelectronic asibenzene [C.H.] &
gt N D N ‘¢l — CH,
R *) NHZ—_ CH2 ‘ N C\ ¢ i (j'5-d -2p:dn-pn bond)
}\ (2p - 2p : pr - pr bond) _ GH Q G
y / = :
2 H, 4 \s'f\{_H
. 4 . —
(3) SiH,— O (4) O(SiHs), 3} Vi H

(3d  2p : dn - pr bond) (dx - pr back bonding)

I

g -." ‘
2505 . ‘," S"H3 -y ;
4 &7 (&) SiH,—N=C=0 |
(5) SiH; —N v (dn - pr back bonding)
SiH
(pn - dn back bonding) £
..
h CO Molecule
/ \ (8) o) (€]
cl i‘[ .l . ==F0: :c =0

(pr - dn back bonding)
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(JEE Adv. 2005) e T
silylamine is a planar molecule and does

s, Trist =SS .
: : P ymmidal and act as Lewis base! ¢t as a Lewis base while trimethylamine is
:: sol N(SI'H%) — Trisilylamine
:w .'_--.E.H

L ]
il %, . SiH,
H,Si — N TR — =7

S, = SiH,

1 ¢ Back bonding from N to Si

¢ Lone pair on »?itrogen is delocalised as it is participating in back' bonding with Si, so does
not act as lewis base.

¢ Stericno=LP+SA=0+3=3
¢ sp® hybridisation (planar molecule)

N(CH,); = Trimethylamine

¢ No back bonding O

¢ Lone pair is localised on nitrogen, so act as lewisbase / A\’\

¢ Steric No=LP+SA=1+3=4 H.C o CH,
¢ sp° hybridisation (pyramidal shape) ’

g e ] S B g e e e g

104. Silyl isocyanate (SiH,NCO) i+ ! near bu “mi tl g1 socycnate (C 1,NC D) is bent explain!

O

No back bonding
SN=1+2=3

¢ Steric number of N:LP+SA=0+2=2 sp* hyb"
¥ ¢ sp hgb“ : Linear - LP SA Bent shape
| ¢ Back bonding from N to S
§ e e e e Ry A e e e S e R S
Lewis Acidic Character
BF, < BCI, < BBr, < Bl, : Lewis Acidity [Lone pair accepting tendency]
@-——»B/ C:l———B Br-———B\ I—B\
P N P> \CI Br !
4p - 2 > 5p -2
Extent of overlapping: 2p - 2p ? 3p - 2P 7 F=<F P
(Back Bonding)
< Bl
Lewis acidity: BF, < BCly ¢ BB ?

Chentical Bondindigls HSSGudrOsH@inr@ Study Shelf For More Study Materials %
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(JEE Adv. 2005) |

ol ine I lanar mol e oy
Nps. Trisilylamine is a p olecule and does . | . P
10 pyramf' dal and act as Lewis bases not act as a Lewis base while trimethylamine is

Sol. N(SiH5) = Trisilylamine

SN SIH
» &l :
H3Sr—N< y e
: Si ==
v
SiH, >

¢ Back bonding from N to si

¢ Lone pair on nitrogen is delocalised as it is participating : : ai o
: t
not act as lewis base. participating in back bonding with Si, so does

e = gy e g P

A s e

¢ Stericno=LP+SA=0+3=3
¢ sp” hybridisation (planar molecule)

N(CHy)s = Trimethylamine

¢ No back bonding O '
¢ Lone pair is localised on nitrogen, so act as lewis'base NN
¢ StericNo=LP+SA=1+3=4 He o\ TeH,
3 TIT . CH,
¢ sp” hybridisation (pyramidal shape)

i p——————————
|

104. Silyl isocyanate (SiH,NCO) ic !: ear but me: h Iis cyai at: (ZH M CC) is bent explain!

,— Y
Sol. (H,Si — N = C =0 :
: No back bonding °

SN=E1+2=23

=

¢ Steric number of N:LP+SA=0+2=2

® & & @

2 n
¢ sp hyb" : Linear P A sp” hyb
¢ Back bonding from N to Si Bent shape
Lewis Acidic Character
BF, < BCI, < BBr, < Bl : Lewis Acidity [Lone pair accepting tendency]
cl Br
Co— /F [ / / D> /'
F——B Cl—8 S Br B N | —B
\F cl Br \l
Extent of overlapping: 2p - 2p > 3p - 2p k4 4p - 2p > Sp -2p
(Back Bonding)
Lewis acidity; BF, < BCl, < BBr, < Bl,

Che

-

O SR R @StudyShelf For More Study Materials %1
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Chloroform CHCI,

Fluoroform

1 ¢ Conjugate base is stable due to back

¢ No back bonding bonding
¢ Carbanion is stabilised by -I
effect of F.
VST Methanol CH,OH _ ~ Silanol  SiH;—OH
Nature
| H PR H N " e
H¢ = H — Si— Qs Stability of conjugate base
| H” i H
¢ Noback bonding ¢ ¢ Stable due.to back bonding

O—{ < 00— Br < O—Cl : Stability of

- —H3 -H*
l HOl —— 0—1 HOBr —> O=—Br HOC| —— O—
L =LA LA GL_/CI
‘ conjugate base

» 105. The Foﬂowmg acids have been arranged iR the order oF decmasmg acrd strength. ldent:Fy ﬂwe correct orde
CIOH (1), BroH (ir), 10H (11"

rl' 3
{ :
: (a) > > s O @€ M>iu>i (d) 1>1>1 1‘
» Sol. (a) F - - - - | _:i

— N . i

—

4
r. 2

mer = Unit,

Dimer = Combination of 2 unf
mono-mer = Single Unit o

Poly-mer =

Combination of more than 2. unit

/ 4Bn'dg|'ng atom \

e | *
o) / 5 Terminal atom l
F ——— B‘—\ C! C l s g |

\O \A[—cl \A‘/ Cfo\ /Cl

F C{/Sp 3p [ Cf‘/ ‘\@Cf-/A‘\ o
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,\ow\er is stable due to | Q

mo 1 MOV\OMg i — s . I
U cxcellent back  bonding is not Sor :g *;ot St“ble because back bonding from Cl to Al [3p - 3p]
[2p - 2p] 0 goo ‘

Dimer Formatfon takes
Q [A!Cl_,,]2 = Al cly

,,,,,, |
faligte s

|

place through bridge bonding to attain stability |

O Side atom has lone pair (Br, CI)
g YO/Q y U Side atom or group has no'lone paiv (-H, -CH,, -C Hs)
S o B B B |
/ / =g &,Q ’
Q/@Y Y B~ QSW :

""""""""" ’/-
2C - 2e” bond 1
O All bonds have 2e” in it Banana fﬂond |
[2 centre — 2¢” bond] 3C - 2¢” bond

—-Z'ec’run deficient bond ‘

Max. No. of atom

; Hybridfsation_ in same plane

A EEEEG o RN i g e et : : 3 |
Al.Cl Al —c¢cl - Al 6 \
4 sp®> —sp® —sp [2Al , 4CI]

Al Al Terminal
a” N \01

3
IBec{ 2 high tempemtul’e Monomer Be — sp (Linear)
cl - Be - cl B o
— . | Q Be - sp (p{anar) e
8 |
l eCl, in vapour phase }—% Dimer ‘ Q Be—Cl- Be
.. cl { gp -—SP —SP
" \ / |

Be :
Be ‘
ct/ \ & | |

Chermcql ure
l(tﬂlck Here To Join @Stuszhelf For Mom Studz Materials o |

-
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S
O Be — sp® (Tetrahedral) ‘ s

|

| C’ C{ = . S >

| cl / sp” —sp — 5P |
i x Be/ \ / ~ Be ‘

| cr/ \c{/ﬂe\ d -

{:__I;CIG rr:oh_d phase i—) Planar wolecule

[ Bect, insofd phase_|—> pagner

a1—=c-=1
sp>d” — sp” — 5P3d2

|
|
Cl\®/"a:\"/6‘f
\ cf/(b\:q; /é\cl

.......................

~
.....................

Diborane: [BH.], = B,H,

O B—H—B bond = banana bond =3C — 2¢” bond H\ & /H

= Electron deficient bond ;

S,\ ‘®3C-2¢” bond
/ Q Hybridisation of B - sp”

B.: [1] [1]1] | £s
T

T MR S

d: B B

R . NOAYA YAy

1 1s
4sp® hybrid orbitals s
O B—H—B = sp> —15 —sp”
<H,BH, = 120° [— 0T: %2sT: % pi: Bond lengthl« H, H, /Ht
2 '33:’"> B\
H
<H,BH, =97° [ 0l:%sl: % pT: Bond length? ¢ H, t

Q Terminal B-H bonds have less p-character when
compared to bridging bonds.

O Bond Length: B—H, < B - H,

O Bond Angle: H,BH, > H,BH,

O Max. No. of atoms in same plane: 6[2B, 4H,]

' | Click Here To Join @ StudyShelf For More Study MatetgaksTRY ®]
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omer
[BeH,], i Polymer

H-—Bew-H
Be B 2C = H
WL e M / 0
band a Be—H H

—Be : 3C - 2¢~ bond 0 Be—H—Be: 3C — 2¢~ bond

— ) — = 3_ |
SlmCralisp SPB—SPS Al(CHS), Al—C—Al = sp® —sp* —sp”

= 30-2¢ bond

IONIC BONDING

Q The chemical bond formed between two or more atoms as a result of transfer of one or more
electrons between them.

. €] 2 Electrostatic force of attraction between cation and
Na \\/CI R RO anion lonic Bond

Electrovalent bond

Cation Anion

Q lonic bond (electrovalent bond) is non-directional in nature but covalent bond is directional in nature.

=

ol s Here F?rce of  Becl, — Covalent molecule “___) A L
(% o attraction dzes overlapping
Na T C{b not a'lepel:\ O@ Be @\D plays an

on divection important

C{._‘J of mtemctl?n : il } , Cl role to form
—  between anion C(5P hybrid hybrid P covalent bond

and. cation orbital orbital _
Chep

'ca! Bondingiend M4 ToP Y3 @ StudyShelf For More Study Materials |
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(b) Group of atoms having (+)ve charge

ATDB PDFz

(a) NOH—MGta/ (B; C; NI SJ 0) F)

" (b) Group of atoms having (—)ve charge

NHE so; . POy
“w lonic bond

NaF —> Na* F " lc‘:’l

ROl —3 K cl \g"“"

Cal) =% Cd"" o*" H/AX:\.H

NH,Cl —> NH,  Cl »

Na,50, —> 2Na"  SOL” . Covalent bond

- ——mm- - - - eme-- T e T ) csmemcsmmmm-
- emessssesanes -
. - - ceammssssas

IE ; - EA1
LA, Bg~—DB8,

[ie

A'B™ lonic Compound

() Less lonisation Energy for A

(i) More Electron Affinity for B
(i) Energy released because of the combination of cation (A") and anion (B™) should be high. This energy

is also defined in terms of lattice enthalpy.

O Energy which is released when the component ions (in gas phase) were brought together from infinity

to make the lattice of the crystal.

— NaCl, + Lattice Energy

(9) * le—g)

Click Here To Join @StudyShelf For More Study Materials,rsrey 0

<ido,
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v ,. + F
cation ™ Vopion = Internuclear Distance

() Charge 1 : LE 1 | B LlExguq, W
B S B S — |
(i) Size t: LEd Biag2e LE % |
f rcation < l,.am'om |
SIS —_ s S o
— W charge
LE — NaF > NaCl [size: F~ <l : : et size
(1x1) (1x1) - q,-q, |

LE —» Na,0 < Mgo < AlO,
(1x2) (2x2) (3x2) - a0 g

LE — Nall < MgCl, < Al
(2x1) (2x1) (BxIN> 92 92

> NacCl >#Cl™ > RbCl > CsCl (Size: Li* < Na" < K" < Rb")

LE — Licl

LE - AN > ALO, SwiAlF,
(3x3) (3x2) (3x1) > 45 " 92

Q There is no compound which is 100% ionic.

O Covalent character in ionic ¢ ompound can be explained with the help of Fajan's rule.

O The negative charge of an isolated anion is evenly distributed, but in the presence of a cation, the
anion's negative charge density is distorted. This distortion of e~ cloud is known as polarisation.

Polarising power — a cation's ability or power to distort the electron density of an anion towards

itself, o to pull the electron density of an anion towards itself.

Q Poran-sab,-h-ty — tendency for an anion to become polaw’sed.

Chem; S
| ChidR ST o o @ StudyShelf For More Study Materials |

m————_ L
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- ( Anion )

Polarising Power 1 Po!ansabflltgi 0

() Swmall size () Large size

(i) More charge (i) More charge

(iii) Pseudo inert gas configuration
of cation

Polarising power of cation 1 Polarisation ¥ |~ Covalent character t

Polarisability of anion 1

Polarising power of cation —— Li* > Na* > K"
& 862+ > M52+ > ca;?.i-

NG M

/ Polarisability of anion —— F < €l & Br™ < [’
N 07Ty FT

Covalent character —— LiCl_> NaCl > KCl > RbCl > CsCl

=

Size of cation 1 : Polarisation | : Covalent character |

Q Becl, Mgcl, CaCl, SrCl, BaCl,

Size  of cationwt /: Polarisation | : Covalent character |

Q LiF LiCl LiBr Lil

o

- Size of anion 1
- Polarisation
- Covalent character ¢

a < L .
NaCl < MgCl, < AICI, — Covalent character Q AIF, < AlLO, < AIN — Covalent character
Na®  Mg? AP F- 0-2 N3
— Charge of cation ¢ = Charge on anion 1

- Polarisation 1 - Polarisation 1

- Covalent character 1 - Covalent Character ¢

26
[ Click Here To Join @StudyShelf For More Study Matenials q
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IoniC Char"aC"'Cr
: IN <  AlLLO. < (Ale
0 A 2 @‘ less covalent character
More ionic ch
) AfFI, g AlC{3 aracter
lonic compound Covalent compound
(AP 3F7)
g BeCl, < MgcCl,
Covalent wolecule  lonic compound (Mg** 2¢17y
a BeF, > Becl, [BeF, has more ionic character than
(F—Be—F) (Cl—Be—cl) BeCl, but both are covalént molecules]

— — . ‘;‘

'O Cation havmg pscudo ~inert gas conﬁgumt‘oy\, has more polarrs;ng power than other cations.

Cova{ent character A

ld block] > [s block}
metal metal
Cut >
[ArJSdlo
i

Na*

L] ZGFF [N;]
o

Pseudo inert gas configuration inertigas, C""f’ﬁ“"“t"’" ,

|
\

|

[ e Palansmg powcr Cu® > Na’

Melhng point ¢ : Iomc chamcter A

O Melting point of covalent compound < melting point of ionic compound.

i TR e Bheas e e

r.1 : lonic character 1 | BeCl, < MgCl, <  CaCl, M.P.
r_1 : lonic character {/ | CaF, > CaCl, > CaBr, > Cal, : MP.
i Colour

Q The colour of some compounds can be explained on the

anion.
U The bigger anions are more polarised and hence their electrons get excited by part

visible light.

basis of polarisation of their bigger negative

ial absorption of

‘ sati :ACl<ABr<'ﬁ
1. AgCl is white but AgBr, Agl is yellow. = Polarisation : Ag g Lf,

wore polarisation,
more intensity of colour

o [, «Snl,
2 SnCl is white but Snl, is red. = Pf’fﬁrff‘t'on S:Cr p:f R ey L
s OO e Y <
3 PbCL, is white but Pbl, is yellow ~ Polarisation : PbCl, <P,

Chepmi ,
| TR PEF o Join @ Study Shelf For More Study Materials
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F&e .G ‘C - .,
106. The number of following factors wikich affect the percent covalent ckaract.e‘ré _ “ ""' bord iz

B AT L7 4

(A) Polarising power of cation
(B) Extent of distortion of anion
(C) Polarisability of the anion
(D) Polarising power of anion

Sol. [3] Ace. to Fajan’s rule a compound i
having high charge density. A, B a
of the ionic bond according to Fajan’s rule

107. Which of the following is least ionic?
(a) BaCl, (b) AgCl

Sol. (b) AgCl < CaCl, < BaCl, <KCl (ioni:;haraciter)

:Ag” ceudo inert gas configuration :

108. ’;e::::g: fheh:;nis in order o“; increasing ionic character in the maf&cufe; 2”:} }"1:0_,': ;.'i s':azf,.;
CIF,.
(a) CIFy < N, € SO, < K,0 ¢ LiF’
(b) LiF < K,0 < CIF; < SO, < N,
(c) N, < SO, < CIF5 <Ky0 < LiF
(d) N, < CIF, < SO, < K0 < LiF

'~ Sol. (¢) Increasing order of ionic charcztcr

N, ¢ SO, < CIF; < K;0 < LiF |
The degree of ionic character ivtha bond depends on the difference

determines the bond polarity:
104. Order of Covalent bond;

(A) KF > Kl; LiF > KF

(C) SnCl, > SKClg; CuCl > NaCl

EF Sricw gy
-

ing sraall tion, larg

< caid to be covalent havirg syealler oz ‘r, arg
o . = s ol
nd C are factors which affect the percent covalert charses,,

f== | A - - 4 -
S VAN, LL% [ S >

(¢) KCI (d) Cacl,

in electronegaingy, whe

(B) KF < KI; LiF > KF
(D) LiF > KF; CuCl < NacCl

(E) KF <Kl; €uCl> Nacll

(a) C, E only (b) B, Conly (¢) B,C,Eonly (d) A, Bonly

Sol. (¢) S | | |

Li,CO, is thermally unstable

0 Li,€0, —*— Li,0+C0, 1

O Na.CO, —>— No Reaction Na,CO, is thermally stable
e 3

0 Thermally stable — Strong lattice — (1) Lattice Energy t
7 () tonic Character t

T IThd -l

qJ&i Click Here To Join @StudyShelf For More Study Materials
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e A

Monoatomic anions
\)
Br~ I~

|

% ply Lattice Energy concept to get
srder for thermal stability

sl " HY

Licl LiH
v Vv )
NaCl NaH

‘ size of cation }
<1 Lattice Energy |

L kel KH

. e Thermal stability |

! v v |
‘ |
' RbCI RbH |
| v
4‘[ CsCl Y Y CsH
B E
8o SR e

i BeZ+ 02—
LTI
@ MgO

Monoatomic anion

o Lattice Energywl
Thermal stability 4

e T——— wtgew ggRT vy

i /

—

>

Li,CO4
o)
Na,CO-
A
K,CO,

A

Rb,CO,

A

Cs,CO,

ioH.
N

NaOH

A

KOH

A

RbOH

N

CsOH

o R
Polyatomic anions
|
SO%~, NO;, CO%~, OH ™, NO;
. | } ,
\Apply ionic character concept to get order
' for thermal stability
| Li,S0,
J A
' Na,SO,
PriEa size of cation 1
ll K,SO, <1 lonic character t §
\ A Thermal stability 1
Rb,SO,|
A
if-cszso‘;v'
Y BEECOZ Bez-{— CO"—
& £
MgCO, Polyatomic anion
A
CaCO4 Sl lonic character t
o Thermal stability t
SrCO,
A
'+ —o
BaC03 Li OH
Y

Polyatomic anion

y

O Amount of heat released when 1 mole of substance is formed by its elements in pure and stable state.

1 .
Nagy + 56’2(5) — NaCl, + AH;

129
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AHE
Nag + ';__C'%g) — Nacl,
1\
U AH, > )
7 ¢ = Heat of formation of NaCl iy BDE/2
3 [AHg],, = Sublimation energy of Na | |
U BDE - Bond dissociation energy of 1 Nag, Clig L5
wole Cl, molecule
. (‘E)Na Ang
Q AH,, — Electron gain enthalpy of Cly,
\/
Q AH,; - lonisation Energy 'Jﬂfg ) C,th
Q AH,; — Lattice Energy 4 -
BDE o
Ay = (BHgg)y, + (1B, + [ 5 ] + (BH, ot TRE- e
! { Cly !
(Exo) (Evldo) (Endo) [ (Ex0) (Ei“’)
AH -»lcvc Ove Gve (ET[D) Sve cve
eve
Born Haber Cycle for NaBr Born Haber Cycle for Al,0
3 aH
" A H 2 r
Na,, + ZBVZ(E)_ abg NaBr,, 2Af(s) + 3 02(9) —_—r Alz?3<s)
3 |
AHSub ZAqup & Sub 2 |
1 24l 304 |
Nagy 5 Bryg oot |
; AH, . LEg | BAHng_ ’ AH, ¢
—BD 2 _
2 °PF 28 =0, |
2AH
AH, B Br, l LE ‘
AH (C) 3AHc92 '
\ e leH'Es i '
Na* + Br‘~ x 3, - \
(9) (9) 2Al @ * 30’&9)
AHF = ZAHsub + ZAHLEJ_+ ZHI.E.Z + 2AHI.EB

3
+._
= BDE + 3AH kg, 3AH¢92 +AH ¢

- - - e - n g it S
T - e S g i e g ——
- Sy S —— e S
ey — g i

e gy

110. Arrange the following in the increasing order of their covalent character.
(a) NaF, NajN and Na,O

g
e g g g g e

(b) Nacl, Mgct,, alcl,, Sicl, and PCI,

(b) Nacl < Mgcl, < Alcl, < sicl, < PCI,
[Na" < Mg** < AP* < gt ¢ ps+

Sol. (a) NaF < Na,0 < Na,N : Covalent character
i Charge]

e -

& Click Here To Join @ StudyShelf For More Study MaterialgEmisTRY @
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;'11 5. 6nCly has melting point —15°C wheyene SnCl, has melting point 535°C. Why?

haracter : S
50{' cOvalent cnar r V\C{,'_ > SV\C‘Z [C‘\m’gg : Sn+4 5 SV\+2]

. : )
According to Fajan’s vule, as charge on eation incre

C ases, its polarising power increases resulting in to
the greater polarisation of P gp

anion. . ) .
Thus, covalent character increases and wmelting point decreases.

112. which of the following is in order of ingreés:;ﬁg covalent character?
(a) CCl, < BeCl, < BCIy < Licl (b) Licl < ccl, < Becl, < BCI,
(c) LiCl< BeCl, < BCly < CCl, (d) Licl < Becl, < ccl, & BCl,

sal. (¢) AS charge on cations increases, their polarising power increases and thus covalent character

increases.
+1 +2

; +3 +4
LiCl < BeCl, < BCI, < CCl,
113, Which of the following combination of ion will have highest polarisation?
| (@) F&LBr (b) Ni**, Br~ () N2 BrT (d) Fe>", Br

| Sol. (b) Increase in oxidation state (Ni**) increases the polarising power of cation and thus increases the

polan'sation of Br~ ions.

Hydration energy is the amount of energy released when one mole of ions undergoes hydration.

H+6—
_5/
e
H,0 -0 TH _’L'};q)
(S 04 3
0 Ligy —2= Ligo * (AHy) ey
lon-Dipole
. Interaction
AO(s_0 ]
(s
;‘a‘ _____ , ke 3
(S)
Q = H,0 - a9 N U ET e +8 | >
o= Fup * (8Hpy),- H_O/ bQ:“ ) H\0 Fen
' | HOHS ]
7 7 charge (9) N o H
byt 0
| 7Y ration Energy o <ize (r) o H/ !

CherLicu' . IClic§ ﬁﬁrel Tq Join (@ StudyShelf For More Study Materials é—‘
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..........
Py

radius of e 0 s H F12
L ,\_/ 2 H,0
1 - + e " H,0 H,O:
Radius, () : Li" < Na R . s 0 ~2w
! I
Radrus ¢ Lt > Naj . H 0 , 4
(aq) (aq) faq) ' CH.0 H0- 0,
MObfhty : L'.?aq) < Na(dq) “-./-'_/20.-"'2- _____ -* ‘é?jo'
. -.-__!':{_7:?--’ s
, : - + dius of I
lon Dipole Interaction : Li" > Na 6;\1;( ) ~Ho
-& + aq
Hydration Energy > > Na ’L;ic_)f J H,0
‘Na~
Hydration Energy Li* > Na* > K* > Rb" » Cs" [Size factor] " o~ Ho!
Be** > Mg:. > Ca** > S > Ba** [Size factor] 2 H0

-----

Na* < Mg** [Charge factor]

...........
--------------------------------

e smmm ememmssssssssssesassne®
- - -
- - L

2 factors are responsible:

() Lattice energy of ionic compounds (i) Hydration energy of component ions

L.E. +
AByy — A * By
1 QI W

H,0

Alad) (Ath)

O lonic Compound is soluble LE < [(AHh ) A+ F (Ath)B"]

1
|
|

O lonic COnnpaund is msalubfe LE > [(AHhH)A** + (Ath)B"J

O High solubility of NaCl 5 (LE)y,¢ < [(AHp)nas + (AHAH)CI-]

+ Cl7

NaC] TuLE, Na( y + Cl; S H0 |, Nat (ad)

(s) (9) (ag)

Q | perfect lattice: v, = r. l @ Q O
Lv Solubility 4

= ' Imperfect lattice: v < v ’ @ ( > O O
k - l

~— Solubility 1

= LExtcnt of so!ubthty Ir_ -] l

192 Click Here To Join @StudyShelf For More Study Matena{sH :nLv 8
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L [ A —

bility : LiF < CsF
- colubility of LiF is due to its high lattic
Solubllity . L“ >‘C5'

T >
colubility of Csl

Solu
e ehthalpy

l Lﬂ‘“‘,

IS due t .

0 swmaller hydration enthalpy of its two ions (Cs*, I")
Small size
Large size

F—J OH_) 02_ = F
I, Br™, S027, NO3, NO;, COZ~

Li* F~/ OH™ |= v, =~vr_ - less soluble

¢s* 1, Br™, NO3, NO;

=V, = r_— [ess soluble

LiOH < NaOH < KOH < RbOH < CsOH

Be compoundsiare generally more soluble
Mg(OH), < Ca(OH), < SH(OH), < Ba(OH), < | Be(OH), —> than others due to high hydration of

Be* ion.
/2-!"+ = r_ 2r, > v
2Lig8COZ5/S053 2¢s €02 /s0*" i
= & > Solubility 4 0, (50, > Solubility T
Li,S0, < Na,SO, < K,SO, < Rb,SN, < 22,57

Li,CO5 < Na,CO5 < K,CO5 < Rb, *C . < ('s3( Oy

LIHCO, < NaHCO, < KHCO, < RbHCOy.< CSHEO, | Same order for : COZ™ = HCO;

Be** COZ7/S0O%™—>r, < ra=Solubility T Ba** CO27/SO3 ——>r, ~ r_— Solubility

BeCO, > MgCO5 > LaCO4 > SrCO5 > BaCO,
BeSO, > MgSO,, > CaSO,» S¥rSO, > BaSO,

........................................................

.....
------------------------------------------------------

Physical state : At room temperature, ionic compounds exist either in solid state or in solution phase
ut not in gaseous state.

le“ Nae Cl(j H 0 < S, SESE—
a2t CI- Nat 2
Na* CI™ Na Nacl (aq) Molten NacCl

Solid

— Melt of NacCl
— Aq. solution of NaCl

Mical Bond;
Ciick ﬁere F'o Join @ StudyShelf For More Study Materials |
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S Electrical conductivity : lonic solids are almost non-conductors:  wtions because th eir ions are
All fonic solids are good conductors in molten state & in aqueous 5 ’
to move.

O Solubility of ionic compounds : Soluble in polar solvents lik
(like H,0, C,H OH).

water which have high dielectric const,,,
e

Crystals having
same shape
of anion are
isomorphs

) ' tal structures
QO Crystals of different ionic compounds having s:wﬂ’:r ca?:enOn is known
are known to be isomorphs to each other and the pnen
as isomorphism.

5 hs.
Example: FeSO,7H,0 & MgSO0 ., 7TH,0 are isomorp

—

. 0. & KMnO, — isow\orpks h . 8 !
* BaSO, 4 . Both anions SO2~ and MO are tetrahedial inthape

' hs
e NaNO, & NaClO, - not isomorp '
| | _ Because anions have different shape.

d
- //0 (Planar) . Na* ClO; o /C\f\§0 (Pyramidal)
. Na* NO; O—N\O 0
147) i il Pre]
114. Which of the following com e unds has the I we st melting point? [NEET 2011 Pre]
| (a) CaF, (b) aCi, () CaFr, (d) Cal,
Sol. (d) . o T—— v
115. Among the following which one has the highest cation to anion size ratio: [ lains]
| (a) Csl (b) CsF (¢) LiF (d) NaF
Sol. (b) T
116, The sequence/oF ionic.mobility in aqueous solution is: [NEET 200%]|
(a) Na"> K> Rb"».Cs! (b) K'> Na*>Rb" > Cs
() Cs'>Rb"> K> Na* (d) Rb*>K'>Cs™> Na'
Sol. (¢)
117. Among the following, which compound will show the highest lattice energy? [NEET 24 3] |
(a) KF (b) NaF (c) CsF (d) RbF
Sol. (b)

118. In the case of alkali metals, the covalent character decreases in the order:
(a) MF > MCl > MBr > MI (b) MF > MCl > MI > MBr

(¢) Ml > MBr > MCl > MF (d) MCl> Ml > MBr > MF
Sol. (¢)

[NEET 200]]

114. Among LiCl, BeCl,, BCly and CCl,, the covalent bond character follows the order: [NEET

(a) BeCl, > BCl, > CCl, < LiCl (b) Becl, < BCl, < cCl, < LiCl
{ (¢) LiCl < Becl, < Bcl, < CCl, (d) Licl > Becl, > BCl, > CCl,
Sol. (¢)
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pola¥ (Hs

raction between Polar wolecules .
g I dipole attraction H-Cl H -l

_ D 0{
tefactfoy‘ between Polar & non polar molecules PR SU— -85 +0
2 mD"P ole - induced dipole attraction gf_”’ cl - Cl
!_ reraction between non-polar molecules
3, N

[nstantaneous induced dipole - induced dipole attraction [ID-ID]

_ pispersion force v Cl=Cl ¢l =l
_ London force .
vander Waal force of attraction includes 1%, 2"* and 3" interactions.
d

...............................................
oo

............................................

(a) lon - fon attraction gt cl-
+5
¥ - -5/H
(b) lon - dipole attraction Na .0 ¥
Y 48 0B D B
(¢c) Dipole - dipole attraction H  Zi H--C!
v [0 LT _55—+55
(d) lon-induced dipole attraction Na 0=0
J G T — -85  +88
(¢) Dipole-induced dipole attraction Cl—H cl—cl
v 55 +88............~000  +8083
() Ins. Induced dipole (- induced dipole cl—cl cl—Cl

................................

....................................................
-----

Energy & Distance Relationship between 2 Interacting Particles

. y 1
L. lon-ion attraction E « = QVQ
v

. ) 1
2. ’Oh-dfpole attraction E o« =
p

3. Dipofe_q: : 2
Dipole-dipole attraction E o ”
"

4 . 1
'on-induced dipole attraction E « —

. Dipofg - o :
Pole - induced dipole attraction } Ew-g
6.
WS Induceq dipole - induced dipole ‘

e force . . s inversely proportiona! to the sixth power
S : jon energy | ) !
 the dista,, f,,rialways AEEFaBCh a,V.Ld w:tneiaf’tn (1/r° a/here v is the distance between two particles).
CLUT

R TS Toln. @StudyShelf For More Study Material%J |
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S

ecies ‘
(4) €O, and CO, (5) CCl, ang col
(20) " and [, |

- 120. Identify type of Interaction present between following sp
(1) Xe and H,0  (2) Na* and Br, (3) Br, and Br; saciET
(O)K* and I (7)Li* and H,0 (8) HS and HzS (9

Sol. 2. Xe,H,0 - Dipole-induced dipole 6. KO, CI° - lon-ion attraction i
[non polar-polar] [fon - ion] ]
2. Na*, Br, - lon-induced dipole 7. Li*,H,0 - lon-dipole attraction |

[ion - polar molecule]

8. H,S.HS ~ Dipole-dipole attractiy,

[polar — polar molecule]

q. Ne,Ne ‘il ondon force
4. co,,C0, - ID-ID [nonpolar - nonpolar]

: [nonpolar - nonpolar] |

[ion-nonpolar]

3. Br,,Br, - London force/lID-ID

[nenpolar - nonpolar]

(P lon-induced dj 1
10. 2 = lon-induced dipole

s. cel,, ccl, - 1p-b lion - nonpolar wolecule] ~ attraction p (
; [nonpolar - nonpolar] ,9 _________ r_a _ ,_5 g ‘; - :

e e e e e S e el e ™ e S Sl e e

121. The interaction energy of London forces between tworpatrticles is proportional to ", where r is the|
distance between the particles. The value of x is: [26 Aug, 2021 (Shz'Ft-!r)]'
(a) -3 (b) -6 (e) & (d) 3 T
" Sol. (b) E < r™® where E is the interaction enekgy of London forces.
Thus, x = —6.
|122. Which one of the Folrfowing is the correct order of interactions? fN'EET 19 C.‘S_T

(a) Covalent < hydrogen bondiing < Van Der Waals' < dipole-dipole
(b) Van Der Waals' & hgdrogen bonding < dipole < covalent
(¢) Van DerWaals' < dipole~dipole < hydrogen bonding < covalent

(d) Dipole-dipole </Van Der Waals’ < hydrogen bonding < covalent.
Sol. (b)

e e R AN e e e A R e e e SN e
T -

..................................
..............................

Molecular mass t: Vander Waal force 1

Boiling Point ¢

SbHs H,Te H!
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izt of the atom t : Vander Waal force ¢ . BP 4
< Ne < Ar < Kr < Xe - BE/)

Melting Point (K)

Mi etk RN
Lowest B-P He 4.216 04as
(4.2 K) of any e 7.1 247
known substance Ar 87.29 83.6
Kr 120.85 115.8
Xe 166.1 161.7
Rn 2415 202.2
5 T — 2
Y — Z 9 H —A Force of attraction : H— bonding
Y ,f’_ v
F,O,N ! *F,O,N Van der Waals force
i ' of attraction
Hydrogen Bond > Cop CF5, CCl
H H o
\ S ——tS > .-".".‘ H ~
water Q. H— 0\ + Water & Amine N ~
w5/ H /0 N—R
H H H
\ +3 - S -5
Acetone and Acetylene /C: 0. H—C: C-H 3 .
&’ Water & Aliobol C,H,—o0 /0O
Acetone & Chloroform \,.__ ey % Cl
=" el G
Cl
+8 _5_____’__4»5 -5
-5 - . +0 1
Water & Ammonia H €5 H” | Ny H P : .
\ | ! "> Dipole Dipole attraction
H \ s
H > not hydrogen bonding

Extent of H—bonding 1 ¢ (i) Partial (+)ve charge on H 1

*3, - B (ii) Electron density on Z 1
(a) 0 —«H ’2 ONZ |
(b) o..<_ﬁ’ @05/ Extent of H-bonding :a > b >c>d
L @ |5 | Bond length: 1y <1y < 15 <l
A 4_;—?0’6{ Order for partial charge : (5,=5,) > (8,=3,)
L4

+&.u..,., cseamve
N—<H"""ho"

.

Chemical Bonding and Molecular Structure
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Q K[HF,]

K'HF,]"=KF - H—F [Bond length: x = y]
—_—— > Inter-molecular hydrogen band(ng = BPt

Yy X

s ¢ ; A H A i
z - s sy ass i PH, AsH, | i Hel
i Inter-molecular. H-bonding Intrazwolecular; H=bonding ; Molecular 455 | s B | e Hisz ;

. Vander waal Force

- i - i ithil , :
H-bonding between molecules : H bondm;; within a malici@ ‘ - tmation 1 AsH, HySe Hyre | | HBr
" S | & ’:15 E ; = = :
ey H 0 ) P
H,0 e o f : :
2 \ \ o-Nitrophenol N/ SbH, H,Te : mo [ |
H H ‘ o L —— > t )
It has stronger intermolecular force of
- =3 attraction (H-bonding) than others (having
A A ~H vander Waal force of attraction).
(v, /\ N\ 0" p - ~ — —
Solid or y T Salieylic Acid c H,0
o R s o 2 2 3 =
liguid / OH oo O Sudden increase in
F HF boiling point of NH5,
O The hydrogen bonds in HF link the F atom . I N.H\ — H,0 and HF is d.ut to
of one wolecule with the H-atom of another V| o hydrogen bonding.
wolecule, thus forming a zig-zag chain (HF), in I-, a) H,0 > HF > NH,
both the <olid and also in the liquid.
=100 -
- T T T T
200 2 = 4 s

Vander Waal
force of
attraction =,

~H~
? H~— 0 \
Moo\ ,
B H =

Hbonding

B Association of molecules due to
inter-molecular H-bonding = Bp 1

Q Itlexists as discrete wolecules which art
held. together by weak van der waals forcts|

Q The intermol, . of i i
e Mu?:ular hydrogen bonding in o attraction. A small amount of energy There is extensive hydrogen bonding in Hy0, which is
o I'rxttfm :’0 Tequf:res wore energy to break S"i‘;’fcdb to break these forces of attraction| absent in H.S. Mole cyu/cs of H,S are held together only
eculal ing i A 0, less boiliy i 22 2 ,
Boitng o v forees, resulting in a higher oiling point. | zyz Wml:‘ van der Waal’s’ fDV'ZtS (;‘I’.‘at;rasr:g;vzgm
nee, H,0 exists as a liquid while Hy :
2

—_— () HF is liquid but Hel is gas. Think why?

Cl N
CHEMISTRY @ hemical Bonding and Molecular Structure &

SOV NN o o o [y - ;
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_ B.P. & Viscosity

- No. of Hydrogen bonds per molecule 1 : viscosity t

:BP ¢
-3 4
CH,— O0—
Bt L] H
CH,—0—H
-5 48 5 4
CH,—O0—H < I < CH—0—H
B
CH,—0—H
S a8
CH,—O0—H

QO No. of water molecules attached to 1 H,0
wolecule = 4

O Tetrahedrally bonded to a water molecule in
solid state.
Density : H,0 < H,0,

(O}
Volume : Hzo(;) > Hzo(l)

Volume of ice is more because of open cage like
crystal structure, form by association of water
wolecules with the help of hydrogen bond.

H,0 in H,0.

‘ D04y in H,00,

i

density |

lee i i |
[H,0 (s)] Aoats on water D,0 (s) sinks into water D,0 (s) floats on heavy water J

-

cHEmIsTRY @

w-‘.——“ — -

vV

ucture, ice is capable '
put il * » of formmg Cfathcrates.
u |
clatiwmtes wm’f‘i":ﬁ‘
|

| age lie €0
| cag

w\pounds J

8] No“d 4as ;‘ydrate (clatheate compound): A, Kr, Xe can forpm clathrate compounds but He, Ne

ot due to their smaller size.
can

e 6Ha0 formed only where

Ar-6H,0 water freezes at high

kr-6H,0 pressure together with noble gas

-

D RSO

(T=40)

Dersity 4
SRR nsIty - 0 H,0

(T > 4°C)

In this temperature region (0°C to 4°C), some of the ice Density \\
melts and hence some H,0 wolecule go into the cages of \
remaining ice structure. \

a

So, volume decreases, density increases becoming max
at 4°C but beyond this temp thermal effects become

dominating volume increases then density decreases. o 4°C Temperature -
0. o
o Q
e O H ’/_,H\(\B_)
H—o :
Density t H
e —
( O—H K
\H H
H20(s)
T=0°C

Chem; .
Jcal Bonding and Molecular Structure
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) (LT JEE 2000) S ——— - which one shows maximum hgdrogen bonding? e T e T [NEET;;-'%OJi

{ : P St e 2 (b) H,Se
! 123. Amongst H,0, H,S, H,Se and H,Te, the one with the highest boiling point is 4 @ H,0 > (©) H,s (d) HF |

(a) H,0 because of hydrogen bonding ) :
ol nds of Xe in Column-1 wij ;
{ (b) H,Te because of higher molecular weight fjﬂ Match the compou n Column-1 with the molecular structure in Column-Il. i
. i [NEET 2020-Covi
(¢) H,S because of hydrogen bonding L
(d) H,Te because of lower molecular weight

(10, snareplanar
| fipear

Sol. (a) H,0 displays higher boiling point (in spite of lower molecular weight). on account of Strong |
hydrogen bonding, while H,S, H,Se and H,Te do not display H-bonding. l

i . —

:,__LM_,_,_H_*_M”,‘ ,._..___‘_‘___J (i) \'Squan pyramidal
i — 7 - r (iv) | Pyramidal ]
| 124. The correct statement/s about Hydrogen bonding is/are : ) [o4 April, 202:4 (Shife-11y] = S S
1 A. Hydrogen bonding exists when H is covalently bonded to the highly electronegative atom, @ A-il B-i C-iv D-iii
! B. Intermolecular H bonding is present in o-nitrophenol (b) A-ii B-i C-iif D-iv
| C. Intramolecular Hs bonding is present in HF. © A-il B-iv C-iii D-i
| D. The magnitude of H bonding depends on the physical state of the compound. ) Al B-iif c-i D-iv |
j E. H-bonding has powerful effect on the structure and properties of compounds. 5ol @) :
| Choose:the correct answer fram the.options given. belows 131, Match the Xenon compounds in Column-i with its structure in Column-Il and assign the correct
i (a) Aonly (b) A, D, Eonly (¢) A,B,Donly (d) A, B.C only code: [NEET ?—’-71-‘71-:
P | i b O T |
1125. If the boiling point of H,0 is 373 K, the boiling point of H,S will se: [ Sep 202¢ (Shift-1 l gy [ il

(@) wore than 373 K (b) less than 30 K L ey i :

Square planar

| (c) greater than 300 K but less than 373 K (d) equal to 373 K
(iii) | Distorted octahedral

| Sol- (b) Boiling point of H,S is 213K.

(iv) | Square pyramidal

{ 126. Intramolecular hydrogen bonding is present in [NEET 2024] !
NO Code: ‘
* NO, NO, ’ )
@ ® e @ @ A B o< *
1 OH Ho' (a) i il v
sal. (&) by i i v i |
127. In X = H- = =Y, X and Y both are electronegative elements: [NEET 2001] @ “ ':H ' 1v
(a) Electron density on X will increase and on H will decrease @ i i ! "
() In both electron density will inérease, Sol. () _— ;
(¢) In both electron density will decrease 132. Which of the following pairs of compounds is isoelect) onic and isostructural? [NEET 2027 "Dw‘q%
| (d) On X electron density will decrease andon H increases (@) IF,, XeF, (b) BeCl,, XeF, (e) Tely, XeF, (@ 181y XeFy ’
Sol. (a) Sol. (d) g
128. Strongest hyd bond i ; A " NEET 2016-11] |
o :/iu, ydrogen bond is shown by (b)A - [NEET 1942] 133. The correct geometry and hybridization for XeF are: s [NEET 20 1 l,
mmonia 3 , spod
(¢) Hydrogen fluoride (d) Hydrogen sulphide 1) Planar triangle, sp>d” (®) square PI“"‘“" P‘ 3 ;
Sol. (¢) (¢) Octahedral, s (d) Trigonal bipyramidal, sp>d ,
|

Sol. (b)

= T v e \-__—_———-—-——"‘-_"—
& CHEMISTRY @ ¢ &
Penical Bonding and Molecular Structure
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|134. Match the compound given in Column~I with the hybridization and shape given. in Colupan. an|
mark the correct option. INEEY 2‘016-1]i

(A) | XeF, () Distorted octahedral

(B) | XeO, | (ii) | Square planar ) !

(C) XeOF, (i) | Pyramidal

(D) ‘XeF4 ! (iv) ‘Square pyramidal |
Code:

w

| (A (B) () (D)
| (a) (iv) () (i) (i)
; (b ( @iy (@v)y (@)
| () () (@) (@v) (i)
f (d) (iv) (i) (0 (i)

| Sol. (b)

é:l.ss. In which of the following pairs, both the species are neot isostructural? [NEET 2015 Re]
| (a) XeF,, XeO, ® sicl,, pCl:

‘i (¢) Diamond, silicon carbide (d)w'NH, , PH,

| Sol. (a)

} 136. XeF, is isostructural with: [NEET 2013]
| (a) TeF, (R (¢) stcl (d) Bacl,

g Sol. (b)

"i‘“i Click Here To Join @StudyShelf For More Study Materialcs, wecrdy O
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______
g e

J

____________________________________________ G, Ty e

* troduction to coordination compounds. Werner's theory, ligandsy, coordination number,
|

| denticitys
| gonding: VA
| properties, impo
| and in biological systems).

chelation, IUPAC nomenclature of mononuclear coordination compounds, isomerism,
lence bond approach and basic ideas of Crystal field\theory, colour and magnetic
rtance of coordination compounds (in-qualitative analysis, extraction of metals :

() K,S0, - Al,(SO,)5 - 24H,0
(6) FeSO, - (NH,),S0, +6H,0 [Mohr's salt/FAS (Ferrous ammonium sulphate)]

Coordination
Compounds

-~
\
'
1
U
!
'
i
'
'
'
'
’

-
-

combination of two or more stabl . ¢omp oun 1s
7] There are 2 types of addition compounds: (i) Pouble salts and (i) Coordination Compounds

1. Double Salts: lons in addition compound, don't lose their identity in aq. solution.
o -______._——-_

[Potash Alum] (b) Kcl- MgCl, - 6H,0 [Carnallite]

Evagoratim\

—_— B e
: Hydrolysis  kessassssasss
KzSOA;(QQ) A{2(504)3(aq) SO’UtiOV\ K2504-A{2(SO4)_§.24H:0

* It gives test * [t gives test of » It gives test of
OF K+J 5042— A(3+J 5042—

Crystals of Potash alum

Kk, AP SO0

‘\

as * *, Cl™ ions.
KC‘(aq.) + Mf]C(z(aq,)ﬂ‘i» Kl . MgCIz. 6H20 W Test of K*, Mgz
o~ Carnallite (solid)
\

Ag: 2+ 2- +

, SO;~, NHy.

4504 () + (NH,),50, , 252 FeSO, . (NHQ),S0,6H,0 5l Test of Fe**, S 7

Mohr's Salt (solid)

Click Here To Join @StudyShelf For More Study Materials
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2. Coordination Compounds: Some ions in addition compound, lose their identity in 4. sol,
Utioy

(a) K [Fe(CN).] (b) [Cu(NH,),] SO,
) G
NC l Ch
— l
F CN 3 4
[ e( )‘{ sl 4K’ Fe**
2 = e Y i ‘:J )
FC\L n'\” 7,(11(‘].) KCN(GQ ) \.,,[FC(CN)(,J(HC]) NC l‘ CN
‘ N 5
* [t gives test * It gives test * It does not give taft of Fe'? — " .
of Fe2, CN- of K', CN~ CN~ because Fe** forms(a
complex ion with CN™.
=, HsN™ NH
Cu304(aq_) + 4NH3C5) iy [CugNH3)4JSO4 Cuzl \ SO:“
D lue Soluti
eep blue Solution H_,,N:/ \INH3
* It does not give test of Lu®* and INH, l
1. Which of the following are tl. exai apl i o diuo'e salt ? (2023/01 Feb Shift-1)|
() FeSO,. (NH,),S0,.6H, . () w0 4NH, H,0 F
(1) K,S0,. Al(50,)s.24H,0 (IV) Fe(CN),.4KCN
Choose the correct answer.
(a) land lit only (&) Land Il only (¢) L, 1l and IV only (d) Il and IV only
Sol. (a)
| Fe(CN),.4KCN K,[Fe(CN) J= Coordination complex
{ ‘
1' CuSO . 4NH, [Cu(NH;),JSO, - Coordination complex i
| KCl.MgCl,.6H,0 Double salt (known as Carnallite)
FeSO,.(NH,),S0,.6H,0 Double salt (known as Mohr's salt)

= . " ———

2. Which of the following forms a set of complex and a double salt, respectively ?
[NEET 2023-Manip
(a) CuSO,.5H,0 and CuCl,.4NH, (b) PtCl,.2NH, and PtCl,2Hcl

(¢) K,PtCl,.2NH, and KAI(SO4)2.12H20 (d) N('Clz.éHzO and NiClz(H20)4
Sol. (¢)

— T T S R e
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: 1. Coordination Entitq/Sp here: The central atom/ion r"EZ;F&FJ&&Z sphere/ent:’ty A
~ and the ligands attached to it are enclosed in square brackets Counter

- are collectively known as co-ordination entity or co-ordination r’ ! ‘ lon
 phere. [ Co(NH.), ]
i 2 e
2. Ligand: The donor atoms ions or molecules which Central - Coorgmafloyl
 donate a pair of electrons to the central metal atom/ion are Tti;t::\{ . humer .

called ligands. \-

For example: [Co(NH,) J**

Here, NH is a ligand because it donates lone pair of electron to Co™ ion.

3. Denticity: No. of coordinate bonds that a ligand can form with Metal

onoda Ligand having only 1 donor site.
Example: F/ ClI"/ Br'/I” / H,0/NH, etc.
0 [t is also called unidentate ligand.

i e Diis — When a ligand can bind thirough2 donor sites. /’;’Hz\
Example: Ethane-1, 2-diamine: (er) M Cl‘H2
| NH,- CH,- CH,- NH, e CH,
| @ /
; NH,
‘ it ltnel — Wihen a ligand ¢an bind metal ion/atom through more than 2 donor sites
. (0]
I
[ CH=E0
) 4 ©ve charges 0._6_ Hzc\ / ®
[ Hexadentate ligand o .. N— cH,—CH,— N o]
A N CH—C—0
O— C—H,C s, ) e
.............. ~‘A "‘
--------- b M & &
4. Chelation: Ring Formation
Abidentate/polydentate ligand containing /x
donor atoms positioned in such a way that, NH, NH,
they coordinate with the central W‘et‘f{ H;_liV """""" I\:IHz Hsli\l 'K"t“;' ‘\.'JH:',
ion forming a 5 or & membered rir.\g- This Stability: § N Co / E : Co i
ring formation is known as chelation. LN\ AR
¢ The ligand which chelates the wetal HN Lo}t NH, Hal T=scfoneas NH,
ion is known as chelating ligand. NH, NH,
¢ As a result of chelate effect, the [Co(en),]** [Co(NH,) T
stability of the complex increases. :
Coordination Compounds
Click Here To Join @StudyShelf For More Study Materials
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bl S
-—
- .- e

Mﬂioxy -acids:

| +5 (ic acid) | +6 (ic acid) | f7_(pfar _____ i acig
k. +3 (ous acid) | +4 (ous acid) ; +S (ic acid) '
=t R -
‘ +1 (Hypo .0us ac:d) l s (OL,(S, acid)
- | *2(Hypo...ous aciy

e e A T b | =
| HNO, | H,PO, H,50, Ky | . Heo,
i Nitric acid | Phosphoric acid Sulphuric aecid | erchioric aejy
i .3 A w s
‘ HNO, H PO, H,SOz CNHC'{OB |
| Nitrous acid Phosphorous acid Sulphurous acid | oric acid
i L —+1 7 ' +1 H S 0 ’ +3 i
| 4 2273 ‘
| A Tt ; Thiosulphuric acid | Chi Rl ,
1 Hyponitrous acid Hypophosphorous acid orous acid

i +1

| Hclo

| Hypochlorous acid

ic acid —— ate ion —— ato [IUPAC name]
lous acid —— ite ion —— ito [IUPAC name]

Anions —=>

[UPAC Name
[Cf'eneml Name]
HNO, NO; . Nitrato H,PO, PO3" Phosphato
Nitric acid Nitrate ion Phosphoric Phosphate ion
acid
HNOz ] _NO; l Nitrito HClo, | : Clo; " Perchlorate
Nitrous acid | Nitrite iow Perchloric ! Perchlorate ion |
| | acid ’ ‘
H,SO 502 ' Sulphato rato
il Sulpl«a?e ion P Hclo, Cloy Chlo
Sulphgnc Chivric asid Chlorateé ion
aci
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S,05° Thiosulphato
o Thiosulphate fon
Sulpl\ul’l'c
acid
H,SO, so3” Sulphito
Sulphurous Sulphite ion
acid
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Chlorito

HClO, Clo,
Chiorous chlorite ion
acid
Hcio clo” Hypochlorito
Hupochlorite ion
Hypo ypo
chlorous
acid

IUPAC Name
F | Fluorido o*” Oxo/ oxido
T —i  Chorido o v peroido/perone
b “1:“ - J - lodido o, B SUp frf)xoﬁ_—ir b
ﬂ;_ - i Bromido N>~ ‘ Nitrido
b M;«Hj—ﬁ | Rvide ) I i 5
[T NH; WF, e lwu'djr_ N T —5_2—- o} ’ Sulphido
B ‘0:;-__ N & mH;;droxido H Hgdrp:do | |
= = o - TRE = e, DR 2
CN™ Cyano / cyanido D,-jxygen su;eroxide sl it
s T C.HN Pyridine
| A ﬂ.c,‘.o,_f——— ‘~j'l*"‘"4cﬁ;my{ e ﬂc;:_’ N;le : Methgla;\;\fne
e _ NO ey " i e l\;t;'(;sf;’ R 7 NO* N:'trosov;:'um
= "' idhronhin NyHS" i Hydrazinium
\
PPh, T r:’phenylphosP"‘"“e ﬁ":{zy 0:‘21_’;’:"2 —H :i’:fa;jf‘%gn

Coq
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|

CO3™ — Carbonate ion ﬁ

(4]
0 IUPAC: Carbonato AR -2H* k5
O 2 ©ve char: g g HaC0s £oy
L ge "\ ‘/‘: Carbonic acid Carbonate jon
0 4 membered ring M

Ox*" = Oxalate ion (C,02")

O Oxalato o=i_o-\M LI‘OOH
O 2©ve charge 0=C—0" COOH
O Symmtrical ligand s
0O 5 membered ring
Gly” — Glycinate fon
[}
0 Glycinato O-H A 0o~
T 1 ©ve charge @ a@—
X NH, —NFk,
T 5 membered ring Glycine Vi scinate io
T Unsymmetrical ligand
dmg” — Dimethylglyoximate ion OH o
\ | N\ [
C=N OH" C=NO~L
T Charge = -1 | | ). M
0 5 membered ring /C:’i’ /Cz’r@
OH OH
Dimethylglyoxinie (dmg?)
CH.
CH. CH.
T Charge = -1 \5 /CH N / £
O & membered ring ﬁ Cl' |
[ Symmetrical ligand 00 g

coo-
|

Co0~

Oxalate jon

M

i ol i
) —CH,— J — ey OH cHy— C—CH—C—CH, ~— CH,—C=CH—C—CHs
5
Acetylacetone Acetylacetonate o-
— CHEMISTRY ()
. e PN P

iured Blaree
pi- MM‘“M{ ligand

h Q.-
8] ombered ring NH;—C=N—H NH == C—nH,

Il Il
HN,— C—NH— C—NH,

a :‘umﬂ ﬁ_qa"d (Urea) s (Urea) -NH, iy
g "
NH@/ - G\M
\I(,l‘——HzNQ/
o

dipd= pipyridy!
a Neutral ligand
gs membered ring

K / 0 5 membered ring

M

,\/ A/ O Neutral ligand \ I~
e~
(o]

—» Propylene diamiy

0 Propane-1,2.-diamine /CHZ—- C\H— CH,

: on—> Ethylene diamine

0 Ethane-1.2 -diamine C:;:fz— C?f-g\
N

g Neutral ligand a1 H, 0 Neutral (fgand. HNJ_ NH,
0 sime bere lvir A oQ 0 5 membered ring \\
0 symv stric. ' lig nd M O unsymmetrical ligand M

tn —» Trimethylene diamine g 5 3
CH,— CH,—CH,

/
2 NHZ
H NQ\M /Q

0 Propane-1, 3-diamine
0 Neutral ligand

0 6 membered ring

0 Symmetrical ligand

Polydentate Ligands ‘

EDTAY S Ethylenediamine tetraacetate ion [RUNEETERS Q
. e
Q

[Co(EDTA)

O Oxidation state of Co = +3 ?

T No of 5 membered rings = 5 ( . -
0 No of 0-M-0 bond angles = & N 4 50
0 No of N-M_y bond angles = 1 ﬁja(

C .
%rdination Compounds
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dien = Diethylene triamine /\ "r /_\ |0| m :ﬁ) — 0—~/M
NH. H—‘—N NI : > /
O Denticity = 3 NH |__z___ Ha _ /c\é [P =1,2] CH,—c—0 CHy—Cc—o0
O3 No of 5 membered rings = 2 ~NH, l 4
A €00~ %OC
5 Lo —COOH
006 Hy Y S
- MO oo poc N e coon |
50¢ = =
g - = 5 D= ¢é] [D=4] i
trien' = Tri-ethylene tetraamine NH HN Hooc COOH
& © Nis o
O Denticity = 4 \ Hooe—T € RN
O No of 5 membered rings = 3 \

~ONH,

[P=2]

g - H.
4 2H oy epTAr — o ppra
©=4)

a EDTA lowpH ~

Ambidentate Lig and " 5 EDTA is ethﬂlenediaminetetmacetatz ion. The total number of N - Co — O bond angles in ]
- 5 ) " [Co(EPTA)] . rit 1
Ligands that have more than one kind of donor sites. - - - —- a1y 3
. ’ sol. (8) Q 4
Wﬂ . | LN - =C, .+ Ny —Co-0y é
o —e g O0— "=N( — | )|
.—§N<o_ I tyanato— N (isoeyanate ion) 3 N, —Co-0, 4. N, -Co-o0, )
o — { d
Nitrito—N Nitrito—O O—C=N t 1
Cyanato—0 | 5 Ny, =Co=0, 6. N,~Co-0, i
| {
7. N, - Co -0, 8. N,—Co-0, :
G Gt ! g
O Cyanido - C 0 Cyanido — N I—— - - - -
ide i I ide fon (NC

O ‘Cyanide fon [CN ] O Isocuygge fon (NC) 4. Ethylene diaminetetraacetate ion is a/an: [NEET 2024 Re] |
‘ (a) hexadentate ligand (b) ambidentate ligand f
H = - N (¢) wonodentate ligand bidentate ligand |
‘ Flexidentate Ligand/ sl (2 g s '
: - A WA o S. Which of the following is not an ambidentate ligand? [NEET 2024 Re] |
A polydentate ligand with different denticity in different coordination compounds. ’ o ((“)) 02" (b) seN- © NOS @ N |
0l. (a |
m o - Ysp2- o . |
Il - =C- I ©: Which complex compound is most stable? [NEET 2023] |
p=221 °77° p-nz &0 @ [Co(NH,),T, (S0, (b) [Co(NHy), (H,0)8r] (NOy), ‘
1 - . (&) [Co(NH,), (NO. cocl NO. |
denticity o o) sol. (d) 5)s (1 5)s] (d) [CoCly(en),INO, i

— CHEMISTRY 9 Coordination Com|
pounds &

W e —— e N —. e

ol e e e e M o
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7. Ethylene diaminctetraacetate (EDTA) ion is:

(@) Unidentate ligand

(b) Bidentate ligand with two

(¢) Tridentate ligand with three

(d) Hexadentate ligand with four
Sol. (d)

«N” donor atoms
«N" donor atoms
«0" and two «N" donor atoms [

Z

* Hetero-leptic Complex

> Homo-leptic complex

)

< Different ' Ligand

Same Ligand

Complex in which a metal is bound to
one kind of donor ligands.

| [Co(H,0),8r,] : Two different ligands,
8. Which of the following complex is homoleptic?

ol
[01 Feb; 2024 (shi

i

(@) [N(CN) P~ (B) [NiGNHs):Cla @ rcm

Sol. (a) I

Complex in which a metal is bound to only one
kind of donor ligands.
[Co(H,0) J** : only one type of "3“}"5,,, Mgl

mare g

(6) [Fe(NH5),Cl,1"

e ~= e~
. Given below are two statements: D NE m
Statement I: [Co(NH,) I*" isa howoleptic complex v-..ereas [C- (NH5) ZLINE - crolepti. compy
Statement II: Complex [Co(NH5) " has only one kind of ligands but [Co(NH,),€L,1" has o

one kind of ligands.
In the light of the above statements, choose the correct-answer from the options given beloy;

(a) Statewent | is true but Statement Il isfalse.
(b) Statement | is false but Statement Il is true.
(c) Both Statement | and Statement il are true.
(d) Both Statement | and Statement [l are false.
| Sol. (¢)

Coordination Number.

No. of ligand donor atows to which the metal is directly bonded.

l Coordinationiaumber = No. of ligands x Denticity t

[Co(NH,), ]*" = Coordination number=iNo. of ligands x Denticity = 6 x1 = &

[Co(en).]*" = Coordination number = 3 x 2 = 6
[Ni(NH,),J** = Coordination number = 4 x 1 = 4

=

-

CHEMISTRY @

- tial arrangement of the ligand atoms which are directly attached to the central atow/ion defines

e 5Pad' qfion pa{yhedﬂ)r\ about the central atom:

rdin
aco

L L L L
o I A N BT S T P
“M el _ o
L/ll.\" e \L L ,l_\L v S
outaadral Tetrahedral Squars planar gt e

Shapes of Different Coordination Polyhedra
M represents the central atom/ion and L, a unidentate ligand.

tion State of Central Metal

 oxida

oxidation state of central metal then

Fxisthe
+ sum of charges on total ligands = charge on coordination sphere
x
e ix - 6 (charge on NH,) =+ 3
1 |[C NH5' ] :xn6x0=+3,thenx=+3

P
2 | KINICEN).]

1 2(charge on K") + x + 4 (charge on CN7) = ©
|2(2) +x + 4 (-2) = O thenx = +2

L —

| oxidation state of Cr + &(charge on H,0) + 3(charge on C[7) = O

e [C'(HZO)SCGC‘Z’Hzo ] X + 6(0) + 3(-1) = O, then x = +3
- oxidation state of Ni + 4 (charge on CO) = O
4. | NICO), i x+4(0)=0thenx=0

0. The coordination environment of Ca>" ion in its complex with EDTA*" is: [04 April, 2024 (Shife-10)] |

(a) tetrahedral (b) octahedral (¢) square planar  (d) trigonal prismatic i

Sol. (b) |

11. The sum of coordination number and oxidation number of the metal M in the complex [M(en),(C,0)]
Cl (where en is ethylenediamine) is: [NEET 2015 Re]

(a) & ) 7
Sol. (d)

(0 8 (4 9

Coordination Compounds

-_...A‘_MM
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rmula of Coordination Compounds

first.

Rules for Writing Fo

1. Formula of cation [simple or complex] is written

2. Co-ordination entity is enclosed in square bracket. . '
written first, followed by ligands in alphabeticq) ord
erg

3. In coordination sphere, metal atom is
names. . ,'
4. First letter of abbreviation is considered in abbreviated ligands [like en, Ox, EDTA]

5. When ligands are polyatomic, their formulas are enclosed in parenthesis.

For example: (H,0), (NH,).
6. There should be no space between the ligands and the metal.
For charged coordination entity: Charge is indicated outside the square brackets as o right Superg
with the no. before the sign. eriy
For example: [Co(NH,) I, [CrClJ*™
- The charge of the cation is balanced by the charge of anion.

b

[

Rules for Naming of Mononuclear Coordination Covmangpide

: Coordination compound =g (ﬂm

Cc wplex

Complex cation + Con Jlex anio

[Cr(NH,) J[Co(CN) T

20 Sl'M,,m Anion

Simple cation + Complex anion
[Co(NH,), Icl,

K4[Fe(CN),1

1. Complex cation is named first followed by anion (if present).
2. The ligands are named in alphabetical order before the name of metal atom/ion,

Cationic part  Anionic part

'C—IZI I Alphabetical order: ammine > Bromo l

[Co(NHs),Br,]

= SR
= 0 (chlorido / cyanido)
No special suffix (aqua / ammine)
= ium (nitrosonium)

Anionic (CI~ / CN7)
Neutral (H,0/NH.,)
Cationic (NO")

4. To indicate the number of ligands, we use prefix as wono, di, tri, tetra for number of ligands

(H,0)s : triaqua, (NH,), : tetraammine
5. When the name of ligands inclidesanumerical prefix (di , tri etc.) then term bis, tris, tetrakisat
used for the ligand to which they refer being placed in parenthesis.

(en), : bis(ethane - 1, 2-diammine)
©. Oxidation state of metal is indicated by roman numerical in parenthesis (1) (I1) (Ilf) ete.

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.
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L

canr i, [Ni(H,0), 1" Nickel
Anion Ends R ‘ [Nicl 1*- Nickelate
Ncutm’ Same as element INi(coy, ] = 7\!.':1;1 AT

M‘“‘ In ¢ationic complex In anionic complex
4 Category — 1

cr chromium chrowate
v Pt platinum g 7 [l pl;tma—t: ]
Co - = cobalt o ‘ 7 cobaltate i
> Zn gne | uweae
§ Ni 3 - nickel a - —»:\fckzliatgi; -
T pd palladium B palladate
= T
ek " vanadium vanadate
- Mo wolybdenura ;hiw?o!y;d»atvt i

Ag silver argentate
- ;\u e gold aurate
i Fe S iron ferrate
= Pb S lead plumbate
[T ) Sn TCIe tin stannate

(a) Ky [Fe(CN),] - Potassium hexacyanidofervate (I1I)

(b) Ni(€O), - Tetracarbonylnickel (O)

(¢) [Co(NH5)4(H,0),]Br, — Tetraamminediaquacckalt (1) browmide
(d) [Ag(NH,),] [Ag(CN),] - Diamminesilver (1) dicyanidoargentate (1)

ATDB PDFZ

| Silver always has +1 oxidation state in its compound.
‘ Cationic part: [Ag(NH,),T": diamminesilver (1)
Anlonic part: [Ag(CN),]1™: dicyanidoargentate (1) : .

Coordination Compounds
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& If there is any water of crystallization,
[CH{H,0),Cl,1Cl.2H,0 — Tetraaquadichloridoch

S.No.. Formwla of | Complex Compound.

Ks[Co(NO,), ]
[N[(dmg)z]
Na,[Fe(CN)(NO™)]

Nor

"

[Fe(H,0)(NO"]SO,
[Cu(CN),T>
[Co(NH5)(CO,)]ct

Nos A

[CH(CO)«(PPh,)]

£ (NH)[CR(NH,),(NCS),]
B [PEH(NH,),CL]

=1 [NCl,(PPh,),]

5L [CrINHL)(H,0).]Cl,
ZE5 | [P(NH,)Cl]Br

SEE | (NHL),INI(C,0,),(H,0),]
=52 | [PEH(HNCH,CH,NH,), CLIC,
=55 Fe(cO),

L2 [RI(NH,)1L,

=EA [Fe(C,0,),1"

55 | [Cu(NH,), IS0,

=55 | NaCr(OH),: Na~ [Cr(OH)I7
2225 [Co(gly),]

2k | [Fe(H,0) (SCN)**

22 K,[Hgl,]

ZE5 | Co[Hg(SCN),]

@_‘ Fe,[Fe(CN) ],

[P -

Tetraaquadichlo

ATDB.uno | Studyprayas

it is to included in the name. For example,
romium (11l) chloride -2 -watey o,

vidochromium (I11) chloride dihydrate

|UPAC Name

Potassium hexanitrito-N-cobaltate(lIl)

Bis(dimcthy{g{yoximato)m'cke(( (1))

Sodium pmtacyanidom'trasom’umFerrate(“)
Pcntaaqunm(trosom'uW\irov\( sulphate
Tetracyanidocuperate(l ion
Pentaamminecarbonatocobalt(ill) chloride

Pentacarbav\y{tripkznyfpkosphincchrom[uw\(o)

R o A inetetra(thiocy to-N) clnrow\aec (i
Diamminetetrachloridoplatinum (1V)
Dichloridobis(triphenylphosphinednickel ¢1r)
Triamminetriaquachre wiv a (lll) ch ride
Pentaamminechloric jplatine w (IV)  romid
Amwonium diaquadioxalatonickelate (If)
Dichloridobis(ethylenediamine)platinum(1v) éhloride
Pentacarbonylivon (0)

Pentaammineiodidochodiuni (111 iodide
Trioxalatoferrate(lll) ion

Tetraamminecopper(ll) sulphate

Sodium tetrahydroxidochromate (1ll)
Triglyeinatocobalt(ilr)
Pentaaquathiocyamta—S—imn(lll) ion

Potassitm tetraiodidomercurate 1

Cobalt (H)tztratb\iocgar\ato -S-mercurate(ll)

Iron (111) hexa:yanidofewate(ﬂ)

CHEMISTRY 8

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

= picyan

Formula of Complex Compound
[Au(CN),]

" [UPAC Name

idoaurrate(l)ion

hexafluoridoaluminate(iil) Na,[AIF,]

[CrNH,),(H,0),(OH)](NO5);
Ba[Zr(OH),(ONO),(0¥)]

rbonyldivanganese (0) [(CO) Mn-Mn(CO),]

pctam
PMCMmmimzd{nitrogzmuthem'u (Il ck]on’de [Ru(NH,)N,ICI,

I idineplatinum(Il) tetrachloridoplatinate (Ir)

L7' Tetrapy"! [Pt(py)IIPECL]
i

: e P;' IUPAC nomenclature, the name of the complex [Co(H,0) (NH,),]Cl, is  (IIT JEE 2012) 1
(a) tetraaquadiaminecobalt (IIf) chloride (b) tetrasquadiamminecobalt (ill) chloride
(d) diamminetetraaquacobalt (lli) chloride

(© diaminetetraaquacobalt (Il chloride

150‘@77« = R e N e—— D — —3
3. The IJPAC nar + of NN 13)q NiCL] is (T JEE 200%) 'ﬁ
() etra Aor nicke (1T, tetra mminenickel (If) 1
10) Tetraamminenickel (1) tetrachloronickel (ir) }
(© Tetr inenickel (Il) tetrachloronickelate (ir) !
(d) Tetrachloronickel (i) tetraamminenickelate (0)

sl @ -

14. Homoleptic plex from the following pl is:
() Triamminetriaquachromium (Ilf) chloride
(b) Potassium trioxalatoaluminate (lIf)
(¢) Diamminechloridonitrito — N- platinum(ll)
(d) Pentaamminecarbonatocobalt (lil) chloride
Sol. (b)
15. The IUPAC name of the complex- [Ag(H,0),I[Ag(CN),] is:
() diaquasilver(l) dicyanidoargentate(l) (b) dicyanidosilver(ll) diag
(d) dicganidosilver(l) diaq

[NEET 2022]
gentate(ll)

(¢) diaquasilver(lly dicyanidoargentate(ll) gentate(l)

Sol. (a)

ATDB PDFZ

Coordination Compounds
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CrNH)SClICT, = [CriNm) s
: e T

AgNOy
0 [CANHDCIC gy ™ pees 2A_q§‘ﬂ (2 woles of white ppt ¢ indicates g
(White ppt) tons are outside the Coordimatime ;,,,“(_'_‘0115/
0, =
T LCHNH) OBy e~ 2A00N [CrNHS)SCUIBr, = [CrNHy) ey
2 moles of yellow ppt (AGBr) mdicar.
(Yellow ppt) 250" Tk S ontse ,.'«',.,-,'{,4,“(,‘0"“ that
" Sphery)
BaSO, Test
[CANH)C11SO, = [CriNHy) e
BaCl,(aq) . [White ppt with BaCl. indicates oy, 4
O [CrNH),ClIS0 gy 28 550y (hite) 501" on outsds the conndiroRigpecs)
Ba(NO,).
0 [CrNHy) (S0 )cl "im;’ No ppt

This indicates that SO ion - not presc t outsic the
coordination sphere.
e

\ 16. Mixture X = 0.02 mole of [Co(NH,);S0,]8r and 0.02 mole of [€o(NH,)Br]SO, was prepared
2L of solution. W

5 1L of mixture X+ excess AgNOy = Y

1L of mixture X+ excess BaCl, -» Z

Number of moles of Y and Z are (IT JEE 2003)

(a) o.01,0.01 (b) 0.02,0.01 (d) 0.02,0.02

[ Sol. (a) In 2L of solution, 0.0 mole of each [Co(NH5)sSO By and [Co(NH,);Br]SO, will be present,

> Adding of excess of AgNOy will.give 0.01 wole of AgBF. On adding of excess BaCl,, 001

wiole of BaSO, will be forimed.

(c) 001,002

s

| 7. The correct order of the stoichiometries of AgCl formed when ANO, in excess is treated with the compl
CoCl,.6NHy, CoCly.5NH, CoCl,. 4NH, respectively is: (MR") [NEET 2017-Delh]

(b) 1AgCl, 3A9CI, 2A4C1
(d) 3AgCl, 2AgCI, 1AgCI

| (a) 2agcl, 3Agc1, 2AgC1
[ (¢) 3AgCl, 1A9CI, 2A4C(
Sol. (d)

[ 18. Cobal't(m) chloride for?ns several octahedral complexes with ammonia. Which of the following wil
| not give test for chloride ions with silver nitrate at 25°C? [NEET 2035]

(a) CoCly4NH, (d) CoCl,.3NH;
Sol. (d)

—

(b) CoCly.5NH, (¢) CoCly.6NH5

CHEMISTRY @

Licl

— A L
//Lac{, ‘ 3935

[L'r(NH;)4c’ZJCI = [Cr(NH3)4Cl,]"Cl"—— No. of charges = 2
7 :‘ [Cr(NHg)schl = [CH(NH5)sCIT**2C1" —— No. of charges = 4

‘ Order of wolar conductivity: a < b

m:?"_{lawh\g complexes:

e C(':;s ;( pecl, (i) PtCl,2NH, (if)y PtCl,3NH,
their :Izctw'cal conductance in aqueous solutions are:
2 2760 o7 404 (b) 404,0,97, 256
Q) 276 10 O (d) 404,497, 256,0 . ' ‘
.++ e of the complexes depend upon the number of ions given by them in

(V) PtCl,-SNH,

| he ele-crica cone
s the aqueous solutions.

() KolPECIT =0 2K+ [Ptcl "

(in) [P“NHs)zC{J <L [PE(NH,),Cle]

(i) [Pt(NH,)_.,C!,]CI < [PEH(NH,),Cls]" + €I
(i) [PHNHS)SClICl, <= [PHNH,)CIT>* + 3CI

The reduction in the freezing point of solvents due to the addition of solutes (salt)-

0 Depression in freezing point = no of particles

O Lg - Lit+clm = Noof particles = 2:|_.,|prnsion S Tcie peR L0 0]
3

MgCl, - Mg + 2CI™ = No of particles =

o icles =3
a. [Cr(NH,)ClICL, = No of particles e T pontiasb |

b. [Cr(NH,)Cl,]Cl = No of particles = 2

Coordination Compounds
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g

?OTA;ang; the Foflow:'n-_;]"c;;\-;_a—b;n.ds in order of increasing molar conductivity. ““‘\

! (a) K[CO(NH:,):.(NO;L)-J (b) [CV(NH3)3(N02)3]

{ (¢) [CH(NH,){NO)I(NO,), (d) [Cr(NHS)ICl,

" Sol. As the charge increases, molar conductivity increases.

; (a) K[Co(NH,),(NO,),] = Charge = 2 (b) [Cr(NH5)5(NO,);] = Charge = o

(¢) [Cr(NH,)(NO,)I(NO,), = Charge = 4 (d) [Cr(NH,) Cl; = Charge = 6 |
| (b) < (a) < (c) < (d) : Molar conductivity

SR Establishing the Structuve of Complexes

ol 'Cryoscopic measurement | Molar conductivity

CoCl, 6NH, ’ 4 particles ) i chargesa, _[CO(NH,)GJZ"‘ 3¢
CoClysNH, | s pa‘rff'cgéf- - ! RS 6 @ [Co(NH,)sCI7** 2¢1-
CoCly-4NH, 2 particles 2 Cﬁf"‘qe_s [Co(NH,)Cl,TcIr
e T e | Buhee Ll
Co(NO,)5 KNO,-2NH, __‘l ___;;abrt?c?;sﬂ_#ﬁ 2 ciffrqes ] K*‘ gCo(NH3}2(N02) T
Co(NO,)5 2KNO, NH, : 5 p;;t?cles 4 c_hﬁrge_s ______ | 2!;*[?‘3(:_\{!_-!{)(!\!0;)5]1-
Co(NO,)53KNO, <« pai t?c‘f; ) g ¢ cnag:s 53K+ [Co(NO,) I*" I

..............................
....................................................

.........
......................................................................

Conc H,S0,

O [Cr(H,0),Cl,ICl > No reaction [[No loss of weight] |

Molar Mass = x g/maol

NG - .
O [Cr(H,0),ClL1CIH,0 H—o:;** [Cr (H,0).Cl0Cl + H,O0  |[Loss of 1 mole H,O = loss of 18 g/mal]|
Molar Mass = y e Molar Mass = y - 18 g/mol
C
O [CH(H,0),Cl,]Cl.2H,0 % [Cr (H,0),Cl,]C! + 2H,0][Loss of 2 woles of H,0 = loss of 36 g/well|
Molar Mass = z = z-2x18=Z~36 g/mol

Loss of weight by using dehydrating agent — ¢ > b > a

i~

21. Which of the following éampfexes will be dehydrafed to relatively minimum extent by conc. H,50:
under identical condition.

(a) [Cr(H,0)ClICl,-H,0 (b) [Cr(H,0),Cl]Cl-2H,0
(¢) [C€r(H,0),ICl, (d) All of these

| Sol. (c) Under identical conditions, the complex [Cr(H,0),]1Cl, will be dehydrated the least b4
| concentrated H,SO, because the water wolecules are directly coordinated to the metal 0%
making them less likely to be removed.

—
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:'!‘.LJ 5

—

’,...v——"""'ﬂ' . -t- - .E‘*""v'——-_._ T —
p ,,««';x A has a composition o HizOGCQCr. If th

- e comp e ——
2; (omP Fits original mass, the correct molecular fo::*\':\le‘::; :ﬂ.treatment with conc. H,50, loses
5% atow‘f‘: mass of Cr = 52 amuy and C| = e

[ai\/ﬂ"‘:

35 amu] Shift-10] "
[.2H,0 [03 Sep, 2020 (Shi
i mHzohchJC' ; ; (b [er(H,0),] e,
0 [Cr‘(Hzo)SC(]C 24 ' (d) [C"(Hzo)3C'3]'H20
(a) HET® conc. HyS04 acts as a dehydrating agent.
o (

' wass of given complex = 265 g/mol
1" Molar?

| e with conc. H,S0, the mass lost by the complex fs:
on 13.5

—_—

100 (265) =~ 369 = 2. moles of H,0

L. wence, the formula of the complex = [Cr(H20)4C12]Cl'2HZO

\o--"

Wer was the first to formulate his idea about the structufes of codrdination compounds. The main
F‘(;;tulatts are:
¢ n coordination compounds metals show two types of valency:

(a) Primary Valency (b). Secondary Valency

2 The primary valencies are normally ionisable and are satisfied by negatively charged ions.

5. The secondary valencies are non-cnisat e. “Thes? re saticfel by wneriical molecules or negatively
charged ions.

4. The ions/groups bounded by secondary valency to metal have spatial arrangements corresponding
to different coordination number.

- VALENCIES OF METAL

Y

Primary Valency
O lonisable Valency

v
Secondary Valency

(7 Non-ionisable Valency
O Non-directional in nature (] Directional in nature
O Primary valencies are satisfied by (J Secondary valencies are satisfied by neutral
negatively charged ions. molecules or negatively charged charged
O Primary valency = oxidation state ions or both o .
of metal. () Secondary valency = coordmc:t:on number
f metal.
O Itis represented by dotted line (..... or me
A i () It is represented by solid line ( ) .
NH
Ex“"‘“Pfe:\ CoCl,.6NH, = [Co(NHy) ICI : NH
— =5 3~ zled™'s H,N o N
Cl~----=====" -/-;,COB'K" """" cl”
Primary Valency —» 3 N~ \ NH,
Secondary valency - & S NH,
cl-
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|
| 3 6

[Co(NH_,,),,]C!_,, (thts valency is satisfied by 3CI) (this valency is satisfied by 6NH, )
7 - S +3 =T sezze
[CO(NHs)chC’ (this valency is satisfied by 3CI7) (this valency is satrfffea( by SNH; and 1ch)
SRR L, T “";3"“"* i 4+2=6
[Co(NHa24Cl It | (this valency is satisfied by 3CI7) | (this valencyyis satisfied by 4NH, and 2¢0)
Expewments

.
--------------------------

1. Precipitation Reaction with AgNO,

In a series of compounds of cobalt (Ill) chloride with ammonia, it was found that some of chloride ipug
could be precipitated as AgCl on adding excess AGNO, solution but some remained in solution.

(a) l [T 1t means that 3 mol €I~ were
= & p resent in aq. solution of
LRI - White ppt AgCl ‘ Coc{s'é‘NHs
Aq. Solution of (3 mol) )
1 wol CoCl,.6NH,(aq.)
CoCly.6NH, =[Co(NH,),1Cl, = [Co(NH,), J*"3CI" —2% 5 5 agcll ,
(b) _
O It means that 2 mol CI~
ety ‘ e e were present in aq. Solution
gt 0% % ite
Ag. Solution of (2 ;:fo{) £ of COC':’s.SNHs
CoCl,.SNH,(1 mol)
CoCly.SNH; = [Co(NH,) CIIC, = [Co(NH5)CIT* 2C17 —28N% , 2agc1 4
(c)
AgNO, (J It means that 1 mol CI™ was
Excess present in aq. Solution of
— White ppt AgCl CoCly.4NH,
Ag. Solution of (2 mol)

1 mol CoCly.4NH,

CoCl,.4NH, E[Co(NH3)4C(2]CI~=-[Co(NH3)4C{2]*Cl —2M%_, Agcl

Excess
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~

AgNO,

i,

U Excess [ O It means that I was not
, ‘ present in aq. Solution of
olution of White ppt s CoCly.3NH,
3 mol CoCly3NH5 not formed —

7 [..3NH. = [Co(NH AN,
g 5 = [Co(NH,)Cl,] B> PPt is not formed.

surement of Conductivity

iy of a solution is proportional to no. of jons present in solution

~' LIRS i gl COC‘3‘4NH3

podemm Representation [Co(NH,) ]!, [Co(NH,)clicl, "™ TeoNH,) el et
3/4
ong in 4. solution [CotNHo)T™ 3CI™ | [Co(NHg)selPhact™ [coNH,),cL,T" ei-
)4
Solution conductivit, 1:3E .
wrresponds to : ety 1 : 2'Electrolyte 1 : 1 Electrolyte
No. of ions in aq. solution 4 3 2

—— e L
— e —

Order of conductivity: CoCly 6NH, 0 LoClohH, > CoCl;.4NH
3 3

[Cr(H,0),Cl] Cl, [Cr(H,0)ClLICl [Cr(H,0),Cl,]

[Cr(H,0),7%*, 3¢l [CH(H,0)CIT*", 217 [CRH,0)CLI, €T [Cr(H,0),Cl,]

4 3 2 o &
a>b>c>d
\7 ) =" ; § =
A>byesd

Cogrdi "
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23. An octahedral complex with the formula CoCl, . nNH, upon reaction with exce;s/oF;\' T
given 2 moles of AgCl. Consider the oxidation state of Co in the complex s « Thy Sl
“x + n" s . [02 April, 2024 (‘:2 e o
(a) 3 (b) & (c) 8 (d) 5 >Aift !
Sol. (c) [ Co( NHB)SC!] Cl, + excess AgNO, — 2AgCI (2 moles)
mX+0-1-2=0thenx=+3
- The oxidation state (x) of Co = +3 and n = 5
Therefore, X + n = 8
. 24. The conductivity of a solution of complex with Formula CoCl,(NH,), correspondsto 1 : 1 electyy;
then the primary valency of central metal ionis . [27 July, 2025 (ch,gt'
=1
Sol. [3] Complex is [Co(NH,),Cl,]CI !
Primary valency = oxidation no. = +3. |

25. Complex X of composition Cr(H,0),Cl, has a spin only magneticimoment of 3.83 M. ¢ reacts |
AgNO, and shows geometrical isomerism. The IUPAC nomenclature of X is: t
[9 Jan, 2020 (spi, -

(a) Dichloridotetraquachromium (IV) chloride dihydrate |
(b) Hexaaquachromium (1Il) chloride
(c) Tetraaquadichloridochromium (Ill) chloride dihydrate
(d) Tetraaquadichloridochromium (1V) chloride dihydrate
Sol. (¢) Cr(H,0).Cl, — Ky, = 3.83 BM.
From data of magnetic woma=+ it i clear that 3 unpaired electrons are present, so oxidss,
number of Cr should be +3.
m Complex shows geometrical isomerism unu reacws wich Agivo, therefore, formula of comple s
[CK(H,0),Cl,]CI-2H,0.
IUPAC Nawme: Tetraaguadichloridochromium(Ill) chloride dihydrate.

26. The primary and secondary valencies of cobalt respectively in [Co(NH,),Cl,] are:
(2023/24 Jan/Shi:-2

(@) 3 and § (b) 2 and & (¢) 2 and 8 (d) 3 and 6
Sol. (b)

| 27. Write the modern representation and secondary valency of following compounds, if moles of A1l
precipitated with excess of AgNO, is given?
PtCl,.2NH,, CoCl,.4NH,, PtCl,.2HCI, NiCl,.6H,0, PdCl,.4NH,

Sol. e |
Molecular Moles of AgCl! precipitated Compound Secondary valency i
l Formula with excess of AgNO, (Coordination number) | |
| PtCl, 2NH, o [PE(NH,),Cl,] $o o]
| CoCl, 4NH, 1 [Co(NH,),Cl,]Cl &
} PtCl,. 2HCI o H,[PtCl,] 6
; NiCl,.6H,0 2 [Ni(H,0) ICl, 6 1|
PACl,. 4NH, 2 [PA(NH,),]Cl, g BTl

— = ,...,_—e-*—""@

g e I
== Click Here To Join @StudyShelf For More Study Mateif4f§"~
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povale ¢ molecule N;’izvdvg_caﬂfl'zcou:;?fgfn m - Coordination Compound
- &0 2p chapter F——
@ MO0l 4 ze [ O CLL
: 3d*° 45 4p |
45P Hybrid orbitals g oo Halel
R cl o
H H ) I / | XDOrbtas
\ 4 15 1¢ 18 1s Gﬂznb\ o é' a il ol
Ch ad & G
4 cl
H

to VBT, the central metal atom or ion uses its vacant s, pland d orbitals to undergo
v\g >

Accor‘d' forming a set of hybrid orbitals (vacant).

S dizations | |
ol ¢ hybrid orbitals of the metal then overlap with the filled orbitals of the ligands, which are
The vacan

aiv donors. This overlap leads to the formation of €oordinate covalent bonds, where the
(lectronP donated by the ligand to the metal.

ucron pair

i .Sképe‘.of coMplex' '} Types of d-orbitals
/L/_J sp Tet ahec ra =
4 dsp” Square planar dz e
4 d’s Tetrahedral dyy d. d,
6 spPd” Octahedral da_p.da
6 d*sp® Octahedral da_p2,d2

e ———————————=SSESC

l | Every type of hybridisation involves s orbital. So, it is necessary to vacate the s orbital of ccntral‘
(et before hybridisation.

laner Orbita Complex

i , i ) . h
Fimer (n-1) d orbitals of metal are used in hybridization with outer 's and ‘p’ orbitals then suc

Y . . - N o S
‘ Ndization, g known as inner orbital hybridization. A ¢ omplex having such hybridization s known a
gy orbita[ tomplex (10C).
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oy Two 3d orbitals q
[MH,0) . 1** v [Ar]4<‘ 3d E—_—m
2! 1 So, two 3d orbitals, one 4 o,
- 4p orbitals are gojn g t
V3 ----- D ,,,,, hybridisation. D fak pq:":« {7;'—4'—;;
4 ’—\ e I
=t
Ve - 3
. [(T]]t] EE]:D:I:] 0 After hybridization gy 2 sp/s Alwiags S d? \
VA 3 d*sp® Hybridization orbitals are obtained. Nowd hP ;\wa
3 ese e —————
orbitals are ready to accept gfpep. "Ybri T .
from ligand. ectyg, Because two inner. Both type of hybridisation Because two inner
V(H,0) J*: D:E] '.'lum " d-orbitals are are possible. It can be d-orbitals are
2 E 1104 x ) Here, 6H,0 ligands are donat ing | always available for determined by value of not available for
O in6é vacant hybrid orbitals, one pgi, hybﬂdlsafwv\ wuzgnztu'g moment or hybridisation
03 Inthis hybridization, inney -1)4 magnetic behaviour.
are used (3d). So [V(H,0) dz ; or(uta(s ===
or d* complex

Magnetic Behaviour/Moment Hybridisation Type of complex
Outer Orbital Complex

Paramagnetic with 2 electrons

. . L . : d*g Inner orbital complex
If outer (n = valence shell) nd orbitals of metal are taking part in hybridization with ‘g and, 1 o ) (wmgr\gtrc moment = 2.82) ) P> n P!
then such hybridization is known as outer orbital hybridization. And complex having syely W it - Paramagnetic with 4 electrons
20t .
is known as outer orbital complex [00C]. 2ot (magnetic moment = 4.89 BM) P Outer orbital complex

For d* complex

[Zn{H,0).1* zn* 1 4% 34 —E No <SS — =2 l

Hybridisation: |TL[TL]|T)

. Ll Al haviour/Moment: Hybridisation Type of complex
n "sa subshell. s, i
Zn'% [N [ 17 hybridization wif 4, ‘ [Fz(CN) g ‘; Raramagnetic with 3. electrons d2sp® Inner orbital complex
3d 4d between 1 orbital of 4, f L. _ (magnetic moment = 1.73) e
: 3 orbitals of 4p and 2 | Paramagnct:c with S unpaired e(zctror\s oo y
{ Hybridisation orbitals of 4d. ; AR (magnetic moment = 542 BM) sp’d e f?mf orbital fOMPfex
v O After hybridization sic - »
d° complex
zn®: UNINININY] T T 1T vacant sp>d* hybrid D SR
3d &, 5p°d* hybrid orbitals orbft?{s are availatfe e 1. [Co(NH,) J** : Diamagnetic in nature.
bonding.
., 03, 7 T s 2 ~ ]
[Z"(Hzo)b]zf NIHINN] T Tal <]« O Here, 6H,0 ligands are (C;dﬁ)lon. N wJ T11] ;‘ F|4 [ ] m} :: lsda:;r;nt:t\it cZ:\p!:T!i
LA—HJ—L;-@ " e 3 s f
3d HO N,Z "o u,g HO Ho donating ’D""” pairin6 P electrons should be paired |
vacant hybrid orbitals g D .................. |

% d?sp™: Inner orbital
O Inner orbital complex : dsp® : Low spin complex : Spin paired complex. : hybridisation

| O Outer orbital complex : sp>d*; Illﬂ!ﬂ ) Here, & NHy ligands are

* High spin complex : Spin free complex. [Co(NH),1*:
L [tnner orbital e - donating lone pair in
complex] ’ ’ ’ vacant hybrid orbitals.

Coordin s
CHEMISTRY 0 %ordination Compounds =N

i _L- o

e
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2. [CoF J*™ : Paramagnetic octahedral complex

[ T[]
3d

O It is given ™y

Co**ion: : R . at
| op®d? : outer orbital IS paramagp,,:. ")
(3d%) | gp’d’router v ; Gnetie, Pl
H hybridisation unpaired “Cctro,“ g

resent.

Are

Hybridisation: [T [T 1] 1]
e il 0 il Bl N

[Outer Orbital
Complex]

O Here, 6
donating [OMISRM‘. ar,

AT
;f-tr!-"rrr

For d” complex

1. [Co(NH,) J** : Paramagnetic in nature with 3.87 BM

T (TITm

Co™* ion: D D_—_.[:I =

(3d7) 3d 4s 4p

Hybridisation: [Tt 1] ‘I:l D___:'_:"] _-LD:[ D
S

spPd* out ~-orbite hybri. isatioy

03 o 3 EX E B
T T

NH, NH; NH, NH, NH, NHy

[Co(NH,)J**: [T T [T 1]
[Outer orbital
complex]

2. [Co(NO,) J* :

3d 4s 4p 53
Co-atom : N RED I ]
Co** ion
[Co(NO,) T*":

O dZsp® —nybridization
(J Inner orbital complex

The presence of an unpaired electron in Ss-orbital is supported by the fact that, 55 - orbital
has very high energy and the electronipresent in it is loosely bound and can be removed taS':@-
Experimentally it is also observed that [Co(NO,),T* is oxidized by air or H,0, easily to givt
[Co(NO,) J>". This indicates that the complex [Co(NO,),]*" is unstable in air.

Y
d*sp?~hybridization

CHEMISTRY @

==
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retrahédral 6P0)
el INCCO

Square planar (dsp®) (d=d,a _ ,2)
[NI(CN)*~

: Pammagnetic in nature.

2 %«Ca{;ﬂ]:;“"m means unpaired electrons are present.
P, EIEET
(34°) =d ,45 o,
,,,,,,,,,,, T
T T1T17 sp® Hybridisation,

»

w

Hi pridisation: n
Y zd

So geowetry is tetrahedral

NiCtT ™ n
! t
cl~cl~clcl-
i . [ ama net inn ture. .
ﬁﬂff inet . me ns . | elec rons are paired.
Ni(O): P R | ==
(3d°45”) 3d 4s 4p

Hybridisation: My
zd . :
S R

D:D—_—, sp® Hybridisation — Tetrahedral

KO
t
cocococo
[Ni(L‘N),j’" : Diamagnetic.
N i O oo
(3d%) 3d 4s 4p

IN(CN) 2~ I
3d 1

i
CN™CNTCN™CN™

Hybridisation: -
3d

dsp™ Hybridisation,
So geowetry is square planar

Coordination Compounds
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1. It involves no. of assumptions.
. It does not explain colour of coordination compounds.
. It does not give explanation of kinetic and thermodynamic stabilities of comple.

. It does not distinguish between weak and strong ligands.

L e AR A S A A e

B AT 1‘."'.”
\ SHARES OF

1 O
ik

ot

O Under the influence of 6 ligands degeneracy of d orbitals has been removed due to h'gartd-m‘t“!

electron repulsions in octahedral complex.
] Rewtova( of degeneracy gives three orbitals [dy dy dyy = t, 4 Set] of lower energy and two orbit
of higher energy [d 204, , =e_ set].
z X< -y g

0 d. _92.0‘46{ d,2 orbitals point towards the axes along the direction of the ligand, will experienct mort
repulsion and will be raised in energy.

0 d,,.d,,, d, orbitals are divected between axes,

(in_the spherical crystal field),
Click Here To Join @StudyShelf For More Study Materials @
y
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will be lowered in energy relative to averagt ent:
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ate levels due to the
. f ggertzl’ presence of |i andx i - .
wting O . 9ands in a definite geometry is called Crystal
/ sphﬁ o and the energy separation is denoteq by A ! I J v
ld 1T R —— o [Crystal field splitting energyl.
1 /,,M ERRRac .. S e e o—
V. N L
Mo ( M ) : " ‘ N L
—_—
\\\_./"/. L ( | ‘ L
A \ dasils &
b KT = y
/" 4 69
Energy e +3/504
————— WPl Barycentre
'l T —— Y <~ TTTRTTTTRR AO
! P I -2/50,
l’ S~ < ¥
’ =t
K ——F ‘2
Metal i Ay djpd,,
d orbitals Average energy of thed Splitting of d orbitals in
‘ orbitals in sgh{zrrcal erystal octahedral crystal field
—_——— e
dxy' dgz' dzx’ dzz' dx2 -4

9 Crystal Field Stabilization Energy CFSE(OC“MM,, = [—0.4n(t25) + 0-6“(¢gﬂﬂo

where Nty and Pep Are the number of ele trcns ceibying the tone e orbitals respectively.

4 Orbital Splitting in an OctahedralyCrystal*Field
Treextent of splitting depends upoin the field produced by ligand and charge on metal ion.

d* Configuration : ,é’.‘f'.g"f”'_“?"‘?'_‘"ﬂ» i Tl d ,Cénfig&rdtion'- »

M, Ty Eae
|

R T -« confiqurati
onie configuration: t2 e;’ | Electronic configuration: t? ¢° | Electronic configuration: t> e°

2
':' * unpaireq electrons =1 | No. of unpaired electrons =2g9.g No. of unpaired electrons =533
e monen =[+(2+2) BM Magnetic moment =2(2+2) BM | Magnetic moment =3(3+2)BM
Exampfe_ T =173 BM = 2.82 BM 3 = 3.87 BM
Crs - 0 ' Example: [T :'(Hzo)é,]2+ Example: [V(H,0),]
k™ =-044, | CFSE = 2 x -04 A, =-0.84, CFSE = 3 x -0.4 A, =-1.24,

|

|
| |
|

C°0rdhoﬂn_ _ Click Here To Join @StudyShelf For More Study Materials&J
T T ‘
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Pairing Energy: The energy required to force the two unpaired electrons in one orbital ic . o
energy (P). > caled g,

R e Wikl d* Configuration

() If A, > P [P = pairing energy] (i IFA, <P
’ — _c-'i |

“HAH-( R

W4, Ry

P B T

OV If the crystal field splitting parameter (A) is| (] I the crystal field splitting Faray‘;{*tr "

large because of strong-bonding ligands, then small because,of weak-bonding lizands
the pairing energy will be smaller, and the the pairing. energy will be laroer 4. J'f‘
complex will be low-spin. complex will be high-spin. -
th . .
O 47 electron enters into t,, orbital and | 4% eleétronenters into one of €, orbitals gis,,
configuration = t34€0 the configuration t; e’. ™
O Ligands for which A, > P are known as strong |[<Ligands for which 4. < p
field ligand. [SFL] Fetd ligand, [wrL] © | o Froum @ wast
(O No. of unpaired electron = 2 0 No. of unpaired electrons = «
O Magnetic moment = ,/2(2 4 2) = «3.10M [0 Magretic poment = ,/4(4 +2)=42898M
0 CFSE =4 x - 048, +P = -1.04, - P O CFIE =3 . - 044, +1 x 0.6, = <06y
3 Example: [CH(CN) "~ O Example: [CH(H,0).]**

------------------------------------

O If ligands are lardanged in a series (in the order of increasing field strength) then that series is ca'ed
spectrochemical series. )

— e —

. dseries

* Ligands ' Field gth

| Charge on metal

3d serifes ; G | I” to en Weak

Sc > Zn a3 l [” to H,0 Weak*
4 " to CO Strong

4d series E

Y - cd LSt " to CO Strong

sd series |

La - Hg b2 /43 /P [ to CO Strond

<== _ Click Here To Join @StudyShelf For More Study Mategighgstsy O
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s or €0 ith Co'
; )Jz, . NH, as WFL with Co'~ : A, <P

NHs :
[f&‘( ) )_]'“ . NH, as SFL with Co*® : A > P
A N =/E ’
[L“(H 0),'.]'3 . H,0 as SFL with Co*® : A, > P
I“TH’O) T H0 s WFL with Ni** : o< p
NIz :
I.‘. - i Clmas WRL wWith Ni* 1 5 < p
[,.\f;sz - :F asSFLWithNi™* :a > p
INI'FJ

s 4l oxygen / witrogen / carbon donoy. ligands are ¢ty
n

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

q field ligand

"< By ¢ g2 CSCN < ¢l < NO, ¢ N, ¢ F ¢ OH
€ €017 < 0% <H,0 < NCS™ ¢ CH,C = N « EDTAT
<P9<NH3<eh<bipy<N0;<Pth<CN' < CO

(The donor atoms are indicated by bold letters)

—

GEED

!

A > P : Low Spin Complex

— e
e
Wi,

Electronic configuration = tige‘;

No. of unpaired electrons = 1

Magnetic moment = [1(1+2) BM= 1.77- £ M
(FSE=5x-04A, + 2 P = 2.0 A, + 2.P
Eample = [Fe(CN)J>~

9

)

A, < P : HighsSpin Complex

92D
e+
e,

Electronic configuration = t; ¢’

Ne_ Ff unpaired electrons = 5

4 gw tic 110 nent = .E\5+2) BM = 591 BM
CFSE = 3x-04A,+ 2 x 0.6 A, = O

Example = [FeF,J°~

. d°system

;

A, > P : Low Spin Complex

/ T
U<
e,

El .
“tronjc configuration = t¢ ¢°

0. p .
3 “paired electrons = o ( Diamagnetic)
Yretie Moment = p

(¥
FSE = 6’('0-4A0 s

2P=-24A+2P
MP'C: [CO(CZO e

51> /[Co(NH,) T

!

A, < P : High Spin Complex

At
A
e,

Electronic configuration = t*, €%

No. of unpaired electrons = (Paramagnetic : 4
unpaired electrons)

Magnetic moment = [4(4+2)BM = 4.89 BM
CFSE = 4x -0.4h, +2 x 0.6 A, = -04 A,
Example = [CoF,J*"

Coong in
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\ " - '
- Complex Configuration P (cm™) Predicted Fourg

[FC"(HZO)]2+ dé 10400 17600 H!.gt'\ Spl.lﬂ. ngh Spi
h

[Fe”(CN)‘J‘*‘ ’ d® l 32850 4 17600 t Low spin | Low Pin
[Co"F - A° | 13000 ' 21000 High spin High spi,

[COIH(NHB)d3+ dé t 23000 ' 21000 ’ Low Spf'lﬂ. } LOW Sp{n

; }

A, > P : Low Spin Complex A, <P s High Spin Complex

//+ T4 ) /’% +?
At AR
Mt M,

Electronic configuration = t%, ¢’ Electronic configuration = t, ¢%
No. of unpaired electrons = Paramagnetic with 1 No. of unpaired electrons = Paramagnetic with 3
unpaired electron unpaired electrons

Magnetic moment = |1 (:L + Z)BM = 1.73,BM Magnetic moment = \}4(4—+2)BM = 3.87 BM
CFSE = 6 x -O.48, + 1 x O.6A, r P = -1.iA, - C7ST = T =0.4A, + 2 x 0.6A, = -0.3A,
Example = [Co(CN),J*~ Ecoinple = TCH(NH,) T

Arrangement in strong ligand field
St CFSE iﬂ;ﬂ‘;’;‘g
%0 moment u(BM)

BlGam

L] -0.4 1.73

|1 C1T1 -os 2.83 [ 11  -os 2.83
qleleft] [T 1 -22 3.87 tlelt] 1] -1.2 3.87
11171 [ -oe 4.90 T I -1e 2.83
g1t [It] o 592 el (11 -20 1.73
([ Tr] G117 -o4 4.90 M 11 -24 0.00
1[lufr] Il -os 3.87 mIaw [T ] 1.8 1.73

mMInn] Ol -1.2 2.83 mInn) [T17] -1.2 2.83
miuln] [t -oe 1.73 BT @I 0.6 173

(HInln]  [(mln] o o MRl [T = 0
) Click Here To Join @ StudyShelf For More Study Materials
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on

a8
W jtal = Charge on metal t: A
y 0

gt " _. A, 3d Series < 4d Series < 5d Serfes
l

t d mﬂs
A, crystal field splittings in oné group

£ ig and in spectroclncmicaf series.
[

\

Posm""

s by various ligands

Absorption peak o o e
= (o) | (el [Co(NH,) I>* 24800 2496
oY i =2 [Rh(NH,),J>* 34000 402
[CH”(H,O)J it L Al [I(NH),) T 41000 44
[Cr.,,mw 21680 259
G | 26280 | 314

cmeemsemecsecsssescesmsmmnsomsta,
ccaevssesmsespamoc=
B ettt
commman="

........................
..............
........

e —— ——— —

. . ‘\\\ '
7 CN" : Strong field ligand ﬁ _1_ +t2 , £iop? Hybridisation

[Inner orbital complex]

[Mncu’- | I tsy ¢,
| Z N s v P
0 Ma* ; 3gq* D 5 | 7 i}

= L

— —— — — —
) — — —

J - oy “ \ .
" Weak field ligand A4 At,, sp*d* Hybridisation

[outer orbital complex]
W' — 0
/’ 9
T e ---- mines)
| 3d

4 =

— — ——
— — —

CN-. : ,
' Stmhg field L:gand ‘HH-?—Q g dzsp! Hybridisation

[tnner orbital complex]

Mation Ealiglgddere To Join @StudyShelf For More Study Materiaisi -
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;EQF "3.. /_T_ _1_(,’ i:d

v Fﬁ[H1HHIHI | L T
0 Fe'® : 5d4° E}"’ 4 4p |

L e s 44
N e e b J '
1 F™ : Weak field ligand ™, v
= \+++tﬁg [ostiiiza}::z;:disaﬁo;\ ]
I Omp ex
CHC0,)T . o s
¥ q 4———> e,
3 co s sae L grnnsnjulinnn)
E\
O C,0%": Strong field Ligand ™ L Qg —————-— —1

HAR -
24 dZsp” Hybridisation

[lnner orbital covmplex]

t e

- /4—4—65 6'03*:'11[291[”‘;.1 L L 1] 17 I l
O Co* : 3d° = 3d :_45_ _'__410 _: 44
O F : Weak field ligand ™ \% + +t2g 5p3cvlz Hybridisation

[Outer orbital complex]

| 28. [Co(NH,) I** and [CoF >~ ~'¢ respe tivil known as [01 Feb, 2024 (Shift-1]
i‘ (a) Spin free Complex, Spin paired Complex
i (b) Spin paired Complex, Spin free’Complex
! (c) Outer orbital Complex; lnner orbital Complex
i (d) Inner orbital-Complex, Spin paired Complex
| sol. (b)
i 29. Match List-l with List-Ii
g 03 A ‘ : Crystal Fleld sphf:tmg energy (Ao)

(A) [TI(H O)b"{"'+ (n -1.2

(B) [V(H,0) 1* (1n -0.6
{ (€) [Mn(H,0),T** (1 o

(D) [Fe(H,0), T** (V) -0.8

Choose the correct answer from the options given below: [10 April, 2023 (Shift Fe-i0]|

(@) (A) = (1N, (B) = (IV), (€) - (1), (D) - (1) (b) (A) - (1V), (B) - (1), (C) - (i), (P) - (D)
(¢) (A) - (IV), (B) = (I, (€) - (1D, (D) = (1) (d) (A) - (1), (B) - (IV), (C) - (uny, () - ()
Sol. (b)

i 78 Chck Here To Join @StudyShelf For More Study Matenal,s,_,mmpy &,
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- otal d-orbital that can divectly facing the (ig0, e [Co(cN),]
3 are

dda (b) da_.. and d [12 Jan, 2014 (Shift-1)]
d,, a4 s y 2 (c) d, dy, and d, (d) d,. d,, and d,,

ot metal fon in an octahedral field, the correct electronie configuration is

[06 Sep, 2020 (Shift-11)]

<P
" figcz when A, ; (b) fig e; When A, > P
4
0 t’;g g;‘ when Ay (d) tig elg When A, < P
sol. (d)

1h Crystal Field Stabilization Energy
32 .
(crse) of [CoF(H,0)5] (8 < P is [04 Sep, 2020 (Shift-11)]
(@) =08 % (V) —08 4, + 2P () -o44, (d) o~ O4 £, + P
3+ 6 4
o, ¢) [COFs(H0)s] = Co™ = d” or £, €+ CFSE = [4 x ~04 + 2 x 0.6 ] A, % —0 4,

; 3. The crzygt:: ge!d stabilization energy (CFSE) value, for [Ti(H,0)* that has absorption maximum
at 492 n

() 20325 em™ (b)) 12,195 cm™ (6) 20, 162%™ (d) '8, 130 cm™>
‘50f (d) Absorption maximum, A = 492 nm = 492 x 1077 cm
5ol
| 42— % _-20325cm*
| ° % 442x1077

| CFSE= -04 x 1 x Ay = —0.4 Ay = 04 x 20325 =,=8130 cm™*

........
----------------------------------------------------------------------------------

J In tetrahedral coordination entity formation the d orbital splitting is inverted and (s smaller as
tompared to the octahedral field splitting.

J For tetrahedyal complexessonly four ligands located between the axes. (4 ligands are shown at
diernate corner of the'cube and metal at bodycentre). _

0 None of the orbitals points divectly at the tetrahedral ligands. However, the dea _ 2 and d: orbitals

(dlong the Cartesian axes)overlap with the ligands less than the d,,, d. and d,, orbitals.

gy analogy with the octaledral case, the energy diagrawm for the d orbitals in a tetrahedral crystal

fi . Y . ;
e’_d ¢an be predicted as shown in following diagram.
Ay dyz s Ao y |
-’ A tz ,
E e ‘g
A .- Barycentre 2750
"- ---------------- At O e —— x {
_3/5A, |
, Average energy of the ">~ _ X ‘ ;
,,’ d orbitals in spherical &Tz o Central metal |
& ) -t ;
d Mebtal o crystal field 2 % z P Ligand
_ Orbita[s’ L
i § Splitting of d orb:ta!.S n
dxa d&l‘ dod, 4 tetrahedral crystal field

i

—Click ‘Here.To Join.@StudyShelf For More Study Materiala_sw
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(3 The orbital splitting energies are not sufficiently large for forcing paiving and, therefop, low, ...

s
configurations are not observed. Pin
0 CFSE tetratedraly = *+ O.4h(t2) — 0.6,

YadlnGiod ey and M are the number of electrons occupy{ng the t, and e orbitals reSPCth'Vely
2

B Y L L L T T r ey
htesssssssEmesmssscevassmecss - "etemaa,
D I e L R L R Ll it

CFSE and Electronic Arrangements in Tetrahedral Complexes

' Spin only magnetic| (CFS
Numberof d' | Arrangement of electrons 3 moézvienf Drtrit
S v SRR e e

1.73 -0.6

H

“ 3.87 -1.2 +04 = - g,
SR Nl kS e 4.90 -1.2+0.2= o4
o I IR o 4.90 -1.8 +1.2=-gg
S 3.87 24 + L2 =~13
2.83 24 +1.6= 03

—
.T—’ .‘42 .T-’ .<— .—' .—' .—> .—’
= rud bresd — — — —_ —
—
.7_' .—> .—) .—v .—» .—4 .

1.73 24 +20=-04

2]
-4
—
E

0.00 24 +24=00

INiCLT

| . . . 4 T
| Oxidation state of Ni: x +4 = =2 = K%= -2 +4 = +2 ’H++ 2
Electronic configuration of Ni: [Ar]3d® 45* 7

I

N,

Electronic configusation of Ni**F [Ar]3d® .
' No. of unpaired electrons = 2 \\ﬂ He
Electronic configuration: 't

e

34. .Tﬁé values of the cryst'alrﬁefd stabilfzaf;'ion én;rgr'es Fo} a high spin d® metal ion in octahedral ﬁﬂi}

tetrahedral fields, respectively, are [os Sep, 2020 (Shift-0]
(a) — 1.6 A, and —0.4 A, (b) — 2.4 A,and —0.6 A,
(c) —04 A, and -0.27 A, (d)y —o04 A,and —0.6 A,

Sol. (d) Octahedral — [4 x — 0.4 A, + 2 x 0.6A,] Tetrahedral = [3 x — 0.6 A, + 3 % 045,
| 35. The correct order of the spin-only magnetic moments of the following complexes is:

() [€n(H,0).1Br, (1) Na,[Fe (CN),]

(1 Nas[Fe(C;04);1(%, > P) (V) (Bt N)[Cocl]  [09 Jan, 2020 (Shit!)
(a) (1) > (1) > (V) > (i) (b) (ury > (1y > (1 > (1V)

() (0> (V) > (1) > (1) (d) (I =1y > (1vy > (1

| Sol. (c) No. of unpaired electrons = (I) 4 (1) Zero (111 1 (IV) 3

o Click Here To Join @ StudyShelf For More Study Materials oty @
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o | A e AR 5
CA?
S
A A B 5 Energy order for <q. planar Complex:
P o S sp »
Z g dis> iy > d> (= )
free e
m'm{
| tzg
Y
dxz dyz
Z
A

v X

@fm, '.‘\\\\@: @e\ @:@ (3. Removal of 2 axial ligands (along

the z axis) from an octahedral

'r lex lead f
J G’Y @ @.._‘y @f ®"'*y ;"’;’:‘\FZ :’: . :,\ap {tho orm square

; Square planar
. Octahedral

36 Complete removal of both the axi u ligar ds (aloy g the z-?v‘fs) fror: ar oatahedral complex leads to

| which of the following splitting f uicrne P (i zlat vi ‘orhital 2nireies not ¢n scale)
| [12 April, 2019 (Shift-1)]

ey —%: —dep Zﬂ«f
— — 2 st —
| (a) E xy (b) g dezyp (¢) dzi y (d) E dzz
[ | dz"‘ =dxz’ dyz —dy, 4, dxy )
‘ prm— 2
| | Sol. (a) A dyl —dxy dxy =% %
s
A
& .
tZE'\ "" :~ |
S TN ) by > 0> b0 |
At -:—': AD ~\:::- dxy A‘P Asp =X AO
e 2 A =4/ 8, |
ty,
g .
i ol dy Y
T
f C(thedml Octahedral Square Planar
<«
| P 1. (A, >> P) (8, > P)
oL 2m«R)
v ,,Pq‘”“g energy gL o M
Opo: — T
Uingy;

#idHere To Join @StudyShelf For More Study Materialé - |
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M€l Fe(,‘[‘:,\m‘\\\
=i Yahgy
\!\ n
Mn?* Fe3*
[34°]

[eu(eN). T L6 57 |
0 4d and sd series metal with d®, d° configdration in +2, +3, +4 oxidation state with any figny
— Square planar geometry
[AuCl]™ : Square planar [Au®" : 5d°]
[Pt(NH,), 1> [PtCIJ*": Square planar [P : 5d°]
[PACIT*" : Square planar [Pd?*: 4d°]
[AgF 1™ : Square planar [Ag”" : 4d°]

Hybridization in Complex having Coordinatiol

| | |

Tetrahedral (sp’) Tetrahedral (d®s) Square planar (dspz)
[NiCI,J*~, [Ni(cO),] MnOZ", Mn0%, FeO2" (d=dea_z)
[Ni(CN)J*~

Cro}™,Cro,Cl,, Cr,0%~

CHEMISTRY @

A\

!—): NicIZ" N 3d°] | | [Co(NCS), 1P [Co™ 37y

| e ] =cali~
e e TN
Remember —)“ o(CN). 2-—[‘ ?Td']\
[Co(NH,),J*" has tetrahedral geometry [Cu(CONT"  [Cu®* 2347

with 3d” configuration.

(¢

L . 4
A
ey s hgbridization: Tetrahedral ¢
o 4{)540 - ahedral geometry
o7, 4 il
e o000 Ay dy, d, orbitals are hybridised with s orbital
ere: Mné:
Tication + " . e o —— -
e s hybridisation 4 Mn : 48 34° d®s hybridization §
46 M 46t 340
a.»; pra 3d |
o 0 0> 0* 0* el al-d
Jation of central metal —» Always Tetrahedral (sp” hybridisation)
Ve configh
(n-1)d* ns np
= w OO O L
| |
[ a
5p° Hybndisation

Niy:I 8 [ 811
3d

Ny 48 347

v
Nio):[A T4 T8 T8 [0 4, sp® Hybrid Orbitals
3d

sp® hybridisation
[Tetrahedral]

Ni(o): (45" sd

v n] O O
3d L 4p |

|
| R |
i 5p® Hybridisation

v
EEEE

Ni(o): 4° 3d*°

Coordination Compounds
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- - 7, s
————
= i ist-1l =
[Co(CO).T st with L
= X z .
rco SR e m ] %
= =d A Sy
Pl Le———— ~.0ad
Fe(2-): (45 3" |rombonin, | (€O 4S;lfi
2 v
oy <8 s OIEOTEE O e G
Tetmhcdral f k
he correct answer from the options given below: 7 ife—
> iqurati hoose [09 April, 2024 (Shift-11)]
Metal Ligand | Complex/mL, | d c""ﬁg:“ o (@ Al Bl c-it, D=iv (6) A-itl, B-tt, C-1v, D-1
- 2
Zn cl [Zncl T 2B sp> hybridisation @A, B DY @) A-it, B4, c-1v, D-1
- . 10
Hg 1 [Hgt T Hg*'/5d — @
[4 l 3 i~ 2 .
= a edel, J" Cd?/4d>® I% .The species that has a spin-only magnetic moment of 5.4 M, is T = u{;:h;dmgo R
= + 10 | 0 sap 12 . €p. e
2Zn en | wen g | 2n3d 1 (@ RBr T (T O) NICLP™(T)  (©) NI(CO), (T) (&) [NI(CN),P (square planar)
Cu Py [Culpy)d” cu'/3d*? ol (@ Mn2" 3d° —> S unpaired electrons
ol.
Cu cN [cu(eNy > | cu/3d*® | ! o —
— ] 42 The compound. having tZtmkedrAl geometry is (IFT JEE 2004) 1
rn N 1UALA N ik : i = Pd(Ci 3 = p - 4
37. The structure of the complexes [Cu(NH5) J(CIO,), and "u(NH_ e N m L (a) INIEN)] @) [Pt d (@ [PdctT H"(d) INiCL T {
(a) square planar and tetrahedral (b) et hedral av | squa i pyrav ‘da i kd) d
(¢) octahedral and trigonal bipyramidal () tetve sedral a disque e planc B F n ! AT TR oy B Py P TR
Sol. (a) [Cu(NHy)J? - 2Cl0; — Cu®* (3d") with NI ; —> “quare lanar 4 Ave g [ (EC (L NiCl =7, [Co(NH,),CLICI, Naj[CoF ], Na,0, and CsO,, the total number of 1
[Cu(NH,),] - clo > Cu’ (3d4*°) with NHy —» Tetrahedral 5. pammagnetlc compounds Is (JEE Adv. 2016) |
38. Match List-I with List-Il. (a) 2 G SOl e e 1
L List-1 (Complex ion) List=Il {Spin only magnetic.moment in B.M.) lso] ®) 4
A |[enNHY . 4490 { u [Ni(CO)] = sp3 — O unpaired electron, as all electrons are paired. 3
B. |[NiclJ*~ 1. 387 ‘1 u [NiCL,J?™ = 3d® > sp> - 2 unpaired electron 1
c [c?;:‘f' . . |oo u [Co(NH,),Cl,]Cl > 3d® - d*sp® — O unpaired electron, as all electrons are paired. J
D |[N{(CN),T ¥ ?"85 - :  Nag[CoF] — 3d® - sp>d* - 4 unpaired electron. :
Choose the correct answer from the options given below: [08 April, 2024 (Shift-1n) | has 0%~ i nd in this, O ived el p? ids 1
(@ ()0, BV, (), (0)-(i) (). AV, (B, (-0, D)) | ARG RS AL B R e S e ]
(&) (A1), (B, ()1, (P)-(ith) (d) (A=, (B)-(111), (©)~(1), (P)-(V) B (50, has O, ion and in this, 3 unpaired electron s present. I
Sol. (c) 44. Geometrical shapes of the complexes formed by the reaction of Ni** with CI”, CN™ and H,0,
34. The number of complexes from the following with no electrons in the t, orbital is ___. respectively, are (I JEE 2011)
Ticl,, [MnOJ7, [Fe0,T*, TFeCl J7, [CoCl T*~ [05 April, 2024 (Shift-ll] (@) octahedral, tetrahedral and square planar :
(a) 3 (b) 1 (c) 4 d) 2 (b) tetrahedral, square planar and octahedral
Sol. (a) Three complexes have zero.number of electrons in t, orbital (¢) square planar, tetrahedral and octahedral
i Ticl, = Ti*t €%t FeCly = Fe> &3 (d) octahedral, square planar and octahedral
- +7 040 12~ +2 4
1 ::;(ZT . ::::\6 22;27 SRS B Sol. (b) [NiCI,J*~ — Tetrahedral, [Ni(CN)J*~ —> Square planar, [Ni(H,0),]*" —» Octahedral |
=
g - e e e e e e . e e A R ~—-1-4—‘a
P cremser § Coordination Compounds =
S R _ .|
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entary colour of absorbed light. We can predict

ur of any compound is compler
complementary colour of any colour by COLOUR WHEEL-

TV if any sample absorbs red colour then it oppears s green

Excited State
1
8

| appears as violet colour
|# absorbs colour

Ground State "
[ E A

1 When light of certain frequency falls on the complex, it absorbs H—"‘M me'\ Yisi%!e range for trangi,,
of electrons from lower d energy level to higher d energy level. This transition is called d-4 t""\ifh‘oﬂ
of electron.

T3 Strong field ligands cause a large split in the energies of d orbitals of the central metal atop,

o Absorbed energy for transition (€) T = Large splitting = field strength T
®  Absorbed wavelength of light for transition () | = field _\'zngth 1
(a) [Co(CN) I*~
(b) [Ca(NHs)J”
(€) [Co(NH,)(H,0)**
(d) [CoCI(NH,) 1>

- )

Field strength: C1m> Hy > H ol
c>d

Absorbed wavelength of light for'transition: a < b¢c < d

Absorbed energy for ¢ ansition a > b

Observed wavelength of light for transition: a >b > ¢ > 4

(Because absorbed and. observed colours are complementary)

(€) [Cu(H,0),J%": It has tetrahedral geometry (4, < 8,). So less eneegyiis required for transition
than octahedral (a, b, ¢ and d) complexes.

| Absorbed wavelength for transition : a < bi<c<d<e )

A —

1 The colours observed from electronic transitions within the d orbitals of transition metal ions are
common in everyday life. For example=

¢ Ruby is composed of aluminium oxide (Al,0,) with approximately 0.5-1% Cr(lll) lons
(Cr*, d%). These CF* ions are randowmly distributed in positions normally occupied by
AlP". We can consider these chromium(lll) ions as octahedral complexes embedded within

the alumina lattice. The €alours in rubies arises from d-d electronic transitions occurring
at these chromium(lll) sites.

¢ In emerald, Cr*” ions occupy octahedral sites in the mineral beryl (Be,Al,Si,0y4)-

<=

CHEMISTRY @

i

- of ligand crystal field splitting does wot occup og hence the substance is colourless.

g a o ol cl, 74:‘;0‘.. TiCl, (colourfess)
Wiz~ "

o [ » CuSOy(colourless)

cu

riol (5“50“'5H10)

50, 5H,0

it
plue 4 ) Cu(H;0),1504 Ha04 % viater wolecules are directly connected to Cu™ ion
cusoifﬂ’ 'l* T
HON L O~ | TN Y
 Tetraled > cu> ; s

pilsation 274 geapetry: Tetrdlgdral, sp” 1, ~CT v\ 0?0

i
" N e

onjﬂ"y va!e,r::_:] and. the number of hydrogen bonded water molecule(s) in C-a;SOI.S’_HZO,
#: pueivzfy are [18 March, 2021 (Shift-1)]
res|

o and & (b) 4and1 () sand1 ) 6ands
@ ondary valency = Coordination nuvaber = 4, H-bonded water molecule=1
sol- (b,) s‘cbgfaw are two statements: [24 June, 2022 (Shift-I0]
46. ‘;:,:;ment-“ In CuSO,.5H,0, Cu-0 bonds are present.

statement-Il: In CuSO,.5H,0, ligands coordinating with Cu(ll) ion are O- and S- based ligands.
In the light of the above statements, choose Correct answer from the options given below:

(@) 30th tate v - -l and ~“~tement-Il are correct.

Q) 30th tate nent | ai 1 Sta zment-Il are incorrect.

© tatr \ent 1 is rre t but Statement-Il is fnconrut

() statement—| (s ncorrec. out Statement-Il is correct.

47. Type of bonds present in CuSO,- SH,0 are only
(a) Electrovalent and covalent
(¢) Electrovalent, covalent and coordinate covalent (d) Covalent and coordinate covalent

(b) Electrovalent and coordinate covalent

; Sol. (¢)

Coordination éan‘«p : W:fsl::g: ::nli_t);ht Colour :: gk: Colour a: ::i:;dimﬁon
| feocinm,) 7 » 535 | Yelow | Vielet
“J».V[C;&NH,)S(HZO)]”V ) X s;c} 3 Blue Green A Red
¢ [Co(NH,) J>* 475 Blue Yellow Orange
! [Co(CN) >~ 510 Ultmv{ofzt Pale Yellow
(& [Cu(H;0),1** ¢00 Red Blue

Coordination Compounds
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48. Match List-1 with List-1l
List=1
(Coordination entity)

(A)  [CoCINH) > 1 i (320
@ (om0 47—
~ [ T

©) [Co(CcNy>~
@ feaHo (M [e2
Choose the correct answer from the options given below:
(a) (A)-(1v), (B)~(1), (), (P)(11)
(e) (A1), (B)~(1, (€)1, (P)AV)
! sol. (b)
44. Homoleptic octahedral complexes of a metal

| L, absorb wavelengths in the region of green.
ligand strength is:

ion

" (@) Ly<Ly <L,  (b) Ly<ly<Ly (0 Lk
| Sol. (a)
| = Order of wavelength » — Red > Green > Blue

W) > L) > )

s Strength of ligand = A < 1/)
Strength of ligand —» L, > L, > L

| 50. The electronic spectrum of [Ti(H,0),J>" shows a
20,300 cm. The crystal field stabilization energy

|

| (1 kJ mol™ = 837 em™)
| (a) 242.5 ) a7
f Sol. (b) CFSE = —0.4 A, = —0.4 x 20300 = —8120 em™

| CFSE (in kJ) = Z—;% = a7 kJ/mol

{
|
l

(c) 837
1

51. If the CFSE of [Ti(H,0)J*" is ~96.0 kJ / mol, this complex will absorb maximum at wavelengs

nm. (nearest integer)

Assume Planck’s constant (W2 6.4 x 10~*Js, Speed of light (c) = 3.0 x 10° m / s and Avogadris

constant (N,) = 6 x 120%° / mol.
Sol. [480] [Ti**(H,0)J>* —= configuration of TP*" is 3d*

96 x 10°
CFSE = —04 x4, S am

A
_ 96x10° he _ 96x10°
° 04x6x10™

==
L 04x6x10*®
. 04x6x10*®x64x107* x3x10°
%=
96 x 10°

J

w2

hify.,
©& W, @M. O-0. Oy
(d) (A, (B, (C)-(1V), (D)~(py

M3 with three monodentate ligands
blue and red respectively. The increasing oygy, :;"4

ingle ¢ -oad ) :ak'w + ~ gy,
(CFSE) of the complex ion, in kJ my| "&

=048 x 107%m = 480 x 10”7 'm = 480 nm

[25 Jan, 2023 1, .

Lt

[09 Jan, 2014 (sh

@ <L, ey

[03 Sep, 2020 (shiﬁs-m
(d) 1455

[31 Jan, 2023 (Shift-I]]

CHEMISTRY @

colourless

3d: Ti* colourless
=

3::, T purple
Z b
7 - (ue
3d Vs violet
3d” cr> e
sd* Mn> olet
3d* cr* VZH -
3d° v Mn2 pink
3d° Fe* gellow
3d* Fe o
6 7 Co™>* Co** -

3d°, 3d | >, blue, pink
34" Ni* green
3d’ Cu** blue

=y [ zn* colourfess

Il 3d
| g E B A

e ——

=
[ Fe Ko Ni Van me green lakdiyon , Tumne CuCr Co V bluz kar diya
—

_— —
Fe'?, Ni**, v" — Green ' Cu*, Cr?, Co™, V™ > Blue ‘

@; Vo Man Cre Karu Violence

IVZ', Mn>*, Cr™ - Violet }

l 4. | Yello Fer, Mn Co Kar diya pink
| [ e = pine]

l Ee™

Coordination Compounds
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g

e TN 20
[Ni(H,0) Jruqy* €%an) [Ni(H,0) en] — [Ni(H;0)s(en);]

e (Nien) .

— " ) [
‘ Green ‘ | Pale blue I Blue/purple l:?l

If the transfer of an electron takes place from the ligand to metal, then charge transfer is Calleq |,
9

to metal charge transfer.
Red Orange Colour

Purple Colour

MnO; @

J , : d° %/ T|‘"

~ > Mn'.

Green Colour Yellc v Cols ur

el

Mne: d*

077{\\0_ Cr'e : dZ ),

Metal to Metal Charge Transfer Spectra [MMCT]

In these transitions-electron transfér takes place from an atom of lower oxidation state to an anothyr
atom of higher oxidation state.

1. Fe*' + [flrne(CN)‘_]" - ﬁ;}[ﬁ'z(cm o], ‘ Ferrous ferricyanide [Turn bulls bhﬂ

2. Fe> + [2e<CN)b]“ - #;4[£¢(CN)J} l Ferric ferrocyanide [Prussian blue]

3. Pb,0, (red colour) = PbO, . 2PbO

‘ Red lead (Pb,0,) contains Pb(ll) and Pb(IV). Due to electron transfer from Ph(ll) to Ph(IV), i
gives intense red colour.

e llowing complexes. L —_— —
P ns! s C -
2 z N [ O(CJ’ s [Co(NHY (H, 0P (Cu(H,00F"

A (6) (©) )

corvect order of A, B, C.and.D in terms of wavenumber of light absorbed is: |

. [06 April, 2024 (Shift-N] |
¢ p<A<B (b)D<A'<C<B. () A<C<B<D (d) B<C<A<CD

() ehe and field strength increase, light of more energy is absorbed. Ligand strength can be |

4. ® ta” mined by spectrochemical series.

Energy = wave number () ‘
the following carnot be explained by crystal field theory?
order of spectrochemical series

f wmetal complexes

Alsos
wich of
a) The
© Colour ©

L@
5;4, Match List™

[24 Jan, 2023 (Shift-I] |
(b) Magnetic properties of trarsition metal complexes
(d) Stability of metal complexes ‘

[ with List-ll |

NiFJH
se t : :ect ans er h m the options given below: [22 April, 2023 (Shife-n]
(by A-ll, B, C-1, D-IV

(d) A-llL, B-IV, -, D=l

¢ o

(@ A-l 3 C-L P 1

() AL B-ll, C-Iv, D=l

sol. () . )
5, Assertion (A): [CoCI(NHS), J** absorbs at lower wavelength of light with respect to [CoNH) (H,0)]
55, Reason (R): It is because the wavelength of the light absorbed depends on the oxidation state of the tiom |

7 £ ts, choose the correct answer from the options given below:
In the light of the above statemen pti L g o

(a) (A) is false but (R) is true.
(b) (A)is true but (R) is false. ' (
(¢) Both (A) and (R) are true and (R) is the correct explanation of (A)- i
(d) Both (A) and (R) are true and (R) is NOT the correct explanation of (A).

<

CHEMISTRY @

P PPV G VS T

Sol. (a)

charges. It follows that anionic ligands should

. 3 d that ligands are point
% Crystal field theory assumed Lhaz 19 4 ctually are found at the low end of the spec-

exert the greatest splitting effect but these ligands a
trochemical series.

2. Further, it does not take into account the covalent
the central atom

character of bonding between the ligand and

=

Coordination Compounds
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Amd E: pidentate (nitrogen doror ligand)

Brown Ring Complex = [Fe(H, 0),NO a
1]
. 3d
0 NP Hydrogen Bord. {
/ ?H (|7—H C]o ogen Bordirg |
—_— / N NH,OH Iu\ N Rosy red ppt. |
= - |
/’ 5 h, ¢ ZIN —NH, N/’NP Y Nickel bis({dimethylalgoximatz) |
[Fe(H,0) JSO, = Feso, (aq) NO, [Frawn n }) v -H,0 O"H—Io S \
€ (H
- 20):Nop Dinethglglyoximeldma) M (dong)] |
(0 NO”is present in Compley :
(J Oxidation state of Fe = +1 lex acquires stability through chelation and intravolecular H-bonding.
ComP!
P andnsatnov\ & Geometry = Square (J :gi;s of bonds = H-bond, Covalent, Co-ordinate
+5 .2 2+ 0
s - [Fe(H,0)J** + NO —o—> [Fe(H,0) yores pianar/dsp*
a I[VOOJ,\ 1+ [‘:c : NO + Fe 2 20):No] Za of unpaired electrons = Zero O Tupes of rings = 5 and 6 membered
J [RA. o

(]

_Fgund to meial chargs

(]
~— NO

T
Fe**<—Q NO

[Fe(H,0):NOT**

transfer spectra

Fe AT LA

O Hybridisation = spd*
O No of unpaired electrons = 3
O Magnetic Moment =MBM
=3.87 BM
O Square planar I_ —

[Cu® : 3d°]
0O Hybridization = dsyz
0 No of unpaired electrons =2
[ Colour = deep Blue

L____

4 dsp? hybrid orbitals

o Colour = RosY Red / Scarlet Red

O Noof rings = 4 [Two ) and Two (@) membered rings]

5L A :te f Rh :
ot [irCI(COXEPRS)
v 5P Hybnd:satmn i =
hsP. cl
Phs \l -
g
oc”” \PPIA3

W Sodium Nitroprusside

Oxidation state of NO = +1
If oxidation state of Fe is x.
(2x1) + x + 5(-1) + (+1) = O, then x=2

O

dsp* hybndrsaeum

Wll insc s G “alyst: Chloridotris(triphenylphosphing)riodium(l)

Rh" : 4d®
v

dsp” [Square planar]

Vaska complex: Trans-carbonylchloridobis(triphenylphosphine) iridium(l)

Ir = sd*

dsp?[Square planar]

DAL @Y B2 Sodium thionitroprusside

Oxidation state of NOS = -1
I oxidation state of Fe is x.
(4x1) + x + 5(-1) + (1) = O, then x = 2

6. Identify from the following species in which d*

(@) [Co(NH) >
Sol. (a)

(b) BrFs

sp> hybridization is shown by central atom:

[27 Jan, 2024 (Shift-10] |

() [PtCl > (d) SF,

cHemsTRY § Coordination Compounds

==
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S7. Which of the following are paramagnetic? iCNYLT2" [NEgr —eh a"i“ following is the correctorder D”"‘"“—“"‘e field strength of ligands to form coordination |
A [NiCLT*" B. Ni(CO), ¢ INiCN) o | (e "J}:\ya“ ’ CN™ < C,03 [NEET 2020]
. 0 C F -
D. [Ni(H,0)J* E. Ni(PPhy), t(a) son < F 41_ scNf :F_ BVF <ser <0 < o
Choose the correct answer from the options given below: ‘ @ N4 €04 ¢ (d) SCN™<F ¢ C,02" <cN”
c
(a) A and C onl (b) B and E only (c) AandDonly (d)y A,p, . L
Sol. (¢) ! e only 50" (:)gch the coaﬂ\‘/’n{::f:;::\:b;\rg:;d type of hybridisation with distribution of hybrid orbitals in
o : M n Va ; NEET 2020-Covid
58. The correct order of the wavelength of light absorbed by the following complexes is,[NE s gpace. pased © o — [NEET 2020-Covid] ‘
: 5 5 ¢. [Cu(H,0).J* D I “INEer o, o ation number a istribution of
A TCANH)T B cae T € [eUOM o coordindidisation | habrid orbital in space
Choose the correct answer from the options given below: type ) ]T baoial B 3
(@) B<D<A<C (b) BCACD<C (c) C<D<A<B (d) C<A<D<B 4‘5}9’ i rigonal bipyramidal
Sol. (b) m o | (i | Octanedral
549. Given below are two statements: [NEFI'J,D Wm
i:::’?;e:t I: Both [Co(NH,) J>* and [CoF I~ complexes are octahedral but differ j their g, ":] (v) | Square planar
ur. i
Statement II: [Co(NH,) J>" is diamagnetic whereas [CoF J?~ is paramagnetic. select the correct option:
In the light of the above statements, choose the correct answer from the optiong given belpy, @ A-iii B-iv C'l" D—’.‘.. |
(a) Statement [ is true but Statement Il is false. : ® A-iv B i_'.‘ z_‘f"
- -V =
(b) Statement | is false but Statement Il is true. @ A" 2_[“', caiv Dei
(¢) Both Statement | and Statement Il are true. | @ A
(d) Both Statement | and Statement Il are false. l i‘jf L“ i the orre t el ctror > configuration of the central atom in K [Fe(CN)] bas];c}i_tz\r;'gftg;
Sol. (¢) . | dth ory: EE 14
60. The order of energy absorbed which is responsible for the color of complexes [NEET 20 @ c‘,s &5 (v) ©a4 z‘; © z’ti, (d) ¢ e‘,g
| A [Ni(H,0),(en),]* B. [Ni(H,0)(em)]** and C. [Ni(en),]*" is: <ol (0) e b
g i 7 i ? NEET 2028
(@) B>A>C (k) A>B>C (¢©) C>B>A @ C>A>B 5. The geometry and magnetic behavu.mr afthf complex [Ni(CO),] are? ] [ ] 1)
Sol. (d) (a) Square planar geometry and diamagnetic (b) Tetrahedral geometry and diamagnetic
6. Match List-1 with List-Il. [NEET 202] (¢) Tetrahedral geometry and paramagnetic (d) Square planar geometry and paramagnetic
-EH_EHI- Sol. (b) - .3 - 7
+ increasing order for the wavelengths of absorption in the visible region for cl:e complexes
A |tFeem = | |saz M o [NEET 2017-Delhi]
| B 3 5
(8) |[Fe(H,00.> |(i) |o8M (@) [Co(NH3)T>s [Co(en)sT>", [Co(H00T*"  (6) [Co(em)sT™, [Co(NHy).T .[CO(HZO)JB
+ 3+ 3 3 -
©) |treen)J* | (iiy' | 4.908M (&) [Co(H,0) T, [Co(en),I>* [Co(NH5) ] (d) [Co(H,0)I™", [Co(NH)J™", [Colen)]
D) |[Fe(H,0). % |(iv) | 473 BM sol. (b) S 15 2017-Delh
(B | TFetti Ol i 3 67, Pick out the correct statement with respect to [Mn(CN),]> [NEET 2017-Delhi]
Choose the correct answer from the options given below. (@) It is dsp® hybridised and square planar  (b) 1t is sp>d* hybridised and octahedral
(z; A-ii  B-iv CHiii D=i (@ It is sp>d® hybridised and tetrahedral (d) It is d*sp” hybridised and octahedral
(b) A-i  Beiii C-iv D-ii
Sol. (d) N g
(¢) A-iv B-i C-ii D=iii 68. The hybridisation involved in complex [Ni(CN) J* is (Atomic Number Ni = 228)1 [NEET 2015 Re]
(d) A-iv B-i C-i  D-ii (@ disp® ®) dsp? © (d) d*sp
Sol. (c) Sol. (b) e P .l e
é“.a CHEMISTRY @ Coordination Compounds =
= - — _
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o configurations of CP*, Mn2" feas

. N) I is true? . -
6. Which of these statements about [Co(CN).] (Negr e d;‘:}!-:t b lowing will exhibit minimur parg

; d will be in a low-spin conf;, . >
(a) [Co(CN)T*~ has four unpaired electrons “:d 1 b i & Wit :f“"“f'an 1y 77 e of ¢ Numaber Cr = 24, Mn'225, Fe =
N e In A ni; =spin ¢ [ .
(b) [Co(CN)J*~ has four unpaired electrons & wi gh-spin con guratio, ‘ (A0 o (b)_[Mn(H,0) 1*
2

O O e B T ety VI
'gnetic behavioury [NEET 2011 Pre, 2007]
26, (o = 27) |

(&) [Fe(H,0) 1

(¢) [Co(CN)J*™ has no unpaired electrons and will be in a high-spin configuratip, () () [Co(H,0).J*"
) . in a low=spi . ] wr ol ; , ‘
(d) [Co(CN)J*~ has mo unpaired electrons and will be in a low-spin configuratio, sl @ sl field ,tabnhzatw:)zn_clsgdfor high spin d* octahedral complex is: [NEET 2010 Pre]
Sol. (d) _— 7% ® _0.680 ( =Ca (@ -tea,+p () -124, |
s ich shows zero crystal field stabilizqg;, |
| 70. Among the following complexes the one whic ion gp, ) A
[ [N!f:'f\yr(c%q ol (al.zh of the following ‘:MP,\T-KC' on i not expected to absorb visble light?  [1125T 2020 Pre]|
4 3+ 2 L . 2+ - »
(@ [FHO " (5 [Co(H,0)T* (¢) [Co(H,0)] @) [MaH,0) 3 4] 7% 1 Ni(H,00] (6) [NI(CN), T @ [CNHY T (d) [Fe(H,0) |
Sol. (a) b) . 2 i o
71. A magnetic moment of 1.73 BM will be shown by one among the following: INEer i”" 5”,“',;}. of the f:"ﬂ';’:‘:'i ;”:‘F;‘:"—“’z": '_:_:f}’:;taz to azt‘::orb visible light? [NEET 2004]
. 20 J . pumber =30,5¢=21,Ti=22,Cr= |
@ [CaHy B NEndT (@ Tick @ ooy~ (atoric . ) |
Sol. (a) > (@) [Ti (A2 (NHy),I* ®) [Cr (NHy) >
ol. (a . ) 2+ 3. |
72. Low spin complex of d* - cation in an octahedral field will have the following energy; © 2 (NH5)T (4 [Sc (H,0) (NH,),] l
[NeET 2012, sol. ® _2- 3- cu.Cl, and NiCl2~ _ . ‘
| 2 5 g out of TFE CoF.~, CuyCl, al iCly™ (Z of Ti = 22, Co = 27, Cu = 24, Ni = 28), the colourfess
| @ 2a,p (b) 22a,+p (&) -Za,43p ) Z4,+2p e peces are: [NEET 2004]
Sol. (¢) ° : (@) CuCly and NiCly™ (6) TiFZ™ and CuyCl,
* .- = rr12— ~ -
E 73. Which one of the following is an outer orbital complex ¢ exhibits | wama netic b oy, s Ny Ol ~nA NiClg (d) TiF}™ and CoF?
{ INE 12 12 . D) L.
(@ [Co(NHp)T** (b) [NINHp)J™ (¢) T n(NH,5, T dy [t tno P P'EJI i‘;. wh aof e f llov ng ¢ srdination entities the magnitude of A, (CFSE in octahedral field) will
3. oy

be maxipaum: (aromic rwmber Co = 27)? [NEET 2002]
il (@ [Co(C0):T™ (B [Co(H0) T (©) [Co(NH) T (d) [Co(CN)T*"

74. Red precipitate is obtained when ethanol solution of dimethylglyoxime is added to AMMonjy

. . P i I, (4)
Ni (I). Which of the following statements is not true? INEET 201, Maing i’; ilhich of the following complexes exhibits the highest paramagnetic behaviour? Where gly = glycine,
(a) Red complex has a square planar geometry " en = ethylenediamine and bpy = bipyridyl moities. (Atomic number Ti = 22, V = 23, Fe = 26,
‘ . ; OH = 27): [NEET 20032]
b) ¢ lex has symmetrical H-bondil ) X H,C—C=N" Co
! (b) o:\P X ' hyas i ng ) dimethylglyoxime= HBC ! (@ TTNH,) T (b) [V(gly),(OH),(NH,),T
tet e —C= . ~
‘ (c) Red complex a tetrahedral geometry 3 N\OH © [Fe(en)(bpy)(NHz,)zlz (d) [Co(0X),(OH),]
(d) Dimethylglyoxime functions.as-bidentate ligand sol. 9
Sol. (¢) 84. [Cr(H,0)ICI, (atomic number of Cr = 24) has a magnetic moment of 3.83 BM, F_hicf,'_'fft
| 75. Of the following complex ions, which is diamagnetic in nature? [NEET 2011 pr) distribution of 3d electrons in the chromium of the complex is: [NEET 200¢]
| (a) [CoF >~ (&) [Nicl 1>~ () [NI(CN)J*~ d) [cucl T~ (a) 3, 3%, 3}, (b) 3&, 3 . 5L
| Sol. (¢) (&) 3ds, 3d2, 3d2, (d) 3d, 3d%, 345
| 76. Which of the followi g pl pounds will exhibit highest paramagnetic behaviour? Sol. (¢)
{ [NEET 2011 Mairg] 85. Which one of the following is an inner orbital complex as well as diamagnetic in behaviour?
(Atomic Number Ti = 22, Cr = 24, Co = 27, Zn = 30) (Atomic number: Zn = 30, Cr = 24, Co = 27, Ni = 28) NEET 2005]
+ - 2+
| @ [CoNHYT* (B [ZANH)T () [TANHR) T (d) [CrNH,) T @ [2n (NH) () [Or (NHD®  (0) [Co (NH)T™ () [Ni (NH))T
| Sol. ()
Sol. (d)

& CHEMISTRY @ Coordination Compounds &
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o P 428 —_— Yy .- AR
ir of d orbitals involved in d*sp> hybridisatio, - ~ .
86. In an octahedral structure, the pair of 5 1l of o ion s, [NEEr;» , !
(a) dn,d_,_y, &) 4.4 xy’ “yz xl'ﬂ"dxz 0o VO
Sol. (d)_ ) ield ligand. This is due to the fact that: ’ . nds which have atleast one metal=carbon bond aye called organometallic cormpounds.
| 87. CN™ is a strong field ligand. [NEErzoo | g comP? i Grignard Reagent R = Mg — Br
5 amp e: g
I for ¢ Metal carbonylsNi(CO),

(a) it is a pseudohalide
(b) It can accept electrons from metal species
s with metal species

(¢) 1t forms high spin complexe

(d) It carries negative charge
Sol. (a) . ) / R
88. Considering H,0 as a weak field ligand, the number of unpaired electrons in [M"(HzO)Jb , I\ o ’m!_car;ﬂm bond in metal carbonyls have both o and 1 character. CO is a & donor and =
(Atomic number of Mn = 25) [NEE,»W'”‘&; p The me -y atid).
(e) Five & Twe G o 0, The 200” acceptor l; o bond is formed by the donation of lone pair of electrons from M sc=0 |
Sol. (a) TN The M~ a vacant orbital of metal. W e |
i i 2= icl >~ ies, the hybridisation states " (a) ponyl carbon to a |
i 2?;":21"’[:{;(?22;]";&&‘(5“%);1 of ’N{TC;"I‘BJ) 7 ’ s 3 e [I\l\ll‘Eg?m are, -tr:i LI:';C 4 bond is formed by the donation of a pair of electron from a '—M:_C:O_‘
> (b)) sp> sp® dsp? (¢) dsp®, sp® sp®  (d) sp>, dsp?, dsp? 2004] ® - Loorbital of metal to vacant 1* orbital of CO. S
fille =S

(a) sp>, dsp?, sp
| Sol. (a) . . .
| 90. The number of unpaired electrons in the complex ion [CoF J*" is: (Atomic number: ¢, < 27) Q ﬁlQ a @ @ ™
c=o M B> c=—0D

[NEET 2003]

(b) 3 (c) 4 (d) Zero T ;0@ M 3
* S AR 2 YA 2

| (a) 2
| Sol. (c) . ,
| 9. Atomic number of Cr and Fe are respectively 24 and 2¢ , w. ich of th fallow agiis p; ,,, V"tti, ‘ @
| with the spin of electron? B ET B | ; . 1 :
| ANy T O 007 Fille d orbital of  Vacant=* Synergic bonding
| (a [ereo)d (b) [Fe(cO)] (@ [Fe 2N)] (CHL SEE ’ metal (M) orbital of CO
122 ‘._\’ Bond Between ME&Ch 7. Bond Between M & C.
= L
bonding - M-C bond order t : M=C bond strength t : M-C Bond length |

Due to back-
C-0 bond order | : C-0 bond strength | : C-O Bond length t

{TYPES OF LIGANDS '}
A e e e 4
[ to ligand bonding creates a synergic effect which strengthens the bond between CO and

{ Simple Ligands: o Donor Ligands _—
the metal.
. g 3 - LO——
H, o RH,  HZ-R  HR-ROH,C® H e@’ M Slectron density on wetal 1 : Back bonding 1 : M - C Bond strength 1 : €0 Bond strength |
Ho" NHS X L M
: 2-

it 0 (@ NICO)] (b) [Co(CO)] () [Fe(CO)T
{ Non-Classical Ligands o Donor & Acceptor Ligands M- Bond lengths Ni—C > Co™—C > FE*™—C

(i) Central atom of ligand has vacant d orbital. C-0 Bond length: a<b<c

PFs PHs SR, PPhy 0 @ Mo (b) [ertcO)d © MeoT (@ [T

dn — dn Back bonding —
M-C Bond length: Mn*—C > Cr—C > V" —C > T* —C

(i) Ligand has vacant n* Molecular orbital.
O C-0 Bond length: a< b<c<d

d — ne Back bond: — co CN™
CHEMISTRY @ Coordination Compounds

)

-
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92. Among the following metal carbonyls,
(a) [Mn(CO).]" (b) [V(CO)eI®
Sol. (d) The C-0 bond order is lowest in [Fe(CO)s] b

ability for back-donation to the 5 CO ligan
weakens the C—0 bond. This results in the lo

the C — O bond order is lowest in:

(¢) [€r(€O).] (d) [Fe(coy

ecause fron in the O oxidation stat, b
ds (other complexes have & Co "gand) tgw

west bond order among the given cm];, rh,,.

P i P T 8 oy P P 8, i
— S S S S " s i

a3. The bond length in CO is 1.128 A°, what “will be the order of bond length of CO in co* ang Faicy
with respect to free CO?

9,

i

' Sol. co’ Free C = O Fefﬁ)ls\
| bond Order > 3 bond Order = 3 Fe~—Cz0
; (Bond order is Bond order < 3
' approximately 3.5 for CO" due £5 b .
according to MOT) ( fw 0 vack bonding)
C—0 Bond length: Fe(€O)s > CO > CO
co Cco co
| oc \ I OC\ l / e
. s (&
/ Y /Fe CcO / ‘r\
oc” | o oc oc” | “co
Cco O co ]
Ni(CO).[sp’] Fe(CO) Jdsp”] Cr(CO) [d*sp’]
Tetrahedral Trigonal bipyramidal Octahedral
i
oc C co
0o 0 v
| /CO | / ocC /C{ /o\
o0C—Mn Mn—CO ocC C Cco
o | o | I
co co o
[Mn,(CO), ] [Co,(CO);] e
| Number of metal to metal bond [Mn — Mn]: 1 || Number of metal to metal bond [Co = Co]:
Number of bridging CO: O Nuwmber of bridging CO: 2
Nuwmber of terminal CO: 10 Number of terminal CO: 6 .

a4 In ‘which one of the following metal ¢ carbongls, CO forms a bmdge between metal atomS’

["q iy 20‘-,‘, (C!\’i:‘
(a) [Co,(CO)s] (b) [Mn,(CO), ] (c) [0s,(COY,,] (d) [Rus(CO)sal
Sol. (a)
cHEMIS™
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ber of bridging CO ligand(s) and Co-Co bond (s) in Co,(CO), respectively are:

m
iq‘.ﬂ‘enu [11 Jan, 2019 (Shift-1l)]}
| (@ 2od? (b2 and 0 (c) Oand 2 (d) 4 and O
l
)
| gol. () w oxidation state of metals in their complexes are common when ligands: ,
4612 [27 July, 2022 (Shift-11)] |

have good - accepting character
are having good n-donating ability

(b) have good a-donor character
(d) are having poor a-donating ability

K
|

1. Donation of ne” fromeC,H, to Pt f

2. Donation ofe- from Pt (d ) to n* |
of C,H,.

.....................

_____

D No of at
o= /L.
CH CH——CH ,
2_ H — S
0 -CaP A « eH ~__/ \DCHZ /S B\ ( @
M 2¢donor  CH, t Cidf . /
CH2 CHZ ‘ D né_ CG,H‘, =g -CGHG
O n —C4H, ,
(J n°=CgH._ _ (] 6e Donor
ke (] 4e Downor
(] 4e Downor
SRS o T G
m—> Cyclopentadienyl [cp] - Fervocene > | O
= H H Y
ey - gt Fe Fe
| y Fe(Cp); e
e dovor |/ H l S
& 5~ CsHy™ —_— .
> —» M Oxidation state of Fe
0 +2(charge on cp) = O
2¢” donor

by
C°0|"dma1'lon rnmnnunrle &

T
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K cl cl
\ :’/
» Pt
/// CHz
cl |
| CH,

O Square planar complex (P> :

O C-C Bond length in Zeise Salt = 137.5 pm
C~C Bond length in free C,H, = 134 pm

Sidgwick EAN Rule: -

H:Ze«'saf; UM k- [Ptel, (n? - C,H,]

[

{\* o N

aqnll||x

Q\
J
é

x|l

sd® / dsp?®)

n* molecular orbitg|

donation of electron densit

Y from pg ¢, 5

C,Hpwaakes C-C bond weak in Zeise gy

The metal complexr = < 7e stable Wi . EAN s qu al
to the nearest noble gasconfiguration.

[Cr(CO).]

EAN = 24 - O + (6 x 2) = 36 = [K¥]

[PA(NH,) J*" WEAN = 46- 4 + (6 x 2) = 54 = [Xe]

| [PtCI?s

EAN'= 78 - 4 + (6 x 2) = 86 = [Rn]

O [Pt(NHs)J*

EAN=78—2+(4-X2)

O [Ti(c-CHe),(t = C.H),] EAN =22 - 4 + 16 = 34

If x is the oxidation state of Ti.
X+2(-1)+2(-1)=0thenx =4

O [Fe(re-C.H,),]

EAN = 26 -

2+12 =36

Oxidation state of Fe is x, then

X+2(-1)=0=>x=2

(3 [Fe(CO),(NO),] EAN =26 -

¢ All donations contribute two electrons,

O+(2x2+2x3]= 36

.,

EAN=Z —n+[2 x CN ]

Coordinatipn, Py

Oxidation state of gty

Atomic no. of metal

c-CH,:2¢ donar
n-C.Hg 6e™ dont
[l gnt

while NO is considered as a 3 -electron donet:

. cHemIs™
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Electrons (ogt i
on Fo"mation

Electrons gained

[Fe(CN)d4_ by cqordiﬂainﬂ

12 36
F 26 [Fe(CO),]
.24 10 3¢
# 27 [Co(NH,)J**
) | . = 12 3¢
¢ 28 [Ni(COy),]
Ni d g 36
24 [Cu(CN), TP
= 8 26
5 6 [Fe(CNY, 7>
Ft A T )e] 3 %2 15
; DN [Ni(NH,), 5 ", .,
; )
pd ) gee e [Pfl_c"t]z_ 2 ‘ g =
c 27 [Co(CO), T @ . .
0 i T L - AL B § i =T ,,_;7_ PRy ‘
= 2> | eon )" = =
[My\(CO)b] can act as a reducing agent. O [V(CO),] can act as oxidizing agent.
i 3 . :
Mn(CO)] —= [M“(Ncou [V(€0),] —— [V(CO),I" ‘t
. EAN = 36 FAL = 3¢ EAN = 36 t
ks .37 (Stable) (oxidising (Stable) I
(gedua;\g ' agent) B
Agmt

| y ' '
7 [MA(CO) ] undergoes dimerization tosattain the noble gas configuration.
‘ 5

2 MHCO)s — (COY M e—=—s Mn(CO),
EAN = 35 EAN=36 EAN = 36
(Unstable)

7 The number of CO molecule attached in mononuclear carbonyls can be predicted.

Fe(CO), 26 -0+ [x.2] =36
X=5

Ni(co), 28-0+[yx2] =36
y=4

Cr(Co), 24-0+[zx 2] = 36
z=6

~[12 Jan, 202 (Shift-1)]
(d) ¢ - O bond

; i M"z(CO)w is an ofganometa{:'c A;:#ompoiund due to the presence of
@ Mn - Cbond  (b) Mn — Mn bond (c) Mn — O bond
Sol. (a)

———— — mrem—
s ————————— S
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98. [Mn,(C0) 10] and [Co,(CO),] structures have

A. Metal-Metal linkage B. Terminal CO groyp,

C. Bridging CO groups D. Metal in zero Oxidatiop stat
Choose the correct answer from the options given below £
(@) Only A, B,c  (b) OnlyB,C,D (¢) OnlyA,cC,D

d) o
Sol. (d) A, b

99. Given below are two statements: one is labelled as Assertion (A) and the other g | b
APe(leq

Assertion (A): The metal carbon bond in metal carbonyls possesses both ¢ 4 nd [NEETP%,

Reason (R): The ligand to metal bond is a n bond and metal to ligand bony L aragy,
IS aq b M

In the Light of the above statements, choose the most a 1 * Y0
below: 3 ’ PPropriateanswey from the , .

. Ption, .
(@) (A) is not corvect but (R) is correct "8y

(b) Both (A) and (R) are correct and (R) is the correct explanation of (A)
(¢) Both (A) and (R) are corvect but (R) is.not the cortect e

Xplanation of A
(d) (A) is correct but (R) is not correct .

Sol. (d)
100.1Iron carbonyl, Fe(CO)_ is
(@) Tetranuclear (b) Mononuclear: 1 [eer
¢) Dinucl . VEET 72,
Sol. (b) & Fnasinar (d) Trinucleqy

101.Which of the fol'v wing nas ton es ¢ 0 bend lergth? 7

(a) [Mn(CO),] (9) Wi . b
T » NI C )4 (¢c) [CO(CO)J (d) [FC(CO)‘JZ‘
mz.;vl)«ich of the'following carbonyl’s will have the strongest C — O bond? [NEET

a) V(CO)," () Fe(co * ‘ S
Sol. (c) * S o e
103.Which of the following does not have a metal- carbon bond? [

(a)"C3H MgBrr (b) KIPHC,H, )l (o). B
ol (C,H)CL] (¢) Ni(co), (d) Al(OC,H,),

4.Among the f'o!lzowmg, which is not the w-bonded organometallic compound? [NEET 2002
(@) KIPtCl(m*-C,H,)] (b) Fe(m°-C.H,) | -
(€) Crm°~C H,), (d) (CH,) 5“5 -

3/4

Sol. (d)

Isomers are two or more com
of atowms. Because of the diffe

> rent arrangeme
properties. Two principal ty I WSS ateis

pes of isomerism are known

pounds that have the same chemical formula but a different arrand™”
» they differ in one or more physical of chirt

o l
(a) Structural isomerism b .aW\ong coprAination cow\pounds- '?OW\e
(b) Stereoisomerism nag
iﬂdi
| _
1AL _L e e A
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®R)

Ve,‘ j

Lg]

A)|

ns]

4]

\3]:‘

nt
cal

D

e

: .
| - Lsg_memm
Sfﬂ‘ftyr/a d’—l Stereo - Isomerism
! Same wolecular .
-ﬂfru‘t formula Different Same molecular
gycf“"c Stereo formula
atom to atom )
1 gtructu’ w;eans O Stereo means spatial arrangement in
ement: 3D space.
AT ave different .
f,ructural Isomels thbon ds) O Stereoisomers have the same chemical
1 structureS(d'FF” = : formula and chemidal bonds but they

have different spatial arrangement.

ample- :
?;;ZNHB)SBr]504 and [Co(NH5)S D, 1Br are ionisc 5~ isovers secavse they give different ions in

agueous solution.
+ 25
[Co(NH,)5Br]SO, — [Co(NH3) B, 7RSO,

[Co(NH5)sS01Br — [Co(NH).SO T+Br™

7 1. [Co(en),(NO,)CI] SO,
2 [Co (en),(NO,) (SO )] Cl {—s=ilonisation isomers
3. [Co(en),Cl (SO,)] INO,,

(i Solvate Isomerism
“mers haying samemolecular .F;);;Mula but different no. of water molecules as ligands and as free solvent

"kesles are known as solvate isomers and this phenomena is known as solvate isomerism.
Ey-ﬂlMple-

[CAH,0)1CL, , [Cr(H,0),ClICI,Hy0, [Cr(H,0)4C1,1C12H,0 and [Cr{H,0)5Cl1-3H,0

(i 1 :

(“) Linkage Isomerism

’SOWQY ..... .' ________________________________ ,"

g :_havmg same molecular formula but different linkage between meta

‘SOW\e , : . ;
'S and this phenomena is known as linkage isomerism.

CQO .
I‘dantion Compounds &‘

ick Here To Join @StudyShelf For ' .

| and ligand are known as

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

T V‘&‘r&)’
i R O
— e aerism exni Y COMAPOUNAS [CriH o) 1ol e
Example- oNO)ICl //};;6 of '50':;‘5 value of coordination mmbe[r ('EN’;?;]C':' [Cr(H,0),cMcl,.H,0, [Cr(H,0),Cl ]cl.|
21 (@) [Co(NH) (NO)ICl, and [CONH3)SC 2 05 4,0 t{"‘{y ” central metal on in all these compounds. |
y SCN)IBY. ectiveld = : R [MEET 2023-Manipur] |
(b) [Cr(NH,) {NCS)]Br; and fonNHeIL rs : ’:s)F awwtmal isomerismyCN = 2 (b) Optical isomeriswn, cni = 4 |
0 isome L p 5
A (a) [Co(cr\)z(NCS)(N(?;)]C’ _» 4 linkage isom @ ;onfS“"D" isomerism, CN = 4 (d) Solvate isomatricem, CN = & .
b NCS)(ONO)ICI . |
i gob @ p List-! with List=Il: [NEET 2022 Re]|
(©) [Cofen) (SCRYNOICI £t nee ,
(d) [Co(en)(SCNYONO)ICI o rel o) (N~ Cont e (Typ-g':)
O 4 linkage isomers are possible for square planar L 24 * [Co(NH,);NO,ICI, and nization isomerism
(a) [Pd FCl (SCN) (NOT™ (b) [Pd FCI (SCN) (ONOII [Co(NH.); ONOICI, ;
24 12+ ]
0)] |
o (d) [Pd FCI (NCS) (ON [CANHICACN) T and | Il | coordination feomer f
(¢) [Pd FCI (NCS) (NOLT ) [rCN) TCo(NHL) ] ordination isomerism {
[C. [[Co(NH2) (S0 )Br and linkage isomerism |
A [Co(NH,);Br] SO,
This type of isomerism arises from the interchange of ligands between cationic and anjop;, Ehity D, | [er(H,0) ICly and | solvate isomerism
different metal ions present in a complex. [Cr(H,0)C1ICl,. H,0
Example- '_— R ' |
ok ,;Co(:n)J[CV(CN)J and [Cr(en),] [CO(CN)] - [PH(NH3)J[CUC!,] andd[Cu(NH,) 2to+r1 Choose the correct answer from the options given below: ;
s ™ | — S| B AV n-nt C-l, D (b) A-lll, B, C-Il, D-IV |
z / L.
Q- Find total structura somersin. [Co(r),(NCE( = Sl 9 AL E LIV D-I (d) A-lit, B-L, C-1, D-IV
Ans.  [Co(en), (NCSYNORICI  [Co(en),CI(NO,) NES [Cole )(NC 2in o, )
[Co(en), (NCS) (ONOYICI  [Co(en),Cl (ONO)] NCS [Co(en),(SCN)CIINO, f;s\m complexes [Co(NHa)J, [CHENI and [CrINHL)], [CACN)] are the examples of which type of |
[Co(en),(SCN) NoYCl tal No. of structural isomers = isomerism? P . . . . INEET 2022 Pre]
[Co(en), (SCN)ONO)IC! ot s (@) Geometrical isomerism (b) Linkage isomerism
- (© lonization isomerism (d) Coordination isomerism
| 105.Match List-1 with List-Il. INEET 2000 | | g1, () \
I -

l% ; (Complekj ) ;
{ A. | [Co(NHZ)ANO,)ICI, I. | Solvate isomerism
|
‘ B./| [Co(NH)«(S0.)]1Br iI. | Linkage isomerism A plane of symmetry is an imaginary plane that bisects a molecule into halves that are mirror images
‘ P P of each other.
| C. | [Co(NHS) J[En(CN), ] 1. | lonization isomerism
; D.| [Co(H;0) ICl, IV. | Coordination isomerism
POS

’ Choose the correct answer from theoptions given below: - )

A-l, B-IV, C-lll, D=li vy A-i, B-iv,c-i,o-t || () A Ty T L) ’ l)

(a) " i POS POS POS

[ (¢) A-lt, B-ll C-IV, D=1 (d) A-l, B-lil, C-IV, D-lI | L ol 2
| Sol. (¢) ;

A e

cHEMIS'WV@ Coordination Compounds -

= SR, . - mwm o - P N L e e e D
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a, b, ¢, d .. 5 monodentate ligand [CI™, NH; ete.]
AA — Symmetrical bidentate ligand [en]
AB - Unsymmetrical bidentate ligand [gly”]

b

(J a is Anti to a — (aa)

Z aMa = 180°
0 b is Anti to b — (bb)

Z bMb = 18@°

‘??"

O Awtipcin, > (f‘x_av (‘;‘b)
for 7 X 1 L
Commplex-1 | #1807 280

J POS is present.

J a is Anti to b — (ab)

Z aMb = 180°

(J a is Anti to b — (ab)

Z aMb = 1.80°
q o

JJ Antipair — (ab) (ab)
v

for

complex-2 SECgracc

(J POS is present.

(J Anti pair — (aa) (aa) (bb)
() POS is present.

Sa
é{.lhé

(3 Anti pair - (aa) (ab) (ab)
(J POS is present.
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:‘ oS Stereoisomers
W angement of the atoms in space (3D) e

!

7t 8
ffere" tial arrangement of atoms / |; Geometrieal |
4 pi trent P gands, etrical isomers Optical isormers
VT s e e e S
A~ : _—
|
|
______________________ p
\——',:,w{ﬂ cular formula but different geometry,
gamé different b :
sond angles must be different between 2 ligands (0= 90° /(150°)

2 when similar groups are present in adjacent position, it s ojs.
':' Jhen they are present in opposite position, it is trans.

Jeurs in Square planar compounds and octahedyq| compounds

bond angle (0) should be 20° byt jn Trans form, @ shouldbe 130°

No. of geometrical isomers = N, of setwof anti

-pairs

---------------------------------------------------------------
------------------------------
jus -

----------------------------------------------------------
....................
-------------

/\4\ (0 Nogeometrical isomer

QU - a

12 (ac) (ab) 7 ’
/"1\ [0 Nogeowmetrical isomer
AT ]

() (aa) (bb) 0 b 8 b
(if) (ab) (ab) \ / \ / L
S DG D QK
a a

ety S £t b

m () (aa) (be) R, ¢ TR ¢
wimw N
Ple=[Pd (NH,), ¢l Br] b / \ | / \i,

............ PP

() Trans ) (in) Cis

|___>2 geometrical
isomers
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T Y e

d
a.
m (1) (ab)(cd) g M/ |
(i1) (ac) (bel) g / N\ 1
(i) (ad) (cb) ¢ a(Anti)b
Example— [Pt NH, Br Cl Py] - 3 geometrical isomers g

g T g
m (Aa)(Aa) 1\ / i [J Nogeometrical isomey | Possip,
Siole

Example— [Pt (en)Cl,] \ O ZAMA= q90° (always),

B o aomy 1o AN A%?i?ga) (,,)zf\\*
(,‘) (Aa) i m AB) (ab
(ii) (Ab) (Ba) = 3. i
pe b A ____________ a b s Is Mt PCS’%
Example— [Pd (gly) (NH,)CI] A N ?75,‘;’;55’365‘;;3{s;f,:;
v VARG
XS N —
BYIEVNI (AAY(AA, WP FA=
Example— [Pt (en),]** K /4 J
) o i A
P Aimrirae e S B A S el Ty A
EIYeNG (1) (AA)(BB : : : :
e (m) (( AB))( (Bj\) z\M/ s N\
I : ‘ ‘ :
Example— [Pt (gly),] 0) / \A (ir) B/M \B
ACNIED) (AB)(AB) *‘\/'3
Geometrical Isomerism in Tetrahedral Complex e
Tetrahedral complexes do wnot show geometrical isomerism because the relative b'd‘\:w::f

positions of the unidentate ligands (L) attached to the central metal atom (M) are the L %4 \\L
L

same with respect to each other (all bond angles are same in tetrahedral complex). Ll gy

=N "
AT — _ — . ;
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Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno

ATDB.uno | Studyprayas

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

e = rou , ‘f\ ’ ?) »
oot ' erism but the wolecule should b, ) Fequirement to make the comple h
M’ffi,_,'ma_qe 150 ASYmmetric (it should have S

i no p!ane of symimetry)
n1 % 3 S —— e E—— . - V
‘ active compounds ~ Chiral Compound —

. opff‘a’,y active compounds can rotate plane polarised (ight
: .

---------------------------------------
-----------------
----------
-------------

....................................
--------------------
-------------
nnnnn

generallys Sﬂirf e f‘i‘fiﬁo,_mp i lf\avg pla?e _OF *gmmetry. So they can not shovroptical isormerism.
i The complex, [PEPOYXNHSIBICIT will have how many geometrical isomeré?

e i
——

[HEET 2011 Pre]
(a) 2 (b) 3 (C) 4 (d) (o)
. (b)
e - - ————
ssowrite all the geometrical isomers of [PE(NH,) (Br)(C \y of these will extibit
i e 3) (Br)(Cl) (py)] and how many of these will exhibit
py——=-NH PYTBr ¢ o \ —
2 ?\Pt/; > I Py NH,
; ! i Pt = %
YAS RS AN
Cl-——Br cExNd sl
None of the above will show opticai isomerism because these plati
planar and have plane of symmetiy: F SRR orepouncy am S

11.The total number of isomers for a squave planar complex [M(F)Y(CN(SCN)(NOD,)] is

[10 Jan, 2019 (Shift-N]
(@) 16 OR: (c) 4 (d) 22
Sol. (d)

4 linkage isomers aye possivle for square planar [M F Cl (SCN) (NO,)]-
LIMF ¢l (SCN) (NO,)] 3. [M F ClI (NCS) (NO,)]
2.[MF ¢l (SCN) (ONOY] 4. [M F Cl (NCS) (ONO)]

" Throy : . -
" gh every linkage isomers we can make 3 gemetrical isomers. So total = 4 x 3 = 12,

The speei
; -Peues that can have a trans-isomer is:
S ethane-1, 2 _diam

(a) ine, ox = oxalate) [10 April, 2019 (Shift-1)]
P 3

S, " [ Hen)cl, (b) [Cr(en),(ox)]" (c) [Zn(en)Cl,] (d) [Pt(en),Cl,]

| N

| (a) \Pt S

Cl/ \ no trans isomer possible because bidentate {igar\d will be co -ordimltfnt‘[ Onfy
N—~ at 90° angle in square planar complex

C%’dlncﬁ Click-Here-To-Join-@StudyShelf For More Study Materials i
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(b) cr, . no trans isomer possibfe
O/ \N
N_/

() [Zn(en)Cl,] — Tetrahedral — sp” hybridized so no trans possible

+2

cl
N N
(d) /Pt Trans is possible
v N
cl

0
....................
.....................................................................

[ Tetrahedral complexes are optically active only when all ligands are ‘i‘ E
different. y 3 |
O For example [AS(IN)(CH,)(C,H)S)C HLLO0)*, shows optical P i' :
isomerism. —-C\L%;
S \f N
O S
I' ' ) \
& i A N
Hsc/\ """ o CHs §
SO N
n ¥ N
. " \
cH.co0" R

Mirror plane

| 113.The_number of possible optical isomers for the complexes MA,B, with sp> and dsp® hybrides
metal atom, respectively, is: ‘
Note: A and B unidentate neutral and unidentate monoanionic ligands, respectively. .

[7 Jan, 2020 (S

|

|

i (a) O and O (b) 2 and 2 (c) Oand 2 (d) oand1
\

|

|

Sol. (a) POS is present in MA,B, in both tetrahedral (sp®) and square planar (dsp?).

114.The metal atom present in the complex MABXL (where A, B, X and L are unidentate hgmc‘ﬁ\pw
M is metal) involves sp® hybridization. The number of geometrical isomers exhibited by the Wil
is: [o5 April, 2024 (M
(a) 4 (b) o () 2 (d) 3

Sol. (b) Tetrahedral complex (sp*) does not show geometrical isomerism.

il Click Here To Join @StudyShelf For More Study Materials adll
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. " -~ st P Py
e i T = B R - — —

—
A G —» Geometrical isomers
] ol —» Optical isomers

(] S| —» Stereo-isomers

g (aa) (0) (bb) POS 4__:
‘.. 2. (o) (aw)

l %0°

| and op: 5)(ChI-

| ti is

i Here, Plane of symmetry
vesent because this plane

e bisects the molecule in 2 equal

/[\\ cl halves.

! ' “ HSN ‘ /
HSNI_/__ \ .‘ \l’\Co ’

H,N \}o 7-INH3

|
¢l v l " SNH,
This plane bisects  the x ~ |’
wolecule in 2 equal halves. NH
So it has POS.

' : 1 ound
R OPt:caHy Inactive Compouvxd E 1 optically Inactive Comp

213

Coge. dings; Click Here To Join @StudyShelf For More Study MaterialS™ |
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a

1g80°

________ ag e |
1. (aa) (aa) (brté) a\ / c \M / o ! G
2. (aa) (ab) (ac) pogq—f M 5 -—’ | Olzg
- s T VRN .
N N L
a a

Ma,b, .

1. (a a) (a b) (b b) - weridional
2. (ab) (ab) (ab) — facial b -
Facial [fac]: All 3 same ligands are at the corner of face of b '

octahedron KJ’/‘“ b \

Bond angle between same ligands = 0 = 90° (but 8 #180°) [/ M
b./._-- ---.\.a b/ l\

Meridional [mer]: All 3 same ligands are on(the same plane | <---oeforcee>q el

that bisects octahedron a a :
Bond angle between same ligands = (8 = 90° & 0.= 180°) Facial Merifimd
| Endiorg|
Example: [Co(NH5)5(NO,),] ' ;y\-
2 Geometrical Isomers
NO, s
O N <=t JH NS N 10,
2 \ / 3 \ | / =
/CO\ VCO\
O,N “====-1 FPNH, O O,N ' ------ NH,
NH, NH
‘,‘ Facial Mevidional "i‘
2 Geometrical [somers
M(AR), ;i -> mirror
(A A) (A A) (A A) —n :
T [Cren),] \‘ | ™ |
en i ’ ;
3 N ", | “\\\\N > - N///// ’ ‘\\\\N
Cr. : "CV\“
_.-Na | EN\ Na l N
ltj “‘y : N
A A
beresmnmrm s nsa s A el
Y

0 Ewnantiomeric Pair
(1 POS is absent.

&‘ CHEMISTRY @ :
LM&- feen—e@lick Hete-T 0 Jom-@8tud yShelf Ber-More Study Materials Jo
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\\
0 O ‘\,‘;.O
sOeecl
E\C |
P |
O----}--\--o
(0] OT/:O
(@)
| (a) Yo

h d (b) are optical isomers.
)

-

Enantiomeric Pair

1 [Cl?(g,y)}f+

v \
N N
N, ‘ \\\\\ %, “,, \\\\N>
“Coy
<0 ( I ‘O 0( \
N ; —.N

O POS is absent

' - i an opticaﬂy active COW\P‘o;:\;%m"“‘" —
/{bfﬂoy\ its mirror image), bec““sﬁ it does not havc
, 2 00

POS (So it is non- |

I
|

Mirror fW\age,

e —_—
(i) (AB) (AB) (AB)

(if) (AB) (A A) (BaB)

Enantiomeric Pair

.........
..................................

] o= 180°, 90° 0 6=90° (J POS is absent
1] meridional (O optically active O Facial 0 Optically active
'a, - 2, Enantiomeric pairs =2 Ol = 4 Sl=4
LCVAR > () (A A) (A A)(9/9) (i) (A A) (A a) (A a)
cl H/\ /\NH
¥ - — NH C === : NH —3
NG ;\io/ N O\
AR AN 1/ i
H;K—-}----NHZ Cl==NH, NHZ---—l ----- o
el NHZ\/ NH,
A A

T:?ns form is optically inactive
ause it has plane of symmetry.

........................

Enantiomeric Pair

Cis form is optically active because
it does not have plane of symmetry.

Optical isomers —» 2

Geometrical isomers - 2 } Stereoisomers : 3 &
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LAGVCIN — () (A A) (A A) (a b)

: e
cl { NH % 1 NH,
B gk | ]t
L N :I : WA LY
i Co_ | P l’ : : i ~Co |
H2~~/--- ----- NH; ' Br- NHa | NHE- {»\'B
NHZ\/ : \/ F
Br : NH
: ' e
: A ... A
Enantiomen’-c"b;,",;
Trans form (s optically inactive 'Cis form is optically active |,
Bectutz & has p{anz of sgwmmetry. : it does not have plane of ;ym:::tuse
Et ry

‘ Geometrical isomers = 2 | Ny
Optical isomers - 2

a b ¢ d "
NZE N NN
ANINEDGUEMOL G 7N 7\

55 o U 100 S e e

b/c/d/e/F c/d/e/f d/e/f e/f £

B + + + + B :p

(O All-25 geowmetoical isomers are optically active becaouse it has no POS.

al=1s Enantiomeric pairs = 15 Ol = 30 St =30 I

IS

'f 116.The Cl-Co—Cl bond angle values in a Fac[Co(NHr;)BCl_,,] cbmplex I'S/arl-"e‘: [30 Jan, 2023 (Shit-
(a) 90° & 180° (b) ao° (c) 180° (d) q0° & 120°

| Sol. (b)

: 117.Indicate the complex/complex ion which did not show any geometrical isomerism: -
' [26 Aug, 2023 (Shit

(@) [Co(NH,), (NO,),] (b) [CoCly(en),] (€) [Co(NHy), CLi]* (d) [Co(CN)s (NCT
| Sol. (d)
, :
| 118.1f Ni*' is replaced by Pt in the complex [NiCl,Br,]*>~, which of the following P""’P‘mff“‘
': expected to get changed? [11 April, 2023 (Shift-
[ A. aeov-v\etb”y ' B. Geometrical isomerism

C. Optical isomerism D. Magnetic properties

(a) A, Band C (b) A, Band D (¢) Aand D (d) BandC .-
. crems™!

S Cliek Here To Join @StadyShelf For More Study Materials -
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| [ CO(NH B)J[_C;@!)i]___lﬂ)___ i—’ﬁ'ﬁagf fs“Oﬁeru'sm ‘,
(M cb(ﬁH;SJN%);’i]_H_ﬂh%h{m :'s‘ome}fs_v'v\“ ey
O 00 () | Coordination someriom |
O o0 |0V [optieal somerion |
{@J%zc;}?&; answer from the options given below: [27 Margh, 2021 (Shift-IN]
0y, @)= O (B (A)-(1), (B)-(iny, (€)~(e), (BI(V)
(“z Ef\; i, B (=1, (P)-(V) (d) (A= (1), (B)=(n, (€)~(10), (R)-(WV)
(¢
st 0 ber of geometrical isomers possible in triamminetrinitrocobalt (Ilf) is X and in
W‘W ;}:Z,‘Chromate (i is Y. Then the valuf5 _oF X +Yis . ., [27 July, 2021 (Shift-1)]
tNUXCO(NHg)s(NO")}] > X=2,[CC,0)] " »Y=0
s [2” i of cobalt(lll)chloride and ethylenediamine inta 1 : 2 wole ratio generates two isoraeric
y3A "Z‘:‘iﬁ; (violet colou.red) and B (green coloured). A can show optical activity, but, B is opf:r:c?ll:nj
pro ive. What type of isomers does A and B represent? [10 Jan, 2014 (Shift-IN)]
ZSC awmgtw’cal [SOMENS () o rdination isnmer<
(€) Linkage isomers ' ff:)’ '“"150-1“"6 2 jolne s
o () CoCly + 2 en > [Coclz(e_n)zjcl : Cis avxd trans isomerism
l';;;;:ick kind of isomerism_is shown by [Co(NH,)Br,1CI? | (IIT JEE 2005) °
; (a) Geometrical and ionisation (b) Optical and ionisation
l: (c) Geometrical and optical (d) Geometrfffzf On(y_ e
E 5. (a)

| /zs.The complex(es), which can exhibit the type of isomerism shown by [Pt(NHs)zBrzj‘l; is (azr;) ;
| [en= H,NCH,CH,NH,] (JEE Adv. 202 ) |
(@) [PHen)(SCN),]  (b) [Zn(NH,),Cl,] (¢) [PHNH,),CL] () [Cr(en),(H,0XSO)T

| < : A5 ExS S

0 .
| In[PHNH,),Br,], the hybridisation of Pt is dsp? and geometry is square planar. It exhibits cis :_‘
, and trans isomerism:

F

(a) [Pt(en)(SCNY,] : square planar and cis—trans not possible

(b) [ZA(NH,),CL,] : tetrahedral and cis—trans not possible
() [PNH,),CL,] : octahedral and cis—trans possible

) [C'f(‘i"l)z(HZO)504_‘[+ : Octahedral - cis—trans |

~T——Click Here To Join @StudyShelf For More Study Materials,,.
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124.The correct option(s) regarding the complex [ 2y
(are) (Jgsch

(a) It has two geometw’cal s
(b) 1t will have three geomet

(¢) It is paramagnetic
(d) It absorbs light at longer wavelength as compar ed to [Co(en)(NH,), 1>

Sol. (a, b, d) , :
(@) [Co(en)(NH,)5(H,0)]>* complex is t4pe of [M(AAYDsc] which will have 4, y
Oy,

Isomers. '
(b) If (en) is replaced by two cyanide ligands, compleei\ will be type of [M“zb3c] -_
S+ = o :
geometrical isomers. [Co(em)(NHs)s(Hzo)] T2 0N [C'O(CN)Z(NHS)s(HZO)T M,
configuration (t5y). on central wetal wiy, -
tic in nature. Ong ¢
24, value
: A absorbed

oMmers

vical isomers, if bidentate ‘en’ is replaced by ¢, : th
Han{de I
0

;s
%
t

(¢) [Co(en)(NHy)5(H,0)]>" have d°®
ligands, therefore it is diamagne
(d) [Co(en)(NH)(H,O)" < [Co(en)(NH)I™"
[Co(en)(NH5)5(H,O)>" > [Co(en)(NH)J°"

125.The pair(s) of coordination complexes/ions exhibiting the

’
-

same kind of isomerism is/ay,
(JEE Ady, 20

(a) [Cr(NH)ClICl, and [CH(NH5).€l,]C! (b) [Co(NH3),Cl,]" and [PE(NH,),(H,0)cy ;
(©) [CoBrZCIZJZ' and. [PtBrCLT*" (d) [PHNH5)s(NO,)ICI and [PHNH,) cr5,

Sol. (b,d)[Q Octal.e.'ral [ Zo(iIH5, « 17 and quar: planzi( Pt(NHs)Z(HZO)c{:rWh{ChShOWSggcwia_:
(cis—trans, isoiaer S,

QO Square planar [Pt(NH3)(NO)ICI and square planar [Pt(NH5)s Cl] Br shows ionizzy
[somerism,

Q [Cr(NHy) ClCl, wneither shows structural nor stereoisomerism.
[CH(NH3)Cl,ICI shows geometrical (cis trans) isomerism.

Q" Tetrahedral [CoBr,Cl,]*~ and square planar [PtBr,Cl,]*~ do not show the same tyi:

, [ gisomerism. » _
© 126.The compound(s) that exhibit(s) geometrical isomerism is/are (1T JEE 206¢
(a)w[Pt(en)Cl,] (b) [Pt(en),]Cl, (c) [Pt(en),Cl,]Cl, (d) [PH(NH,),)CL]

Sol. (¢, d)
n—Cl bonds in cis pvﬂ'ﬂw

present in a molecule of cis [Mn(en),Cl,] complex is ......... i
(en = NH,CH,CH,NH,) (JEE Adv: 2
Sol. [6] ZCICoN = q0°
l { NHL N
¢ { ----- NH
1. 2.ClCoN, 4. Z,CICoN, S S W
e .'
2. £,CICoN, 5. £,CICoN, bC! """""sz
3. £,CICoN; 6. £,CICoN; f 2\/ ‘
cHEMﬁT’”'a
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of 1sOmeT = U EERREI TS CUMPlex [ Coc| :

he o tyP* N tncal [SomeErism (b) a(en),] I"‘ [MEET 2018]
11’ (ﬂ) ate" merism Coard'na“f’“ ISOMmerism

0 ;
(¢) L"“k“-q" * (d) Tonization ISomerisim
L
‘ble i for the co

() f ossible isomers mplex [Co .
‘..L ul“ber 0 P (el’\)zclzj Cl will be: (CH. = ethyfgngd[amim) '
’i (b) 2 [HEET 2015 -r"j

W * @2 @ 3
ol l‘ﬁnch one of the following complexes is not expected to exhibit isomerism? [MEET 2010 Mains]

) R ®) [Pt (NH,),cl,]
N (N (d) [Ni (en),

¢)
gaf :1\ pistence of two different coloured complexes with the composition of [Co(NH,),CI,]" is due to:
{(NEET 2010 Pre]

(a) lonization isommerisp (b) Linkage isomerism
(0 aww\etwcal isomerism (d) Coodination isomerisim
} 5:! EAI)NC" of the following does not show optical isomerism? [NEET 2004]
(a) [CO(NHs)z,cl.’,J (b) [Co(en)Cl,(NH,),]*
0 [CO(”‘)J (d) [Co(en),Cl,]*
(en = ethylenediamine)
' sol. () bi .
‘153 [CO(NH5)4(N02)2]Cl exh' its: [N.‘:._.i Lo
; (a) Linkage isomerism, ionization isomerism and optical isomerism
| (b) Linkage isomerism, fonization isomerism and geometrical isomerism
(0) lonization isomerisia, geometrical isomerism and optical isomerism
(d) Linkage isomerism, geometrical isomerism and optical isomerism
Sol. (b)
|134.Which one of the following is expected to exhibit optical isomerism? (en = ethylenedx&r;\;::z') e
(a) cis-[PE(NH,),Cl,] (b) trans-[Co(en),Cl,]
(9 trans-[Pt(NH,),Cl,] (d) cis-[Co(en),Cl,]
| Sol,
" [NEET 2004]

135.Which of the following coordination compounds would exhibit optical isomerism?
: (@) Diamminedichloroplatinum (I1)

| (6) Trans-dicyanobis (ethylenediamine) chromium (lil) chloride

@ Tris-(ethylenediamine)cobalt 11y bromide

| (d) Pentaamminenitrocobalt (111 iodide

T I———Click Here To-Join-@StudyShelf For More Study Materials _xs
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136.Which one of the following octahedral complexes will not shoy, eompr
monodentate ligands)? etric g

(a) [MA,B,] (b) [MA,B,] (¢) [MA,B,] g en;m?(h
Sol. (d) ! b A
137.The hypothetical complex chloro diaquatriammine cobalt (1) chlopiy,

Caq be

() [CoCINH,),(H,0),1Cl, () [ColNHy)y(H,0)cr 4 e

(€) [Co(NH,),(H,0),Cl] (d) [Co(NH,), (H,0) ¢y |
Sol. (a) .

O The stability of complex in solution refers to the de
! gree of associatio
in the state of equilibrium. n between the tu, Speci

O Equilibrium constant for the association expresses the stability

M+ 4L ML

4

Value of equilibrium constant T = Stability of [ML,] complex *

Stepwise stability constanti(k,, ky..): The e
uilibrium const,
called stepwi.» stul it ‘consian® . ! ot of cach step o Pl

aa

O Overall stab . cor stat (og P T e e il br uv\ corstant for net reaction

(a) M+L ML k, :[ML]/[M][L]
(b) ML L ML, ky (ML, ]/ [ML][L]
@ ML, +L ML, ky s [ML, ]/ ML, ][]
(d) ML, +L ML, k, : [MLJ / [ML_,)][L:I
M+ 4L ML, B, :[ML, ]/ [M][L]" Then - [B, =k, -k, -k &

13 8.Which of the FoMoM‘ng comp!exe§ formed bé Cu® ions is most stable?
(@) Cu** +4NH, = [Cu(NH,)I**, log K = 11.6
(b) Cu*" +4CN- = [CUCN)I?, log k = 27.3
(c) Cu* +2en = [Culen )T**,  logk = 154
(d) Cu** + 4H,0 = [Cu(H,0 D17, log K = 89

Sol. (b) The greater the value of log K, the greater will be stab,{,tg of comp!ex cow\paund fu it

T ————— e, Tr———————

e (:HEML"TR
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- ate T T

: T ACION. equiry - ¥
4"5‘;’!7"‘"‘9 cort s b PIeX is 2.3 1 gy SOMStant foy the [Cu(NH.) T2+ ; e

#> garx #0478 xagm T (NH2).J*" ions, given that

(A 24 k ., 39 x 157

) [Cu(NHr)J CU v ANk, (d) 1.83 x 10
iy : :
; ccociation constant (k) is the recipyocq of the stqy,

[,'I. ‘ a ‘llty COne

2 =476 x 107 oetant B, (k = 1/p,y

ez 2.3%30

o SEEPVIS formation of [Cu(NH,) 12 is i below:
o k " :
e NHs = [Cu(NH,)I*

ky
)T+ NFs == [Cu(NH,), 12+
+ ! N
[Cu(NHz)zjz +NH, 5 [Cu(NH,), 1
+ —k4_ N
[Cu(NHg)z-Jz + NH3 —_— [Cu(NHs)dz»,
the value of stability constants k,, k,, k, and kyare 10%, 1 sgq o3 5 x 107
o . 2 X .
The overall equilibrium constants for dissociation and 10” respectively.

OF C 2+ . _
___(Rounded off to the nearest integer) [CUNHT* is x x 10 2, The value of x is

‘ i 1 [24 Feb, 2021 GEE=D
ol [4] overall stability constant K will be calculated ge- (Shift-N]
K=Ky x Ky x Ky x Ky =79 x 10*-

(

| srep

| Now, calculate the overall equilibrium Sonstant for dissociati
ton of [Cu(NH.,) 7>

‘ i3 (NH,)J* as

—_— = -17T
K 7.qX 1011 0'126 X 10 = 1-26 X 10—12 ~ 1 X 10—12

‘Coord{nation compounds play essential roles in analytical chemistry,
dustry, and medicine, as described below:

Chemical Analysis—

metallurgy, biological systems,

3 Coordipati .
ination compounds are extensively used in both qualitative and quantitative chemical analysis.

Com .
Mon reagents include EDTA, DMG (dimethylglyoxime), x-nitroso-p-naphthol, and cupron.
The Characteristic ¢

loang olor reactions that metal ions exhibit with various ligands, especially chelating
ands

» are due to the formation of coordination entities.

€se . ; , .
y coloy changes form the basis for the detection and estimation of metal ions using classical and
struw\ehta{ methods.

c°°T‘din

o Co@iochddere To Join @StudyShelf For More Study Materials S

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno

ATDB PDFZ

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

Water Hardness Testing—

() The hardness of water can be measured by a simple titration with Na,EDTA Caleiyy (. .
A

magnesium (Mg?*) ions form stable complexes with EDTA, allowing for their selectiye estipy, .
ati,

to differences in the stability constants of their respective complexes.

Metal Extraction—

(0 Coordination compounds are also crucial in the extraction of metals, such as sily,, nd 4
' : -4 , golq
instance, gold forms a coordination entity, [Au(CN),]~, in the presence of cyanide, OKygen, oy,
This allows gold to be separated from the solution in its metallic form by adding zin,, "

Metal Purification—

O The purification of metals can be achieved by forming coordination compounds, which can [y
decomposed to isolate the pure metal. !

Metal — Volatile compound — Pure Metal

For example, impure nickel is converted toNi(€O),], which is decomposed to yield pure nicky|

z s0°C . 230°C . A
Nl(s) + 46‘0(3) ——)[N:(CO)‘Jm ———>N1(5)+ 4C0 1

Impure Pure

Electroplating—

O Articles can be electroplated with silver and gold wore smoothly and evenly using solutions 3
complexes [Ag(CN), 1™ and JAU(CN),]™ compared. to solutions containing simple metal ions.

Medicinal Applications—

O Theredis growingiinterest in using chelation therapy in medicine to treat metal toxicity in plans
animals.

For exa'mple, excess copper and iron can be removed by chelating ligands such as D -penicillamine &
desferrioxamine B through the formation of coordination compounds.

Penicillamine — Chelating agent — Binds with Cu — Treatment of wilson’s disease.
Desferrioxamine B — Chelator — Binds with Fe
Cis platin cis-[Pt(NH,),Cl,] - To inhibit the growth of tumours.

In biological system —

Chlorophyll (Green Pigment Responsible for photosynthesis ) — Co-ordination compound of M
Haemoglobin (Red pigment of blood : Acts as oxygen carrier) — Co-ordination Compound of F¢
Vitamin B,, (Cyanocobalamine) — Co-ordination compound of Co.

Carboxy peptidase A (Rewoves the amino acid residue from the C-terminal of a peptide chat”

Coordination compound of Zn,
f'Li"\'l"m

g

Carbonic Anhydrase (Catalyze the interconversi -
sion bet - 00
compound of Zn. ween CO, & H,0 and H,C05) = ¢

—zsTRY
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111“,{:&%‘5 - : ————— e ————
o (;{)(BV)(‘)JZ_ has n number of geometrical isomers. Then, the spin-only magnetic moment |
fﬂ-[Pd( tal field stabilisation energy [CFSE] of [Fe(CN),I"*%, respectively, are: [Note : Ignore the
wd 'cryenerﬂ.‘i] [09 Jan, 2020 (Shift-1)] |
pdlr‘;ng BM ay\d o (b) O BMand -2.4 Ao
(a; 1.73 gM and ~2.0 8o (d) 2.84 BMand 1.6 A,
(C) No. of Geometrical Isomers possible for square planar, [PA(F)(CI)(Br)H)]*are 3. ﬂ\gnfam,é
gl (6 ™
n =
[Fe(CN) J Fe>* = 3d°, Acc. CFT configuration is ], 505
]

Mz (n+2) = 173 BM.

VCFSE = — 04 B X Mgy + 06 By x 1y = —04 B, x S = = 2.0 4,

s42 Match List-1 with List-Il.

st-I1

Jucafle

(A) | Ziegler catalyst (). | Rhodium ‘

(8) | Blood Pigment (1) | Cobalt "

(i Wilkinson catalyst (1 | tron |

l(ﬂ Vitamin B,, (IV) | Titanium 7

Choose the corvect-ansier from the options given below: [29 Jan, 2024 (Shift-1)] |

@ A1, By, C=1, D1l (b) A-ll, B-lll, C-IV, D-l

() Ay, B-Il, C-Iv, D~ (d) A-IV, B-lll, C-1, D-ll |
Sol (d) ‘

*3-To TS . )
bt the growth of tumours, identify the compounds used from the following: i
[30 Jan, 2023 (Sh[{*'t-[\] ,

(A
(C; o (B) Coordination Compounds of Pt
* Penicilaming (D) Cis - Platin
@ g * Corvect answer from the option given below:
S a"dDo( AdBOnly (d) AandC Only
) MY (b) Cand D Only (c) Aand BOnly

rig
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144.Match List-1 with List-1l.

| (A) ‘C{'-\!orophyll ot = () |Ruthenium
(B) |Vitamin-B,, ) | (1) |Platinum
() |Anticancer drug | (Y |Cobalt

| (D) |Grubbs ‘cata{ysti ’ (IV) |Magnesium ‘
b= A - . 1
Choose the most appropriate answer from the options given below: [1z Marep, |
ch, 20

(@ (A - ), B) - uy, (c) - (IV), D =) (b) (A) -V, (B) - (1, © - (’;) 021 (g
’ D

‘ (©) (A) - aw), (B) - (my, (¢) - 1; (D) (10 i

‘ > > i 5 - (d) A) - [ ’ B = (r)

' Sol. (b) =@ @) -0, ) -, ®) -,
145.‘;1\; compound used in the treatment of lead poisoning is: [12 April, 5,

| a) EDTA (b) Cis-platin (¢) D=penicillami * 29 (shp
| Sol. (a) penicillamine (d) desfervioxip, 5
__,_h___4»:_‘&__“_*“%"__“%%__4_.‘“_\‘_‘_.__m_q W A e N ‘\

: I HMM*
- 146.Among the complex ions, [Co(NH,CH,CH;, —NH,),Cl,T", [Crcl(C,0),77, [Fe(H,0) =
[FE(NH)(CN),. [Co(NH, — CH, ~ CH,, — NH;),(NH,)CIT** and [Co(NH,) (H,0)cip ;:f%
of complex ion(s) that show(s)cis=trans isomerism is (VEE Ad -

V. 2050

Sol. [6] Among given complexes, all six complexés will show cis—trans isomerism.

i

147.An:\ong the follov ing coinpl we. (¢ - P), ¥ 5[ e( ZN) _i(K), [Co(NH,) ICI (L), Na,[Co(0x). 11

' [Ni(H,0) ICL(N), K3[PY{(CN),1(0) and [Zn(H,0)_1(NO,),(P) the diamagnetic complexes are ;

. (IIT JEE 201
(a) K, L, M, N (b) K, M, 0, P (c) L,M,0,P (d) L, M, N,O

Sol. (¢) L &M= Co®' (d) with NH,/0x*~ (Strong field ligand), O - Pt"*(d®) : Square p{amr:p‘{fj

t
electrons are paired, P - Zn*?*(d*°)
: _

; 148.The complex showing a spin only magnetic moment of 2.82BM is (1T JEE 204]
(a) Ni(CO), (b) [Nicl,J?~ (¢) Ni(PPh,), (d) [Ni(CN)T~ |

; Sol. (b) NiCIZ™ : N#* (d®) : Tetrahedral (sp”) with 2 unpaired electrons |

: 1449, Spin only magnetic moment of the compound Hg[Co(SCN)] is (IrT JEE 200
(@) 5 (b) is (e) Va4 (d) s

Sol. (b) In complex, Hg[Co(SCN),], Co** has 3d” electronic configuration. SCN”weak ligand ﬁ'e{d,:
hence no pairing of electron occurs:

(NN T[T
3d’ é
n=3(3+2)BM = J15BM

e S S S I o -y - - . G
2 T o T S S Sy -G S - — S

cHEMISTRY
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\,‘7 7 f‘ omple"es wherein both exhibit tetrahedral geometry is(are)
al'{ pidiné
fb‘ 4 yn

y=F bers of Fe, Co, Ni and Cu are 26, 27, 28 and 24, respectively)
’50 N”“p gmic ™ d £ (JEE Adv. 2021)

{W' = -
& o and [Fe(CO)T" (b) [Co(CO),]1” and [CoCl,T
a) F % 0] and [ NI(CN) T (d) [Cu(py),]" and |Cu(CN)I*
(r)
b’ d) PO Sy A TN A A RS N S S S S S R R
) 70 ( e - R —
}:;\ 3 FolloW'@ complexes is used to be as an anticancer agent? [NEET 2034]
ﬁ;Wle il (NH5),] (b) cis-K,[PtCl,Br,]
| cis~[ Cocu (d) wmer-[Co(NH,),Cl]
0 Na, |
(4 h of the following is considered to be an anticancer Specles? C[‘l:' EET 2004]
\ﬁzw HN cl H.N . / Cl\ i 2
| AN Pt d) pt CH,
‘ \ / (b) Pt (c) /X ( /
| / \ H3N/ el Cl NH, ¢l ¢l

1
0 i is used instead of AGNO.,. The reason is: [NEET 2002]
.n the silver plating of copper, K[AG(CN),] is used. instead of AgNO

3 A thin lager of Ag is formed cr. Cu

(a
(b) More voltage is required
() Ag' fons are completely removed. from solution

\
n
|
; (d) Less availability of Ag" lons, asiCu cannot displace Ag from [Ag(CN),]™ ion

Sl (d) it
ti ent values within the
;154 wmc?h of the following-pairs of ions will have same spin only magnetic momen o
pair’ o
A Zn, T B.Cr*, Fe* c. TP, Cu* D. V¥, Cu
Choose the corvect answer from the options given below:
@ Cand D only  (b) A and D only () AandBonly (d) Band Conly
Sl (d)
na i JEET 202+4]
H5:Spin. only magnetic moment is same for which of the following ions? [NE T
A TP B o c. Mn* D. Fe** E. Sc
Choose the most appropriate answer from the options given below: ) l
| Eo
JOBmdcony () AandDonly () BandPonly () AR
\ (c)
% NEET 2020]
e aleulatog Spin only magnetic moment of Cr** ion is [
® 430 g 2.84 BM (d) .87 BM
Wy (b) 592 BM (c)

t]% —Click Here To Join @ StudyShelf For More Study Materials 20
Na ‘
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;157.Maénetic> moment 2.84 B.M. is given by: (Atomic numbers, Nir= 28‘J Ti = 22, (",« = 24, o) =
i 5 Co = %

_ [NEET 27)
(a) T (b ¢ (c) co* (d) NP “otg)
| Sol. (d) |
' 158.Magnetic moment 2.83 BM is given by which of the following ions? [NEET -
j (Atomic Number Ti = 22, Cr = 24, Mn = 25, Ni = 28) “ou
. (a) N* by ¢ () Mn** dy T |
\‘ Sol. (a) '
| 159.In which of the following pairs are both the ions coloured in aqueous solution? "
: (Atomic number : Se = 21, Ti=22,Ni=28,Cu=29, Co= 27) [NEET 206 ;
| (a) Ni**, T (b) se>*, T (c) Sc*, Co™ (d) NP, cu* k
i Sol. (a)
] 160.The aqueous solution containing which one of the following ions will be colourless? (Atomic numyp
Sc=21,Fe=26,Ti=22, Mn = 25) [NEET 2002,?
(a) Sc>* (b) Fe** (c) “Ti®* (d) Mn**
Sol. (a)
Click Here To Join @StudyShelf For More Study Materials @
RY
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The p- Block Elements
(Group 13 to 13)

General Introduction: Electronic configuration and general tre s I %‘sicaf and chzm:'cal. :
properties of elements across the periods and down the grou
¢lement in each group.

- -

-~

T

'
¥
'
'
i
'

- - - — - ———————————————————

Types of Element

Cy+ [He] 25 2p* [B ¢
= W] S —>N0n metal |
i ?\Iu : [Ne] 3s% 3p?* Si, ¢ : [Ne] 35> 3p* Gm Metalloid {
= \ ' In Sm |
! —
Ga,, : [Ar] 45> 3d30 4p* Ge,, : [Ar] 452 3d2° 4p? Tl Pb} Metal !
E ,A’_p‘__ng_l_ ! i
'31" : [Kr] 552 4d*° s5p* Snyp ¢ [Kr] 55* 4d*° 5p* O Nihonium (Nh) and Flerovium L
=y (FI) are synthetically prepared ‘
F" [Xe] 6524f** 5d10 op* | Pb,, : [Xe] 6s* 4f** 5d*° ep* radioactive element. |
|
i .;.,115 : [Rn] 752 5f** 6d*® 7p* | Fl,,  : [Rn] 75* Sf** 6d*@ 7p*
O Ga, Ge and Bi liquid expands when it forms the solid as water.

GiGa Bite expand like water.
y O Simran Aloo Feka kro

- Abundance in Earth Crust: O > Si > Al > Fe Jawéen par.

=3
[
ot
;

E g

ol

el e
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A e e 0 A AT AR A [

, — o e Tl as x completely filled orbitals 0y -
1. Ge(z = 32) in its ground state electronic configuration h P With ™M, 2
The value of x is-

]

3d10
Sol. Ge - 152 2¢2 352 f

| 2p¢ 3p6 4s* p2
| A Ry

10-1-2
m->o0 o +o0-12 o0 +0-1 0 w2+ *1 0

Completely filled orbital with m, =0 are 7

P S g S S

PR 4 e S,

P s it X e e e PP 8 s S T ot e,
| S S S S S S S e e

e ——— — e . 2 1 e
2. Outermost electronic configuration of group 13 element, E, is 4%, 4p*. The electronic copg

3 'lgurat‘,;‘,
e ; lement, E is: "
of an element of p-block period-five placed diagonally to e
| (a) [Kr] 4d30 552 sp2 (b) [Ky] 33 45* 4p* (¢) [Xe] sd*esmep? (d) [Ar] 3d0 40 4 ‘, |

Sol. (a) IGroup 13 Group 14 [

i st Sn
% E is Gallium, so diagonally placed elementigTin([Kr] 55* 4d*° Sp?).

Al : [Ne] 3s* 3p*

poor shielding effect for outer electrons

B ——>This can be understood from the variation in the inner core of the electronic configuratin
: The presence of additional 10 d-electrons (3d*°) offer only poor screening effect for the
outer electrons from the increased nuclear charge in Ga.

p J I C—>>>—Si—>—Ge —>—Sn—>—Pb

A Covalent radius/pm?; &4 118 122 140 l 46J

%\l

Ge Q Considerable increase in covalent radius from C to Si.

A . ’ o

on Q But from Si r%o Pb a small increase in radius is observed. This is due to the presenct f
’;\b completely filled d and f orbitals in heavier members.

e

B e e e —— gy - r e B
e R —————

| (JEE Adv. 2016)

3. The increasing order of atomic radii of the following Group 13 elements is

(a) Al<Ga<in<Tl (b) Ga<Al<In<T (c) Al<In < Ga < Tl () Al < Ga <Tl¢In

Sol. (b) Atomic radii tends to increases down the group, However gallium has d electrons which fals

to provide effective shielding and the outermost : . the nucles |
idking fts radli fess than ot of a!umim'ummos shell is strongly influenced by ‘

»
.'«“".

-

= s s = e A e e o R S O - S o )
B S S S S

<= aiewist 9
Ml Click Here To Join @StudyShelf For More Study Materials -
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B
Vs
Tl
v IE Ga y EN Pb
aa GC In |
\% Ga :
v Al In Pb Si GeSn
Al ] 2 Al . |
% > >
n R AR Sa | EN:B>Tl>in>Ga>Al /EN:C>Pb>Si=Ge=5n
I 1
\
| Observed discontinuity in the ionisation enthalpy values Swall decrease in AH from Si to Ge to Sn and slight | [
| between Al and Ga, and between In and Tl are due to increase in AH from Sn to Pb is the consequence of | ‘
| inability of d-and f-electrons, which have low screening poor shielding effect of intervening d and f orbitals ’ .
| effect, to compensate the increase in nuclear charge. and increase in size of the atom. ,4‘

o ——

4. Given below are two statements:
Statement-I: The electronegativiiy of grou 1 1t ten ents from <i to Pb gradually decreases. [
Statement-Il: Group 14 contair * - on- wet allic, 1 aetllic, as wll as m talloid elements. '
In the light of the above statements, choose the most appropriate from the options given below: |
(a) Statement-l is false but Statement-I! (s true [29 Jan, 2024 (Shift-I)] |
(b) Statement-| (s true but Statement-Il is false -’
(c) Both Statement-| and Statement-Il are true §

(d) Both Statement-lLand Statement-Il are false |

Sol. (a) The electronegativity values for elements from silicon to lead are almost same. Hence, |

Statement | (s false.
Group-14 Electronegative value
Carbon 2.5
Silicon 1.8
Germanium 1.8
Tin 1.8
Lead 1.9 l

sene
-----------------------------------

Generally in group-13 and 14 Density increases as we move down the group.
Density - B<Al<Ga<In<Tl

Coraphite < Si < Ga < Sn < Pb

sre CdiaMomi <Ga<Sn<Pb

* P~ BIfcK Elemet G dubct B3 9bin @ StudyShelf For More Study Materials S
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p : eption) and o
S Generally i group-13 and 14 Melting point (with some exception) Boiling poy, . y
: Vit
Exception) decreases as we move down the group: , 2 !
] ; liam with unusually low meftpe

Melting point - > Al > Tl > In > f;o';,(), could exist in liquid Stat':gdf::!'\t o
| summer. Its h"‘frh, bOrfmg.’;o,'r\t (2"761:9) 0
D o Vo g el WE | [k 0 M T o e

boron has unusually high melting point. ﬁli__’_’i________h“\ g
v — “l

C>Si>Ge> [Same order in IE] 5

sl S e

FIRST ATOM OF GROUP

1. 2" period elements do not have d subshell, so possible hybridisations are sp, sp, gps

First atom of group/2" Period element > B € N o F
¢ Maxiaum covalency of these elements is 4. |
2. Small in size - Form multiple bond easily (Pu=Pxbond) [C= C,C=C,C=N,C= 0]

# This type of n-bonding is not particularly strong,forithe heavier p-block elements
elements do form  bond but this involves'd orbitals (dn — pr or dn — dn).

Pl
.

The heay;,

Using d-orbitals the 34 period elements (Als'S., Si, P, Cl) or wore than 3™ Pcnm
expand covalency above fou- 3 ‘ CM.

Existence: BF,- AIF, & O Sme [Gec! 3% [Sn(OH) 1 %~ &
Q| BF; SIFZ= L» Exist because. F is small in size.
f BCl;  Siclz= > Does not exist because large chloride ions cannot be accommaodated ai’curd.
- Weentral atom (B, Si) due to limitation of its size. i
N\ S G - + GeametiR St e i )

S. The element that shows greater ability to form pr-pr multiple bonds, is:
(a) Si b ¢ (¢) Ge (d) si

Sol. (b) The element that shows the greatest ability to form pre-ptt multiple bonds is carbon (©

B c N bas ey Stability Stabilty =
.  {r p s of highest of lower |
A Si P Byt oxidation ocdatim | |\
] ‘ state state
= L TR SR St S R | .
o o A5t decreases increasts %
| In Sn sSb |
B Pb o Al 3
; Bt | o pb2+ > pb* ;‘l >
J * Bi#* > Bi** \&
—— s @ Th
- _ e, A, - A
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v (o w0 W0t 165 st'f/\:t? i&irirzlt‘fblmfdaﬁon state (group-13: +3, group- 14 . +4
| " stabgcom“ progresst N.;g tos thm the or the .lneavier elements in each group. The
tvl‘""{; : *5)-4atfom states tWO U € group oxidation states are sometime attributed
(L SR g
‘L"F’) N4 0 ir effec ) - - ’
':'"fff:'ue i sor shielding of d and F e™: 65 €7 pair does not toke part in bonding.
fl",l -----------------
7 UL
Lc[’"' Lot : n State
hﬂfff] of ox(datlo ----------------
LA N*3 B*> CH4 Is
7{‘1-' C+7— A Ny " NV
g’ S?.z p+3 Al*s Si+4 pss
Ai A A Y v Y
A Ge? As il Gt As's
+3 v Vv
(i Aa»z Sb*? [+ Snt Shrs
I\1 sn A Vv v v
ﬂoi -------
iy
..-'F cow‘pouy\ds
' Smblhty 0 4 +2 +4 +2 +4 +2 +4
' (b) PbCl, > PbCl, (¢) SnCl, <'SwCl, (d) GeCl, < GeCl,

' +2
0 PO’ P0;

£oation of oxidising agent and reducing agent
ntl

Ii

e pprt —> Pb** PbCl, — 5> FiCl, +.Lf, SnCl, —— SnCl,

pidising agent 5 efe) ey G113

gtz — Sntt poRy — > PbO + 1/2.0, 4 2
n
Reducing agent
; -Existence

pistence and Non _
3 /3 4 *S.F ’-ﬁ 0 gb'o _ Exist in nature [high oxidation state of element

o TIF, PbF, BiFs e ¢ is stable with F and O]. :

VTl exist as T arts 20 i+ + Tl 5

di 1 itself in Pbl,.
+ Pbl, does not exist because P+ oxidises I~ into I, and convert itself in Pol,

ph —*s |, + Pb*2.217> Pl INCERT - Pbl, : T hhired

1 ¢ reaction does _vxot releas
- foripee 4"”“’? tltctrom and excite one of thew to higher
Pbl4 X Pb,2 fopknpalig i rons around lead atom.

orbital to have four unpaired elec

ong oxidising poWer of Fy-

| ) e
The well characterised 531' compound is BiFs due tq stf |
e m— pbCl,
: o > sSnCly ?
b Therma Stability ccl, > sicl, GeCl, ol < obCl,

ccl, < sicl, < GeCl, TRR—
‘ | *\_“W‘M‘.“a ‘ J

helf For More Study Materialﬁib
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[o2 April, 202 h '_ y
©. Given below are two statements: One is labelled as * (Shigg

Assertion (A) and the other is labelled as {2"'“5?" (R):t fGa, Inand Tlis Ga<In <
Assertion (A): The stability order of +3 oxidation state ":i tia;\ state down the group,
Reason (R): The inert pair effect stabilizes the lower oxiaa p-

] In the light of the above statements, choose the correct m'xswer from the options given beloy,.
l (a) Both A and R are true and R is the correct explanation of A.
(b) A'is true but R is false. '
! (c) Both A and R are true but R is NOT the correct explanation of A.
(d) A is false but R is true.
Sol. (a)
7. Given below are two statements: One is labelled as Assertion (A) and the W" is fabelled as R“’-“”\(R),
Assertion (A): In Tll, isomorphous to Csl,, the metal is present in .4-1 oxl.dat:on state. ‘
Reason (R): T metal has fourteen f electrons in the electronic configuration.

In the light of the above statements, choose the most appropriate answer from the optiong Given
below: [26 Feb, 2021 (spips .| |
(a) (A) is correct but (R) is not correct 1 ‘
(b) Both (A) and (R) are correct but (R) is NOT the correct explanation of (A)

(¢) (A) is not correct but (R) is correct

(d) Both (A) and (R) are correct and (R) is the corvect explanation of (A)

Sol. (b) Both Tll, and Csi, has +1 oxidatiowstate as well as have similar lattice structure.

o gee 2000) /\ RN

8. Statement-I: Pb* compounds are stronger oxiaising agents than Sn2* compounds.

Statement-Il: The higher oxidation states for the group 14 elements are more stable for the
heavier members:of the group due to the 'inert pair effect’.

(a) Statement-l is corvect;Statement-Il is correct Statement-Il is the correct explanation of
Statement-| ]

|

(b) Statewient-| is corirect; Statement-Il is corvect Statement-Il (s not the correct cxplamtfcn:
of Statement |

(c) Statement-l is correct; Statement-Il is incorvect
(d) Statement- is incorrect; Statement-Il is correct

Sol. (¢)

R e ot S Nl Tyt oy = e e B W W i O}

B S
> e TN e s e e P o e e ot U VG S e Gy Nl S S

|

————

Q. Alt:(dwur'uum is usually found in +3 oxidation state. In contrast, thallium exists in +1 and +3 |
oxidation states. This is due to

s
(a) Inert pair effect (b) Diagonal relatr’onshfp |
(¢) Lattice effect (d) Lanthanoid contraction
Sol. (a) Aluminium is usually found in +3 oxidat
oxidation states. The reason for this s
the s-electrons (in this case, the 6s ele
and not participate in bonding.

l'0v§ state. In contrast, thallium exists in +1 and *3
the inert pair effect, which refers to the tendency “
ctrons of thallium) to remain non-reactive or "Mert

T cm—

CHEMISTRY 9
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o nd oxidatio st» . ali
¢ covalency a n state respectively of boron ;
BT o ; on in [BF,]-, are
(@) 4 an (b) 4 and 4 (¢) 3 and 4 (d) 2 and 5

i [BF.]™ boron forms four bonds i ;
[ (@) - with fluorine, sp '
50 The oxidation state of boron can be calculated aS‘SZ 'f54¢ ‘;V? le::;cg '514”‘ = 5

| - Asse"'t"o" (A):' Boron i.s unable to form BF 3
geason (R): Size of B is very small,

(a) Both (A) and (R) are true and (R) is the correct explanation of (A)

(b) Both (A) and (R) are true and (R) is NOT the corvect explanation of (A)

(©) (A) s true but (R) is false

d (A is false but (R) is true
sol. (b) Boron do not form [BF I3~ Since Boron does not have vacant d orbitals,it can not expand
[ts octet.
/’___,_.-— : ———

P )
temesme===" .
-

g Bis unreactive in crystalline form. Air (0,, N,), acids and alkalies do not react with boron.
g Al forms a very thin oxide layer on the surface whieh protects the metal from further attack.

B,0. —‘ A? j Ga, 2, J 05 TI,0,
A
A[203 my a — Acidic Oxide E

AMPr et DXl —~  Basic Oxide ——

..............
-----------
o

.......................

I
SiO exist only GeO Acidic Amphoteric Oxide-\ Red lead Pb,0, =2PbO.PbO, i

at High 7% Sn0,  PEO, Pb,0; Pb,0, =PbO.PLO, |
Sio, Acidic. GeO, Acidic | | SnO,, PbO,, PbsO,

. y ] T s C C —
2 Self linking property of an element s known as catenation property i & |

Q More single bond formation tendency with itself = More Self-linking 7
property. .

The p- roup 13 to 18)
Click i—elere To Join @StudyShelf For Morg
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Q
The order of catenation s C >> Si > Ge = Sn.

Q Pb does not show catenation.

——

1

_‘ s _ :
| 2- The element that does NOT show catenation is:
(a) Ge (b) si (- Ve

)
| Sol. (d) Lead does not show catenation.

13. The correct order of bond enthalpy (kJ per mol) is:
(@) Si—Si>C-C>Sn—Sn>Ge-Ge (b Si—Si»C—C>Ge=Ge>Sn_g,

() C-C>Si-Si>Sn—-Sn>Ge-Ge  (d) C—C>Si—SixnGe=Ge>sn_g,
Sol. (d) The correct order of bond enthalpy is C = C > Si = Si > Ge —Ge »Sn — Sn.

Boron is extremely hard and black coloured c?va{ent solid wit,
icosahedral unit. Due to very strong crystalline lattice, oy, ‘w;
unusually high melting point.

Boron fibres are used in making bullet-proof vest and light compogi,
material for aircraft.

B vor Iso1o] 2 °Bi(.-9%5)
’18 (b;—‘lo)

108 sotope: high ability to absorb neutrons

(metal borides are used in nuclear industry as protective shields oy
control rods.)

| 14. Statement-| : Boron is extremely hard indicating its high lattice energy. \
Statement=Il : Boron has highest melting and boiling point compared to its other group members
(a) Statement-| is incorrect but Statement-Il is corvect [12 April, 2023 (Shift-n]‘
(b) Both Statement-| and statement-Il is correct E
(¢) Statement-l is correct but statement-Il is incorrect *
(d) Both Statement-| and Statement-Il is incorvect |

Sol. (b) |
| 15. The number of neutrons present in the more abundant isotope of boron is ‘X! Amorphous bor®
| upon heating with air forms a product, in which the oxidation state of boron is ‘y: The value o

X+ YIS .. [os April, 2024 (hift1]
L w4 (b 6 (c) (d) 4
Sol. (d) More abundant isotope = B** B+ 0, - B,0,
;' The number of neutrons in this isotope Oxidation state of B in B,05 = +3
{ s 6. So,y=3
i X=6 LX+Yy=6+3=9

pET CHEMISTRY iy
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- ability as the factor, which one of the following

~ qaki represents correct relatiomrhip'? - Ty
’;é. (b) TIC{ |{~ | 2045
| >
; (a) T“ ? T“5 3 Tle (C) ly\(3 > Inl (d) AlCl 5 A(C‘z
ol (sae)lect f"e:f'ement (M) whose trihalides cannot be hydrolysed to produce an jon of the Forw§
3 [M(Hzo)‘v] ) | [NEET 2023-Manipur]
(a) G4 " (c) Al (d) B

1 (d . i »
| gl 1‘11)9 correct order of atomic radii in group 13 elements s
18() B(A(<(y\<aa<'ﬂ
(a

i
()

[NEET 2018]

(b) B<Al<Gac<In<Tl
B<qa<A!<ln<Tl

(d) B<Gac<Al<TI<In
el (0) . "
’ 5:: (whl'ck one of the following elements is unable to form MF2-ion ? [NEET 2018]
" (a) Ga (b) Al ©) In @B
| sol. ()

20. The stability of +1 oxidation state among Al, Ga, In and Tl increases. in the sequence:

[NEET 2015 Re]
(@) n < Tl < Ga <Al (b) Ga < n<Al <l

(d)y Tl<In<Ga<Al

{

(©) Al<Ga<in<T

Sol. (€)
21. Which of the following species is not stable? [NEET 2014]
(a) [SiFJ*" (b) [GeCl 1>~ (Vo Sn(CH).T- () [sicl,J*~
| sol. (d)

22. It is because of inability of ns? electrons of the valence shell to participate in bonding that:
[NEET 2017-Delhi]

(a) Sn* is reducing while Pb*+is oxidising
(b) Sn?* is reducing'while Pb** is'oxidising
| (¢) sn?* is oxidising while Pb** is reducing

(d) Sn** and Pb2* are both oxidising and reducing
Sol. (b)

23. Which of the following oxidation states are the most characteristic for lead and tin respectively?
[NEET 2007

4 @) +2,+4 (b) +4,+4 () +2,+2 (d) +4,+2
| Sol. (a)

{

24. Carbon and silicon belong to (IV) group. The maximum coordination number of carbon in comwwnlg!
OCcurring compounds is 4, whereas that of silicon is 6. This is due to: [NEET 1994]

|
1
% (@) Availability of low lying d-orbitals in silicon
| ®) Large size of silicon

i

(©) More electropositive nature of silicon

d
ol Ea)) Soth (6) and (c)

The
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[Helium ( He) -
AIOb[C gas

) 1 — Neon ( 4

Nitrogen ( N) = Oxygen (g0) - |Fluorine (4F) i oNe) -

Non m7ctal NO*‘L 3V\£fa{ ’ Ner m—e—tql > ! floé[c 995 \}
Phosphorus (1sP) - Su{phur (,.S) - Chlormc ( ”Cq Argon (, Ar)

Non metal Non metal I Non meta Noble gas
Arsenic (55AS) - Se{enmw\ (=4S e Bromine (55Br) - Krypton (5eKr) -

Meta?l%id Metalﬁ;rd 7 Non metaf 7 } No !e g‘;;
Antimony (,Sb) - Tellurium (., T€) - lodine (s5) - ‘Xe"o" (5 +Xe) -

Metallo%{ Meta{lgfd Non meta( ; ob{e 54;
Bismuth (,,Bi) - Poloniuvay(g,P0) - |Astatine (3 AL) - ]Radon (“Rn) =

Metal Metal ‘ Non metal | Noble gas

O Polonium, Astatine ~ulon ire rad ic ctiv: ele et

.................................................

Grbyk 15 ;aroup 1 G ff e V'Groupr.? Group 18
(Pnictogens) = (Cha(cogens) - (Halogens) (Inert gas)

f ‘ ‘ He: 152
- N: [He] 252 2p> ’ o: [He_'{ 252 2p ’ F: [He] 252 2p*s | | Ne: [He] 2s* 2p*
7P_ [ﬁei?fsz zp3> ‘ S: [Ne] 3s2 :5p ! Cl: [Ne] 352 3p° ;Ar- [Ne] 3s* 3p¢
_ s [Ar] 452 350 4> { S [Ar] 45 350 4pt JEI{A}J 452 30 4p7 | ks [Ar] 453 30047
sb [Kr] 552 4d1° sp? Te [Kr] 552 4d*° sp* l [Kr] 552 dio sp* | Xe: [Kr] 55* 4d’° Sp‘

6. Bi: {Xz] 6s* 44 52 6p5

Po: [><eJ 6s? 4!“ sd*e ép“ ' At: [Xe] 652 4P4 sdo 6p5 Rn. po.] 6s* 4f+# sd"’ o

———

O The elements present in Group 18 have their valence shell orbitals completely filled and, therefort

react with a few elements only under certain conditions. Therefore, they are now known as noble 955

éﬁi CHEMISTRY 3
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rom top to bottom in q . oup,
8 mova'fcreasesp group, O As we move from top to bottom in a group
¢ in -

o (11;0""'5 siz ionisation energy decreases.

Hie He
A :
N ) f NA"' N o, F Ne
N /
A ’ y / / s
6 S C\’ AAV p s cl Ar
A / \ v J /
A
AS e Br 47 As Se Br Kr
1 A A A v v v v
sb Te : Xe Sb Te [ Xe
A v v
A
Bl. Po Bi Po

T fo [onisation energy: N>O

{ (Nitrogen has half filled subshell (p>) which is stable, so'removal of electron is tough with respect
to oxygen having p* electronic configuration).

| 0 Due to extra stable half-filled p orbitals electronic configurations of group 15 elements, larger
amount of energy is requived ti -emc re ¢lect o

1Svompared o grruy 16 elements.

Au ’ Vool - '.; 4 ”_ “ﬂ - _7 7-‘ - -

l
| {

~ 141 F ~ 333 Ne bl T

B - 200" | cl — 3449 Ar | =6 \
Se - 195 | Br - 325 K + 96 \

T | -1a0 [ ~ 296 Xew o i Y7 p \
el -174 | At = 270 Rn | + 68 g

' Order of (-)ve electron gain entahlpy:

S > Se > Te > Po> O |[Chlorine has most (<)ve electron gain enthalpy ini
Cls F s> Br> | > At |periodic table] |

Q
Order of (+)ve election gain entahlpy:
Ne > Ap= Kr> Xe> Rn> He

[Noble gases have (+)ve electron gain enthalpy as ,'
they have completely filled valence Eg\_eiu*o_ry,tarsq i)

The

- . . : |
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‘Q‘

5»1 """ N l """" :':';::_':"":é """ S Group No. Maxiraura oxidation state
| 0 . +3 (B - In) ;

30 | 3.5 4.0 BPE ISR
P s D] BTN | e 4 (Cosny

Ak i) 258 IS ZEE T = (N oty
% 2 i L et ol (S oy TOR
e W o
1.9 201 (N2 7000 18 | se(Xe)
Bi Po At * 0 has +2 as maximum oxidation state (eg OF )

L 14 1.76 202

* F always has —71 oxidation state.

Generally Melting Point, Boiling Point and Density inerea
and 18.

ses.as we move down in the group-1s, 1, .

Exceptlon—
1. Boiling Point: Sb > Bi
2. Melting Point: N<P<A$>Sb>Bl TR s e v ]

. Melting Point and Boiling Point: Te > po

..................................

O First atom of the group has.small size, so they can form = bond easily.

Q First atom of the group (Cs N, O) has 2nd shell as valence shell which has one s orbital and thr:
p orbitals butwot any d orbital is available for hybridisation (for bonding purpose). So posit:
hybridisations are,—sp, sp?, sp>.

Q Nitéogén is restricted to a maximum covalency of 4 since only four (one s and three p) orbitals are

available.for bonding. \

O |

Q The heavier elements have vacant d orbitals in the outermost shell A IFI’
which can be used for bonding (covalency) and hence, expand their c H_,,/N\\ CH, CH,,/ \\CH,\
covalence as in PF. CH, CH, |

Nitrogen cannot form dn — pr bond as the heavier elements can.

O

O Nitrogen has unique ability to form prc-prc multiple bonds with itself and with other elements haig
small size and high electronegativity (C, O).

O Heavier elements of this group do not form pre-prc bonds as their atomic orbitals are so large an
diffuse that they cannot have effective overlapping.

O Phosphorus and arsenic can form d -d, bond also with transition metals when their compounds .
P(C,H.)5 and As(C Hs)s act as ligands.

CHEMISTRY G

j‘m,hu
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QR senrily che IncOITery EERURIRENCS 800Us PP e R e ML, (08 April, 2024 (Shift-IN]

1;
e
!

) pDinitrogen (s a diatomic gas which acts like an inert gas at room temperature.
(B) The common oxidation states of these elements are —3, +3 and +5.
() Nitrogen has unique ability to form pr—pn multiple bonds.

| (D) The stability of +5 oxidation states increases down the group.

(E) Nitrogen shows a maximum covalency of 6.

| Choose the correct answey from the options given below.
(a) (A (B), (D) only
(b) (A), (C) (E) only
) (B), (D), (E) only

| (d) (D) and (E) only

| gol. (d) (D) Due to inert pair effect, lower oxidation state is wore stable.
i (E) Nitrogen belongs to 2rd period and cannot ¢xpands its octet.

| 26. PCl, is well known, but NCI, is not, Because [24 June, 2022 (Shife-10)]

(a) Nitrogen is less reactive than phosphorous
(b) Nitrogen doesn’t have d-orbitals in its\valence shell.

(c) catenation tendency is we.ker (i nincser Loan phosphorous

|
J
|i (d) size of phosphorous is lar ger tha'w tro el .
| nt Bdeorbital dueto which it can expand its covalency beyond 4. Nitrogen |

Sol. (b) Phosphorous has vaca
leiey beyond 47as it does not have d-orbitals.

can't expand its cova

- g I —
g g S P e

> (IIT JEE 1994) ‘A“‘: —~-—«—w-..--*..——~,_«-.«Av-.-»-‘-m‘“—a—“_-’\q‘“..r-‘—-u"“-aw..:“mu—u—*uww"c.. :
. 27. Statement-I: Although PF,, PCls and PBr. are known, the pentahalides of nitrogen have not been [
: observed. ]
‘ Statement-Il: Phosphorus has lower electronegativity than nitrogen. }
’ (a) Statement-l is correct; Statement-Il is correct Statement-Il is the correct explanation of ‘

’ Statement -
(b) Statement-I is correct; Statement-Il is correct

of Statement-I
", (c) Statement-I is correct; Statement-Il is incorrect ]

{ (d) Statement-I is incorrect; Statement-Il is correct

Statement-Il is not the corvect explanation

5 Sol. (b) g

e
T
e P e Ve o B, S -
s S S e a Sl S P S

T
he p- Block 13 to 18)
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T N R

Group 17

NO, N,O : Neutral oxide so, seo, "Tc<07 Amphoteric | Cl,05, 1,0, Xeo

N e p L2 oxide IO
203) NZOSJ N02 ACldlC O.\’!dc Bas"c 6’205; 2 5

N,O, : Acidic oxide S0, 5¢0, 105 ||POCI™ oxide ClO 01,0 4 B0, 1,0, 0
. ., O 0,and SO, - gas | ( Xeo,
P O » P O : 3 2, C{ 0 ’ C 0 4 £
+Y¢» P40,5 : Acidic axlde  Se0, — solid | Clalger €12 O// y
As,0,, Sb,0, : ' ¢l,0, Br,0 o

\
'O Reducing nature >

1
[ Q. W

Amphoteric oxide

(AS,0,, Sb,0, : Acidic oxide Due to inert pair effect, > 0x1;c oo Inatlogen e . 7
1 —— Le : 5 acidic in nature. (1o) )
| Bi,O, : Basic Oxide | stability of +6 oxidation 3 Oé/c
e e Al state decreases as, we 4o o ¢
AR ' d the group: 0] 0
o Vo [ 4R g TR
P,O, P~ p Qa SO, is a rfzftuc:ng and, Te0, | ¢l,0, //ﬁl N /ICI‘!\
\ 07 / is an oxidising agent. 0pOpoO
ol o
P ! 4 +o +6 > <> |
SON—IEO2 or SO, | Cl,0, //ﬁl\ /ﬁ{\\ ,
| odut  Agen™ 0 0 0 0 0 L
\ | @
| (o] 2 //>\\ C 2 C |
: “ (9] o O// l\\o E
S7Fse <
| 0 \ O |
| Ay A o o o 0 |
| P00 0 ! 5, i At
| 0. o SO 275 2N _/\\
. \ﬁ/ * 0" o g o Yo f
| 0

An oxyacid or oxoacid is a compound that contains hydrogen, oxygen, and at least one other element,
with at least one hydrogen atom bonded to oxygen that can dissociate to produce the H* cation and the
anion of the acid.

+5~(1'c acid) +67(ic acid) +7 (per....ic acid) |

+4 (ic acid)

,' }
J . i
! +3 (ous acid) +4 (ous acid) ] +5 (ic acid)

+1 (Hypo....ous acisssd) +3 (ous acid)

=== i S e

+1 (Hypo....ous acid)

CHEMISTRY @
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H.PO, Hys T,
‘ gs ic aci Oy Hclo 3

N:ﬂg b Phos:h:; - Sulphiric aci Perchloric acid Pcfﬂ"“o"c'

H, XeO4
o orous aci 1250, Hclo
yfﬁfi{s acid Gl ls T, S“{P“umus acid Chloric acid Xenic acid
NI
H.PO,
2 ( HClOo,

Hn’;"'o“s acid | _HYpo pkospkorOus acid | Chlorous acid

-4 HcClo

Hypo chlorous acid

Meta, Pyro, Peroxy Acids

Hypo...ous acid Meta.....ic acid
{ e
(0] — +[0] .
ous—ac:d Y}*—— ic acid zf——> per..... ic acid / peroxy ... ic acid
2Y-H,0 lzz H,0
Pyro....ous acid Pyro....ic acid
| oxo-Acids of Nitrogen
+ TS, (0] . ”
HNO, *— T e ent o 3 HNO, Nitrous aci
Peroxy l_ 0]
nitric acid

(HNO),=H,N,0,
Hyponitrous Acid

Dmttrogen entox:de
(Anhydride of witric acid)

...................
...........................

......
......................................

so,
Sulphur trioxide
(Anhydride of sulphuric acid)

19\ H,s0,

H,SO .
Peroxy Su{plnum acid : ‘ Sulphurous aci
(CarO'S aCld) ll(H 504) H (0] 2(H2503)—H20
H,S,0,
Pyro sulphuric acid H,S,0+
+[0] I Pyro sulphurous
H, 8,0, acid

Peroxy disul/ohurtc
acid (Marshall's acid)

The p Block EISEHSE(H §is 15qJedn @StudyShelf For More Study Materials
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HPO, |
H.PO, Meta phosphoric acid
Hypo phosphorous H,PO,—H,0
acid (Phosphinic acid) -[ei T ’
+[0]
-[0
H.PO 4__[__}_( HBPOS
2H,PO,-H,0O 3" VY3 \ Peroxy Phosp&-\ ‘
Phosphorous acid — oric aciy
Y (Phosphonic acid) 12H5P0444,_0
H.P,0¢
Pyro phosphorous acid H4P,0;

Pyro-phosphoric acid

+[f/ \101

H,P,0, H.P,0,
Per-diphosphoric acid Hypo phosphoric acid

..........................................................................................
1

(7)) Central atom from 274 period (By, CoN) maust be sp? hybridised.
Central atom from 3™ period (SigPyS) must be sp> hybridised.

(8
. I
(i) Oxo-acids of phosphorus always inas 7 Y structure.
OH
OH HOo
= ! HNO =0 !
BO - 3 H.PO P
3773 HoemOOH o 7 o7 on
5 OH
é'. N=0 i
H,CO A N HNO ¥ P
2772 Ho " 0oH * Ho SElES
OH
i ?
d ) @ a» H
H,SiOo S H2N20, #H =Ny HsPO B
et - HoT | ToH Ho OH >72 071 oH
OH
1
R | Il
H,50, HO | OH H,S0, HO—3—OH H,S0, HO —‘ﬁ_o —0—H
o 0
i T
H
Hclo Cl. Hclo,  cl Helo, @ Helo ¢l 0
* oég OH et % Yoy

242 Click Here To Join @StudyShelf For More Study Materials -cJ,usTRV 1
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T of Acids having Two Centyq| Atom (Z)

T S Y
\ oo cal oxidation st , mn
Ca!c“'“w theoretic ate (TOS) of central Theoretical OS < Max. OS Z ZZ
(") atom > ; : o | Theoretical OS = Max. 05 Z—0 =
pare it with maximum oxidation state (MOS) of | Theoretical OS > Max. OS 7—0—0—
U") :"traf atom
;«6" write type of bond between 2. central atoms,
.h)
(' 71 o e 0 4
AN 147207 2 O=B o P—0—O0—P
OH OH OH OH oH OH
x1+2x+6(—2)=0 () 4x1+2x+7(-2)=0 () 4%x2+2x +8(-2)=0
(‘.)4._+4:TOS X =+5 X = +6
’;5; (MOS. [MOSJp=+5 (i) TOS. = M.OS. (ih TOS' > MOS.
(i P'.,.-Pbond (it P— 0 — P bond (iif) P—O0O—0—P bond
(i)
= L =3 |,
7 P L  a
O/” l\ HO \O‘ | "OH
MOS]s = +6 0 M ES] = +6
ols = [Tos]s = +7
(& 3N 5.
B 27 & ? 9 0
05 = +6 I_l P A5=8x /C—C\OH
[rbéjs— IR ﬁ oy TM.0S]s =+6 HO ® ©oH  [MOS] = +4 HO
[ E o [TOS]s = +3 [T.0S.], = +3
Meta Acids
These acids are polymeric in nature or have cyclic structures.
- -H,0
Hpo, —2%  HPO, H,B0, — > HBO,
Ortho phosphoric Meta phosphoric Ortho boric acid Meta boric ac
e e HBO.).: Tri-meta boric
(HPO,),: Tri-meta Sodium tri-meta (HPOy),: P:\lg-v:etfz i ( st e
phosphoric acid phosphate (NaPOs) phosphoric (\)H
Na® o o ©
O:T P—0OH O=P P—Sa% /T\O/P‘\O/ ‘\O .......
0 l | l o OH OH OH B B
~__0 o 0 Ao B
AN P HO

The p| Bloel Click Here To Join @StudyShelf For More Study Materials ==

ents (Group 13 fo 18

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

i : P . . .
i A\l ?{yth:omc Acids 2] Dithionic acig
A 0 0 T TTTTTtTtTesssseccssecccsccossoes 5/"5\
‘ Y /|| || oH
| HO o ©
0 0
I g Trithionic aeif
0 3 S AT
S e R A
e T oH o
HO 0 e 0 0 H k‘ g v
o T Il /ﬁ Tetratnionic geif
[ythion ; S
iy oz RS L
bonds are present: nd other

Q Four dn — pT

Marked. sulph idation state 4
Q * Marke

ur has zero o
+5 oxidation state.

> Zero oxidation s
7

2 sulphur have -
= T PP N ' iS: _» .4 oxidation state
4 ST t G . d‘ pr & L ”
i “ " Exchange of 3 oxyger 2 oM Thio Acl w8 o OH
Oxy Acid by 1 sulphur atom 2 : i
H.SO — H2520_3 . 2 : : 0 e —— JJ
S !p&furic ‘;\cid Thio-sulphuric act w —
{f u SIRE T — -
“ e d A\ ¢
: e of Anions . .
‘-._.,.\{fm """""""""""""""" a ous aCld — 1t
Q ic acid —> ate 1on v ols 5,08
Hz 273 g :
—H . 7L [phate ion
HClo, B < clo, ‘ Thio sulphuric acid Thiosulp
perchloric acid Perchlorate don eo _ip 5207?—
M - 2°277 . .
HC(O —';’-'_-’ 6{03 Pyro sulp[/luﬂ'c aCId Pyrosulphafe on
Chloric :cia’ Chlorate fon " r . 082—
H* H,S,0, : it
Hclo, —— (Clo; Peroxodisulphuric acid Peroxodisulp
s acid Chlorite ion i )
Chlorou ] HZSOS ’ Hpsezi_y
- (o Peroxy sulphuric '
- ; te i e ic:’dp monosulphate ron
Hypochlorous acid Hypochlorite 1on

0
l

O Potassium peroxymonosulphate [KHSO,] K*O-——ﬁ—o——o—- H

o
0
O Potassium pcraxodisulphate [K,S,0,] K*O——ﬁ—o——o—ﬁ—o-;@
(0] (@)
)
N44 \ .EMIS Ry @

<= Click Here To Join @StudyShelf For More Study Materials
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3 _H.0 5
2 2 HC‘O4 Tloh CIZO_I
2 HNO, ——=% N,0,
2 —_—
A Hclo, g clo,
H,N,O N,O
272¥2 _Ho 2 2 Hclo, THTO' cl,o,
2 H
Clo W C{zo
' Mixed Anhydride  ;
+5
—=2> HNO,
" O NO, is a mixed anhydride.of HNO, and HNO.,,.
2
Q = A
(oxidation state e HNO, HNO, + HNO, = HaN205-H,0 =N,0, (Dimer of NO,)
of N = +4)
A Hc{03 .
o Q Clo_is &wmived anhydride of HCIO, and HClO,,
2 —
(oxidation state L2 Hclo, I\ HOQYSNZ 2,5 Hyt L0 -H C =( [,0, (Dimer of Clo,)
of Cl = +4)
—>Hclo,
Q. Clog is a wmixed anhydride of HCIO, and HCIO...
clo, * a
(ox;?cét‘ion s:;zte > Helog Q HCIO, + HCIO, = H,Cl,0,-H,0 =Cl,0, (Dimer of ClO.)
=+

28. The number of P'— On= P bonds in H.P,0., (HPO_,,)‘3 and rvP4.010 are respectively. i

[15 April, 2023 (Shift-1)] |

@ 1,3, 6 ) 0,3, 6 (¢) 0,3, 4 (d) 1,24 |
Sol, (a)

29. The oxidation state of
Sol. [4]

%0. The ratip of sig
L. €] N, of ¢ bo

phosphorus in hypophosphoric acid is + [31 Jan, 2023 (Shift-1)] |
i

ma and n bonds present in pyrophosphoric acid is
nds = 12

. [8 April, 2023 (Shift-I)] |

@) 0 I
No. of % bonds = 2 I I
o 12 H—0—FP—0—P—0—H

Hence, ratio of

e

g and n bonds = 6

I—0

< e 3y A e e T e A i T

Th
" Bhck BeRlick Hcrg 150,J9ig @StudyShelf For More Study Materials<2 |
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31 In .
N POyt ——— MR —
Polythionic acid, H,s o ) of sulphur is/are: -
X

(x = 3 to 5) the oxidation state(s
(a) + 3 6 5) [27 Aug, 2021 (g,
s and + s only (b) + 6 only Shify,
¢) Oand
_Sol. (¢) 5 only (d) + 5 only
T S

r (IIT JEE 2004) [ e
~ 32. Which of the following has -0 — 0 - linkage?

(a) H.s.0, (b) H,S,0, (¢) H25:05 (d) H,s,0,

U Oxyacid having maximum oxidation state —A5 Anhydride

A
2 HNO; — 5> N0

A
2 Hclo, e cl,o,

A
H,S0, Ty’ SO,

A

2 H,PO, =5

FZ?S'

QO Oxyacid having intervaediate oxidation state —=—» ic acid + hydride/oxide
(or lower oxidation state)

Disproportionation

Reaction > HNO, + 2NO + H,0O

3HNO,
2H,POy~—4» H.PO, + PH,
4H, PO —&—» 3H,PO, + PH,

3HCIO,.—2— HClo, + 2HC!

O Heating of ammonium salt with oxidising anion —2__, N, or N,O + Side Product

— +6 +3 (zero)

A
(f) (NH4)2 Cr207 W CY'203 + NQ_T -3 45 . +1
| o NH,NO, ———— N0
(1) NH NO, —2—» N1 e
+°72 40 2 o=

| Click Here To Join @ StudyShelf For More Study Materials
N — e e - -l
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| e o ammonium salt with non- -oxidising anion _ A NH, + Side Product

(3 NHeCl ——= NHs + el
A
() (NHeS ——> 2NHy + s
A
(i) (NH),C05 —_§20_> 2NH5 + CO,

(l.\’) NH4CN __A_> NH3 + HCN

3. Oxides
7 Hydrolysis of oxide does not change the oxidation state of central@tom
;s HO s
o N,O— > 2HNO,
. Na,0 —2> 2NaOH Hint: 2Na+ 02~ — > 2NaoH

0 Hydrolysis helps to understand the mechanism behind.the reactions.

+ Na,0 + N,O, —> 2NaNO,

+5 6H,0 +5 3. GH,0
SR04 H PO ¢\ P,0, ——> 4H, PO
3 oxid " H,0 . 02+ H* - 8—H
xides [0*7] Ca0 ——> Ca(OH), * Ca?* + 20H™ - Ca(OH),

H,0 i Na,0, = 2Na* 03~
Naz0,/—=— H,0, + 2NaOH b, @HO
L% 2H+20H"
) RbOzs Rb* 0y
+ 05 +07 20, + O

d' Peroxides [02-]
H,0,+ 20H"

0 . 2H.0 l Oxidation T
Superoxides [051 2Rb02 b 02T + H,0, + 2RbOH Reduction
(2H,0) ;
(] 2~ 3
OF aivsar, o 120a 5200

\'L-b . -
) NaOH + H,1 (Hint: Na*H- HOH, NaOH + H,T)
C ,0
M = CaoH), + 21,1

P~ Block &;hck Here To J om @ StudyShelf For More Study Matenals..a_l

Th

[

nrs (srou D
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3. Silicide (Si*+-)

. 4H'OH-
v 4H,T (Hint: 2Ca%'SIT™ ———> 2Ca(0}

. 4H,0 R AHO
Ca,Si —2— 2Ca(OH), + SiH, ——> Si(OH), 2 * Siy
q

)
4. Borides (B>-)

6H'OH"
Ca,B, ~=2» 3Ca(OH), + 2BH, (Hint: 3Ca>"2B°" — 3Ca(OH), + 2BH,)

6H.,0
Mg,B, = 3Mg(OH), + 2BH,

5. Nitrides (N3-)

3H'OH"™ :
LisN =% 31i0H + NH, (Hint: 3LitN3~ S——> 3LIOH ®VH3)

MgsN, L2, 3Mg(OH), + 2NH;
6. Phosphide (P>-)

Ca,P, 2% 5Ca(OH), + 2PH,
7. Carbide

cac, 2% CHN + CerOH), (mnucas 2 2 £oH, + Ca(OH),)
8. Hydvrolysis of Halides

+3 +3

PCl, + 3H,0 —=—» HyPO, ¥ 3HCI

PCl; + H 0= PoCl, % H;rfo4

Phosphoryl Chloride
(Phosphorus Oxy Chloride)

| PCl, hydrolyses in the presence of moisture giving fumes of HCI.

s :

‘$o.cl 2H,0 ——> H.&% 0 1
atla 2O e HaS0, i —5—0H
Sulphuril Chloride ci ﬁ ~cl ZHCl HE | o
O 0
Socl H,0 ——> H,5¢ Icl) I
R 4 2, 2= —2Hcl 2505 6%, ——» Ho—S—OH
Thionyl Chloride Cf){ \AC’ -2Hcl

| = Click Here To Join @StudyShelf For More Study Materials ¢HEMI
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"‘., &0’ H5P03 ¢ S
285

5/H£, AS(OH)3 + 3HCI cl

~
L'z

Lg—[l,
partit | Hydrolysis: SbCly, el 2HCl Sb(OH),

’z/, gioCl + 2HCI
6iCls

...................................
.........
=

.......................................
...................

56,43_”23. H,S0, + 4HCl
sF, —> No hydrolysis

4H,0
SeF, — HZSeO4
Selenic acid

+ 6HF

6H,0

TeF, —— H,TeO, ++ 6HF

Telluric ac:d

% Hydrolysis of Halogens

Z""’ -2 Zero
Fat H 20 —— i 0, + ZHF:'L-'
(Oxidii,
Agent)
Bl"z +H 0
2¥ = HBr + HOBy
l2 + H

Oy HCl + Hocl
i, 1
2% T, +H0

(OXidiSl'ng agent)

Cl \»H/TY\

o oD
ourtial Hydrolysis: BiCl, Zael Bi(OH),Cl ——

drolyf's oF aroup 15 Hahdes ‘;.

g

‘ 5&4.0 NH3 + 3HOCI P

[ls ot /”\ ¥ 90H,

H+3 HO—Cl

:20 attacks on Cl but not on N because Cl
as vacant d orbital but N does rot

cl THo Sbocl antimony(lif) oxychlofide

BiOCI bismuth(iin oxychloride

®p
®®©/<—- H L0

SF, is exceptionally stable for steric
reasons. So, water can not reach to the
sulphur for hydrolysis.

H1OH

X 'XX=CI,Br. HX+HOX

Th
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e: Sodium Hydroxide.
e: Caustic Soda.

D . .
NaOH ¢ delcquescent in nature.

Common nam

white translucent

H.Co 2 NaOH Soud

> Na,CO0, + 2H,0
NaOH i
HN03 a\» NaNO3 + Hzo DehqueScem‘:
3NaOH Ability to absorb so Ability +
HPO, ——— & Na,PO, + 3H,0 much water that it aa:eabswb
NaoH - forms a liquid solution | .
a ¥ —— - A 7 | T -
H.PO, —— & NaH,PO, + H,0 NaOH ’ S
a \
NaOH 2 f Na_c
H%SQO3 —_— Na,S,0, + 2H,0 MgCl,_ " 255
thio =sulphuric acid Sodium thiosulphate
R 3 : - - ~ H ; -
Acidic Oxide ——» Acid. Na? - Salt
—
NaOH H,0 NaoH
Q co, — Na,co, COy ——> HyCO3 ——> Naco,
0 N,0. = Nano e e —
—_— ., 'l f'\ ;;‘:“,» ~ N T
2¥s o aNO. + k., . N,O. —=—— HNO, .ﬂ, NaN 31
a " = o0
Q P,0,—> Na,FO,+ H,O - : Sm——

H,O NaOH
NaOH P,Os e HsPO, —— Na,Po, |
a cl,o, —— Nac€log T

——

H,O NaOH = J

.. NaOH : Sleiaa ‘ B
Q S0, "> Na,SiO, L0, ———> HCIO, ——» Naclg,
Silica Sodium Silicate —

NaOH
2] N203 ——< P NaNO2

|
H,O NaOH
N,05 ——» 2 HNO, —> 2 NaNO, |

Reaction ‘with mixed Anhydride

O NO, —2——» HNO, + HNO, Sl NaNO, + NaNO, N, O is fairly soluble l'lc\ water and N
H,0 NaOH is sparingly soluble in water. Both
a clo, —=——> Hclo, + HClO, NaClo, + CaClO, | produces neutral solution in water.S

they both do not react with NaOH

—

Reaction with amphoteric Oxides

Base alike formula

Q Zno + H,0 —> Zn (OH), or

Acid alike formula

H,Zno,
Acfd l Hcl Base l NaOH
Zncl, Na,Zno,

| E?lick Here To Join @StudyShelf For More Study Materials
- e e -
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Em—
MOH] E HIOSE HzMO%t%jﬂ NazMoy‘i "

k

NaOH |
'//

s oxide | S

! o 2NaOH "_ - -
lNﬂ} J 0“ Be(OH)Z o Na,[Be(OH),] = NazBeOZ.ZHzo Sodium Beryllate
4 a

L N NafZ )
,g;ow{' IOy~ a,[ n(OH)d-NaZanl.ZHZO ok Tieate
pbO, Sodium Plumbite =N

707 a0ty NGz

Na, [Pb(O “,A by i o
'f(] H . Na PbO5 Sodium Plumbate N 2[ ( H)4] Nazpbo’- 2H20
Al yao 2 e 4, [Zn(OH),] —— Na,Zn0, . 2H,0 |
Y Soalum nnit
rbloﬂ WOy N SN0z o Na [Al(OH),] —— NaAlD, . 2H,0
0 Sn0, Sodium Stannate
o NaOH Nag_ 3
¥ /

w — Na,BeO, . 2H,0

I
i

51\01 w’ 2Na AlO 5 Sodium weta-aluminate

B

v

A0s \

NaOH
Q Some elements — 5 o141, complex + H.4 }
. 2

!

: NaOH
M* sn, Al, Pb, Z0s B, Si, Be] == Nax M Oy + V\HzT

Element (M)

7 Na M 0,
‘ Sntt, Al*3, pb+2) Zn?+, B3+, S+, BCZT‘

NaOH (aq.)

S s

Cliar ol iir

_ A Neo,
"é@%sﬁw%

Elements

s ,
uno  Aliya Pub Zana bhi sikho Be
o . P o W
L Zn B Si Be
Reacti
on of -
: NGOH(QQ) with metal salts
(3 20
Pt Cr(OH). | OH-
* )s ¥ Green OH” [CHOH),]" Soluble
B Fe(OH )
. : )a ¥ Green Q ATV\photenc hydroxides like CY(OH)S, Pb(OH)
Mok, 1 ¢ A (C?H)s, ZV\((‘JH)2 are soluble in base NaOH,,,
- , 4 Girsep Q Basic hydroxides do not react with NaOH, o
s they are insoluble in NaOH e
T Cr(on, | J ko
o, 2 ¥/ Cu(OH), | Blue Green Crow Fesa Nikalo
Mpas g Blue CuCr se
" O(OH)2 L/ Mn(OH), | Pink Fer Brown munde ne Mn (o K¢ diya pink,
Fe(oH) Q' Hydroxides of 4o system & p-block element
The . sV Brown VT

Y
a@iﬂlﬁﬁgr%rTo Join @StudyShelf For More Stud?tM%i'férials‘
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+2 i ] ’
Zn \,ZH(OH)Z I Nellaiea 20H [ZV\(OH).'JZ Soful)’t"

Pb‘2+ _ Pb(OH)2 l \'\/I\('t’{' ZOH_ [Pb(ol_{)"JZ’ So‘uble

(uble
AP* — Al(OH), + White gelatinous OH” . [AI(OH)]™ S0

6 “IH?' = e ; : ‘on reaction with £
l,, P, and S, do not react with water but they give disproPOrt:onatlon aq. Naoy
\= J

4NaOH Ho % 2NaOH 1
2F, a—(aq)> O, + 4NaF + 2H,0 Hint: F, i 0,_ 2HF -2H20” 2NaF 4 =0
(Oxidising 22
agent)
Hmt
NaOH(aq) NacCl + NaOCl

= A
Room Temperature ¢ 1o Chloride Sodium hypochlorite.Cl, | HCl + HOCl — HcrO3 + Hel
cl,—

‘ NaOH T
a
NaoH(aq) » NaCl - NaClO ;NaGH

Hot

Sodium Chloride  Sodium Chlorate | NacCl + NaOCl NaClo, + yyq
NaOH(aq)
» NaBr + NaOBr —
=, < ROGW TERpEFadine 'T:l On acidification, the disproportionated prody
2 2 4/ clr s l[ement.
{ gives vocl. e same e
NaOH .
aHoiaq) »Nasr + Nal rO, Mo+ 0 = 2H —— X, + H,0
SX~ + X035 + 6H* —— 3X, + 3H,0
NaOH(aq) 0 N t [X =Cl, Br, 1]
Room Temperature 1 : /
lz—<
" NaOH(aqg) < Nalo
Aot > Nal + 3
(zero) (-3) (+1)

P, + 3NaOH + 3H,0—>PH, + 3NaH,PO,

Phosphine " Sodium ﬁ "
ypophosphite HapH
o 0" H / oNa s
(2£r0) 12NaOH (=2) ) H
Se — > 4Na,S + 2Na,S,0, + 6H,0
Sodium
thiosulphate

W:tln dry slaked lime, it gives bleaching powder.
| 2Ca(OH), + 2Cl, — Ca(OCI), + CaCl, + 2H,0

| s==Click Here To Join @StudyShelf For More Study Materials
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> ole of calcium phosphide on reaction with excess water gives
i oné 4 D of phosphfne
(ﬂ 2 Mo‘es OF phosphfhe

o (d) one wole of phosphorus pentoxide
P, + 6H,0 = 3Ca(OH), + 2PH,

(b) two woles of phosphoric acid

(C) Cﬂ; ~

e e e B e 8 e R B b

[ Pt 0

O et
e

P L

- B o
I "

G .

4 CHlorine on reactio'\ with hot and concentrated sodium i;yéifokidexgives: [12 Jan, 2019 (Shift-11)]
| a ¢ and ClO3 (b) I~ and clo-

‘ ( (d) ¢l and clo;
(i) 6NaOH + Clz = SNaCl + NaClO, + 3,0
ios' among the following, the number of halide(s) which s / are inert to hydrolysis is

3 cloz and ClO5

. [25 Feb, 2021 (Shift-1)]
(a) BF (b) S'C{4 (C) PClS (d) SF" )

ol [3] Due to presence of steric crowding, SF, does not undergo hydrolysis.

-—— e Em e - e e e e .

- -
-
-
-

P TR = 1 2 P ety 2

PROPERTY.

A BY. :
1 g N IR 0y

g el linking property of an element is known as catenation property.
g Single bond formation tendency « single bond strength,

0 Single bond formation tendenct * : Cctenatio v 2 oepte 1

—All_r\lj—_ < —T— FI;— —> order of bond, strength \-/\/\/\/\"—

The single N — N bond is |
weaker than the single /
P — P bond because of high

> interelectronic repulsion of the I\/\

> order of catenation property

non-bonding electrons, owing

to the swmall bond length. As a ”
result, the catenation tendency is <
weaker in nitrogen.

Bond length: a ¢ b < ¢ < d |

\
‘BONi Strength: a > b > ¢ > d |
Bond dissociation energy: a > b > ¢ > d
\Acidie strength; a < b < ¢ < d |
,(H+

MR donation tendency)

'Bojl; :
} “V\gPQW\tI b e ¢ ¢ d <. .a

| - The (,Elick Here To Join @StudyShelf For More Study Materials &
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SbH» (Stibine) (e) BiH (8;
(a) NH3 (AW\MOnfa) (b) PH, (Phosphr'ne) (¢) AsH» (Arsw\e) (d) 3 (Bisy,

Bond length: A < b < ¢ ¢4 ¢
e
Bond Strength: a > b > ¢ 7 d 2 .
e . d > e
Bond dissociation energy: a > b > € : 4 > e (lone pair donation from NH_ g easy)
Basic strength: a > b > ¢ L d < (H ion donation is €asy With e, b,H
Reduci < b < ¢
ucing power: : ; 4 <

Boiling point:

| < d
' Bond length: a < b < ¢

| - > b > ¢ ? d
| Bond strength: a )
| Bond dissociation energy: & > b > € * )

<

)Ac:’dic strength: a < b < ¢
| { : a < b < ¢ ¢ d
| Reducing power:
| d <. a

| Boiling point: :;’/// |
W dndes of group 15 elements. [30 Jan, 202?(5;{;\
| der NH,, > PHy > AsHy > SbH, > BiH,
| 2 the oraer |
the hodric es ('ecy 0 5€s in |
| :3\ -:e Stzb’:,iygo:b,hey of the hid-ue in reas?s ' thz woer NHg ¢ PH5 < AsH, < SbHs‘BtHE‘,
e reau v ¢ z! . . ) ' ' |
; C. Among the hydrides;INHz)is strong reducing agent while BiH is W\:d re:sdbu:y\g agent. |
P < <
) D. The basicity of the hydrides increases in the order NH5 < PH5 < AS BiH,

te from the option given below:
Choose the wmost appropriate from p SYoe el

? (a) B and Conly (b)/C and D only
{ Sol. (¢)

36. Choose the correct statements about the hg

i Oxidation

-----------------------

CO

Reactant Oxidised Reactant Oxidised Reactant
Product Product
Fe* HNO

HsPO, 14. R

1s5. I\

<= _Click Here To Join @StudyShelf For More Study Materials CHEM{T
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H2C204
s

2
Reduced Reactant
Product Reactant

‘ e L ipbe W K, Cro/H  Cr
2 b : n_Bif,_‘_wh bz Fos =
lc. o EelCt  jewr 2 N, (conc) O,

[ _,A_?_“OC’Z | g, m NO/N,0

| /0%~ 12. WS
5 (2 Mo A HNO, NO
o - s
0, Min2* [re E
A MnO, , 2O KMno ,—Neutral MnO,
| Base Mn.Of‘
+Ss +5 +2 +1 Zero -3
Sequential reduction: HNO; -—NO, ——» NO —— N 20 —> N, —> NH,
y Zero +4 +6 +6
H3S —> Sie=—> SO, —> S02-/50,
SRP Value and Oxielising Power
q Oxidising power: F,%Cl, > Br, > 1, F, c, Br, L

a . +ve E° value 2.87 136 1.09 0.54
Three factors are responsible for E° order

(1) Bond dissociation energy (ii) Electron gain enthalpy

(ii}) Hydration energy

[
.....
------
......
...................................

Ox'd's'“g & Reducing Agent
0
RS r 20 s Clo
019 oxidising (Weak oxidising

agent) agent)
255

Chck Here To J oin @StudyShelf For More Study Materials 9—|
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i A

Q Reactant having more oxidising power should be at reactant side and weak oxidising agent ShOurd

il at product side.

Strong oxidising agent Feasible . \veak oxidising agent

Br, as oxidising dgent

F, as oxidising agent Cl, as oxidising agent

| =
:Fz+2Cf'—>Cl2+2F' 'Cl2+2T3V‘—_’B"2+ZCl

F, + 2Br- —> Br, + 2F- iCl2 & Gl =y * 2cl-

:F2+2’———>l2+2F-

Reducing Agent

Qxidising Agent
Metals & Elements with lower or Py
oxidation state.

! g Na,Li, Al, Mg etc.

LON, 50, FE7

\ Q Elements with maximum oxidation state. a
| O Conc. H,50,, Conc. HNO,, Conc. HIO,
Q Pb*, Fe>*, Bi**, Cu**

Strong oxidising agent — I 2w ocCly. S.0.*", KMnO_/H*, H,0,/H*, MnO,, K Cr,0 /1
Moderate oxidising agrnt —» "~ HIO_, H, 50,
Weak oxidising agent —> Br,, HNO,

Weakest oxidising agent  ——> |,

Some wiétal fons (B, Pb“‘f) are strong oxidising agent and some ions (Fe>*, Cu**) are weak oxidising agert
O Mn2+ - PbO, (excess) —» KMnO,
O Mn?* +BIiO, (excess) —» KMnO,
i O Mn?* +S,02" (excess) —» KMnO,,
O Pb** + 217 —> |, + Pb*?

BIEe 2217 — 1, + Fe'?

u {

Due to oxidising nature of Pb*, Fe*3, Cu?* ions Pbl,,
2Cu*? + 217 — |, + 2Cu** Fel, and Cul, do not exist.

Flow! Chart Method. for Reactions

Great Method for Product Prediction

s idisi Zero ’ g . W g
1 Oxidising Oxidising agents having more oxidisi

ng power than Cl,, oxidise HCl ™
Agent 2 Cl, gas. g power than Cly, can

STRY @

m %@ ®fick Here To Join @StudyShelf For More Study Materials "
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KMAO,/H: "
ClL<— KiCr,0 /1 +3 ero
ncl 52 Ho ] 2 crel, l r KL
it H,0 2
K 0,/Cucl,
Cly* Deacon's Process “H""\O’ No Reaction
[Oxidising Power cl, » H,50,]
PbO, = v
. Clzé' . - Mno, +2
pbCl H,0 HCl ry= Cl, + Mncl,
/2 2Hcl 2
4 Reductitty PO T 0 PbCl,
PL0 %
[ HCl oxidatioty C[,] -H,0 Cl, + 0,
2
. CaOCl,
¢l, + cacly = ~H,0
Zero Oxidising agents having more oxidici
Hsr%’"f’ B, — into Br, (liquid). \ising power thaREl, Bn oxidise Har
Ager
KMnO_/H*
Br‘?_‘f nOs KZCrzo.,/H‘j‘ o
2
Br < 0,/¢ucl, H,S0, o
—* Br,
i HB¥ [Oxudxs;ng Power: Br, < H,50]
Br,< - e
—> Br
2
Pb,0, l a0,
Br,< D b

-1 Oxidising Zelro —> Oxidising agents having wore oxidising power than l,, can oxidise HI into L,

H Agent
agent.
. KMnO /H"
LN
_ HNO,
[

+5 +4
[HNO, - NO,]

HNO,

+3 +2
[HNO, - NO]

Pb,0,

<

(] \

K,Cr,0,/H

>

K,S,0,

\[szoz- - 25027]

Y

Y

FeCl,

[Fe> — Fe*']

CaOCl,

CuCl,

[CaOCl, - CaCl,]

Cu*t - Cu*

2 —>Hl is astrong veducing agnet, can reduce maximum number of OXIdISIr.g

I,

I,

1,

2

2
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| KMy\O,‘/H
. S + Mnt2
tl NO + s dil ﬂﬁ?- Wi |
Ml K07 sy o
I | Mn'2 | g MnO, H
|
! e——S— cl}.’ Ber 2 2
‘ Pb*2 4 S« e o
’/”_Bf——>s + O
1 25— —
| coﬂﬁ. HN 3
- S+ NO
FEP 4 Bl
| & H22 s,y

-----------
................................................

e e L elf from Mn*7 .
"0 KMnO, is a strong oxidising agent. dulring reaction it reduces itself n*7 to Mps2 ;
4

medium.
KMnO,/H*

nq d!

v N K — [, + Mn?*
Pt + QN T
H,505 r(Green) o povs 4 M2+
Mn2t &+ H,SO0, <
S02- Oxalic acid > CO 1 £ Mn2
MV\2+ + 5042—47 H C 0
NO,” HZS — 2+
M2 + NOj «—— 5 Mu
H0, 2+
“H.0 > 0, + Mn

K Cr,0, with Ac:d as Oxidising Agent '

. . 3
O K,Cr,0, with acid is a strong oxidising agent, during reaction it reduces itself from Cre to(r

Fe2+ H,S

Fe3+< > S
& HI ( \ Sn2*
[, K,Cr,0,/H* . > St
B~ Nacl . cro,cl
H,50, Chrom ?chlonde

(red vapour)

— st
WM.J_ Click Here To Join @StudyShelf For More Study Materials »
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Hi
ll
> €O, + 50,
HBr 5 .
Br,= \ s
o Hcl
No reaction< Cu S0, + CuSO,
............. ‘,
HNO,
) 2HNO; —io AN Nascent oxygen is responsible for oxidising nature of HNO,.
i VY |
so indcl 2" ?
NO + H,S0,< 2
HNO, 0 sncl, + NO
NO + Fey(SO5)y<—— oot
H
22 > S+ NO

0 2FeSO, + H,50, + Cl, —> 2Hek+ Fey(SO,),
[Hint: Fe** + Cl, —> Fe?* + 2CI7] |
o Na,SO, + Cl, + H,0 —> 2HC| + Na,SO,
[Hint: SO2~ + Cly —=> SO2~ + 2CI7]
D SO, + 2H,0 + Cl, —=> 2HCI + H,S0,

[Hint: SO, + H,0 —> H,S0,; H,S05 + Cl, —> H,S0, + 2CI]

0 1, + 6H,0 + sCl, —> 10HCI| + 2HIO,

'~ GROUP-15 ELEMENTS
NITROGEN (;N),. PHOS_.PH'ORUS (,sP), ARSENIC (5As), ANTIMONY (5,5b), BISMUTH (;3Bi)

———————— T —————

Q' Group 15 elements commonly have oxidation states of =3, +3, and +5.

U The tendency to show a —3 oxidation state decreases as you move down the group because the atoms
get larger and more metallic. For example, bismuth, the last element in the group, rarely forms
tompounds with a —3 oxidation state.

The p- |Block mialickdlare T o min @ StudyShelf For More Study Materials <o)
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o ) . Bismuth's on|
The Stability of the +s oxidation state also decreases down the group- ! " Wc”""'\own

com ound | .
P s BiF.,. while the +3 oxidat;,
n .

Jt"fg |

$S Sfablﬂ;
AS You go down the group, the +5 oxidation state becomes le

ecomes more stable due to the "inert pair effect.
Nitrogen can also have +1, +2, and +4 oxidation Sta‘Zl
can show +1 and +4 oxidation states in some OX0ACIAS:

. with oxygen, a
¢s when it reacts S9E- A hospy,

-----------
...................................

......
------------------------------------

H.0 +cost
Q Urea + Water —> (NH),C05 = ZRfat Hint: o~ |
‘ |
2H,0 T 0 0 '
NH,CONH,—=—> 2NHT + H,O * €02 HiowlHolH |

cl H,N-+C —NH, 3 04
Q 2NHCl + Ca(OH), T3ho Ho 2NH,T + Catl, 2N .

Heat 1 + Na,SO
QO (NH,),S0, + 2NaOH :;’—zg’ 2NH5T + Nax=2t«

Fe [Catalyst] o 2NH 4
O Haber's process N, + 3H “gmocop-sar] 3

From nitrate and niirit2-

S

NH,

+3 +5
O NaNO, or NaNO- H,+Na,Zn0,

O NaNOor NaNO; H,+NaAlO, E

-[: H, gas is responsible for reduction of NO3 or NO3 to NH;.
2

Seenas’

.
-------------------
---------------

|
NH, acts as base. ’
|
10) GﬁHs + HCl —— NH,CI
@
(if) 2NH, + H,S0, —> (NH,),50,
(iif) ﬁH + H,0—>NH,OH (Aq. Ammonia means ammonium hydroxide).
3 .
Ag. NH, forms ammonium salts with acids. As a weak base, it precipitates the hydroxides or l«gdmfed

O 2NH,OH + ZnSO, —» Zn(OH),l + (NH,),SO,
white ppt

O 3NH,OH + FeCl, —— Fe(OH), (Brown ppt, Fe,0,.xH,0) + 3NH CI

prooN  cvenasw 8

oxidzs

i
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k metal ions

a lone pair of electrons opn the nitro

ce of he electro ' gen atom of the ‘a wolecule makes it a
(SNC" onates the Yon pair and formg || : ammonia m , )
1M ! 'Em%-,:f cf)unds finds applications in defcectiowhy\kagc with metal ions and the formation of suck |

of d block metal jons.

uvﬂgw, ¢0
/ -~ M—
;C‘ﬁ‘r 2 " 4-NH_v, [CM(NHS)J»Z* Deep blue

0] (o o)

, cI- — AgCI white ppt
+ 1)
(i) Ag(:) + 2NHy —> [AG(NH;), ICl Soluble in watey

e U S S

e

ﬁg-:’_,.»';;;t‘;:&fth7water to form A ;hzh Qv,ff dgc
7, Ured plue colour solution C is formed. wWhat

fy.Y
| 3 (M)‘ deep

qw\pose to form B. B when p.asséd thrOugH Cu**
is the formula of C fromthe Following?

[NEET 2020]
(b) Cu(OH),
cuC05-Cu(OH)2 (d) cuso,

s ST TP T P ——

A e /

-ne
......
....

g HNOs * Non metals o —ic acid + NO, (Brown colour)
48 HNOs + Sg == 8H,SO, + 48MC , + [ .6F ,0
10 HNO5 + [, —> 2HIO, + 1ONU, + 4H,0
20HN03 + P4 —_ 4‘H3P04 + 20N02 + 4H20

4HN03 +C _—-H_zab 4‘N02 + H2C03 — H20 + CO,_

g M+ Conc. HNO; —— =% M(NOs), # NO, (Brown)
(Metal) ~ (7O%) 4

Zn + 4HNO (cone.) ——> Zn(NO;), + 2NO, + 2H,0
Cu + 4HNO4(conc.), ——> Cu(NOy), + 2NO, + 2H,0
0 M+ dil. HNO, ——— M(NO,), + N,0/NO
(Metal) (20%) 2 :
4Zn + 10HNO (dil.) —— 4Zn(NO,), + N,O + SH,0 [Same type of reaction with Fe]

3Cu + BHNO(dil) 3Cu(NO,), + 2NO + 4H,0 [Same type of reaction with Pb, Cu, Ag, Hg]

Q Noble Metals Au, Pt : Do not dissolve in HNO

HBr
NO, + S b P i Cla e

——-{ Cone. HNOJ_"—‘HL_> [ + NO,
+3 +6

+'17-:c-5-2 >0,
NO.+ Fe (SO B

The p.. et :
" Pk EleneTie PRer To Poin @ StudyShelf For More Study Materialg =
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T -

‘on of a passive fil
Q Some Wetals do not djssol d HNO, becausé of the formation P  of Oxid,
nhot aissolve in concentrate 3 ‘
on the surface. C& v frper R FAETE A Y f:ﬁ

cor €xample — Fe, cr, co, Ni, Al, Be

.......
..................

ey Do not dissolve |, Hivg,

Aqua Regia — 3HC( + 1 HNO,
Zery

+3 -1 £
NOoCl —> NO 1 + [en

HNO e > ([zérl?
3 + SHCI _—> NOC{ + 2 ne
2H,0 (nitrosyl chloride) Nascent chlorin
+3
1. Au+ 3[Cl] — AuCly -
- (e act
AU + FiCl « ——»  Hr AuCly  CHlere
3 (a4) (Soluble)
gt v A = Pect H [PtC{b]z‘ Chloro-platinic aia
. H, ptcl, =2H:
PLCl, + 2HCl ipice0t
)l J ; physfca’ /. Chemical Properties
L steucture
e . Gas .
. =N->O0 tral oxide
ek 5 5o N=N=0 Il
Nitrous oxide .Ed—// e as
=7 N=@ o N=O o Neutral oxide
5 ! ==
Nitric oxide /T/ Blue solid/liquid . “‘
| N0 VA N0 (Solid) : NO"NO, {
| Dinitrogen . ¥ & k
trioxide () e s )
5 _WO‘_‘ Brown gas/paramagnetlc nature
iNO I
Nitrogen * 'N\
| dioxide o I B .
A Colorless/diamagnetic nature
NIOTo Il
Dinitrogen —N\
Tetraoxide 0 o) b
@ e Gas (covalent molecule)
N20s [l - -
Nitric N /\, e Solid (lonic compound)
Anhydride SRR | N,0(Solid) —» NO,"NOs™

262 - CHEMISTRY 0
. Elick Here To Join @ StudyShelf For More Study Materials —
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R T 2 I [
educing Properties of Oxoacids of Phosphorus

Il (0] o
_P__ Il g
HO I O_H /p\.\ o -
H | o—H H ). G=H
iy OH H

f,-gp{acab{e Bl

|
I |3 (Tr'b“ﬂc Ac:d) 2H* (Dibasic Acid) ~ 1H* (Monobasic Acid)

stab'“ty of COnJugate Base 5 0
rder is based on the effect |‘L I I
o= t .o < P
of cross-conjugation) HQ/. $\0® ; /Z\OO < L~ Poe
: :.l H H
; order of “C'd'c ”_‘“‘i““_ : H5PO, < H,PO, < H,PO, 1
‘;/r:!o. of P——H bond Zevo One Two
- T == ‘

Reducing property is divectly proportional to number of P=H bonds. So, H,PO, is a better reducing |

g agent than HzPO5. \

e g =
g e A e R M S o e g g g B i S s ek
W""‘

g The order of the oxidation state of the vkosnkorus atom in H,PO,, H,PO,,, H,PO, and H,P,0,

(a) HsPO.> H,PO, > H,PO, > A,P,0,
(b) HsPO,> H4P,0, > Hy PO, > HiFO,
() HsPO, > H;PO5 > H,P4O, > H,PO,
(d) H,PO5 > H,PO, >HPO4>HP0

mtrogen?
(4) HNO,, NO, NH,Cl, N, (b) HNO,, NO, N,, NHCI
" (c) HNO,, NH.Cl, NO, N, (d) NO, HNO,, NH,Cl, N,
b

Sol (b) HNO, — +5, NO - +2, N, = O, NH Cl -

R

(a) H,PO, is dibasic and reducing (b) H,PO5 is dibasic and non—reducing

~ (¢) H,PO, is tribasic and reducing
Sof (a)

f_ﬁ_

(d) H,PO5 is tribasic and non—reducing

The p- Block Elements (Group 13 to 18)

] Click HereFo Join @ Sta@y:

(JEE Adv. 2017) !

xidation state of
(T JEE 2012) |

(IIT JEE 2003) !
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O The stability of the -2 oxidation state decrea state. _
example, polonium rarely shows a —2 oxidation _p oxidation *

. has a
Q Oxygen, due to its high electronegativity, usually 8 ceates of +2, +4, and +6, b
OF,, where it has a +2 oxidation state. A Te can have oridatio
Se an

O The other elements in the group like S,

ate, except in the compoy,

xidation state, and in compoupy,

+4 and +6 are more coMmon. s typically have a +40
' s 4 .
O In compounds with oxygen, these iﬁeg:?:l\atiog state. ctable, while the +4 oxidation stat,
with fluorine, they usually have a + mes less the lower oxidation stat,

L) ion statebecomes TE T akes
Q  As you move down the group,dthe :065\224,?:;"; pair offect,” which
s due

| becomes more stable. This IS
more stable in heavier elements. ) -1, covalent.
s mainly

Aati es
O The bonding in the +4 and +& oxidation stat

O By Heating:

=)
kClo, —2=> KCl+ 2051

-1
2K+C5103 __’“_'2_02_> 2kl + 30,T

+6 +4
KOS K MNO, + MNO, + 0,1

+6 +6 kot EO 4
ZKZCVZO-,——L_’ 2K26r04 7 cr203 F 2 2

QO Decomposition of H,0,

Catalyst
2H,0,00y — > 2H,0 + 0,1

O By the thermal decomposition of the oxides of metals:

v @

1
Agzo(s) PRSPV, Ag + 502 1¥

~TTick Here To Join @StudyShelf For More Study Materials™ "~
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GROUP-1+ EL
pLUORINE (aF); CHLORINE (,.cl); BrRomiye ¢

e halogens exhibit —1 oxidation state. . ;
All the haloZ €. However, chlorine, bromine and iodis

J [ +7 oxfdai"{om states.
n-"h

J

ns

np

Halogen atom in [31] [ry

m;ou I’\d Statc

ATDB PDFZ

EMENTS

ne exhibit +1, +3, +5

it can be expla{“ed as below for halogen atoms other than fluorine:

nd
[:D:D:] :FL unpaired electron accounts

or/—1 or +L oxidation states

First cxcitcd state |T1 ™

1]
X

7]

F| l T 3 unpaired electron accounts

for +3 oxidation states

Second excited Ti T 0
state
Third excited R E
state

I j 5 unpaired electron accounts
for +5 oxidation states

2 7 unpaired electron accounts

for +7 oxidation states

0 The fluorine atom has no d orbital: v its valince sl =" and -here or: . an ot expand its octet. Being
the most electronegative, it exhibi’s ov ly -1 _;iuat.c.. state.

{ |

NTERHALOG

—— e e e o e = - o

.......................................................................
.

+1-1 H,0 -1 +1
ICl ——> HCI + HOI

+3-1 2H,0 +3 -1
CIF, =2 HClo, + 3HF

+5-1 3H,0 +5 -1
IF,——>HIO, + SHF

7-1 4H,0  +7 -1
IF;—*—>HIO, + 7HF

The p- Block Elements (Group 13 to 18)

These compounds undergo hydrolysis giving
halide ion derived from the smaller halogen and
an anion derived from larger halogen such as-

() hypohalite (when AB)
(i) halite (when AB)
(iit) halate (when AB)
(iv) perhalate (when AB.)

—

Click Here To Join @StudyShelf For More Study Materials
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Q
All the noble gases except radon occur in

Q
Most abundant element from group *

Qa
Q They are colourless, odourless and
a
a

..............................................
s

CH EMISTRY @

ATDB.uno | Studypra)
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; ~ e ELEMENTS
GROUP-18 ELEM gr),XENoN("'xe).‘.

(36

Grou .
P 18 consists of six elements: helium (He), neo" (Ne)-

radon (Ry\),
d noble gases,

they are terme

Q A ;
(I these are gases and chewmically unreactive. Because of this,

atmosphere:

g in airis g

All the noble gases are monoatomic.
tasteless.

They are sparingly soluble in water-
w melting and boiling points
evsion forces.

because the only ty

They have very lo
these elements is weak disp

Helium has the lowest boiling point (4.2
vty i d v

K) ofany) known substance.

Helium has an unusual pro; sturough most €0
as rubber, glass or plasti -2

ast reactive beeause=
es except heliwm (157) have com

Noble gases are le
¢ electronic configuration in their

() The noble gas
valenceShell:
(ii) They haveé high,ionisation entha
lneresti discovery I«e’rétif&@iy"iq'ﬁ;héblé,-ga'ses“— :
Neil Bartlett at the University of British Columbia, observed the reaction 0
prepared a red compound which is formulated as O,* PtF. - He, then realised that th
enthalpy of molecular oxygen (2175 kJmol~*) was almost identical with that of xenon
Xe and was successful in preparing

-1), He made efforts to prepare same type of compound with
by mixing PtF, and xenon.

pletely filled ns* np

[py and more positive electron gain enthalpy-

f a noble gas. First, he
¢ Ffirst fonisation
(1170 kI

wol
another red colour compound Xe* PtF,

lonisation
_lonisation _ PtF
Y2 Energy of O, 0, +e — ¢ O,'PtF

lonisation
_  PtF
X Frergy of xe” ¢ ¢ o Xe*PEF

F::rst ::om:sat{:on enthalpy of molecular oxygen : 1175 kJmol-*
First ionisation enthalpy of Xenon : 1170 kJmol™*

pe of interatomic interaction j, |

monly used. laboratory wmaterials such |

Click Here To Join @StudyShelf For More Study Materials‘
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- compounds of Ar, Ne or He are yet known

-

No
sases, only Xe and Kk ;
Ll noble 9 ’g " form very fow compounds (fluorides and oxides like KrF;, X¢F;.
i 0 F,, XeFe XeOF,, XeO,F,, XeO,, Xe0,).
b Xera?
i Rin have not been | . .
] J c'ampO“"ds oF R en isolated but only identified (e.9. RwF,) by radiotracer technique.

i

(b) Square (¢) Distorted (d) s ' dal

quare pyrawmidal (e) Pyramida

planar octahedral (Colourlesf%olatile (Explosive solid)
liquid)

Sl

g Helium: It is a non-flammable and lightweight gas, whichgis why.it’s used to fill balloons for weather
- bservations.
. It is also important in gas-cooled nuclear reactors.iliiquid helium, which has a very low boiling
point of 4.2 K, is used as a cooling agent for experimentsat extremely low temperatures.

o It helps to create and maintain powerful superconducting magnets, which are crucial for modern
NMR spectrometers and MRI machines used in medical diagnoses.

|
j

o Helium is also mixed with oxtgeon in mcder. livagecuipmon b.couse it doesw't dissolve much
in blood.

: O Neon is used in neon signs and fliovescent bulbs for advertising displays. These bulbs are also found

. n botanical gardens and greenliouses.

i 0 Argon is mostly used to create an inert atmosphere in high-temperature metalworking processes,
like arc welding, and for filling electric light bulbs. In laboratories, it is used to handle materials that

react with air.

ST

O Xenon and Krypton don’thaye many significant uses but are used in special light bulbs.

NTS

% P- Block Elements (Group 13 to 18)

ATDB PDFZ
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[ q(PO‘?)élcaFZ)’ WL".CP\ Qre | W‘ZJ
" !

FOU"Ld [4n "-'v'\"iCl“aIS th tl'f ﬂ’.‘df'tf (ﬂ,lﬁ"lvl’gv _(UCI'i as f aJ'Z\p ) (jt
Components of phosphate rocks J A
; = s- .

- Essential for life, present in bones and living cell

< Found in phosphoproteins in milk and €995 6}‘

uo"ﬂpaute (ce

Oxygen N, D ‘
------------------------- ndant element on Earth, wlakll/fé%l”oxggen by volume. gl
0 Duygon is the post o h ‘”‘d y air contains about 209 5 A
mass. In the air we breatht r )
J
--------------------- g
i Sulphur ing up only about 0.03-01%. Suphurs | 1}
‘--”"-""-": ------- h less ablﬂ Aant I'V tk‘ Eai ti ' ’/ruSt) " l ..“"'-‘
0O Sulphur is muc = | | | .
Ma?“{.‘l found. in the form of~ T/ sulphides : Galena - PbS | i el
eulphates : Gypsumn,- €as0+ 2450 Qir i Zinc blende - ZnS ) f "
u : ]
(i) Sulp Epsom salt = MgSO,7H20 Copper pyrites - CuFeS, | xer:
BaS'O,,. N i rad
ide I lcanic gases. Additiorally, |
drogen sulphide in vo / |
also be found a5 * ; 1 1 ustard, hair, and wool. |
Small antounts oi ?u(fgb;:\ iCc“:‘V‘ o ol like €qgS) proteins, garlic, onions, m ;
Sulphur lis presentin -
----------------------------------- ‘.' 5 41
L gelenium and Tellurium )
S ¥ des in sulph: € Ores.
1 d as metal selenides and telluride:
o Sclen'i.ttb:\f\- f;:\-a-l"t-e-l.l?rmm are also foun { S‘
' : ;
Polonium
0 H-Polom'uwx occurs in nature as a decay product of thorium and uranium minerals. ;
S
Th
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......

mamly in insoluble fluorides (e fluo

l

small amounts in
Also prgswf in soil, river water, pPlants, and in the bones and teeth of animals.

Yspar (CaF,), cryolite (Na,AlF,), and Fuoroapatite

.....

n sea water as chlorid ' . . . .

are fau"d es, bromides, and iodides of sodium gpotassium, magnesiuma,
m.

d calciu

s water i primarily a sodium chloride solution (2.5% by mass).
d

Cor ied-up S€a deposits contain compounds like sodium chloride and carnallite (KCI-MgCl,-6H,0).
found in certain marine life, such as seaweeds,

which can containiup to 0.5% iodine. Chile
contains up to 0.2% sodium iodate. ) B

g lo dine is
i a{fpetre

All noble gases, except radon, are present in the atmosphere.

q They make up about 1% of the volume of dry air, with argon being the most abundant.

...................................................
.....

Hehum and Neon are found in minerals of radioactive origin, such as pitchblende, monazite, and cleveite.
The main commercial source of helium is natural gas. =

Xenon and Radon are the rarest noble.gases.

Radon is obtained as a decay product of the radioactive element radium-226 (*2°Ra).

226 222 4
2gRa —> #22 Rn + L He

| 41. ldentify the incbrrect pair Ffom the following: | [29 Jan, 2024 (Shift-I1)]
(a) Fluorspar- BF, (b) Cryolite-Na AlF,
[ (¢) Fluoroapatite-3Ca,(PO,),.CaF, (d) Carnallite-KCI.MgCl,.6H,0
Sol. (a)

42. The F- jons make the enamel on teeth much harder by converting hydroxyapatite (the enamel on |

the surface of teeth) into much harder fluoroapatite having the formula.
[oa April, 2024 (Shift-1)] |

-

I

;

:

.

:

i
ll,,
B
z
i
4
5
<
3

(a) [3(Cay(PO,),).CaF,] (b) [3(Ca,(PO,),)-Ca(OH),]
(¢) [3(Cay(PO,),).CaF,] (d) [3(Cay(PO,),)-Ca(OH),]
Sol. ()
‘M‘Mm,__; - e e .y s i B == e e
;|e P Block Elements (Group 13 to 18) &‘
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T W 3 c ;‘ “; . 2 —— ,‘:‘,'
-
1
[MNEE ‘
43. Gi : Maoye |
CS;IVEV\ below are two statements: ] ar(éﬂ"‘: can form arsine. }
tatement I: Like nitrogen that can form amww"'“'t ,w:de i
, 0. . |
\ Statement I: Antimony cannot form antimony Pcy‘t aPI"’DPriate answer from the opti, Give, | ©
i Ln(the light of the above statements, choose the ot I (f
1 elow: /
: t
; (a) Both Statement | and Statement Il are corre? ct | ()
. re [ %
‘ (b) Both Statement | and Statement Il are meo? rrect 5; W
s InCo .
| (c) Statement I is corvect but Statement 15 -mcowect @)
‘ Iis
} (d) Statement I is incorrect but Statement [NEET 20, 50,, (6?‘/
i py I
o St ansition metals " P iﬂ
44. Identify the incorrect statement. form dr— dr bond with 1
(a) PEt, and AsPh, as ligands can > the P = F single bond 1 nitrogen, carbon and P
(b) The N — N single bond is as strong as ultiple bonds Wit nitroger O%Ygen st
. has unique ability to form P P~ o glements of its group Lot
(c) Nitrogen P dr — pr bond as other heavi | po
(d) Nitrogen cannot form ar ‘dation states is [NEET 201.: | "
. der OF oxi a ‘-5‘ !
Sol. (b) ds in its decreasing 0" NH.CL Ny . .
45. The correct order of N-CCOIW‘P"“" (b) CHNO>. NZ‘ i :IO N, _ (“:
(a) HNO;, NO, :112 l:{';\‘;; (d) HNOs» NHaC | | b
() NH.Cl, Ny, NO, HNO5 e | B
’- Qa - — 3 ! {
(a) Presence of two —OH g0guP* a;wtwo p — H bonds || sal (€
(b) Presence of one —OH group,an horus || A
(c) High electron gain enthalpy of phosp || (¢
. . hosphorus :
(:) High oxidation state of phosp ) [NEET 2016-] | ’ sol. Ef
Sol. (b) y it produces: ' 53.
7. when cépper i heatddowich conc: HNO= T %0, o), and NO; |
(a) CU(N03)2 and N20 (d) CU(N03)2 L NO al’\d N02 ’ .l (‘
; (c) Cu(NOs); and NO i i Sol. (
EET 2022|| | i >
gl bel two statements: lements ,‘m[::leases in thi | 54.V
| i are ’ ; : 6 elem .
g G The boiling points of the following hydrides of group 1

Statement-1: < H.Te i 1
order- H,0 < H,S < HySe < Hyle ' '! (
!
|
1

ides i ith il in molar mass.
Statement-II: The boiling points of these hydrides increase with increase mFm s i |
In the light of the above statements, choose the most appropriate answer rom p a

below: | Sol. ¢
(a) Statement-l is incorrect but Statement-Il is correct. ( | 55
(b) Both Statement -l and Statement-Il are corvect ; w;
(¢) Both Statement-I and Statement-Il are incorrect |
(d) Statement-l is correct but Statement-Il is incorrect ; S
Sol. (¢) 1 !
= CHEMISTRY @ e

- ™ S
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.h one of the following arramge ‘ - :
eI ‘;’;:-h'es indicated against t? gements the given sequence is not strictly at:t:ordn}q to the
| H,0 < H,S < HySe < H,Te

() lncreasfng pK, values
: ®) NH ¢ PHy < AsH, < SbH, Inereasing acidic character
.E (©) €0, <510, < Sna, < Pbo; - Increasing oxidizing power
@ HF< HEI & HBP < Hi Increasing acidic strength
90' (‘1) » .
s which of the following is the most basic oxide? FNEET 200
50- i
(@ ALOs ) sb0, (©) BP0, (IS0,
sol- (©)
<1, Given below are two statements: [NEET 2024]

statement [: The boiling point of hydrides of Group 16 elements follow the order
H,0 > H,Te > H,Se > H,S.

statement [I: On the basis of molecular mass, H,0 is expected to have lower boiling point than the
other w\ey?\ber‘s of the group but due to the presence of extensive H-bonding in H,O, it has higher
boiling point.

in the light of the above statements, choose the correct answer from the options given below:

(a) Statement | is true but Statement [l is false.

(b) Statement | is false but Statement Il j<#vrye

(¢) Both Statement | and Stat: wnt s e tr ac .

(d) Both Statement | and Statement Il are false.

Sol. ()

52. Among Group 16 elements, which one does NOT show —2 oxidation state? [NEET 2024]
(a) Te (b) Po (¢) O (d) Se

Sol. (b)

53. Amongst the given options, which of the following molecules/ion acts as a Lewis acid?
[NEET 2023]

(a) OH~™ (b)" NH (¢) H0 (d) BF;

Sol. (d)

"54. Which is the correct thermal stability order for H,E (E = O, S, Se, Te and Po)?
[NEET 2019]

(a) H,S < H,0 < H,Se < H,Te < H,Po (b) H,O < H,S < H,Se < HyTe < H,Po
" (¢) HyPo < H,Te < H,Se < H,S < H,0 (d) H,Se < H,Te < H,Po < H,O < H,S
Sol. (¢c)
55. Which of the statements given below is incorrect? [NEET 2015 Re]
(a) O, molecule is bent (b) ONF is isoelectronic with O,N~
(¢) OF, is an oxide of fluorine (d) Cl,0, is an anhydride of perchloric acid
: SO’. (C)
- The p- Block Elements (Group 13 to 18) P

-
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g,
So. Acid: . . . der: [NEET
! ( idity of diprotic acids in aqueous solutions increases in t"‘; "; < H,Se 2014 (
4) H,Se < H,s « H,Te (by HyTe < Hz e L
se < a2 =
(¢) H,Se < H,Te < H,s (dy H,5 <Hz |
- Sol. (d) . ;
type reaction?
57. Which . me under hydrolysis t4P (NEET 203
! ¢h one of the following reactions does not €0 P~ Covig ‘
| 2F(g) + 2H20( = #HF(E) + Og) A
(@) LiN(s) + 3H,0() » NHy(s) + 3LiOH(q) (®) s-czl (1) + 2H,0() = Si0x(8) + #HCl(ag) | |/
}
(€) P,050(s) + GH,O(l) ~ 4H5PO(ad) (4 >
Sol. (b) 4 [NEET 2017-p,,
) . o _ S bond: ] ] ]
S8. In which pair of ions both the species contain 5 o 0r 5,00 4 (B 0750
4 |
(a) S,0+,5,0* (b) S,035,05 (c) 54l 72
2= follow the order: ‘
So" (C) ! 2- S 042’ a'\d 5206 Fo e raer: {
. the anions SO5~ 2 72 [NEET 2003) ‘
59. The oxidation states of sulphur in > 2y | '
2- (b) SO N 2-¢ ;062’ ; ':
(a) S,0,2~ < S0;*™ < 52062- @ 5204,2_ < S,04 3 | i
(¢) S,0.2" ¢ 52062- < SO | |
| Sol. (a) vine because: 5
7 ine is a stronger oxidising agent than chlo |5
60. Fluorine is a ng ¢ dissociation. | o
 (A) F-F bond has a low enthalpy oF & : |
’ vat mroen s PY- 1
(B) Fluoride ion (F7) has Kigh hyerat v’ | ’ ne gative than ¢ hlovire. E
. " Fluc rin ;1825 e |
Electron gain enthaly 0 ||
(©) - has a very smiallsizé: , [NEET 2022 Rg] | |
(D) Fluorine trom the options given: ]

Choose the most appropriate Anser (%) (A) and (B) only

(a) (B) and (C) only () (A) and (D) only

(©) (A) and/(C).only

‘i

|

|

. > HBr > Hl. ;

(a) The acidie stréngth of HX(X = F, Cl, Br and |) follows the order: HF > Hcl ’ | ‘
a ea b 5 and +7 oxiaation| |

i halogens exhibit +1, +3, + ||

(b) Fluorine exhibits -1 oxidation state whereas other halog i \
states also. ]

(¢) The enthalpy of dissociation of F, is smaller than that of Cl,. | | \

{

!

!

l

(d) Fluorine is stronger oxidising agent than chlorine.

- Sol. (a) . ) : s 1 gioin number
62. fa/hen Cl, gas reacts with hot and concentrated sodium hydroxide solution, the 0[’;‘;:5‘;1'?2(;12 i
of chlorine changes from: |
(a) Zero to + 1 and zero to —3 (b) Zero to +1 and zero to =5
(¢c) Zero to -1 and zero to + 5 (d) Zero to —1 and zero to + 3
Sol. (¢)

- o | | CHEMISTRY ¢
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o Whi 0:';? hot give tﬁe correct piéture o? the -tr;ndﬁ indicated
Cs ) NEET 2008]
ib ugtl' = o Clz > Br, > I, : EfeCtV‘OV\egat{V,‘ty [ l

a) "? . s gn
Eb; x Cly> Br, > I, : Oxidizing powey

> C‘Z > Brz > ‘2 . E{CCtVOV\ gal'y\ C“thalpy

cl, > Bry> I, : Bond dissociation energy

[NEET 202 5]

sp3d; linear
T XeF, . | sp3; pyramidal
/./’f N
¢, | XeOF, . | sp>d>; distorted octahedral
E XeF, IV. | sp3>d?; square pyramidal

Choose the correct answer from the options given below:

(@) A-ll, B=1, C-IV, D-lll (b) A=, B-1, C-lll, D-IV

(©) A-IV, B-Il, C-lil, D-I (d) "A-IVyB-Il, C-1, D~

sol. (@) ) _ —_—
| o5 Match List-1 with List-Il : [NEET 2024 Re]

A
[\

List-1 (Atow't/Mo('ecdvle)‘ ‘

Nitrogen atom Paramagnetic

B. | Fluorine molecule Il. | Most reactive element in group 1.8

i1l | Element with highest ionisation

C. | Oxygen wolecule enthalpy in group 15

D. | Xenon atom IV. | Strongest oxidising agent

dentify the correct answer from the options given below:

(a) A-lll, B-I, C-IV, DIl (b) A-l, B-IV, C-lI, D-"'l
() A-ll, B-IV, C-I, D-lll (d)y A-lil, B-IV, C-l, D=
Sol. (d) ‘

(a) Noble gases have very high melting and boiling points

(b) Noble gases have weak dispersion forees in enthal
() Noble gases have large positive values of electron gain en PY

(d) Noble gases are sparingly soluble in water

Sol. (a) . L, el I =5
— e ——— |
The p- Block Elements (Group 13 o 18)
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The d- and
P Block Elements

JEE Main & NEET R C—

3 -""'"'""““‘"'"“"""""""“"""""""T nfiguration, occurrence g,
Transition Elements: General introduction, el@ct;,'f’:tw-ro;fntrinsition elements- Physi:j ;
characteristics, general trends in properties of thg i radii, colour, catalytic behavioy, :
properties, ionization enthalpy, oxidation statefi atom ounds, alloy formation, preparatio,,
magnetic properties, complex formation, intexstitial cortg

properties and uses of K,Cr,0, and KMAO ;- :

Inner Transition Elements: D..c and | anthanoid contraction.

Lanthanoids- Electronic configuration, ox:dat:o'm 5
wd oxidation states '

__________________________

-

B e = =
———

Series name || Group >

3d-series

_4d-series

sd-series B La_, 4f Series

ed-series. Sg | Bh | Hs | Mt | Ds | Rg Cnyy,

v Ac,, Sf Series

Electronic Configu ratl'é?i :

I v
. TAr] 45 3d 5d series: [Xe] 6s 5d : for La
= T [Xe] 6s sd 4f**: from HF > Hg

; 6d series: [Rn] 7s &d : for Ac
LT G [Rn] 7s 6d SF* : from Rf - Cn

i, Click Here To Join @ StudyShelf For More Study Materials =
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=
iy Kyu(cu) AGQC(AQ) Aau(Au) Pitaui
qirR9) 97 ayi(Pt) Croge(c 10! t(Pu)
Pﬂl’\i‘:I:) padegi(PA) 9e(Cr), Nabab(Nb) Mout(Mo) Rukawat(Fu)
ra — —_—
R | CEI’ET&H]_P‘?J cr| nb] mo| ru | (Pd
ns*
T \4 Cr M T =
! A Fe |
[ 5¢ 2 i o s 1 245 Co Ni | @& Cu Zn
P 4s 2 4sNb 4$M3d 45" 3d% | 45 3d° | 45 347 | 45> 3’ | W3 | 45" 34
|| st 4d” 55" 4d” |55 44 | 55 4d | 56" 4d” | 55" 4d” | 56+ 4d° | 5° 44?0 | St 48 | 5P 44
| [ La il L Szw o) 5 e W os Ir Pt As | Hg
| 2 5d*| 65" 547 | 6s Sd™| 65" 5d | 65° Sd” | 65* 5d° | 65 547 | 65t 5d| B sd™° | 65> 54
i 4f** 4f* 4f* 4% 4+ 44 4+ 474 4F*
Rf Db 5 Sg Bh Hs Mt Ds Rg ‘ Cn
A |78 ed? | 787 6d7 | 787 6d™ | 76 6d® | 78 ed® | 6% 6d” | \7s? od® | 75* 6d™ | 75* od*° |
el | spt | sPt i st sf+ st s+ SPAS ISP |
Fo st |
|

W‘W rect option having all the elements.with d*° electronic con?iguratr’on from the
g following: [27 Jan, 2024 (Shift-IN]

(@) 270, 22N, *°Fe, **Cr (0) WCuPCzp, FPed 7 Ag
o & 24 29 [ TR Z 5 .9,
(¢) *epd, **Ni, *°Fe, ~"Cr Ay 7INi o, FPR, T u

sol. (b)
(cd] = [Kr]ss*4d?®, [Cu] = [Ar]4s™2d™, [Ag] = [Kr]5s*4d*®, [Zn] = [Ar]4s”3d™®
2 Mateh List-1 with List=Il.

ectiro 0 butio {
neele

(A) ce? (n 3:8 _ |
(B) Min® (i) 3d 4: L
() NI (i 3;1 . |
(D) \ (%) 3d” 4s

. . . , 2024 (Shift-I
Choose the corvect answer from the options given below: [30 Jan ( 1|

(a) (A)-1, (B)-Il, (C)-Ill, (P)-IV () (AL, (B)=IV, (€)=1, (P)-1

(¢) (A)-IV, (B)-IlI, (C)-1, (D)~ (d) (A)-IL, (B)-L (C)-IV, (D)=l
0l. (b) ,.Cr — [Ar] 3d°4s*; € > [Ar]zd*

26Mn = [Ar] 3d°4s%; Mn" — [Ar]3d° 45*

2Ni > [Ar] 3d%4s% Ni** — [Ar]3d° |
L 23Y > [Ar] 3d%45%; V" = [Ar]3d>4s”

e

e d- and f- Block Elements
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s Ao’ INEET 2
| Which one of the following ions hns electronic Cm\flg“muon A (d) Fe”
‘ (a) co> (by Ni® (¢) Mn”
ok (@ one where all metal ions have 342 elacy,,
4. Among the following series of transition metal ions: i , .
configuration js: [MEE
Atomic . _ D\ = 2 = 24; Mn = 25 . + Mn
numbers of Ti = 22; V = 23; Cr A VR e
(&) Ti*, VW, oy, O e, Ve, 6P M
] J
(C) T‘-2+) v3+l Cr‘”, MnS* (d)

ptially filled U-ovbitals are called transitio, Wetq),
n pa ia i1

The elements whose atoms or simple ions contal i e Svitald
1. Scisa trans:t:on metal because Sc¢ has partially

ave filled d-orbitals.

LA F{LANE B2 2+ both h
e Zn
Zn is mot a trans:t:on metal because Zn and

) O : e filled ‘d*° configuratipy:
id d"as‘.tr‘ams:tiov\ elorents becoase they hav guration
idere

O Zn, Cd, Hg are not cons e

in atomic (M) and ionic (M2 form. 1 d-block elements are transition s,

D A” t t e’emey\ts are d block 6(ememts but P\Ot é i et
ransition e ol

D GCHEI a ‘ t'a t n mwm movr ;\ n ni 0. dat on tat vav ‘ab‘e OX dat on

¢ Due to'similar energies of ns and (n — 1)d orbitals both AT
can participate to show variable oxidation state. Fe .

¢ For example, Fe shows variable oxidation [Ar]4s®3d l Fe: AT

state (+2 and +3). Fe'> is more stable then Fe™*

due to half filled electronic configuration.
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WS ONLY one oxidation state +3 and +2

sho . .
n a State in 3d series : Mn (+7)

espectively.

Mt qatio . [Mn,0.]
,;:(d oxid n pxidation State in 3d series : +2 o
] |:‘ i 0 Y
L L'”'“m state in d block - Ru and O - +8

W pridatio”

[RuO,, 0s0,]
f 7k[<f ¢ .\OVVH (S

. a o +3 . R 5 .
¢ exist as only Sc™ jon becayse of stable inert gas configuration in S¢  for):

™ sl‘ k 31

¢ s 3 % figurati

G 4t mert gas configuration

- r 2+ S+ N .

:‘ A t gtable than Ti Ol’le because Ti** has inert gas configuration. |
¥ mif d* T [Ar] 4s° 3d? T : [Ar] 4s5° 3d*

/‘.[,\r] 40 34° Inert gas configuration

i jpe] only one oxidation state +2 because Zn** has [Ar]3d*® configuration Whichiis stable.
T WS
'.;nd r] 4-51 3 . 3
ot [AA , 54 completely filled orbitals

2 [AY.

maximum oxidation state is the sum of no. of eleétrois in ‘shand ‘d’ subshell-

paximsr™ ox{dationt St::; 45* 3d> | 42 34> | 4 zd® W4 3d° | 45" 3d°
[sum of s and d electro \_>|I : | = 2 . | -

‘on state in 3d series is +7 shows by Mi beeause it has 7 electrons in s and ‘d’ subshell.

. state of transition elements differ from each other by unity (v, VLV, VoY) but in non-
e [ements oxidation state diffir by a un € ot t o P2 P o 3
nert pair effect lowor oxidacior. zZate 12 vio st bl toar. higher oxidation sta

o element (T Pb, Bi). But in diblock opposite is true.

o heavi 2 4

o 1> TP, P pb*, Bi*"> BI°

PHOCk 6 +3 & W+3

Fre<er, W >>

&) are wore stable than Cr (+6).

pransition € .
y block, due to !

dblock - €
J Mo(+6) and W(+

+6) "
subilty  Cr (+6) < Mo (0 4 € 2 O K, Cri, /H —=Cr
1 Among M0O5, WO5 and K,Cr0, /H only KZCZZO-, 2!
i 3) ik S Y b
with H'is an oxidizing agent. because Cr(+6) reduce o ey Mo

itself to Cr(+3)- '
1 Low or zero oxidation states o

when a complex compound ha
ligands (such as CO).

or Example: In Ni(CO), and Fe(CO)s: -

R (IIT JEE 1994) e ivity, has copper in an oxidation state

t
| 5. The compound YBa,Cu0 which shows the su.perc?miluc e e
. aSSUMING that the rare earth element Yttrium in its us

Sol. YBa,Cu_O .,
ittt fB3xX-2x7 =
Let oxidation state of copper be x = >+ 2’; 2

= +— :
= x 3 - P SRS . S —

K”‘Hv’*"“""—v—"—'- S x-v g P ‘
The 4. é

and f- Block Elements

. Click Here To Join @Sﬁdyﬁm

f metal (Ni, Fe) are found 0 S:/% W
< & donor and  acceptor Spter

oxidation states of Ni and Fe is zero.

S —— -

)
}
!
)
!
!
1
{
!
)
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Matc), o -
.‘1 the P"'OPert('es g’-ven i Coluwnt With the metalS given in Colurmn-[|,

1 .
\

| ?.) AN element which can show +8 oxidation state on state g:)) o
f ‘.',) 3d block element that can show upto + 7 oxidation 2 (¢) = \\
x (i) | =d block element with highest W‘W (4) \?\\“
| |
| Sol. (0 == (C), ('-‘.) = (a), (l'l.l‘) - (b)
.7 \EW;I'CP\ of the following will not act as oxidising ?g)e"tf/z (d) ¢cro 2"
a) Cro < ? . i
. ’ > | (b) MoO, o stable, they will not act as oxidising agent
‘ ol. Higher oxidation states of Mo and W are wmov

: ‘Aation states is:
8. The element that usually does NOT show variable oXi (2019/12th 4,

'L/Skif-'t\ e

(dy v
c 4
o @ ;C)t' g state
1 fon .
Sol. (¢) Scandium (Sc) typically shows only a +3 oxiaa -

| resence of unpaired e|
o Generally transition elements form colourej 'salstoﬁses::t:;‘“ P P ectrons. iy,
: of the following compounds will be coloured in . i

(a) Ag,SO, (b) CuF, (c) Znkz 2C1,

trom. - coloured cow;pound]
(ByCuF, - Cu”" d 3
) Cu,Cl, = cut : d

Sol. (b) CuF, - Cu® : d’ [Unpaired elec
’ (a) Ag,SO, — Ag" : d*°
(€) ZnF, - Zn** : d*’
10. The set of correct siaterien s i ' LA LA
(a) Manganese exhibits + 7 oxidation state 'm l'S o' tl.,\e,-r e
(b) Ruthenium and-Osmium exhibit +8 oxidation in

(c) Sc shows +4 oxidation state which (s oxidising in nature.
(d) Cr shows oxidising nature in +6 oxidation state.

| Sol. (a), (b) and (d) 7 y bl |

—

(2023/29 Jar/spiz,

b i s M S

| "11. Which one of the e{emey;ts with thé Fol(éw:'ng buter orbital configurations may exhibit the larges:

NEET 2004]
: number of oxidation states? y s 5 sdas [NEET 1
i (a) 3d°45* (b) 3d°4s* (c) 3d*4s (d)
| Sol. (b) 5 |
3 12. Which of the following shows maximum number of oxidation states? [NEET 2002]
(@ cr (b) Fe () Mn ) V |

d-block elements contains metals so they are
1. Malleable : Able to be pressed into shape without breaking or cracking.
2. Sonovous : Able to resonate sound.
3. Ductile : Able to be deformed without losing toughness.
4. Lustrous : Majority lose lustre on exposure to air (moist).

P=="N cremesTe O

_ad

~ Click Here To Join @StudyShelf For More Study Materials

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

=" at
{uv\e'
0 (4

y ’.\{11’.( ~“ Py n (“.) Brohle —d CU X 5‘/\.
]

ell mctal; CuN+' Zn + Sn (iv) Stainless steel — € + Fe + Cr + Ni
» an glver = Cu+ &1
-

AL
(,ll) s are copper-coated steel.

W‘Jf' . ) ¢oll .
" 0P UK coins are a Cu/Ni alloy.

e o -
i sv_d,/;“"j‘;'w\ponents in “Gun Metal” are: (24 Felfy 2021 (Shift-0]

" and Fe (b) Al, Cu, Mg and Mn (¢) Cu, Snand Zn (d) Cu;Zn'and Ni
e nents of gun metal = Cu, S and Zn

)

ontraction - atowmic or ionic size contraction in' lanthanoid series.

in atomic or ionic radii from Ce to Lu due to imperfect shielding of 4f e” from nuclear
¢ lanthanoid contraction.

-
-

‘ decrease N
: gargt knowt?

7 Lanthanoid contraction is similar to_that observed in
o ordinary transition series and is attributed to the
ame cause, the imperfect shielding of one electron by
wother in the same sub-shell.

1 The shielding of one 4 f electron by another is less than
one d electron by another with the increase in nuclear
tharge along the series. There is fairly regular decrease

in the sizes with increasing atomic number.

]
Q
T

lonic radii/pm —>

1 Lanthanoid contraction is applicable on both Ln and

Ln* size orders. r Remember, Atomic size : Eu > Ce_J

o
O
T

—

Ce - Lu

1 1 1 1 1 L 1 L
> size decreases 57 54 61 63 65 67 63 71
Atomic number —>

C63+ - Lu3+

Trends in ionic radii of lanthanoids |

P4 ang £ Black Elem —

nts

> Click Here To Join @ §LudyShelf For.More Studz M gteri& -J n
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| 14. The offs | 1 series 0

: 14 The effect of lanthanoid contraction in the lanthanoid 5

| (4) Increase in both atomic and ionic radii o
Ll if

(b) Decrease in atomic radii and increase in ioni¢ 4

(¢) Decrease in both atomic and ionic radii

A

: OO o radl'l'
| (d) Increase in atomic radii and decrease in 109 -
- Sol. () B et PO
A oot _Block Elements
""""""""""""""""""" : e of d-B
. Effect of Lanthanide Contmc?_'_”__'_‘__f’f...s.'f ----------------
"""""""""""""""""""""""""""""""""""" Co NI
: V4 cr Mn & A A
> BN T S, :
= A A Ru Rh P
: Nb Mo 1¢ 2 n
M——» Y 0= " 2 2
39 2 2 > Os Ir Pt
A w
Bl . La |(ssCe— ) Hf T ;
57 58 e conti’a‘:t‘o"‘

T > Free from effect of Lanth

A series are
contraction, radii of the mémbers of 5

O Due to lanthanoid
of corresponding members of th

ement of 4d series (Zr) an

O Due to similar size of el N Y

f elements by the large rasap,
[10 Jan, 20149 (54, o
~a)

found to be very similar to th,

¢ 44 A0 4 sd series (HF) they have similar chevnical arg

levnents IS tough-

physical properties, that's w1y ¢ va‘v zd Ry
o and HF is difricult. et
- : Separation of Zr. and HF is Puwilylines
> gssaimo;ecsaefse Zr and_ HF lie inithe same group of the t,z;\e e
eason: o
(a) Both assertioh and reasom are true and reason'lsth Feaff
(b) Both assertion and reason are true but reason 15 theé
(c) Assertion s not true but the reason IS trug.

| (d) Both assertion and reason are false.

ct explanation of the assertion
xplanation of the assertion.

|
‘r

.
"

|

i
!

l

(b) Zr and Hf have nearly the same s(;e.

| Sol.

R

r étomic and ionic radii because of:
(b) Lanthanoid contraction

(d) Belonging to same group

Lo, Zr (Z = 40) and HF (Z = 72) have simila
‘, (a) Diagonal relationship
{ (¢) Having similar chewical properties

[NEET 2021]|

ve nearly samé

| Sol. (b) . ' ]
| 17, Because of lanthanoid contraction, which of the following patrs of elements ha g 203
atomic radii? (Numbers in the parenthesis are atomic numbers)
(a) Zr (40) and Nb (41) (b) Zr (40) and Hf (72)
(c) Zr (40) and Ta (73) (d) Ti(22) and Zr (40)
Sol. (b) -
18. Which of the following pairs has the same size? [NEET 2010 %
| (a) Zn*, HFY (b) Fe**, N** (c) zr'*t, Ti* (d) zr**, HF" '
' Sol. (d) )

% Click Here To Join @StudyShelf For More Study Matérial
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phore™" 5d series g
‘ 4d seri £ ‘

ﬂ"‘h Serl.eS 3
eT‘{"t I[W\u‘t 3d series _S | i
L“,al r Jharge [Nuclear charge? : sizel] S| l

| Jut . ;‘
. lectronic repulsion (IER) [IERT : size?] | |
e’ ‘ ; |
{ 1 1 L ! 1 L 12 ' i
— St Ti V Cr Mn Fe Co Ni Cu Zn E |
—— Y Zr Nb Mo Tc Ru Rk Pd Ag Cd ,‘ i
----- La Hf Ta W Re O5 Ir Pt A4 Hg i f
S¢' = TH=2V4=>ICn, Mn - Fe - Co » Ni Cu —» Zn g
Decreases Nearly constant | Slightly increases l
Nuclear charge T [ER‘dominates over

dominates over |[ER Ll s l nuclear charge ‘
|

sc | i | V | CoMMA] Fe | Co | Ni | Cu | Zn|

_ | ;
243 | 41 | o7 L R | D2 P7o | crjsa |8a |72
[ increase in

7 The decreas
density, as we go left (Sc) to right (Cu).

¢ in Metallic radius coupled withyincrease in atomic mass results in a genera

Density =

Mass
Volume

0 Metallic radius of Zn is wrore than radius of Cu = [(Volume),,

So, density : Cu > Zn
0 Highest Density in d block-

Oswuum (0s) = 22.51 g/cm Iridium (Ir) = 22.61 g/cm

> (Volume),,J-

(4) Zn< Cr < Fe < Co < Cu
() Cr<Fe< Co< Cu<zn

ol (a)
20.The atopmie radius of Ag is closest to:
(@) Ay b) Ni

Sl (g (b)

21
e Pair that has similar atomic radii is:
Y Mn and Re (b) Ti and HFf

10y What is the correct order of the following clements wi

Atomic radius of Ag and Au is nearly same.

So
*\l"dybdemm (Mo) and Tuy\gsten (W) have stw\:!ar a

ith respect to their den.sctg?

(b) Zv\<Cu<C0<F6<Cr
(d) Cr<Zn<Co<Cu<Fc

|

[24 Feb, 2021 (Shift-11)] |

(2020/07 Jan/Shift-1)

(c) Cu (d) Hg

(201a/12™ April/Shift- 2)

tow\w radu due to the lanthamdc contract:on =

0701n @StudyShelf For More Study Maten&._
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TONISATION ENERGY

¢ due to ncreast in atomic number.

Q Gene
3 e vally fonisation energy increases from left to right
D Z Z;lowest ahd ZV\ l/\as h‘ghest value For ﬁy-st entha’py DF lOV\lsat'on ﬁ.gurat"on
i and Hg have ve ! v full filled electromc con .
Q ry high LE, due to their fully + b gl 5 sl g »

2 lonisation Energy : Cr > Mn [Rew\ovaf of electron From Cr b 0 n']
electronic COnﬁgumtmn) with resp
5 2, [Ar] 3d
Cr: [Ar]4s’ 3d° 5 ot M"J3d ,;’.&’;ECV My[vz:.{;/\rbd’
1 d ; :
: [Ar]4sT2 et

Mn : [Ar]4523d5 _I& , Mn':

a
For an element : [E; < IE, < IE5 s for the formation of My 4,

fon enthalpy bre

. d ! -
O The trend in steady increase in 2° 4 qnd 3™ ionisat
3 .
Fe™ respectively.
FeZ+ —__?ilE’oLF_C__) FC*J
Explanation: Mn* __ MM, Mn® Ar)sd* e«
[Ar]4s'3d° (B ]
due to higher exchange energy
“J"

ively aore stable

Mn?* and Fe'> have d° configuration which i velat

Q 3™ lonisation Energy : Mn? Fe

A Fe?* — Fe®" P
Mn®* ——Hm?’!d‘ [Ar13d® [Ar)3
[Ar)3d° r
2+ toigh ‘d#0 ha'f filled 47 stable configuration) with respect to Fe*.
Ol s onighs Jal of electron from ions Cr™ and Cu

Removal of electron frow Mn

cation enthalpy for Cr an

sl se 7€ m(

O Second font e
ions (4% and d*° configuration respectively) is relatively toug
g WO Cut —— G
[ACr;;d’ [Err];d‘ [Ar13d° (Ar]3d”
O 2" jonisation energy ofzn is low but 3 jonisation energy is high with respect to Cu.
- 2+ n+ Tl Zn2+ -——_)Zn
5 X [E:JIME [Ar]4s'3d® [Ar)3d™ [Ard

[Ar13d° [Ar]3d
(ly filled) subshell is tough with respect to zd°. So, [E : Zn
licated by the 4s orbital Factor because 4
ter difficulty of removing an electron from

2+ Cul-

Removal of e~ from 3d*° (fu
O The trend in the third lomsatron enthalpies is not comp
orbital is empty before 3" d jopisation and shows the grea
the d°(Mn*") and d*° (Zn**) ions.
a In general, the third ionisation enthalpies are
enthalpies of copper, nickel and zinc indicate W

two for these element.

v Also the high values for third ionisation

"quite high.
state greater than

hy it is difficult to obtain oxidation

i —
(2020/08™ Jan/Shift-3)]

22.The third ionization enthalpy is minimum for:

’ (a) Co (b) Fe (¢) Ni (d) Mn ‘.
Sol, (b) Fe*" —> Fe** |
5d° s Bd® [haIF Fll{ed]

|_& Chck Here To Join @StudyShelf For More Study MaterlalsCHE""R’'Ry 0
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ﬁ‘(c-z) 1iy V> Cr> Mn b and 1 25
:'C)V>Mn>Cr>Ti ) Cr>Mns vy T |
( (d) MascrsTisy

) : —
| 4r i
| |

! f
. “..Re
rrasition. elements have high melting and. boifing T |
3 /
: - 0s
- point because of stronger interatomic metallic T 6. g I
/ ,I S _ \ Ar
: : HE. [/
ponding- v ( L
: )’)Q Zr// v Cr RA“ i
o . . % N . " Pt
‘D This strong bonding is due to involvement of greater N a4 fo o
A Y ” Y () '\ \
2 . Q. ‘\\ ----- P.,\:

. pumber of electrons from (n — 1)d in addition to ns by \ Ny,

= Mn w.Cu

iy . . . . . \e

lectrons in the interatomic metallic bonding. ., ;;“;Au

E? Atomic number ——>

: Trends in melting points ,
of transition elements I

. No. of unpaired electrons T : Metallic bondimg T:MP/BPT

r Yof. finp et Gy

& it electrons 1 B

IE Sc —» 4 3d* h :_l- R R VFC - 45> 3d° I :

;;7 | Ti » 45> 3d* E 2 Co — 45> 3d’ : 2 |
IERT A s S T SR
:' | Cr — 45> 3;[_;; I 6 Cu — 4s* 3d*° | 1 |
l Mn - 4s* 3d° 5 Zn — 45> 3d™° 2

i

¢ Chromium has highest M.P. among 3d-series.
hest melting point with respect t

sten W IS used in bulb filament.

; . o other group in d block.
¢ Group 6 elements have hig
e

¢ Due to high melting point, Tung

Metallic Bonding : Cr < Mo <W
Melting Point : Cr < Mo < W

izati ds
't lose electron for delocalization lea
. : they won't like to
figuration, so

¢ As Min and Zn has stable con sl
to weak metallic bonding hence [ow M.P.

' : bloc
S Zn, ¢d and Hg are more volatile than other d

: electron, ﬁ |

- and f-@ldakeleeersTo Join @StudyShelf For More Study Materials

K elements because they do not have any unpaired
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utral metal atom s known g

[ (atticev in to ne heat ¢

atomization. e — —

‘ Q The energy required to break 1 wole of meta
|
{

Q No. of unpaired electrons T : Metallic q00 —Serery]
bonding T : Heat of atomization 1. 800" W s Series 5|
\ ——Series 1j

700" 1 =

Q Metallic Bonding: 3d series < 4d series
< 5d series
Heat of atomization: 3d series < 4d

series < 5d series

O VANADIUM has highest heat of

atomization among 3d-series.

O Mn and Zn has low enthalpy of

atomization.
Mn (3d° : half filled) ar.d Zn (od* ifully Tl o
filled) has statle coniiguratio g o= A I‘;u;:oz.:‘.n enthalpies of atomisation of l

k metallic bonding hence low i transition elements |

mber —>

) Atomic nu

have wea
enthalpy of atomization.
: & : ) . . .. - th o oo |
| 24. The transition element that has lowest enthalpy of atomisation Is: (2019/09"" Jan/Shite-ll)|
(¢c) V (d) Zn

(b) Cu

V and Zn = Zn
t. Among the other transition elem

(a) Fe

Sol. (b) Among Fe, Cu,
B V\g ents—Cu, V, and Fe—copper (Cu) has

a transition elemen

has lowest enthalpy of atomisation but zinc is not considerd |
the lowest enthalpy of atomisation. 1
\

| 25. Which of the following statements are correct about Zn, Cd and Hg?
A, They exhibit high enthalpy of atomisation as the d-subshell is full.

| B. Zn and Cd do not show variable oxidation state while Hg shows +I and +Il.
C. Compounds of Zn, Cd and Hg are paramagnetic in nature.
D. Zn, Cd and Hg are called soft metals.

Choose the most appropriate from the options given below: [24 Jan, 2024 ( Shift-)]

(a) B, D only (b) B, C only (¢) A, Donly (d) C, D only

'Sol. (a) (A) Zn, Cd, Hg exhibit lowest enthalpy of atomisation in respective transition _—~

I

B (C) Compounds of Zn, Cd and Hg are diamagnetic in nature.
— A

L Cl-' K . CHEMISTRY )
Bl Click Here To Join @StudyShelf For More Study Materials _ﬂ

e
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MZO»/M

....................
...................

) M — Mo Atomisation enthalpy
a) M % - o i
(b) M()’/” M? @ + 2e lonisation enthalpy [IE, + (E,]
C] + %
(() M”@) + H,0— M? (ad) Hydration enthalpy
¢
M) (aq)
v Cr Mn Fe Co Ni Cu 2o
\ _Il 8 -0491 -1.18 -0.44 -0.28 -0.25 " +0.34 -076
|

o = high (+) value means M** has great tendency to get veduced in Metal.
] E, : high (<) value means M** has low tendency to get reduced in Metal.
1 EF

g — M2(;q) becomes very spontaneous when
(s) '

4. Atomisation enthalpy of metal M yis low.

2. Sum of 2% and 2" jonisation enthalpy cf 2% sz, |
i 24 o -

3. Hydration enthalpy of My is b.gr.

. . 2+
7 All 3d metals have -ve reduction potential except Cu. Cu has +ve reduction potential, so Cu has
great tendency to get reduced in'Cu metal.

0 Cu cannot liberate H, from acids.
[Cu + dil HCI=% H 1]

Heat of o .
atomisation 2*° fonisation 2" jonisation e f'isljfdm;o,‘v,\t%
of metal energy energy nergy
A S s e e A
Element (M) AHS M) |4 ' Spyatts (M ) 0 1.63
Ti 4649 656 1309 (min)  -1866 ,
- 118
A 515 (max) 650 (min) 1414 1845 =
Cr 3498 653 1592 19251 :
M 2749 717 1509 -1862 (Mmin) 118
n
- -0.44
Fe 418 762 1561 1448 S
£o 427 758 1644 -2079 ) -0.25
Ni 431 736 1752 2121 (max o
5 339 745 1958 (max) -2121 (max) : A
-2059 <ok
Zn 130 (min) 906 (max) 1734

Tl\e d- e &’
| rq ' Mgk Hatere To Join @ StudyShelf For More Study Materials
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T Ry g

A R

vend

m the 9“‘”"’ : T
I Less AH yeop, - More = s

Q E° valyes of M f
n and Zn are more -ve than cxpccted ro |
pp

This is du e ——
e t . . . Zy\. o~
| 0 fow enthalpy of atomisation in Mn and i« the reason for low enthalpy o

(stability of half-filed d subshell in M and configuration 2
| atom;sgt,‘o,\)

.

neral trend:

| E® value of Ni is more -ve than expected from the ge
emtha{P.‘/ -

E° for Ni is related to the highest negative hydration

E°. 2. -

P eu = +ve because- s hydra
1 + ! ed b I

The high energy to transform Cug, to CuP g 16 1OF balances 2

PR
l More AHyq : More @ E?, '
e

tion enthalpy.

Ha® Cu o)

Heat of atomisation C lE_*__’EZ_, Cu2+(g) Hydration Energy

Cugy Ug)

e — e D et

M . o
P alpy of hydration (4 4H) when|
owest ol QY [249 July, 20255 (SH.‘%-I:‘/]E

!

e U _...'A,:..——r—-r *. . e l

26. Which of the following 3d-metal ion will give th 4

| dissolved in water? A o2 () Co

| (a) ¢ (b) Mn?* (

| Sol. (b)

27. Assertion : Cu cannot liberat :

Reason: Value of E°¢,2+/¢cu is positive.
(a) Both assertion and reason are true an
(b) Both assertion and reason are teue but reason
(c) Assertion is not tr. 2 bul ine 27507 ‘e true. |

f

. ’ ' ; St . .
(d) Both assertion . «2ascv@ie fa st ! Has g eat Lendency to get reduced in Cu wetal. Cal

| a) Cu has +ve reduction potential, so CU” |
Sol. (a) |

I
rrect explanation of the assertion. |
t explanation of the assertion

¢ hydrogen from acids:

d redason's the co
is the not correc

cannot liberate H, from aeids. s
s - T S T ) ‘_wwﬂﬂyﬂm‘mﬂwﬁﬁwi—ﬁm-:
) (JEE Adv. 2012) ¢

n—— on of CuSO,, is
liaht absorbed by an aqueous solution © &
28. The colour of lig (b) Blue- green

(a) Orange -red
(d) violet

(c) yellow | ;
" Sol. (a) Aqueous solution of copper sulphate absorbs orange-red light and appears blue (complementary |

colour).

t

24. Which of the following pair is expected to exhibit same colour in solution? (JEE Adv. 2005)

(a) VOCl, ; FeCl, (b) cucl, ; vocl, |
(c) MnCl, ; FeCl, (d) FeCl, ; CuCl, ]

Sol. (b) Since both Cu** in CuCl, and v* in VOCI, have one unpaired electron in their d-orbitals,

their colours ave likely to be similar .

30. The pair of compounds having metals in their highest oxidation state is (JEE Adv. 2004) |
(a) MnO, , FeCl, (b) [MnO.J™ , CrO,Cl, |
(c) [Fe(CN) I, [Co(CN)5] (d) [NiCl,]*", [CoCl,]

Sol. (b) [MnO,]™ contains Mn in the +7 oxidation state, and CrO,Cl, contains Cr in the +6 oxidation
state, both representing the highest oxidation states of manganese and chromium.

- " " i oy | )
E T O

S=€lick Here To Join @StudyShelf For More Study Material§SFe™>" 1
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- - 9
gy

W= gy

» he Follow:hg, ldent;f‘ ; —
wn (b crcny > PECIEs With an atom in +¢ oxidation state (JEE Adv. 2000)

b, !’

‘, ;5 3 MnO 4 L

" t e wium tn CrO,Cl & m () Cro,Ch

& ( Chrot 2 1S in the 14 oxidati o g f

| g0k 7 promium in W‘OSt compounds. 100 state, which is the highest oxidation staté for
P e S g

)

el e e,

__________________________ K
..............
. -

S S

e

................................
__________________

Mn Fe Co

;|¥_-\-| (157 o077 197,
-ve

& 1 +ve
(1) T+ H s T2y Ly 4

(1) Mn** + H" — Mw”’+%H 0
. L1
@ VIR H VR SH (@) Fe g Hm B Lt

(3) €+ H — ¢+ 2yt

/ s 2+ + + . S 7 . : “‘, : g 7 "\
[ L‘ Ag. solution of T**, V', Cr** ions are Strong reducing agents, can evolve H, from dil. acid- )

S SRR ..

e

ME — e An® 27 e LA

L 0 High Value for Mn and Zn:
.. [Ar]3d [ 3d* [AF]34™ .

o The highest value for Zn is due to the removal of an electron from the stable d*° configuration of
Zn*" is tough.
}' o The comparatively high valueé for Mn shows that Mn** (d®) is particularly stable.

S \— Rt >
[Ar]zd* [Ar]3d°

[.. 0 Low Value for Sc:

The low value for Scireflects the stability of Sc>* which has a noble gas configuration.

- O Comparatively Low value (less +ve value) Fe>*[3d°] — Fe* [3d°] + & Mn Fe Co
for Fe, with respect to Co and Mn half filled d subshell is L:L.S"/ el 1'Q7|
stable in [Fe(H,0).I°" rve

- O Comparatively Low value (less -ve value) V> [3d”] —& > V2 [34%] o Voo

|-0.37 -0.26 -0.41,
for v, with respect to Ti and Cr L I_m
T 7% half filled ¢,
L - o § is stable in
Sy, [V(H,0).J*".
TR
:The d- and f- Block Elements %
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ent cannot [iberate H, from ‘.ﬁ’“te mingrs
B.M. (Nearest integer)
[25 July, 2022 (Shift_r

|

| 32, 3= B . — - ’

| Ah_"o"g Co**, Ti**, V** and Cr** fons, one if used as a reag .
acid solution, its spin-only magnetic moment in gaseous state is ——

5 : S0k [s] Among the given, Co> can't liberate H,.
| | Co™ : [Ar] 3d® 4¢° 4p°
Number of unpaired electrons = 4

| t’ a7
K= V4Ex6 =489 BM. = 5BM. ; 2+ ,
‘ gaseous state) from the pairs Cr* / P,

3+ jon (in ial. i

- 33. The spin-only magnetic moment value of M>" ion . ndard electrode potential, i
ve sta

that has negati [25 July, 2022 ZfT

! Mn>* / Mn?*, Fe> / Fe** and Co> / Co™*
| B.M [Nearest integer]

. : ative
| Sol. [4] In given electrodes, only E?P* Jor2t is neg

o
J ) . ¢ is [AV‘]3d3 45° 4p
! Electronic configuration of Cr in +3 0.5

Number of unpaired electrons = 3

W}l R S " veaction with dilute acids?
1 as on |
34, Which of the following ions does not liverate hydrogen g s
| i
+ d) Mn”* !
2 b V* (c) cr” (d) |
- tion with dilute acids. “
Sol. (d) Mn** does not liberc b hyd 709 1t 415 o redction |
p— W | % Wf&‘&"u“’wﬁw"rhﬁﬂ_ﬂ‘ o g . :
- > . e . S e . g l
2 l cr? or Fe** and why? '

. - My t ]

=5, Which is a stronger reducing agen % i rromm )
y - vent than FE* in aqueous solution because [F,'V(HZO)J with i ‘_

Sol. Cr*" s stronger wericng 5+ with d® configuration because in water [Cr(H,0) ] |

configuipf a1 § A mtcol l.tcc‘ar(['!C"{vz-(O}j{’]0)6_'{2+ (d*) due to more CFSE in d> configuration
2

e e

; (d) is imore stable as compare

; OV A [Cr(H,0 |l [Fe(H20) 0

[CriH 00— [CrH 0T —

{ rer e + te, - g

,; g 9 LB dé = d’ E - ¢
| = e - -"'-. . ""}‘ B
a LR 'H"23 w3 4,4.1;23 E 4--1-t29 24 )
? _ o4 A ||CFSE= -4 x048,+ CFSE = -3 x 04 &%)
[} |CFSE= -2~ 00"210 CFSE = -3 x 04 8o 2 x 0.6A, 2 x06 8,
{ +1 x0O. 0 L
) = -1.2A = |
r = 064 0 = Dty -° 7
¥ — : 0 nu

S " -

5 e e e S R o o e e M e e
P g

= Note =5

| Fe?* (d°) does not convert into Fe>*(d°) because d° has zero CFSE.

-

gﬁé Click Here To Join @StudyShelf For More Study MaterialsHEMIST
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i; i S N S S ey
" _""u/“ b o -

:
- ey
L o~

ic cr' reducing agent and MBI e g e UV
i Ox:d,s.ng agent when both have

¥ b why'
: ’;*(d”’) — Cr3(d™)
is half filled so, more stable

-

L Mn? (@) = MR (d?) s pnop possible b
Mn2* to Mn>* is not easy due to stab;

So Mn** is not a reducing agent but M3

ecause ionisation of

4 rec " is an oxidizing agent.
Mt (dH)— Mn?*(d*) (stable configuration)

Why is the E° value for the Mn>*/Mn2*
Fey/Fe” ? Explain.

5+(d )‘__’>MV‘2+(d$)E° = more +ve

! ol Mn (half filled)

3™ lonisation energy of Mn** is more than Fe'? and cp*?

B e SN N ey —-— —

hty of d° configuration. |<d»H' $4--< .

d* configuration

111
+| ltZg

couple much more positive than that for Cr**/Cr** or

o oy 07~ ¥ e . e

e o e g

55, Which of the following statements is not correct?
(a) Copper liberates hydrogen from acids

© Mn>* and Co®" are oxidising agents in aqueous solution
(d) TP and Cr** are reducing ajents i a luec «s S0l stion
sol. (a) Copper does not liberate hyc'rogin gasi~iaei,.

(b) In its higher oxidation states, manganese forms stable compounds with oxygen and fluorine

. How would you account for the following:

' sol. [Co(H,0) _+3L_, [Co(en),T™ + GH,0 + €

tion
R U widation ) . =— = B,
Co* =3d" = 1 A, > Co>" = 3d® == IA "
QRS +ty L,
CFSE = -04 A, x 5+ 2 x 0.6 A, CFSE = -O04 A, x ©
= -0.8A, = 2.4 A,
. e e e ot~

. e

Cobalt(Il) is stable in aqueous solution but in the preser\ce oF complexmg reagents it is easily oxzdzzed.

4

high CFSE favours tkc
formation of Co™>

e B e e

S

40, The o value for the Mn>*/Mn>* couple is more positive than that of
~ change of

(@) d* to d° configuration
(€) d° to d* configuration

°' (a)

BE————
R TP

-
The d- and - Bjock Elements

Cr2t/Cr* or Fe>'/Fe*" due to
[NEET 2024]

(b) d> to d° configuration
(d) d® to d* configuration

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

ATDB PDFZ

Click Here To Join @S Shelf Fo ]



https://t.me/StudyShelf

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

Ersem ? colution? [NEET 20,
4. Which one of the following ions is the most stable in aq:faous 0 o
(8 "V (by T (c) Mn
(Atomic Number Ti = 22, V = 23, Cr = 24, Mn = 25)
. Sol. (d)
| e D )
| ] 1
\
\

_______ ’ ¢s of metals. T hen these compgy,,,.

| - pystal lattic
| When small atoms (H, C, N, B) are trapped inside the crY

are known as interstitial compounds.
J—

i

p———= [ {

ompound) j

iH, 7 ( mterstitial ¢

T
[ eta
Ti (Pure Metal) ly ionic nor covalent.

/ ither t ical
They are usually non-stoichiometric and are neither typ
Example : TiC, Mn,N, Fe H, VH, 56 and TiHy 7 )
e
Q The formulas quoted do not, of course, kv p

d to any normal oxidation state of the metal.
ond to

Physical and Chemic.a' Chardctorisics
higher tnan those < f |
proach diamond. in hardness)

iz e zals. [MP:Ti<TiC] |

() They have high welting poiints,

(if) They are very hard-(some,borides ap
(i) They retain metallic conductivity.

(iv) They are chemically inert.

42. Inteystitial compounds are not formed by: o Fe @ ca |

b) Ni
(a) Co (

| Sol. (d) Cais not.a d block element.

| ft
| |
1 . - . .

| 43. The statement that is INCORRECT about the interstitial compounds is: |
; .

|

!

|

|

(201.9/08™ April/Shift-ll)|

y ! y ] . ( ) y v 9 i
a l Vi : ' ) - |

Sol. (a) Interstitial compounds are chemically inert. I

——
orrect? [N EET 203

" 44. Which of the following statements about the interstitial compounds is inc
' (a) They retain metallic conductivity

(b) They are chemically reactive

(c) They are much harder than the pure metal

« (d) They have higher melting points than the pure metal
' Sol. (b)

0
‘ %ill ck Here To Join @StudyShelf For More Study Materials Emﬂ
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ble for catalytlc activity of transition metals-

".f'pr‘ i facc ared. Q' Variable oxidation state.
" o form complexes. Q Presence of empty d-orbital.

) Process/Reaction
TiCl, + EtsAl _Z_if_g_wamgitalyst Preparation of polythene from ethene

WCH, = CH, M“ (_c',;,*“jc‘gé 5 l :
;/ /\/// V,0s V205 is used in contact process | SO, ’—Lj—'oz 505 ’ J é
L(/ Al,05 + Cry05 Used for aromatization | “%
| OO0 f/, Ne (5| i
\( ! n-Hexane Benzene n-Heptane T'a(ueme " :
\ |

MnO, Used as catalyst in producing oxygen |
2KClo, —*2%—s 2KCI +.30,

l
—— | Anhydrous FeCl, | Friedel Craft Reaction

1 Fe o
}‘ AN N (,‘i ,—
‘. ‘LQ) F \;/ -
===
:P// Used.for preparation of benzene from acetylene i
| ]
| 3HC =CH — | ﬁ.
be/A
Fo e Haber’s Process |
Fe: As catalyst |
N2 - 3H?- Mo: As promitcr 2'NH ‘ ‘,'
i Hydrogenation of alkene and alkyne
| CH, = CH, —#&— CH; —CH, 1
Pt
CH=CH —2— CH, — CH, 1
i Dehydrogenation of alcohol |
cn || \ |
CH, —CHZ—OH——;OTE‘*CH—C—H |
e /,’ Egani H |
Ag\ AgB The photograpl«tc industry relies on the special hght -sensitive
| r
R — % properties ofAGBr i,
k> S & /
L f; Wacker process = |
Il

\ CH, = CHy — 5= CHs = C —H __-_J
[ gl e M

nd f- sekigk Llgre To J 0’1£1 @ StudyShelf For More Study Materlalgi

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB PDFZ

ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

e e ey ‘

m‘ : 5 <o they become more effective as c@

k Transition metal ions can change their oxidation states,
N

, o
O Fe™ catalyses the reaction between I~ and persulphate 107 (52

07"

Reaction- 52082‘ L) Rty fakt 25042'

Mechanism:
() 2Fe™ + 217 — 2Fe” + I,
("‘.) 2F€2+ + 52032— = 2F6+3 + 29042_

E———

e ————— e ST

M“M“—’—M i ‘ A0 P, % .‘.:._ . | | . N ‘l
WM s TiD _for the pigment industry and
“ nds are manufactured for special purposes Sud; @;l_';e’s Zn and Ni/Cd. The elements of
: itowo\e C;OW\POU‘ darbattery cells. The battery industry ‘;‘{s.q'r:.qa ge ; '
| or use in dr: ' / ¢ comn
q:;u; 11 [Cu, Ag,yAu] are still worthy of being cq_(l@‘?‘ t &S

L Y

metals. 5

———

| m (201.9/09™ April/Shife-y,
il (Product)

- ; . n-
45. Match the catalysts (Column-1) W'h 4 roducts (Colurt

— Polyethglene |
(A) | V205 __._————-——‘f—’;~(_

' ethcne
(B) | TiCl/Al(Me);

() | PdcCl,

(D) | Iron Oxide
(a) (A) - (iii); (B), - (i), () - (0, (D) (i)
(b) (A) < (i), (B) * (iii), (C) - (M, (P) ~«(v)
(©) (A) ~ (i (B) # (D, (€) - (i), (P) -(iV)
(d) (A) - (s(B) - (iin), (C) - (i), (P) -()
Sol. (¢) (A) - (i), (B) - (), (€) - (i), (P) = (iv)

the catalysts given in Column~I with the processes given in Column-Il.

46. Match 0 ‘ "
' Columnel (Catalyst). " Column=ll (Process)
0] ‘ Ni in the presence of hydrogen | (a) Zieglar Natta catalyst
(i) | Cu,Cl, (b) | Contact process
(iif) | V,0« (c) | Vegetable oil to ghee
(iv) | Finely divided iron (d) | Sandmeyer reaction
(v) | TiCl, + Al(CHs)5 (e) | Haber's Process
(f) | Decomposition of KCIO,

L re—

Sol. (1) = (c), (ii) = (d), (it}) - (b), (iv) = (e), (V) = (a) o

Y
S== Click Here To Join @StudyShelf For More Study Materia‘fg'tMLﬁRT
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with the fi > :
L the cor\tex.t with ' : il"St transition seyjes which of the following statement is incorrect?
i (@) " the highest oxidation state of fiyst fiye elements all the 4s and 3d are used for bonding:

s . L ,
b) once the d® configuration s exceeded, the tendency to involve all the 3d. electrons in bonding
Zevo oxidation state is also shown by these elements in complexes.
in the highest oxidation state,
@ complexes-

A In their highest oxidation states, first series transition metals are electron deficient, raking
sl ( )thew‘ strongly acidic rather than basic.

among the following, which is the strongest oxidising agent? >k
4. a -
@ M (b) Fe (& T DN
) The strength of' an oxf‘fising agent is reflected in its tendency to.accept electrons, W?‘{Ch s
: sol. (2 uant,-tatively given by its reduction potential. Mn>* has a high reduction potential (Mn™ + €
; 1 Mn?* is approximately +1.57 V), indicating that it readily gains.an electron

(JEE Adv'-‘: Q 1 ? %I:‘ s e o i e o e g e e i i e e e e e S

the transition metals show basic character and forva cationic

e e

Y g !
The correct statement(s) about Cr** and Mn>* is/are [atomic number of Cr = 24 and Mn = 257

(a) A is a reducing agent
(b) Mn*" is an oxidising agent

(c) Both c* and Mn>" exhibit 4* P’M*mvﬁc comfiquration

(d) When Cr* is used as a red :2:0g ajent  th . caremiuvyicn attaios ¢'* electronic configuration .

—tas

sl (a), (0), (©)

m Cr* - Cr? l——_‘ So, Cr'” act as a reducing agent | :
d* d> (stable)

B Mn'® > Mn*? |—__' So, Mn>" act as a oxidising agent :
4 d® (stable) f

P
- e e s ¥ P s = i e s e

P — R e e by S g ]

e P et = e 7 5 R £8Py oy S0 e

: : [NEET 2025]

| 50. Match List-1 with List-II. '.
|
+

e R T aea eI T o T
F i

1 fek
4
1

“ A Habr prcess Lo catalyst
| ? Wacker oxidation e pdcCl,
7 Wilkinson catalyst L [(PP h)sRhCI]
l Eiegler catalyst v, | Ticl, with Al(CH)s

(b) A “) B “lJ C lJ E ‘v

(d) A",) B—‘V, C—“’J D_” !

—and - Bleck Flements
Click Here To Join @Stg@xShelf FOIWLW
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ST, Givi
Given below are two statements:

Statement I: Cr** s oxidising and Mn®" is reducin
he applied 9"

¢ most approP £

g n Mture-
etic field.

Statement I: 3+ repe ed by t wer from the 0
¢ Sc cow\pour\ds are p [t te ans Pthn; g:'v
en

In the light of the above statements, choose th
below:

(a) Statement | s incorrect but Statement [l is correct

(b) Both Statement | and Statement Il are corvect

Il are incowect

(c) Both Statement | and Statement
& 11 s incorvect

(d) Statement [ is corvect but Statemen

Sol. (a)

compounds i ascribed mainly to:
52. The catalytic activity of transition .

metals and their INEET 2692 Marun

(a) Their chemical reactivity
(b) Their magnetic behaviour

(¢) Their unfilled d-orbitals

adopt variable oxidation states

(d) Their ability to
Sol. (d) B
S ~oyie< tion me
53. Four successive members of thee et -aru"“f”fht:;e ;tmo';f; .’-l'e g
of them the standard p-=2\Ha EC i 1 \F ¥ (4 ;

(@) Fe(z=26)  (b) COZ= 27) (7N (L 22

tals are listed below. For which ong
[NEET 2012 '-7:,'.:"

(d) Cu (Z = 29)

| i in i NEET 2012 Pre]

54. Identify the alloy contaning a non-metal as a constituent in it. [ _
(a) Invar (b) Steel (c) Bell metal (d) Bronze

e o Mn, Fe and Co), the stability of +2 oxidation statt

55. From the four successive transition elements (CV» e 202 B
will be there.in which of the following order?

(Atomic Number Cr = 24, Mn = 25, Fe = 26, Co = 27)
(a) Cr>Mn> Co>Fe (b) Mn > Fe > Cr > Co

(c) Fe >Mn>Co>Cr (d) Co>Mn>Fe>Cr

Sol. (b) Mn** being the wost sta tron it has now
configuration. Hence, stability o

|
ble because after losing 2 elec half filled stahfe‘é
f +2 oxidation state becomes: =

Mn > Fe » Cr > Co |
s6. Which one of the following characteristics of the transition metals is associated with their cata‘kﬂi’f f
20035]

activity? [NEET 200"

(b) Paramagnetic behaviour

(a) High enthalpy of atomization
(d) Variable oxidation states

(¢) Colour of hydrated ions
- Sol. (d) '

o O

]& Click Here To Join @StudyShelf For More Study MaterialgHEMIST
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Wl.th +1/+2/+3

ATDB PDFZ

h +1 with +4
oxrdatlf"‘ state oxidation state
. v
Basic 1
gase Amphoteric
. (Mno,, Tio,, Zr0,)

(a) +1 oxidation state: Cu,0
(b) +2 oxidation state : TiO, Cuo
(¢) +3 oxidation state : S¢,0,; Ti,0,, V,0

[
with
+S/+6/+7
oxidation state

!

Acidic oxide
(CrO,, Mn,0.)

2Y'=z, Mn103‘ F6203

,,Tv.

—— e —

Cr,05,T10,, V,0. are amphoteric in nature. Rcmember V. O4 is basic (less) in nature.

)

16 CrO, i |
+5 VaQs ' \*
4 Tio, | V0, | ?
+3 Se,05 | Ti05 | V505 |/Cr,0, | Mn,0, Fe,O, i \ |
+2 TiO VO (CrO) | MnoO FeO CoO | NiO Cu0 | Zno

+1 } Cu, 0 1 1

........................................................................

According to Fajan's rule -

Charge on cation t = covalent

lonic compound

Mn, 0, : Covalent compound

1. As oxidation number of a wmetal increases, acidic character and covalent character increases
For V: V,0, (basic)y —> V,0, (less basic) —> V,0. (amphoteric)
For Cr : CrO (basic) —> Cr,0, (amphoteric) —> CrO, (acidic)
2 All metal except Sc form MO oxides which are ionic.
Example : ZnO, Cuo, TiO 0
5 Mn,0_, CrOy, V,0. are covalent wolecule. character 1
+ Generally covalent compounds (CrO4, V,0,) have low Q Mno:
Welting point.
2 Va0, is amphoteric (predominantly acidic) because it
reacts with alkalies (NaOH) as well as acids (HCI) to give VO 2~

) e d-

and VO," respectively.

zfilcf? Mere To Join @StudyShelf For More Study Materials ===
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— T TR,

£
NaOH _ pa VO, /
{ &
|
- % = 5 ) ‘ !/‘
2V,0, = vOo, . 3VO0, ! . VO, cl “‘b,
HCl 4 d{d
/
. . 1 " salts. -
3 : .. . acids to give VO™ salts -
©. Remember v,0, is less basic in nature. It dissolves " g
. f
~ . 3 . ’ ’ ( Cr (o 7
9 CrO, gives chromic acid H,Cr0, and dichromic acid HyCV2%7 v L
-2H" £
A — 5 Cr.0 2- L
H,0 —2H' 25 2H,CrO04 o PaCra07 29, 1
CI’O3 Hzc"o ot CY‘O,,, ; G ichromic acid Dich
Chromic acid Chromate ion Chromic acid Dic romaty jg, 4

. dride of HMnO ..
O Mn,0, gives HMnO, or we can say Mn 0y 15 4% anhg
-2H* i
H.0 _H _ HZMV\04 —_ MhOi
Mn,0, e ST HMA D MnO 4 Ao Manganic Acid  Margantz ion
Permangna

Acidic oxide Permanganic Acid

Ip— -Sa tion, UPOP\ reactioyl W,‘é;»o'xye‘ “ Cr
- ot 1 highest enthalpy of atomi g genat | o
: A - w transition metal with hig - 3, 4, 5). The “spin-only : g
S7. A first ro forms oxides of formula M;O% (where n = ;’) ft Y Magnet;,
high temperature forms ¢ above oxides is BM (near integer)

ic oxide from th -
moment value of the amphoteric oxXi Cr: 24, Mn : 25, Fe : 26, C0 : 27, Ni: 28,Cu: 4

{ % 2 s T e D H 2.3) g

? (Given atomic number : S7: 27, T 1 22, v [04 April, 2024 (Shifs.
Zn : 30)

: Sal. 1] n among first row transition elements.

W' has highest enthalpy of atomisatio

In V,0,, V' is in 45 oxidation state.

€ e ired electrons)
W iondl V= 157 25> 2p® 35" 3p” (no unpai

its electroniceonfig
oment = O

Hence, 'spinfonly' magnetic m

75 [NE

téhed? :

B, A

s3. Which of the.following is correctly ma
(a) Basic oxides = In,05, K;0, Sno,

(c) Acidic oxides = Mn,0,, SO,, TeOy =

|

{

{ (b) Neutral oxides = CO, NO,, N,O

|

? (d) Amphoteric oxides = BeO, Ga,05, GeO
;

| Sol. (¢) ———
! r - NEET 2003
54. The basic character of the transition metal monoxides follows the order: [ ‘

(Atomic numbers Ti = 22, V = 23, Cr = 24, Fe = 26)

(a) VO > CrO > TiO > FeO (b) CrO > VO > FeO > TiO

(¢) TiO » FeO » VO > CrO (d) TiO > VO > CrO > FeO
' Sol. (d) B o onr Sl

___ Click Here To Join @StudyShelf For More Study Materials _A
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romiur™ th hexaval ds because both
ot ent sulphur compounds bec
; Vﬂ’t:r\ ¢ have the same vtufnber of valence she|| electrons.
e ¢ both acidic.
s - 2= and similarly Cr £ 2-
. fﬁﬂs SO:- , 5,07 Y orms CV‘O4_ (Chl"OW\qte)) Crzog-- (dichromate)
4 . 271 and K,SO * 2- .
L » (2K - cr0,” 1 and K50, [2K* . SO, 1 are Isomorphous (same crystal type)
L
OH . 502" and cro,cl, 1", c02-
0l —r 2Y4 h 253 _ ro;
: ??rzhul;f chloride Chromyl chloride
| @ O
Ho\ll/o ﬁ/o Ho I OH
ke T A g B
cl S<C\"l nle Cl o
¢ 010, and B(SO5) have the same structures.
505) = (505)s = 550 (Cr0.); : Crs0y
= Trimer of SO, = Cyclic Structure
0. C
0\\ / 0 ) (;
/S\ /Cr\
o7 7 7
| | 0= cr—0 -
O== —0 —Cr _Cr—= |
0 N /07 \ |
10 [0 (0] 0 |
¢ S—0-5bond:3 ¢ Cr-0-Crbond:3
¢ Type of p bond : &6 Pr - dn ¢ Type of m bo_“d P 6 pr —:n.d. A
: ¢ Each sulphunis sp>hybridised. ¢ Each chromium is sp” hybridised.
i Oxo-anions
e 5 + +6 *6
Z‘fiagmmp\“‘"“‘ [MO,I"™ ions are known for V™2, C¥ ¢, Fe’", Mn
e — i
: Vo - oro 2 MnO, > FeO, .'
N 1 Ferrate ion
Yanadate Chromate ion Manganate ion
- MoO
Molybdate ion
; wo 2
[\ Tungstate ion wre stable in alkaline medium.

= N
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Q' FeO,*" (ferrate ion has +6 oxidation state of Fe) (+"é) (jr
are formed in alkaline media but it readily o F:)O
decompose to Fe,0, and O,. * #~3 +0,
> 2 (-2) (zerg
(4-5) (*4) (+4:)02¢ t‘._—————--_, A )
O Vand Ti form oxo-cations VO;, VO™, and T — ]
: Mn,O.,
_____________________ ‘___,_..-——"'_—-_‘___“-—. N -
Conc.H,SO o a ]y
2 HMno, 272271 5 Mn, 0, | | Bond length : y < x
(Dehydrating Mn ] .
agent) /’ﬁ\ o { | §0 n bond : pn - dn ‘1
(@)
o o N
| ° £ —

cal covalent molecule.

d by O’s including a Mh-0-Mn bridge.

QO Non-linear and symmetri
Q Each Mn is tetrahedrally surrounde

35
A NQ
. . ; [MV\- 07 T ZMV\OZ + JJ
O Highly explosive in nature. 2 2

oily com ound. e T ( : o B
Q Green oily P e oncentrated H,S0.4, @ green oily compound js obtaingg

ify the compoun from the following:

i —————

- nt of KMnO
e small amount of KMnO,
60. On addition of losive in natureqldent

which is highly exp ) MnSO (d) Mn,0,
(a) Mn,0 (b) MnO, ( *
227
H,SO AV Zu W
Sol. (8) KMnO, ———> H" 04 e = 7

£ M is exhibited in Mn,0,. The correct statements about Mn,0. are- |
te o n

lly surrounded by oxygen atoms.
xygen atoms. |

| 61. Highest oxidation sta
(a) Mnis tetrahedra
(b) Mnis octahedrally cUirrounded by o

(c) Contains Min-0zMn bridge.
(d) Contains Mn-Mn bond.
l‘ Sol. (a, ¢)

1 I ‘na to their oxidation numbers is:
' o2. The correet.order of following 34 metal oxides, according to o
(a) CrO (b) Fe,O (c) MnO, (d) V,0s () Cu,0
a 3
| dati ' ' h oxide:
| Sol The oxidation state of the metal in eac o
| (a) CrO, (b) Fe,0, (¢) MnO, (d) V,0s () Cu,
| ) T T 3
| +6 +3 +4 55 +1 o
| 1 < .
| Thus, the increasing order of oxidation numbers is: Cu,0 < Fe,0, < MnO, < V05 .
) (2023/31 Jan/Shift-

I . d
| 63. The correct order of basicity of oxides of vanadium is-
(@) Va05 7 V0, > V05 (b) V,0, > V,05> V,0,

(c) V,0, > V,05 > V,05 (d) V,05> V,0, > V,0; o ol

. . # r

Sol. (a) The oxides in the lower oxidation states of the metals are basic and in their hight
states they are acidic. L

p———
e——————— T ————

& Click Here To Join @ StudyShelf For More Study Materials °HE'TI
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Mn+6 ‘

a

4 ;U colour : Purple Q  Colour : Green e

| lour is due to charge transfer from 0>-| 9 Colour is due to charge transfer from O° to Mn™"
a

! P f: Mn'? Magnetic property — Paramagnetic due to prescnce(
- ' i . ]
-~ |g Magnetic property — Diamagnetic due to of & “_"‘P“"; frd electr 0“-2_ )
A absence of unpaired electron. MnOo, p= MnO;
~ |g Structure : |0I O Structure : ﬁ l
WA |
F | O/Wn\ = Ly < | V\\O_ ’
| % Lo |
|

/,’———— . -

........

.............................
................

2MW?* + 55,027 + 3H, M= — — B 2MnC; -0 50F + 16H

M i ntin.

i T B

Manganese (Il) ion salt is oxidised by peroxodisulphate (5,027) to permanganate (MnO.)-
2Mn** +5Pb0,+ 4H,0 ——> 2MnO; + 5 Pb*" + 8H'

] +7
Mntf ———> Mn'® —— Mn

(+7) (+4)

> KMnO, + M»'\O2
Neutral, Less basic

OH, O (+@) H* [Acidic]
o s > Kk,MnO, [

purple brown

e Tl oy e B
ke gt

; (+é) Electrolytic oxidation (+7)
Fused with KOH o KMnO
: > KoMnO 4 i alkaline solution 4

& oxidised with air/KNO5
41 (ko — KNO, + [0])

0 Green solution (K,MnO,) is quite stable in alkali, but in pure water and in presence of acids, depositing
, 2

_‘:M“Oz and giving a purple solution of permanganate.

|H,0 + O,

> KMnO, + MnO, + KHCO,

§ H,0 (&
i KMV\04 5 MV\OZJ, + KOH «——|

3 H.CO. — HCO; + H'
b Pwple  dark brown . 2

H,504

KMnO, + MnO,l + K,SO, + H0

| ond f- @ideeleiddese To Join @ StudyShelf For More Study Materials é‘
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O Permanganate at [H'] = 1 should oxidise water but in pr a?t,cc' the reaction EXtrem,|
either manganese(ll) ions are present or the temperature is raised. Y sloy, iy,

M“o4 - / Hc- \

e
Mn*' [Catalyst] or 02 [Fast]
"\l'g’f\ temperature

- H,0
H,O S N AL 0, [Slow]

QO Potassium permanganate forms dark purple

(almost black) crystals which are isostructum,v _
Iltk t :
OF KC{O4- ko.\(

O The salt is not very soluble in water (6.4 g/100 g of water at 293 K), but when heated it dec"w‘PGseg

at 513 K.
2KM“04 __SE_K—) KZMV\O"' + MV\OZ + 02

1 v

Cin.og it Paramagnetic

O KMnO, has 2 physical p -ope rties 01 cr s der able inevest:

() Its intense colour and |
(i) Its diamagnetism along with tempemture—dependent weak paramagnetism [As temperaty,

increases KMnOy (diamagnetic) converts into K,MnO, (weak paramagnetic)].

Acid - Mn'?
H‘P
Neutral or — MV\O,_
Slightly basic medium
Base ol Mn042'
OH"

e half -
O The reduction of permanganate to manganate, manganese dioxide and manganese(ll) salt by

reactions,
(E® =+ 0.56 V)

=+ 1.69V)
+ 1.52 V)

MnO, + e —> Mn042_

MnO,” + 4H" + 3¢ —> MnO, + 2H,0 (E°

MnO,” + 8H" + 56" —> Mn** + 4H,0 (ES

cHEMISTRY @

—A
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e
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Reattions ol Khh\()* n Acidic Medium

IR,

2 . ‘;l”: ¥i -
d\‘l\' O | ()' 1 - | ; -,# 5 MH' L A
M. S0 | ! "o :
Mn®* + H,S0, = S S FE (G N . pn? |
e - 2 ?»(): \ ! Owalic acsd . : lé
h'l\"‘ . 5“"04 - .3 ‘ M fif) — Coj P » Mmr I)
A 1" e ‘
No, | | Hys " !
Mn™" « NOy = d 8 -G ¢ Mn
— - -
MnO, + 8H' « Se¢ » Mn®" o 4&‘2_‘

I —

dine is liberated from potassiura io lide TKY =
PYRE -1 |
¢ balanced equation multiply equation (i) by 2 and (i) by 5-
101 + 2MnO, + 16H’ »2Mn? + BH,0 + SI,

Fe* ion (green) (s convertedito Fe*' (yellow)

Fe y» Fe™ + ¢ ' )

For balanced eguation multiply equation () by :;. and (ii) by S -
sk « MnOo,[ +[8HOS 5» Mn®' « 4H,0 + SFe

calate ion ortoxdhesacid (s oxidised at 333 K

» 2C0, + 2¢

Co0 . P )
For balanced equation multiply equation () by 2 and (V) by 5

v 2
sC,0,7% + 2Mn0O, + 36H , 2Mn®" + 8H,0 + 10C0,

X ¢ is oxidised, sulphur being precipitated

4 Hudrogen sulphid
H,S —» 2H + S
sS* + 2MnO, + 16H’
Sulphurous acid or sulphite

550, + 2Mn0, + 6H’

, 2Mn* & 8H,O + 5S.,

> ljl_' g - 7
i oxidised to a ;.M;‘h;ite or Ssuiphurc acis
» VA L« [ 2 €

2
, 2Mn?* + 3H,0 + 550,
3
trire xidised L nitrate

- o : 2, 5 . 3H,0
SNO, + 2Mn0, + €&H » 2Mn SNO, 2

The d- and §- Block Elements
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e et ) —

.0,- faintly alkaline solution,

= 8 moles, of 27
In st te anions to produce X moles of 4 gy ;WD ”mf“f‘gﬂrmu anion quantitatively oxidise
(g tw’ﬂ’“’FM PRUT Eontaining product. The magnitude of X is ... |

(JEE Ady. 2016)
(1) A notable reaction is the oxidation of iodide to iodate: 1 (6) - gD '
2MRO,™ + H 0 + 17— 2MnO, + 20H" + 10,” | 50" M[V‘?"; +H,0+38 ————=— MnO, + 2014~ oy
(2)  Thiosulphate is oxidised almost quantitatively to sulphate: - ‘ F (‘5”0,1‘ — ig)o}- LS (i)
8MRO,” + 35,0,%" + H,0 - 8MRO, + 650,%" + 20H" todide ﬁ; + Mo, | . :+ (i3~ }
(3)  Manganous salt is oxidised to MnO,; the presence of zine 529;;‘ ’ “"1_ “ (")Mr\of + 8H0 + 5910:- y éso‘z- *+ 260H™ + 8Mno,
sulphate or zinc oxide catalyses the oxidation: chiprsulphiate ;?poh:” + Mno, | p 4 B ’
2MRO,” + 3Mn™" + 2H,0 —— SMnO, + 4H" M | g woles o " & raoles of sulphur contaming product ]
200 as catalgst Oz "/.,,. dilute nQuzolAS' H,S50, the complex diaquadioxalatoferrate (IN is oxidised by MnO_ . For this
. : ion, the ratio of the rate of change of [H']to the ra

S e e,
——————

te of change of [MnO[] is 3

3
L reacti i
X (JEE Adv. 2015)

("

® -
| ol (® _ - - 20
z MO, + 8H + 5S¢ —— Mn™ +4H.,0

©4. H.S (5 moles) reacts completely with acidified

: q P ium permanganate solution. fn this
reaction, the number of moles of water produced is x, and the number of moles of electrong
involved is y. The value of (x + y)is __.

-

_ . - i
(JEE Adv. 2023 | | P L R e ‘, :

{
|
Sol. (18) l 1 . [Fz(Hzo)z (€0, — Fe™* + 4C0O, + 2H,0 + 5¢” LZCZOE" 4C0, +4¢” |
m H,S - S$* 4+ 2H" 1
é - S+ 2e” . I |

Mn0, ™ + [F(H; D 10,0,77 + 8H' —— Mn® + Fe>+ 6H,0 + 4€0,

- " . d -
B KMnO, + 8H" + 5e” — Mn** + 4H,0 3 | pate frec tio = - | Oy =—§%[H‘J !
for balanced equation multipy (i) by 5 and (i) by 2— | 1 d
2 KMnO, + 16 H* 2~ 2+ I | . -—-[H] i
O, + 16 H' + 5577 — 55+ 2 Mn™ + 8 H,0 | Rate of change of [H'] to the rate of change of [MnO,] = = dt - ]
woles of electron involved in reaction = 10 = y | J[Mno;]

X+y= 8+ 10 =18 i | Pt e e

8. Potassium permanganate on heating at 513 K gives a product which is: [27 Aug, 20 |
(a) paramagnetic and colourless (b) diamagnetic and colourless |
(c) diamagnetic and green (d) paramagnetic and green |
Sol. (d) Kzi\fmo,', Mn®" contains one unpaired electron, thus paramagnetic, and green in colour. |

65. In the chemical reaction between stoichiometric (quantities of KMnO, and Kl in weakly basic
solution, what is the number of moles of 1, released for 4 moles of KMnO, consumed?

(Shift-10] |

(JEE Adv. 2020)

Sol. (6) 4 green)
i ol 69. KMnO,, oxidises I” in acidic and neutral/faintly alkaline solution, respectively, to |
B MnO,+H,0+3e MWO, + 20H™ o) (a) 1, and 10, b) 1,and I, (¢) 10, and I, (d) 105" and 10,~ |
- Fers Sol. (a)
B 20 1, + 2¢7 ()

70. Incorrect statement about K,MnO,:

=

for balanced equation multipy equation (i) by 2/and (ii) by 3 and add them—
2MnO; + 2H,0 + 67— 2Mn0, + 40H" + 31,

B 2 moles KMnO, give 3 moles of I,.

then, 4 moles KMnO, given & moles of [,

CHEMISTRY @

(a) It's prepared by reaction of pyrolusite with KOH and air.

(b) It is tetrahedral, paramagnetic and green compound

(©) 2pn - 3pr bonding is present

(d) In acidic wmedium, it is disproportionate to produce compound with Mn(VIl) and Mn(1V).

With d orbitals of manganese.

Sol. (¢) The Wanganate ion is tetrahedral; the 1 bonding takes place by overlap of p orbitals of oxygen

i

I
)

The -
® d- and f- Block Elements

RN SR V. Y VU SN S
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il vhen M"Ezrg heated with fused KOH in presence of air, then the product formed is:
(a) KMnO,, Purple (b MnoO,, Brown
(€) K.Mno,, Green (d) K,MnO,, Black

Sol. (¢) MnO, + KOH + 0, > K,MnO,

Mo,
72. Why is HCI not used to make the medium acidic in oxidation reactions of KMnO,, in acidie Mediupy
(a) Both HCl and KMnO, act as oxidizing agents
(b) KMnO, oxidises HCl into Cl, which is also an oxidizing agent
(¢) KMnO, is a weaker oxidizing agent than HCl
(d) KMnO, acts as a reducing agent in the presence of HCl
MnO,

Sol. (b) Hel —22= ¢,

gaseous product. MnO,, reacts with NaCl and concentrated H,S0, to give a pungent gas 7 ¢
and Z respectively, are : (2014/12 Apn'l/shift-“)

(a) KMnO,, K,MnO, and Cl, (b) K3MRO,, KMnO, and SO,

73. Thermal decomposition of a Mn compound (X) at 513 K results in compound Y, Mno, and 4

(€) KyMnO,, K.MnO, and Cl, (d) KzMnO4, KMnO, and Cl,

{
| Sol. (a) kKMnO,
\

TR, K,MRO, + MnO, + gas (0;)

) ™
| Nacl | H,50,
| v
{ cl, 1 (2
{ 4KOH, 0, 2019/11 J ift-
| 74 A 2 . 2B+ 2H,0 ¢ AR BiRCT
{ (Green)
1 4 HCl
| B———— 20+ MnO, + 2H,0

: (Purple)
H.0,

Ki
| 20 ———+ 2A+KOH +D

In the above sequence of reactions, A and.D, respectively, are:

| (@) Kl and KMnO, (b) MnOz.and KIO,

| (¢) KlIO5 and MnO, (d) Kland K, MnO,

| Sol.

| Sol. (b) MnO, (A) %—— 2K,MnO, + 2H,0
’ [B] = green

{
| koMeo, —HE s 2kMRO, SMAO, + 2H,0
| [B] [C] — purple
| H0
| 2KMnO,, MnO, + KIO, + KOH

[c1 [A] [P] |
PN CHEMISTRY 8

- = = Ol

®), so,

mmonium Sulphate @ el

Ferro4s .
- can not oxidise CO, becauise carbon s alrea
an be decolourised by the oxidation Feactio

()
dy in highest oxidation state.

n of SO,, FeSO,. (NH,), SO, and HCI
mHCl —, ¢l

n0 4
5"!’ n04 ©
- __» SO5 u Fet— Fe?
2 -

2= 4. 2H;0 = 2MnO, +40H" + Mno,
yield of MnO,:, OH can be removed by help of:

gMn04
¢ qinere®s )
(b) KOH

@ He! © so, @ co,
OR |
n04 4" be prepared from KMnO, as per the reaction {
MnOZ 2H,0 T 2MnO," + MnO, + 40H" |
3 i ] |
he reaction can 90 to completion by removing OH"jons by addings: .
@ S0, (b) Hcl () KOH (4) co, »
4) BY adding €Oz, the hydrfmde fons are rewoved as CO, reacts with OH™ to form carborate, |
sol- ( thereby driving the reaction to completion in favour of producing KMnO,. l

Amount of MO~ decreases by adding SO, and HC!, as we know MnO,” oxidises SO, and HCI. |

. on adAding KOH, equilibrium shifts in backward direction. So, [Mn0,] decreases.

7. For trati no KMr ), ith fe rous ammonium sulphate in H* medium which of the following acid
p T rd

an 2 U
(@) HCl, HBr, HI (B) HNO, (¢) Dil. H,50, (d) Conc. H,S0,

sol. () Volumetric titrations involving KMnO, are carried out only in the presence of dilute H,SO,
" pecause it provides acidic wedium but does not involve in any other reaction either with KMnO,
or FeSO4-(NH,),S0, [FAS]. {

. R _HNOs _ Fe® [HNO, can not be used because it reduces amount of FAS]
[From FAS] {
KMnO. !
s HCl, HBr, Hl — %> Cl,, Br,, I,
Conc. H,S0, |

8 KMnO, —————> Mn,0, i
78. When KMnO, solution is added to oxalic acid solution, the decolourisation is slow in the beginning |

but becomes instantaneous after some time because: {

(a) €O, is formed as the product (b) Reaction is exothermic

(€) MnO, catalyses the reaction (d) Mn** acts as autocatalyst

Sol. (d) When KMnO, solution is added to oxalic acid solution, the decolourisation is slow in the
beginning but becomes instantaneous after some time because Mn®" acts as autocatalyst.

2MnOJ+ 16H" + 5C,02 ™ - 2Mn™ +10C0, + 8H,0

End point of this reaction — Colourless to light pink ) |

The d- and f- Block Elements
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79. E° § s
9. E2, of reaction of KMRO, with H,0 is +ve, even KMnO, can be used as analytical reagent with |

H.O. How can You explain it?
Sol. Because the reaction rate is extremely slow under normal conditions; essentially, the reactioy, |{
on [

is kin:tfca!ly inhibited despite its positive Ecell, meaning it takes a very long time to oceur g
at ||

room temperature, allowing for practical use in analysis. This slow reaction rate allows KMno

tt; be used in analytical chemistry as a titrant, where the colour change upon reduction jg
observe

0
readjy, ||

d when reacting with a suitable reducing agent. ily :
|

" er0”

< Chromate ion 2

O Dichromate ion
| 2 Yellow Colour Q Orange colour
8 Cr't:d- o it d®
|2 Diama i O Diamagnetic
- ignetic s
= tetrahedreD
| 9 d7s (Tetrahedral) L a%s (tetral
| Terminal Cr-0 b \d ‘ength (X < Brid "
| 3 All Cr — O bonds are same due to 7 £ b::u Ti‘;:h(
| resonanze small due t reson ace )
! o o
| Il Il
Cr CrQ 12¢° v
T O Cr
o | o [} H o ‘/.‘i' ” ‘\\O

Q-
Qo

Preparation of PotassiumsDichromate

G o: FeCr,0, [FeO.Cr,05]
¢ FeCr,0, + Na,CO5 + O, —— Na,CrO, + €O, 1 + Fe,0,
| Na,co = Na,0 0,

(Basic oxide) (Acidic oxide)
FeCr,0, =FeO . Cr,0, —% Fe,0.# CrO,

2Cs L0,
(Basic oxide) (Acidic oxide)

Na,O + CrO, — Na,CrO,4

¢ Nacro, "% .NacCr,0,

(yellow solution)
—

v K,Cr,0, (Orange crystals) + Nacl

CHEMISTRY @

| "i
acCl both are water soluble apg

s filtered off. Then .oy nnct fract

Cr,0 ional crystallization is carried out Nacl

205, crystallized out further.

i ¥ try and in the pre; i I
is used as a primary standard in volupmetyi, analysis FrepAr G S a Rl

% 2=, 14H" + 66T —> 20" 7H,0

07 (M

AL, Bl +Ge

(i P
- 35n
> GH" + 35+ 6e” ..(iv)

3502 S+ ol (iif)
6Fe* > GFe +6e  .(v)

cquation 29 be obtained by adding the half-reaction for potassium dichromate to the
for the reducing agent-

ol

3H,S

pull fonsie

ction

palfre sion (i) & (iD= €ra07 + 14H' + 61" = 31, 4+ 207 + 7,0
; ,quat(an @ & (i) > Cry07" + 14H + 3Sn® 5 350* 4 20p% &+ 7H,0

t‘]ul:t‘ior\ o & ) - CV';O—IZ- + 14H" + 6Fe™ - 207" + 6Fe> + 7H,0

gy ¢4% pd potassium dichromates are strong oxidising agents, the sodium salt has a greater solubility

gadl'MW‘“ o ctev .vels use  as .\ oxidising agent in organic chemist
4 is « ctev .vely ng ag ganic chemistry.

< water al
Zers

: +6 A +3 +&
He ting “ffec K,Cr,0, —— Cr,0, + K,Cr0, + 0,

H,0,

0 [ Cr in +6 cxidation state
|

@ 77 2 peroxide bonds

Amyl Alcohol X Cr
O X —= Blue in Colaur

“ Geliowrs o
ohol CH,;OH act as solvent for the reaction.

‘éﬂ"ﬁ{ ale

e e -
40, An acidified solution of potassium chromate was layered with an equal volume of amyl alc?hal.
When it was shaken after the addition of 1 mL of 3% H,0,, a blue alcohol lager_wns obtained.
The blue color is due to the formation of a chromium (V1) compound X' . What is the number

bonded to chromium through only single bonds in a molecule of X?
of oxygen atoms bonded to gl y sing RS

Sol. (4) )

o
NP2
o g

| H,0.
n s
KzCrO“ Amyl Alcohol

gellow

| 1) ]
\ » Blue colour in amyl alcohol 1

Chromium (VI) compound 'X'
B No. of oxygen atoms bonded to Cr through only single bonds = 4

e et

The d- and - Block Elements
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81. Mn* can be oxidised to MnO,” by - (1T Jeg i
1j

Sol. [Only PbO,]

(S“ozJ PbC’Z, Baoz)

2H,0
B 2Mn® 4 SPbO, + 4H" - 2Mn0O, + sPb*" +

e sn*
B SnO, can not act as oxidising agent becaus

xidising
m  BaO, = Ba** . 0,>” - Peroxide can act as an 0
Mml to Mn04 B o i L = o

* {5 more stable [SnO,] than su*2 - @
agent but not strong enough ¢, i
idis,

S s e -

e o |
82. Acidified K,Cr,0., can not oxidise: 2 QY
. —
(a) Green vitriol FesO, - 7H,0 Ff - 5
(b) Mohr’s salt FeSO, - (NH),504 - 6H,0 [Gireeng R AXQLIcr's salt] |
K, Cr,0,/H"
. 2- 2 z
(¢) Fervic oxalate — Fe,(C,04)5 G204 2C0;1
. KyCr,0/H
(d) Fervic sulphate  Fe,(SO4)s 2Fe*350,7 — 0, 2, o reactis, |

83.

Sol.

84.

Sol.

Consider the following reactions:

NaCl + K,Cr,0, + H,S0, — (A) + side products
(conc.)

(A) + NaOH —> (B) + Side products |

(B) + H,SO, + H,0, = (2) + Sic epi odu t:

(dilute)
A), (B) and (C) is
The sum of the total number of atoms in one molecule each of (A), (B) [(7 ?hm) — it

o=

[18.00] 4NaCl + KyCr07 B6H,50, — 2CrO,Cl, + 2KHSO4 + 4NaHSO, + 3H,0

CrO,Cl, + 4NaOH — Na,CrO, + 2NacCl + 2H,0 |

A (B) |
Na,CrO, + H,SO4+ 2H,0, = CrOs + Na,SO, + 3H,0 |
(B © ‘_

Total no. ofatowms in A, Band C =5+ 7+ 6 =18 ’
(A) = CrO,Cl,, (B) = Na,CrO,, (C) = CrO

The number of terminal oxygen atoms present in the product B obtained from the followmg

reaction is [29 June, 2022 (Shift-2)]|

FeCr,0, + Na,CO, +0 ,—> A+ Fe, 05+ CO,
A+H — B+ H,0+Na |

[6] 4FeCr,0, + 8Na,CO, + 70, —> 8Na,CrO, + 2Fe, O + 8CO, 0 0
i I ol .|

+ - # % == Na
2Na,CrO, + 2H" —> Na,Cr,0, + 2Na + H,0 Sl i ﬁr | {
A @) 6 0 |
|
|

Hence, there are & terminal oxygen atoms present in the product B.
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<. Giver below are two statements

-1: Aqueous solution of
tatew\ent nof K ,Cr O - . . .
csvvc" Na,Cr,0, aqueous solution. is preferved as a primary standard in volumetric analysis

gtatement-ll: K2€ry0; has a higher solubility in water than Na ,Cr,0,
(a) Both Statement -l and Statement (| are true

0 Both Statement -l and Statement-|| are false
(© Statement -l is true but Statement -l s fafse
(d) Statement-l is false but Statement -1 js true

Sof (c) () Since, Na,Cr,0.,
praFerred over Na C;

[10 April, 2023 (5}

s hggroscoplc in nature and K,Cr,0,

is not, hence K,Cr,0, is generall
205 In volumetrice analysis, # g 4

| (2) It is less soluble than Na,Cr,0., as sodium salts has greater solubility inwater.
H

g6. A solution of CrO in amyl alcohol has a..... colour

Ro023/29 Jan/Shift-Il)
‘ (a) Green (b) Orange-Red © Yellow
|
|
!
|

) ) (d) Blue
sol. (d) A solution of CrO in amyl alcohol has a blue colour.

2_

X -
87. Cr,0, -—-‘T— 2Cr0,”", X and Y are respectively

| (@ X=OH,Y=H'
(€ X=OH,Y=H,0,

(by X =H',Y=0H"
(d) X = H,0,,Y = OH"

- OH -
Sol. (a) Cr,0,7 —— cro,

88. In which of the following oxc -anion, all .t =€ Lund lergehs are noc identical?

(a) MnO,~ (b) croZ (¢) Mno/j>" (d)y Cr,0,%"

' Sol. (d) In Cr,077 ion, the twio Cr-O bonds which share an oxygen atom at the common vertex of two
1 tetrahedral units are longer than the other six equivalent Cr-0 bonds.

'~ 84. Fusion of MnO, with”KOH in presence of O, produces a salt W. Alkaline solution of W upon
electrolytic ox«datron yields another salt X. Tke manganese containing ions present in W and X,
respectively, are Y and Z. Correct statement(s) is (are)

(a) BothY and Z are coloured and have tetrahedral shape

(b) Y is diamagnetic in nature while Z is paramagnetic
(€) Inboth Y and Z, n-bonding occurs between p-orbitals of oxygen and d-orbitals of manganese
(d) In aqueous acidic solution, Y undergoes disproportionation reaction to give Z and MnO,

Sol. (a), (¢) and (d)

,- Electrolytic Y - MnO, ™
—— KMnO
‘ MnO, + KOH + 0, ——*> KMnO, Oxidation * Z - MnO,
[w] [X]

The d- &
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O The ability of F to stabilice the highest oxidation state 15
() High lattice energy [in fonic cow\pound — CoF,]

_VF,, CrF.]

x man » . d '
(i) High bond enthalpy [in covalent compoun vinF, does wot exist but oxohalide of "

O The +7 state for Mn is not represented in simple halides (
MnOLF has +7 oxidation state.) e
- . f V\ .
Q Highe ‘de i cas the highest oxide 1s MnyCz o o
ighest M fluoride is MnF, wher metals explains its superiority (means Fluoring

onds with

oy ple b .
The ability of oxjqen yu form wiiltpls forms double bond with metal).

forms single bond with metal but oxygen

e St

+6 ! CrF, |
+S T VF. CrFs ;

4 | Tx, wx, orx, MnF,

L !

+3 TiXs VX, CrX, MnF, FeX 5 CoF4 : |
FOWT crx, N\ FeXa  CoXa  NiXp  CWG o Znx, |
—— — 2 2 Cux“l i
+1 ‘ :

Key:X=F—>l;X'=F—>Br;)f"=c,C';X"=£'l—>‘ |

O V7 is represented only by VF. The other halides, however, undergo hydrolysis to give oxohalides

VOY,. (Y = CL Br. ). r VCIS (unstable) 225 VOCl; + 2HC!

idation states VY, (Y = Cl, Br, or ).
CuCl, & CuBr, exist

O Another feature of ftoridessisitheir instability in the low ox
O All Cu(ll) halides are known except the iodide because Cu*" oxidises I” to I,. CuF,,
but Cul, does not exist because-

(@) Cu?* + 21" —> I, + Cu’

(b) 2Cu* + 21" — Cu,l,
O Many copper (I) compounds are unstable in agueous solution and undergo disproportionation.

2Cu" ———> o iCu
(aq.) (aq.)

, l
¢ Hydration Energy : Cu*" > Cu’ |
¢ [Hydration Energy],,z2- >> [Second ionisation energy]e, i

The stability of Cu™',,) rather than Cu” 4y is due to the much more negative AHy,, of Cu*",, than Cus

which more than compensates for the second ionisation enthalpy of Cu.

? CHEMISTRY 0 ,
- Click Here To J oin @StudySilelf For More S‘tudyAl\dz}Eerigls _ JA
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hen cut ion is treated with K|

| | el pi ' ] jon with the
A W‘P of a chemical equation. precipitate is formed. Explain the reaction wi

he

. 2+ +
ol Reduction of Cu™" to Cu' takes Place due to reaction with I~ ion.

26'“1* ¥ 4’_ = Cul’l + f2
White ppt.

2. Out of Cu,Cl, and CuCl,, which is more stable and why?

A1 cuCl, is more stable than Cu,Cl,. The stability of CuCl, is because of higher enthalpy of hydration
of Cu*'(aq) than that of Cu*(aq).

o SR "y
N i i L L G Y
o S S T " —" ey e -
g - e - — s
Pl

e TS PU— . -

7;/5.;5§aiiﬂr:eacts with potassium iodide to give =~ o . (2021/20 Juld)
(@) Cuyly (6) Cu,l, () cul (d) “Cu(l,),
col. (a) Cu** + 2KI— Cul, i +2K* I” is strong R.A. It reduces Cu?" to Cu”
Unstable
2Cul,— Cu,l, | + l, \
-
_/_‘_‘_‘—— S
?;ﬁ:ggability of Cu*" is more than Cu* salts in aqueods solutions due to: [NEET 2023]

(a) second ionisation enthalpy
(c) enthalpy of atomisation
Sol. (4)
q4. which of the following statements are INCORRECT? [NEET 2023]
A. All the transition metals except scardii m o1 m. M0 cxid'es wohic'. are ionic.

(b) firstionisation enthalpy
(d) hydration energy

B. The highest oxidation numkb zr corvispe ~ag +~ cth~ o w5 1p niwbrr in transition metal oxides
is attained in Sc,05 to Mn, 0.,

C. Basic character increases firom V,0, to V,0, to V,0.
D. V,0, dissolves in acids to give'VO,*" salts.
E. CrO is basic but Cr,0, is amphoteric.

Choose the corvect answer from the options given below:

(a) B and C only (b) “Aland E only (¢) Band Donly (d) C and D only

Sol. (d)

95. In the neutral or faintly alkaline medium, KMnO, oxidises iodide into iodate. The change in
oxidation state of manganese in this reaction is from [NEET 2022]
(@) +oto+ 5 (b) + 7 to+ 4 (¢) +6to+4 (d) + 7to+ 3

Sol. (b)

96. Identify the incorrect statement. [NEET 2020]

(3) The transition metals and their compounds are known for their catalytic activity due to their
ability to adopt multiple oxidation states and to form complexes.

(b) Interstitial compounds are those that are formed when small atoms like H, C or N are trapped
inside the crystal lattices of metals. -

(¢) The oxidation states of chromium in CrO>~ and Cr,0,> are not the same.

(d) ¢ (d* is a stronger reducing agent than Fe*'(d°) in water.
Sol. (¢)

.
he d- and f- Block Elements -
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7. The Manganate and permanganate fons are tetrahedral, due to:

- _orbitals of wmanganese
1 (@) The p-bonding tnvolves overlap of p-orbitals of oxygen with A-0res 3
() There is no p -bonding

, . 2 ~orbitals o
(¢) The p-bonding involves overlap of p-orbitals of oxygen with p-orbita
d-orbitals of manganese

f manganese

| | (d) The p-bonding involves overlap of d-orbitals of oxygen with
Sol. (a)
78. Which one of the following ions exhibits d-d transition and paramagnetism as vzell? [NEET 204 ‘]
(a) Cro*” (b) C',ZO?S!— (c) My\042- (d) MnO,
Sol. (¢)
99. Name the gas that can readily decolourise acidified KMnO, solution:
(a) PO, ) co, (©) SO
Sol. (¢)

100.Which one of the following statements is correct when SO, is passed through acidified K zc"207
[NEET 201 &~ |

(d) NO,

elr

solution?

(a) SO, is reduced (b) Green Cry(SO3), is formed
(c) The solution turns blue (d) The selution is decolourised !
Sol. (b) ]
101.Assuming complete ionisation, same moles of which of the following compounds will require th, |
least amount of acidified KMnO, for complete oxidation? [NEET 2015 Rgj|
(a) Fe(NO,), (b) Feso, (€). FeSO, (d) FeC,0, E
Sol. (b) !
102.Which of the statements i« not truz? [NEET 2012 Rg]’i

(a) K,Cr,0, solution becomes'yellow on increasing the pH beyond 7
(b) On passing H,S through acidified K,Cr,0, solution, a milky colour is observed {
(¢) Na,Cr,0, is preferved over K,Cr,0, in volumetric analysis |
(d) K,Cr,0, solutionin acidic medium is orange |
Sol. (¢) : |
ws.‘.:\‘:rwﬁed KCrs0; solution turns green when Na,SO; is added to it. This is due to the formation |
[NEET 2011 Pre] |

(a2) CrSO b) ¢ _
- Sol. (b) ’ &) €300 ) CFO: (d) Cry(SO,), L

104.The number of moles of KMnO, that wi| i |
e b ) will be needed to react with one mole of sulphite ion in acidic |

[NEET 2007] }

j
b
1
1

(a) 4/s5 (b) 2/5
c) 1
Sol. (b) @ (d) 3/5 f
105.Th |
e number of moles of KMnO, reduced by one mole of K| in alkaline medium is: [NEET 20 ~<’:
(a) 2/5 (b) 5 (c) 2 y 2005 |
Sol. (d) @ 2
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, sts of the two serfes, | .
- plock consis » lanthanoids (the .
1L f,-,lg (the fourteen elements Following actim'um).( fourbesh, elemanks Galtewig osthamn) 4rs
gt ;

———

Cesy | F¥ | NE | P | Sim Eu | Gd | Tb Dy | Ho | Er | Tm | Yb | Lu
Theo | Pa U Np | Pu | Am

71

Cm | Bk | Cf | Es | Fma | Md | No |Lr,,.

All clements are radioactive in actinoid series.
J

promethium is the only synthetic radioactive in Lanthanides.
. glements of f-block are soft in nature and on expose to air get oxidized.

po—

Y

i ¥ v ,
| [xeJos*sd*4f | o] [xejesPsd* 4P+ |

[Xe]es*sd*4f* |

I B - L Sl ot conrguracion
59 Pmseodgwxiumj; Pr 4f> 6¢* 1% element — Ce: [Xe] 4F sd* 6s°
S < 7ﬂ‘ element‘ —> Gd: [Xe] 4F7 5d1 652
ald Neody Miu{v‘# . ‘ ) 4 +f*es” 14 element — Lu: [Xe] 46** 5d” 65 |
61 :_Pr:-ymethium . 4f° 65>
62 Visdav;\anjum» sm | 4f°es
63 E_l,«rofl'um; BN 4f7 68
;4 : _ Gadoh'm'uvﬁ ad 4f" sd* 65*
65 Terbium | T 4f? s -
5 ,\T : Dysprosium Dy | 4f 1035_2 e
o Holmium 7 Ho |  4f*es’
2 | Erbium  Er | diFuéSz EI—“‘HI‘Z;LirrVegu!aritl'es in the dec;&v.u'é
SENN AT T \ e 1o th. st of
70 Ytterbium = Yb ' _ _‘f’F 1:%,;2 ; | the f%, f" and F** occupancies of |
- 7t Lutetium | 7 Ij.uﬂ | 4ftsdies” | %_7 24 Af prbitas. |

The 4. gng f- Bloclf Elements . . &
e Click Here To { OH,I, @Studehelf For Mﬁ Studz Materi als - h
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S aeing ting, ———
_ et " e it v \
106, Ny v ',,,nﬁ,, an - T : . -
ohfber of elect, - e 3[.5) I L e @) Eu” gy ot
= 67) TONS present in 4F orbital of Ho™ ion is ——— (Given atomic nump,,. F P 5‘,. a ,

| Sl [10 N [25 July, 202
1o 7 e7Ho =[x P
7-Which of the Eouq -u lest Ho'® = [xe] 4F*° e . Piccr
(Given: agopes, O ing elements have half-filled F-orbitals in their ground statef,
A s '€ Number Sy = 62, Eu = 63; Tb = 65; Gd = 64, Pm = 1)
e corre, (B) Eu ©) T ) Gd () Pm
nd D o, Ct answer from the options given below: d |
nly b) Aand E only (&) Band D only (d) A and B only

e

| = 54, co - o€ configurations of bivalent curopium and trivalent ceriu
y e‘ss.Eu=65)

L (Shift-

Choose th
(a) ¢4
| Sol. (¢

m are: (atomic numbey Xe
(2020/05™" Sept/Shife-,

i‘g [ickff and [XeJaf? (b (X4 and DXeIAF
| Sol. (by E[ e14f7 es® and [Xe]4f? os? () [Xel4F* and [Xel4F
s Eu - [XeJ4F

Ce = el o5 s 4 ce> - [xe] 4F

- Lamfhanoids generally show +3 oxidation state.
YU and Eu* are reducing agent but Ce*" is an oxidising agen! o¢ ause they ‘onver itself v. con wop

oxidation state (+3) of lanthanides.
o el

T
(d) Yblb oxidation Yb}» | (ﬂ) 664- Reduction Ce}e ‘
: (b) Eul' oxidation EIAE‘ 1 (b) .rb4> Reduction T-b!«

O E° value for Ce*/Ce™ is 1.74 V which suggests that Ce*"can oxidise water. (H,0'—> 0,) but this
reaction is very slow and hence Ce(IV) is a good analytical reagent (a kind of chemical reagent used
for analysis and testing). 3 ,

O In organic chemistry, we use Ce(IV) reagent (ceric ammonium nitrate) to test presence of alcoholic

group (-OH).
O Metal having +4 oxidation state in their oxides (MO,) are Tb, Dy,/Pr, Nd.
O Sw has similar behaviour like Eu (both has 2 and +3 oxidation state.)

| 104.Given below are two statements: ] )
Statement -I: In the Lanthanoids, the formation of Ce** is favoured by its noble gas configuration.

Statement-II: Ce™* is a strong oxidant reverting to the common +3 state. [27 Jan, 2024 (Shift-1N]

|

“ (a) Statement-I is false but Statement-ll is true
i (b) Both Statement-l and Statement -1l are true
| (c) Statement-l is true but Statement-Il is false
‘ (d) Both Statement-l and Statement-Il are false

| sol. (b) B Pl N NS
CHEMISTRY @

f u'mpo, [La™, Ce™] £ Diamagnetic (because
Py [Lu™, ¥b” T Piamagnetic (because o
¢+ 10 22 [Ln”'] * Paramagnetic (due to prese
// —

e wing metal COMPplex/compounds in the e —
following metal \plex/cormpou in the incre, .
i Gedsume all hethree, bigh spin syster. (atomic mambers ¢e 55,44 - s ) magretc |
At B. GA(NO,), and ’ )
'r(nm);[“(”a”"] i ¢ Butnoy), |

electrons arg paired)

| electrons are paired)

nee of unpaired ¢y

is: [36 March, 2021 (Shift-n)] |
W@ ® O O PO O OW® @ wemen
; JICENOs)] = €& = 4% = n=0 \

MNH‘_,E»«””"’P:'“:G \

SGd* = 4T =n=T
plex with hiaher number of unpaired electrons has high magnetic moment.
e =

alent lanthanoid ions Ln>" are coloured both in the solid state and in agueous solutions.

7 Many triv !
1 Colour of these ions
type of ion do not s

P

may be attributed to the presence of f electrons (f — f Transition), but f* and
how any colour because f — f transition is not possible in this case.

Fe Type [La>*, Ce*T : colourless
\ £** Type [Lu®", YE™] : colourless {

1 Absorption bands are narrow, probably because of the excitation within f level.

112 Number of colourless lanthanoid ions among the following is
B, Lu*, Nd>*, La®", Sm>

SL[2] Colour arises due to the presence of unpaired electrons. 2T 1
La® = [XeJ4P, Sm™> — [XeJ4F, Lu'™ — [XeJ4P*, Nd> - [XeJaf, B - [xelt P \ ‘
Hence, La*> and Lu*® do not show any colour because unpaired electron are absent mf m)\ " \

'13Which one of the following lanthanoids does not form MO,? -

Mis lanthanoid met
(@ Nd 3 “'](b) Dy () Yb (d) Pr k

Sl v - ,
1Yo is the element that do not form MO, type oXde " :

LTS
o £- Block Elements

- ,A,MMA s —
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(d) T

114.The lanthanoid that does NOT show +4 oxidation state is:
(a) Dy (b) Ce (¢) Eu

Sol. (¢) Eu does not exhibit the +4 oxidation state.
S - B e ——————— R m———

Reactions of Lanthanides

——~ H,t + Lncly

——> LnX
) K

» Ln(OH), + H,T
LnN
O Ln forms oxide Ln,0, and hydroxide Ln(OH), and both are basic like alkaline earth metal (such as

Ca) oxides and hydroxides.
O On moving from left to right, basicity of lanthanoid hydroxide decrea

La(OH), > Ce(OH); ? LUK
La"/‘ N ce>* P > e
T v

Smaller cation has more polarising power
so it has.more covalent character. in Lu—
OH_bond. Hence least basic.

Bigger cation has less polarising
power so it has more ionic character
in La—OH bond. Hence more basic.
O Basic nature gradually decreases from Ce(OH); to Lu(OH),, due to_high polarisation caused by
gradual decrease in size M* ion. The hydroxides of lanthanoids LW(OH), are. less basic than Ca(OH),
and wore basic than Al(OH).
O The first ionisation enthalpies of the lanthanoids.are around 600 kJ wol™, the second about 1200
kJ wol™ comparable with those of calcidm.
O 3™ lonisation enthalpy of La, Gd , Lik is low.
Because La> , Gd>* and Lu> have stable electronie configuration 4f°, 4f7 and 4f** respectively.

. IE .
La** ——» La>:

Gd* = Gd#*

[Xe] 4f° [Xe] 4f” |Lu2‘—5—> Lu® : [Xe] 4F**

O 1 and I jonisation enthalpies of lanthanoids are comparable with Ca.

O In general, initial members of lanthanoid series have reactivity similar to Ca, but with increasing
atomic number elements behave more like Al.

O E9,, values are in range of -2.2 to -2.4 V except for Eu (Eg 3. /g2 = 2.0 V)

-

- g =

CHEMISTRY @

| 5 agood deal of wisc
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oint)-
)Mw;t " other properties change smoothly except for Eu and Yb and occasionally for Sm
ity

N
practs of 2 at; A mixture of La and. the lanthanoids called Misch metal is added to steel to improve
g & \ :; and workability. It is pyrophoric and also used in gas lighters.
its ===
Petroleur Cracking I
AN ]
| Mixed Ln
| oxides
o, % .
]l A .3,‘5"‘: ) Individual Ln Oxide A 4 AN [ ]
“ pullet it Flin Jl— — As phosphors 3
BN ooy m= mm= Em S
se— —

hmetal is used in Mg-based alloy to produce bullets, shell and lighter flint.

o Mixed oxides of lanthanoids are emploged as catalysts in petroleum cracking. o

0 Some individual L oxides are used as phosphors (materials that emit light when exposed to radiation)
in television screens and similar Auorescing surfaces.

0 In the context of a lighter, "flint" refers to the small piece of metal, typically an iron alloy,
rubbed against a wheel to produce sparks and ignite the fuel.

heir tendency to ignite spontaneously when exposed to air,

[ ignition source like a flame or spark to start burning.

that is

0 Pyrophoric materials are known for tl
meaning they don't require an externa

[4 Sept. 2020 (Shift-11)]

115.The incorrect statement(s) among (A) - (C) is (are)
A W(VI) is more stable than Cr (VI).
B. In the presence of HCI, permanganate titrations provide satisfactory results.

C. Some lanthanoid oxides can be used as phosphors.

(@) (A) and (B) only (b) (A) only
(¢) (B) and (C) only (d) (B) only
Sol. (d)
The d. &

and f- Block Elements
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: (a) | Production of iron allo
Y.
(i) Lanthanoid
(i) | Misch metal
(iv)
(==

‘ %)

(b) | Television screen

(¢) | Petroleum cracking

Magnesi i g
gnesium based alloy is constituent of (d) | Lanthanoid metal + jron

(e) |Bullets

Mixed oxides of lanthanoids are employed

(A | In X-ray screen

| Sol() = (&), (i -

(Q): @ity = (), (iv) (), (v)
i + (V) = (&), (v) = (c)
117.Which one amongst the following are

(A) Sm2* good oxidising agents?
Choose the ot © ce* () TB*
” Most appropriate answer from the options given below:
Q) Aand B only ) ¢
and D only () D onl 4 ¢
Sol. (b) ce* and Tb** nly (d) only

fons are good oxidising agents.

| 118-Select reducing agent from Eu*2, vb*2, ¢
(@) Mn?*, o2 g2

©) cr*, Eu®*, yp2*

e, Mn*2, or'2, M
() B, 2 o
d) cu™ b, m >

nate electrons. In the given list, g2
they easily oxidizé to their +3 states, s
e oxidized to Gt

Sol. i
(b) f’cj;ucmg agents are species that readily doj
well-known strong reducing agents because
!¢ @ strong reducing agent, as it tends to b

Q The chemi: inoids
stry of the actinoids is much more complicated due to mainly 2. reasons-

(i) Due to ?
the occurrence of a widé range of oxidation states in these elements.

(i) Due to their radioactivfty creates/special problems in their study.

[_[Rnj7ed™ i

H
i
i
i

L |

Y ¥
‘ [Rn]7§"6d2] [[Rn]7széd‘5 “‘—[

fmilnrly, A

cHEMISTRY @)

- SAE] U Jrr g b TR L Ao
W\‘éﬁ?ﬁ"ﬁiﬁf

=

Thorium

frnm:tinium
2 I & Uranium Sflediygz
T 77N¢ptur\ium Ny 5F2ed 52
at [ ] 7Plutornium ] = sfled* 72
L q/s Awmeritium sf7s
b : - Am
A Curium sf77s
s _ . Cm
2R 9 Berkelium ek SFed'zt
" Californiurm o e T
| — 4 Einstenium e ‘
B g epiga -
Firon il sfrys2
r/iof; i Femdgs A e T
‘/1;;,—  Mendeleviumm VMdi '\”"\sﬁ?s —
i ——2 | M s
| Nobel S =
102 sealaat E L0 TG SPAze
105 | Lawrencium *,: e
s = il Sf*edt752
m s th - hec ies natu ally occurring elemmens. o

o Ur ‘fuuy_ aiuv , 12 mc e ele nents have been artificiy, hes .

u /:MV‘ 42) and are sometir.cs called the transuraniugn, 5’:,”5,:’:;?5 q(;?"‘*\e atomic numb
e actinoids are mdio'active elements and the earlier yagmmb,

0 atter ones have half-life values ranging from a day to 3
atter members could be prepared only in nanogram g
The F orbitals resemble the 4F orbitals in their ang;

ular part of the wave-function, th
! e o z , they are not as
puried. as 4F orbitals and hence SF electrons can participate in bording to a far gnatergzxtut

1y sums,
lly syt
45 er more

ers have relatively long half-lives, the

minutes for lawrencium (Z = 103) The
uantities.

a Actinides also shows contraction in radius similar to lanthanides due to poor shielding of f-electrons.

There is a gradual decrease in the size of atoms or M* ions across the series. This way be referred to as
the actinoid contraction (like lanthanoid contraction). The contraction is, however, greater from element
10 element in this series resulting from poor shielding by Sf electrons.

Radii contraction is more for Actinides than the Lanthanides.

114. Actinoid contraction is greater than lanthanoid contraction. Why ?

Sol. In actinoids, 5F orbitals are filled. These S orbitals have a poorer shielding effect than 4f orbitals
(in lanthanoids). Thus, the effective nuclear charge experienced by electrons in valence skz'{ls i_n
case of actinoids is much more than experienced by lanthanoids. Hence, the size contraction in ¢
actinoids is greater as compared to that in lanthanoids.

=

The d- and f- Block Elements
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| | | |

__ isra greater range of oxidation states because the sf, é‘d ‘avwl' 75 levels are of COmparay,,
The elements, in the first half of the series Freqo.(ently exhibit, higher oxidatipn states, g, 2rgiy,
the maximum oxidation state increases from +4 in Th to +5, +&6 and +7 respectively in Pa Jxampfg..
but decreases in succeeding elements. Uangy,
The actinoids show in general +3 oxidation state.

The actinoids resemble the lanthanoids in having more compounds in +3 state tjry, in thy
,_ ‘ Fthe v

0o

Stat,

| S T n e Actinoids
1. Apart from +3 oxidation State, 1q
and +7 available for some of £ 3 #5

. — e A T T e R
~ Lanthanoids’ i

1”1. Apart Frowx +3 oxidation state, +2 and +4
l are available for some of the elements.

&

e ddw-g,.}.

1
o

2. All elements are non:\—rndn'nactive except Pm. i‘ 2. All elements are radioactiye.

E———

' 3. Lanthanoid contr ion i5le stlavactingid 2. A:tiioid contraction s more than |

| . Mt;‘ﬁr_c,i
contraction.

contraction. ]

4. Lanthanoids kave lesser tendency towards
complex formation.

|
5. Oxides~and, hydroxides are relatively less| _
| % 5. Oxides and hydroxides are more bag

I

| 6. Elements'have less density. | & Elements have relatively more densit

4. Actinoids have relatively stronger tond,,
o
towards complex formation. ;

! basic.

| +20.The highest possible oxidation states of uranium and plufbnfum respectively, are:
(1Oﬂ\
(a) 6and 7 (b) & and 4 (¢) 7 and 6 (d) 4 and &

Sol. (a) Ummum. tgpu‘c.afly cxka:bits a maximum oxidation state of +6. Plutonium, on the other hand
can attain a higher oxidation state of +7.

April 2018, Shit-

121.Which of the following property decreases on moving from Ce to Lu?

|

5 . .

; (a) Basic nature of oxides (b) Covalent character of halides
| (¢) Paramagnetism of trivalent fons (d) Complex forming tendency

: Sol. (a)

B i — S rerrm——e ————
- ——
TS — r————— —
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'?“' :
sbiinains !
" A M s b5 e pRom—————— it e |

"’u/.;l"t;\:';‘ﬂ;‘"‘”“be" of possible oxidation states of actinoids are shown by: .
; tpa'" April 20149, Shift - 1)
obeli™ (No) and fawrencium (L) (b) Actinium (Ac) and thorium (Th)

um (Bk) and californium (Cf) (d) Neptunium ( Np ) and plutonium (Pu) |

© Berkeh'

@

pich one of the following statements related to lanthanons is incorrect?

' 1 & . . ’

42> ) Al the lanthanoids are much more reactive than aluminium |
(a

sol

b) Ce(+4) solutions are widely used as oxidizing agent in volumetric analysis

(

| © Europium shows +2 oxidation state
| d) The basicity decrease as the ionic radius decreases from Pr to Lu
(

sol. (4)

: ing statement is not correct? |

hich of the following | | ¢

124.\;}) Lu>* has the strongest tendency toward complex forvaation among trivalent lanthanoi
a

(b) Ce has maximum composition in misch metal.
©) f-Block elements can have electrons from f© to £
(d) N, Np and Nb all are f-block elements.

. (d) Nd is a lanthanide (F-block) and Np is_an actinide (f-block), but Nb (niobium)
= ¢lement, making option (d) iacors ce.

is a d-block

m——,—w————mw—wﬂ——-
~

B o i

Y ‘ "" . V 1 ' 0 ’

idi line KMnO,, CuSO., H,02 Cl,, O
- 2 list/of reagents, acidified K,Cr,0, alka B A4 e
ks : [ number of reagents that can oxidise aqueous iodide to iodine I

L

(JEE Adv. 2014)

+ 125.Consider the follo
' FeCly, HNO, and Na,5,05: The tota
" idi . iodide to fodine.
; * (-) Acidified K, Cr 0, CuSO4, Hy02, Cl,, O, FeCly and HNO,, oxidise aq. todl
) 2% 2 Y& i
] il jodide to 105 -

o Alkaline KMnOy oxidise aq. 10 A . . .

Na.S.,O., is a strong reducing agent which on reaction with [, produce
° 2273

Na,S,0, + 1, = 21" + Na,S,.0, o

Tkezr:f'oie, no reaction takes place between Na,S,05 and iodide i

{ P it

[ e PR P o
— B S S S S

[16 March, 2021 (Shift-11)]

126.Fex, and Fey are known when x and y are

(@) x=F Cl, Br, | and y = F, Cl, Br
(©) x=F Cl,Br, | and y = F, Cl, B I
Sol. (a)

(b) x=Cl,Brl and y = F, Cl, Br, |
(d) x=F ClBr and y = F, Cl, Br, |

- Due to strong reducing nature of I’
1 2Fe‘3 2Fe‘2 : i ’2 2F63’ & 2l_ s 2F62+ P l2

i (Unstable) (Stable) e palning halides of F& and Fe>* are Sfab'?'

e PN
"F 4 ond CRERHEPE o Join @StudyShelf For More Stud Materials
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oxidation states

N
B. The wetal although placed in zd block :s‘ .
considered not as a transition element l

 Copper
]

R
C. The wetal which does not exhibit variable | 1. iManganese

oxidation states

; v =z
D. | The metal which in +1 oxidation state in aqueous | iv. | ZInC .
solution undergoes disproprqrtit'on‘atiow_ o w I 1 . |

Select the correct option:

(a) A-iil B-iv C-i D-ii

(b) A-iii B-i C-iv D-it

(¢) A-il B-iv C-i D-iii
! (d)y A-i B-iv C-ii D-iii

Sol. (a)
'128.Match the metal ions given in Column~-I withithe spin magnetic moments of the ions given ;,
\ Column-Il and assign the correct code: [NEET 2025
; A. Co* L leem
: e e e e — __l _______'..-_.._
1 B. [crt | Qi ! V35 BM
| T i g
| C. Fe* |_ii Wz BM \
——— o ! —— -4
| D NP Y% l V24 BM
| v. [ V15BM

(a) A-iv B-v C-ii D-i
i by A-i B-ii C-iii D-iv
; (¢) A-iii B-v C-i D-ii
' (d) A-iv B-i C-il D-iii
' Sol. (a)
129.Which of the following processes does not involve oxidation of iron? [NEET 2015]

(a) Decolourisation of blue CuSO, solution by iron
(6) Formation of Fe(CO). from Fe

(¢) Liberation of H, from steam by iron at high temperature

(d) Rusting of iron sheets
Sol. (b)

322,

r*#’CIick Here To Join @StudyShelf For More Study Materials “Hems
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- whit

50'222,-@ it? [NEF 012 Mains]
() fieVeMn<lr: increasing 2" jonization enthalpy
) <V < Cr < Mn @ increasing number of oxidation states

B+ 3+ ’ . 3
TPt e VT OrT < M L increasing magnetic moment

(e)
() Ti< V < Cr < Mn : increasing melting points
[ () - , g
501 which of the following ions will exhibit colour in aqueous solutions? [NEET .
(@ s (z=21) (b) L& (2= 57) (c) TP (Z=22) (d) Lu® (Z=71)
gol. (€)
52.Among K, Ca, Fe and Zn, the element whach can form more than one binary cow\pound with
} cklorme is [NEET 2004]
(a) Zn (b) K (¢) Ca ) Fe
sol. ()

133 Given below are two statements: MEET
statement |: Ferromagnetism is considered as an extreme form of paramagnetism.
statement [I: The number of unpaired electrons in a Cr** ion(Z =.24) is the sare as that of a Nd>*
ion (Z = 60).

In the light of the above statements, choose the corvect answer from the options given below:
(a) Both Statement | and Statement Il are true (b),, Both Statement | and Statevnent Il are false

(¢) Statement | is true but Statersent !! i« frler () Statement | is false but Statewent Il is true

| Sol. (¢
1134, S,»J)}uch of the following set of ions act as oxidising agents? [NEET 2024 Re]
! (a) Ce* and TO**  (b) La® and Lu®" (¢) Eu** and YOV** (d) Eu*" and TO*
Sol. (a)
135.The UV-visible absorption bands in the spectra of lanthanoid ions are ‘X', probably ffiause of the
. excitation of electronsinyolving Y. The 'X' and 'Y', respectively, are: [NEET 2024 Re]
; (a) Broad and florbitals (b) Narrow and f orbitals
f (¢) Broad and d and f orbitals (d) Narvow and d and f orbitals
 Sol. (b)
136 The pair of lanthanoid ions which are dmw\agnetcc is [NEET 2024]
(@) Gd* and Eu®  (b) Pm> and Sm>  (c) Ce* and YO*© () ce® and Eu**
' Sol. (c)

|
137.Match List-1 with List-Il:

[NEET 2024 R

Lanthanoid I |Ce

A
B.  d-block element | 1. |As .
| C. p-block element . |Cs

D. | s-block element V. Mn

rm " B9 E'IeE To Join @StudyShelf For More Study Materials |
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or from the options given below:
oo v, Dl by Ant, BIV, Cil, D~
a =1, AN} b i X ] )

((c\ A-l, B-IV, C-ll, D-III (d) A-IV, B-1, C-Il, D-lil

Sol. \'L‘\
138.Given below are
Reason (R)- '
Assertion (A): lonisation enth
Reason (R): Electrons are ent

nuclear charge.
. e the correct answer ; .
In the light of the above statements, choos from the OPtions give, below.

[NEET 202324

two statements : one is labelled as Assertion (A) and the othe, i labey ) _
ed g5

alpies of early actinoids are lower than for early lanthano,'ds

ering SF orbitals in actinoids which experience greatey Shfelding b ;
Om |

(a) (A) is true but (R) is false. Aripyy]

(b) (A) is false but (R) is true. |

(¢) Both (A) and (R) are true and (R) is the correct explanation of (A).

(d) Both (A) and (R) are true but (R) is not the correct explanation of (A). |
. |
i3l [e) i B B - . ;
' 134.Decrease in size from left to right in actinoid series is greaterand gradual than that in (g, 1y
! series due to: . : INEET 202;0,4‘
J' (@) sf orbitals have greater shielding effect (b 4f orbitals are penultimate Re] |

, (c) 4f orbitals have greater shielding effect” (d) Sforbitals have poor shielding effect |

| Sol. (d)

| 140.Gadolinium has a low value of third ionisation enthalpy because of INEET 20941
| (a) high basic character (b) small size 24.'!\
| (©) high exchange enthalpy (d) high electronegativity

| Sol. (¢c) .
ji4:LThe incorvect statemen . 2. aon 'tk 2 fo lo min g is: [NEET zov‘j

(a) Most of the trivalent Lanthanoid ions are colorless in the solid state

(b) Lanthanoids aresgood conduttors of heat and electricity ‘x
(¢) Actinoids are highly reactive metals, especially when finely divided

> ((d)) Actinoid.contraction'is greater for element to element than Lanthanoid contraction
ol. (a

(142, Identify the incorvect statement from the following: [NEET 2020-Covid]
(a) Lanthanoids/reveal only +3 oxidation state. d
(b) The lanthanoid ions other than the ° type and the F* type are all paramagnetic.

(¢) The overql{ decreases in atomic and ionic radii from lanthanum to lutetium is called lanthanoid
contraction.

(d) Zirconium and Hafnium have identical radii of 160 pm and 159 pm, respectively as ¢
ot consequence of lanthanoid contraction.
' Sol. (a

143.Maq

tch the element in Column-I with that in Column-II. [NEET 2020-Covid

‘.
| A. Copper i.  Non-metal
| B.  Fluorine it. | Transition metal
i C. Silicon iit.  Lanthanoid
D.  Cerium

iv. | Metalloid

<= e ———
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- the corvect option: ) |
gelec P B-ii C-il D=jv .;
(a) A-ii B-iv C-i Deif
(b Aol B-i C-iv B3
(©) A-iV B-iil C-i D-ii f
() i

6 e raSON for greater range of oxidation states i actinoids is attributed to: I
e | 4fa nd 5d levels being close in energies
(2

) The radioactive nature of actinoids 4
Y
© Actinoid contraction

@ of, 6d and 7s levels having comparable energies

. (d) )
5:'5 ;,hich one of the following statements related to lanthanons is incorrect? (ME
140- [

(a) All the lanthanons are much more reactive than aluminiuim

(b) Ce(+4) solutions are widely used as oxidizing agent in volumetric analysis
(¢) Europium shows +2 oxidation state.

(d) The basicity decreases as the ionic radius decreases from Pr to Lu.

Sol. (a) .
' 146.The electronic configurations of Eu (Atomic Number 63) Gd (Atomic Number 64) and Tb (Atomic
. Number 65) are: [NEET 2016-]

() [XeJ4fes?, [Xe]4f7sd 6™ and [Xej4f o
(b [Xe]4f7 657, [Xe]4f® 6s” and [Xe]4f® sd*6s*

(0) [Xe]4f® sd*6s*, [Xe]4f! 5d’6s” and [Xe]4f? sd*es”
| (d) [Xe]4f® sd”es”, [Xe]4f" 5d*6s* and [Xe]4f* sd*6s”
| Sol. (a)

147.Gadolinium belongs to 4f-series. Its atomic number is &4. Which of the follow:;ng‘li the cir_rect
electronic configuration-of gadolinium?

(@) [Xe]4fesdPes* (b) [Xel4f*od (c) [Xel4f'ss” (d) [Xel4f'sd*6s”
| Sol. (d)

\148.Reason of lanthanoid contraction is:

NS e INE

. (a) Increasing nuclear charge (b) Decreasing nuclear charge

(¢) Decreasing screening effect (d) Negligible screening effect of ‘f * orbitals

' Sol. (d)

49.Which of the following lanthanoid ions is diamagnet
. Bu=e3,vb = 70)

ic? (Atomic Number Ce = S8, Sm = &2,

......

" \Ca
(a) C62+ (b) SW\2+ (C) Eu2 (d)
| Sol, (d) '
150.Which of the following exhibits only + 3 "x"datwn)st:te? (d) Pa
¢ C
| so (a) U (b) Th (

(¢)

The g. &B@l&%ﬁ%{? To Join @StudyShelf For More Study Materials | |
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[anthanoids?
151.Which of the following oxidation states is the most common among the (MEET 2¢

o) o © 5 (d) >
Sol. (d) [N EET -
152.1dentify the incorrect statement among the following: _ B
(a) Lanthanoid contraction is the accumulation of successive shrinkages.

, : ransiti |
(b) As a result of lanthanoid contraction, the properties of 4d series of the transition element;

have no similarities with the sd series of elements.
(¢) Shielding power of 4f electrons is quite weak.
(d) There is a decrease in the radii of the atoms or ions as oné proceeds from La to Lu.

Sol. (b) ) 5

153.More number of oxidation states are exhibited by the actinoids than by the ’“”th‘"“’,’fﬁ' The Pain |
reason for this is: INEE 2006]|
(a) More energy difference between Sf and 6d orbitals than that between 4f and 5d orbitals

(b) Lesser energy difference between Sf and 6d orbitals than that between 4f and 5d orbityls
(¢) Greater wetallic character of the lanthanoids thansthat of the corresponding actinoids

(d) More active nature of the actinoids

- Sol. (b) _
154.The main reason for larger number of oxidation states exhibited by the actinides than th|
corresponding lanthanides, is: LNEET 20057}

(a) Lesser energy difference between 5F and &d ovbitals than between 4f and 5d orbitals
(b) Larger atomic size of actinides than thelanthanides
(¢) More energy differer e bet neen =° o nd 6d orbitals than between 4f and 5d orbitals f

| (d) Greater reactive neiur 2 of the act ailes than thz an hani les
' Sol. (a)

| 155.Lanthanoids are:

‘ (a) 14 elements in the seventh period

! (atomic number =790 to 103) that are filling Sf sublevel.
(b) 14 elements in the sixth period
(atomicnumber = 58 to 71) that are filling 4f sublevel
(c) 14 elements in the seventh period
J (atomic number = 58 to 71) that are filling 4f sublevel
(d) 14 elements in the sixth period
(atomic number = 90 to 103) that are filling 4f sublevel

™~
<
m

. Sol. (b .
' 156.'(113e correct order of ionic vadii of Y**, La>*, Eu®" and Lu>" is: [NEET 20 >3]
(Atomic numbers Y = 39, La = 57, Eu = 63, Lu = 71) '
(a) Y?' < La® < Eu® < Lu® (b) Y?' < Lu® < Eu® < La>*
(c) Lu® < Eu®" < La®> <Y** (d) La> < Eu® < L3 < ¥>*
| Sol. (b)
| 157. General electronic configuration of lanthanides is: [NEET 2002]
(@) (n - 2) F* (n - 1) Pp°d°* ns* (B) (n - 2) PP (h - 1) dOF n&
(© (n=2) P (n - 1) d*° ns d) (v =2)d°F (n - 1) 2 n?
| Sol. (a) I X L SN LI
== cHemzsTey &
. Click Here To Join @StudyShelf For More Study Materials e
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Chemical principles involved in the qualitative salt o

nalysis: PN = 1
. ! + 2+ 4 7L S : y ¢ -
Cations— P, Cu®*, AP*, Fe>*, zy2* N+ Ca™", Ba™, Mg™*, NH; ;
Aniors- COZ™, S*7, SO2~, NOZ, NO - o B - \ W g ;
e AR 3 772 OB I (Insoluble salts excluded), :
Ea L F-- N :

Basic radical Na*«j_L, CF Anc: 1 :"‘*-- P oo e

(Cﬂﬁous) ACldlu raaicg{ cvadb r-{c‘ w NQC( 1

. (Anions) e £
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EgE ; AN B A R = Yoty h
(ppt) EXchang®
'Fl““ i co. A Ha Peact
F{t" Nast=s 2NaOH + Mgcozl Vm‘-!,q‘,“ B,‘ = lC D
' ; + nbt Cs carbonat l H)2b Soluble Soluble InSoluble i e
All are water insoluble -~ —» NH;,Na*,K*,Rb",Cs" carbonates are watey soluble Mg(gml
gl A __Ho Renction
BEH] All are water soluble —tt+. NaHCO, is sparingly soluble 1 dissolutio [“"v*'e A e v
t) dissolution St A :
All are water soluble —&t» Ag*, Hg,?*, Pb™*, Ba**,5r**,Ca’ sulphates are Watep | tI'F"mu i 5 CO 5 B
i ‘ pre e 0w Ca(HCO), '©)
insoluble {3~ (£aC03 H,0 w 2 ot AlTES B — ¢ D
| i (Insoluble safey e, if
Al are water soluble — o AGNO, is water insoluble Q(l,\muwﬁ aluble salty (Strong acid) sl (g
NG 2 _ exctss50s o, Ca(HSO3); €404\ + 2HCI—s cag, 4 1 c0
. . + s ] 2
All are water insoluble —t* > Na*, K, Rb, Cs°, NHj, Ba™', Sr*", Ca** hydroxides are wagq,. i C“SZZ i i Baco,\ + 2hno, —,. Ba(No; :H
soluble | o BacCo, slz + 1HaC0,

3} + 2CH,CO0H —,. Ba(CH,C00), + H,co,

All are water soluble L

== sl
- | All are water soluble — % Ag®,Hg,*,Pb** halides are water insoluble I[_Hgll,BuS\Mub{ql

All are water insoluble

bt Nat, K*, Rb", €S, Ba®", Sr2, Ca*, NH;, sulphides are |
water soluble

|
|
|

B HCI

Alcl,

(Soluble) = crcl,

S Cr{OH), | (Soluble
. . (oH)s¥ joH Grean) > a
CH,C0O0. All are water soluble — ¥t Ag*, Hg,*", Cu’acetates are slightly fo!ﬂ%lg inwater .| LMA!,(ynzimus prt ('::Z;) Na[Al(OH),] = NaAlO, . 2H,0 e :'!3; > Na[Cr(OH),]
i = S (Soluble) (Soluble)
A Hel
CuS X (Insoluble) Ca(OH), v Pb(CH,C00), v/ p Bv;” 2 (lecii) ‘!L['» ZnCl, (seluble)
i . i u ‘ Zn(OH),i :
Nis % Fe(OH), X butisy it %?H)’ o 2 g rieng R EY s
cuso,  vllPioXs o 0,[Zn(OH),] (selubse
PbS X PbsO, X CRN ' =N 2 M, Na,Zn0,2H.0
=V “Solubl
Na,S v (Soluble) AI(OH), % . gCl % 5
3
Na3S0, v Fecl,
(NH),s vV Mg(OH), X 2 :/ Fe(OH), st
Cacl. Red Brown 1a0H
KkNO, v/ Pb(OH), X y 2 - _ [Basic hydroxide] B0 M il
NaNO, v~ Cr(OH), % AgiS0, X
Hg,Cl, % . . T
Hg,Cl, X Na,S0, v/ 92" precipitate (ppt) Dissolution by Complex Formation :
caco, % Ba(OH), v/ Baso, X 2 e . : -
excess)CN”™
AgNo, vV NH,OH.¥ Hgl, X S S Soluble | d-block ppt —©<e9 Soluble
)
exces)ON” -
Pb(NO,), V' £a50,.% MgCco, % Al NHexcess) [Ag (NH,)Z]CI CuCN | (et [eu(CN), T
" bhte Soluble white L
" . (excess)CN” Ni(CN), 1
. NHy(excess) . * Ni(CN), 4 [ '+
| Ni(OH),} M INi(NH,), e
‘ Green Soluble — [eocm s
2+ Co(CN) )2, o(CN), |
. ; NH(excess) 2
1. Precipitate (ppt) formation } Z'\é’?:i)li e [Z“(:’t‘i)J Brown
AgNO, e it I (exces) N [ag(CNY, |
KC?“{ Soluble A? C!.' * ‘SNO" Sotub.‘lity in water: cuCl > CuBr > Cul ‘ AC?;C -':l [Aj(c -
253, (Covalent character 1 - Solubility ) AgCl > AgBr 7 Agl
rBa_S Soluble Pbcl, > PbBr, > Pbl,
Solubl \“ 2
<= cremisTey @ St Analysis —
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E’M@t) test with AgN(

(2 N5 [AG(CN),]" seluble

Clr —— cll

» [Ag(S,0.),]" soluble

NH,OH

> [Ag(NH,),]" seluble

EN_ ., [Ag(CN),]™ seluble

50"

S0, [AG(S,0,),]1 seluble

NH,OH

> [AG(NH,),I* Partially soluble

[Ag(CN),]" soluble
[Ag(S.0,),1" Soluble

No Reaction

.0

NH,OH

Q Aglisinsoluble'in NH,0H

- &
o a1 a
7 Solv vility, it water:
— ‘P;bClzj —— Soluble in Warm water PbC > Pb . o, = ,
(White ppt)
(i) Brm ———= PbBr,{ — Soluble in Hot water more lonic more covalent
(White) character tharacter J
(i PEND,

Pbl,d — Soluble in Boiling water
(Yeliow)

1. Assertion: Sulphate is estimated as BaSO, and not as MgSO,.
Reason: lonic radius of Mg>" is smaller than that of Ba*'. (JEE 19493)

(a) Both Assertion and Reason are.true and Reason is the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason is not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.

(d) Assertion is false but Reason is true.

Sol. (b) Sulphate can be estimated asiBaSO, because it is insoluble in water. But not as MgSO,
because MgSO, is soluble in water.

>

CHEMISTRY @

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

soluti
scies resent in solu w: IR CO‘ '5 dlssal
W s 1,C0 HCO, » COy

ved i Water g, ——

ATDB PDFZ

®) He (JEE 2014 |
" 0%, oy €0 Dy Sy
h ) ¢
0 h %2 Haco,)
f ___H,CO. H . |
50’ (a) PHOT N €0 = +Heo, Hco; 1
H" + COi'
Class 1 S
fatile product (gas) Class 11
orm VO i
F with acids Do not form volatile
product with acids
Subgro [1:3 ——
Z1A “p - !
5Mbgf°"P -

Radical which give
volatile products with

7 which 9Ve
B i i
i

x conc. acid

J-ae cagent: Group Reagent:

m:f 1l H,S04 Conc. H,S0, = i

il cl -
0./ 205" Br £ t

4 ;0158

0. go(. - }

v

NO;~ NO,~ Not in our
- syllabus
’ -/HSOs~

Su!pmdi & fS\ll;!;}fle!fjr ke Kal Bahar N-ayi

Car WA

Subgroup - lA

" Subgroup - 11B
ldentify by ppt By Red,
reactions RS e
Sulphate 50, MnO,”
3.
Phosphate PO, Ccro.>
Arsend 5
rsenite AsO croF
Arsenate As0,>"
Chrowmate Cr0 >
F,C,027.B0,>, P02, AsO>, si0*

Interfering Anions: Presence of these anion
interfere in the test of other anion.

urless and odourless gas
brisk eff‘ervescencz co,

i as “with odaur
(@ cOIaur‘!lesss QwaaHs like rotten eggs

| 50, gas — Suffocating smell of burning of sulphur
| HCl gas — Pungent smell

|

|

Acetic acid vapours - vinegar like smell
_ NH, gas — Chamctewstm swell

[ T
(i) Coloured ases- Pungent smel
| ! 0, gas — g Reddish brown

Cl2 gas — Greenish yellow
Br, vapour — Reddish brown
b , vapours — Dark vxofzt

|
|
|

Salt Analysis

CH,C00"
NH,"/NH,

NO,
cr
Br~

f

“or NO5~

-
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R “";‘mi%" W ATER [Ba(OH),] TEST.
Wk

o
_———» BaCOg\ ‘T,o‘-’ Ba(HCO,)l Clesr solutis

e Ba(OH)z
vz

|
> BaCO, | YK, BaCly (Solus)

_»NaX/ Na,X Al
MX (1 part) + Na,CO, (3 part) Sodium enrbomate Extract Nﬂ;c i ?Hc]z White ppt
solt So solul H0,
(Soda extract) ble [se’ 3 IBa(No!)2 (;—ayugz!e)

oo

msoluble

ven <alt is insoluble in H 0, we add Na,COy in the salt to get soda extract,
ter soluble. Na® displaces the cation of the salt ¢, obtain o
Oluble

shoW redoX Keaction as it has maxismupm oxidation state

medium for wany reactions: (+4) of carbon but can

0es not

a If the gr 1
‘ ;c’ffvfde acidic

Almost all sodium salts are wa
/’CO’ KMMO + nw
( 3 :

[t solution =g
J fd:l\tr!tf _, Basic in nature (neutralise by swall amount of acid. like CH,COOH) 6 0, )
Soda extra A ) e | a
> da extract to identify CO3~ and HCO ion because COZ™ ion s alread (77 MO+ (a P
O We cannot use o Y presens 0, cl, + Caco. Cly =———— cacl, + ca(ocy)
in soda extract. y 0Cl, (@) 2 > Acid [ or CO,] 2 2

4 co.
2 Na,Cr,0, .,
S TEST/FORIGROUP=1ATANION a,0r0s o e madia 2 070
| ellow
9 -2 75 2 \ =

cagent: dil. H,S0,/dil. HCl

I coloured

AN=- /0. R
e W L ageng
for ea
=T diLHEl o Gas evolve —> Group~IA Anion 4i Hel 5.} S0, 8, H,0+50,1
{ 4 is present colourle . oSO+
i amesare > Re nainin - A By | Excens Ty
obtained may be present a0, CaSO5 W Ca(HSOy), Clear solution

Soda- " | b,
extract |} g :a No gas, (Group IA anion is absent) |

| confirmatory Test:

| . The filter paper dipped in acidified K,Cr,07 turns green-

o>+ dil HCl —2— H,CO, > H,0+ €O, T [Brisk effervescence of CO, gas] s KCr O/ ;(c o
(given salt Rapid, vigorous release of gas " + |\ Fiker paper t :
(given s g > SO. Filtzr pap:
bubbles from liquid solution | 50, K500 /H T | ®
‘ Orange Green | — ( |
Confirmato Test a;l+ KZCVZO7/H' — > No reaction ! l ‘
A Naso,+ HCl =
1. LIME WATER [Ca(OH),] TEST Orange A ras0, |
hite
; 3 2. Sodium carbonate extract of the salt produces aw s bl
o, +§A(074Zz —— CacOmilky gition] precipitate of barium sulphite on addition of barium chloride soiution-
ear solution
HCO.,), Soluble [Clear solution] " i
S22l ::5«2) D 4 Na,SO, + BaCl, —> BaSOs 1 (white pp?)
| 0. turrs Lime water milky but when excess of CO, is passed, wilkiness disappears. ‘ [soluble] [soluble]
, CHEMISTRY () Salt Analysis
= | e e et
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) TH precipitate on treatment with dilute HCI, dissolves due to decomposition of sulphite by 4y,
HCL e

a —
BaS0, 4 « 2HCl —+ Ba(l, + H,S0, H,0 +SO; t . , dil. H504 ~ HaSstiRotten eagllike s —
[sciutie] N&,
. . O : caO)z"" « HyS g?i go
(7) Preciptate of sulphite decolourises acidified KMnO, solution (purple) G paper 2 . it paper

cd + H;S —= €ds

|

I
|
Ficer PAPEC i
|

Coa) dpped —
[ F) Yell: ™ ead acroate F |
5as0, 4 J‘».+’ BaSO, { ® (cHs < = 1
o Na;[FE(EN)SNO] B Na,[Fe(CN) (NOS)] );_ ¢!
PR = i @N‘z Al nitroprusside Sedium thio-nitroprussde NS . di g J
3. On treating a compound with warm dil. H,SO,, gas X is evolved which turns K, Cr.0, Paper S0t P [Fe'> with NO'] Violet [Fe™ with nos . 50, \,.'
acidified with dil. H,SO, to a green compound Y. X and Y respectively are: (JEE Mains 2021y Brown S
(8) X=50,,Y=cr,o, () X=50,Y=Cr,0; i
reaction Sodium Ni >
(6) X=50,,Y = Cryso, s (d) X =S50, Y =Cry(S0,), No ium Nitroprusside Tess
Sel. (¢) b
4. K,Cr,0, paper acidified with dilute H,SO, turns green when exposed to (JEE Mains 2023 W : X :
(a) Hydrogen sulphide (b) Carbon dioxide B edoes not pzwdc sufficient concentration of S* ions so that ¢ does not give sodium
1o test.
(€) Sulphur dioxide (d) Sulphur trioxide |Pv russide
sol. (&) V—-f

5. A white precipitate was formed when BaCl, was added to rat - extraci of an norgani g4 I Which one ¢ thi fTwing glexes i violet in colour?

[26 Aug, 2021(Shift-N] |
7 " [ 4 ( )
Further, a gas ‘X’ with characteristic odour was released wh '~ ‘ormed shite ) ecipita ; w ;l @[ (CN NO T (b) [Fe(sCN)J* !
dissolved. in dilute HCI. The anion present in the inorganic s it is [24 Jan,2 227 Lifey ) FealmA N s-H O (d) [Fe(CN)T*
- - - o (“ 4 )
| @r ®) 507 © ¢ @hno, 1 [FACRNOST*  Violt Colowr [
Sol. (b) 5. In which reaction no colour change will be observed? '
| Bacl, +S02— > Baso,t — +50 1 (Bumingsulphur likesmell) @) KyCrs07— 22— (b) KyCr,0,—22 o ’
white . 5 NOT
(6) NaCrO, —C0 (d) Na,S —NaJFaoN, NO] ;
i, 7 i i |
G e 4,(In nitroprusside ion, the iron and NO exist. They exist as Fe" and NO® rather than Fe™ and NO.|
[Y] + K,Cr,0, + H,50, — green solution ; [X] and [Y] are (JEE Adv. 2003) These forms can be differentiated by (JEE 1448) [
(a) 50,7, 50, (b) cl~, Hcl () estimating the concentration of Iron (b) weasuring the concentration of CN™. ll
(c) S*7, H,S (d) co,*",co, (¢) weasuring the solid state magnetic moment. (d) thermally decomposing the compound. E
y 4 | s |
Sol. (a) 2- _ ' Sol. (¢) ) . . |
S(Ox,) *Ha 04 S(e)z WF 10, Which statements is/are correct about sodium nitroprusside test? |
35S0, +K,Cr,0, + H,SO, K,S0, +Cry(50,),+H (a) This test is used for detection of S*” anion- |
+ v, + _— +Cr. o
502+ KaCra0y + HySO, 2504 gﬁﬁ,’;:),ﬂfu? X ‘ (b) H,S also gives positive test. . - ..
e e, ! (6) Formation of Na[Fe(H,0)sNOS] complex confirm the presence 0 il
(d) Iron has +2 oxidation state in sodiumthionitroprusside complex.
S0l (a) and (d) ) S

g2l cHemtsTRY @ —

Sut Analysis
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Mmm:xj est

' table
NaNO, + dil. H,50, —*—= HNO; (Unstable)

5 A
2HNO, = HNO, + NO

1 ours
NO + %Oﬁ ~ NO, [Reddish brown vap 1

13 +2 Starch
K1 priemltebid Sl s
CH,COOM HNO, —=—* NO + |, » Blue complex

a NO,

-3
+5 +3 da's alloy]
Al + Zn + Cu [Devar, Y o (4] .
O NOG/NOy =it NH> —HCl—w NH_EI Avihite fume)

[ Alyzn 290 11t 1+ NaAIO,/Na,Zn0, \ﬂs—"d—x»[Cu(NH,)qustue

AgCLL
———>[Ag(NH,),]ICI Clear Solution

chd Litmus »Biite

"'N—A' uuiaf UI BST = HT w u' -ﬁ

H' H
NOy romdit. Hsoff o2 NO}
i 4 > NO
! i —
NOJ + Fe™" dtfggc > NO + Fe* ON=0—> ¢, =g
Hy
Ligand to metal (Metal4izand bons

(from HNO.)
: charge transfer ‘

[Fe(H.0) " + NO » [Fe(H,0).NOT**

< Reason for brown colour — Ligand to metal charge transfer spectra

A brown ring at the

intertace between the SO L
¥ . \\\) " F‘—?"'
solution and sulphuric J ldrop by drey
/ Ju‘ .Mh V‘
B0 oy [} . . ¥
actia  layers indicates | ot w
! ‘—vBm«.n g
the presence of nitrate ' [H\H;O‘Ml
o
ion in solution. e

11« Click Here To Join @StudyShelf For More Study Materials Jus -
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%ution must be freshly prepared because Fo? ]

J 4 ;onvcrtcd to Fe>*, which does not give this tect Ion 15 very prone to aerfal oxidation and
ated HySO, cannot be used in this tper ; : .
 fumes with NO, and under these condit; - H,S0, because it produces intense

 Ling and warming are not allowed for ¢
J j:;k;;[;gratcs NO easily. IS test because [Fe(HZO)SNO]2+ formed is unstable |

\—"" ’
-matory Test for NO,

confi

i ———

B S -

;@@!—’* Sulphanillc Acid + 1 oy

!lan = ~Naphthyl amine + CH,COOH

2

¥y

SO,H NH,

N_//f:

@ D e

N= N /")~—
|

- CH,COOH Sulphanilli 4
2 ;
7 SOk  SOH

11, Reagent 1-naphthylamine and. sulphanilic acid in acetic acid is used for the detection of-
(JEE Mains 2021
(a) N,0 (b) NO, (¢) NO; (d) NO
Sol. (b)
12. Which statement(s) is/are correct about Brown ring test?
(a) The test is given by NO,, NO; anions.
(b) Brown ring test.depend upon the reduction of NO; and NO; to Nitric oxide.
(¢) Brown ring is formed due to formation of [Fe(H,0).NOI,(SO,),

(d) Charge on NO in brown ring complex is +1.
SO'. (a, b; d)

CH,CO0™ + djl., H,SOo, 8 » CH,COOH % Vinegar like smell
(given salt)
CH,COOH + C,H.OH — AH o > CH,COOC,H; [Ester]
c 2

(Fruity odour)

Salt 4

nalysis Click Here To Join @ StudyShelf For More Study Materials S =
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Acetate g:vcs deep red colour on reaction with neu
complex ton which decmuposes on heating to give

e - e R RS
i e e A S g

FeCl

[Fe(OH),(CH,C00).]"

tral Fe

CH coo" - _ Meutral __ ped Colour — -

6CH,CO0™ + 3R> + 2H,0 ——+ [Fes(OH(CHSCOONT" + 2H

- e

+ 4H,0 — 3[Fe (OH),(CH,CO0)] | + 3CH,COOH + H'

fron (111) dihydroxyacetate
(Brown-red precipitate)

vric chloride solution due to the Format.‘o.,\
0

» Brown Red |

ATDB PDFz

g

as b --.F

Rx ag ent: COIf‘LC H SO

FORING! JQNTE

- e o o Em E o o e e e o e e e = =

Prelmmary Test

NaNO, + Conc. H,50, —> HNO,
+5 p’ =
HNO, —- > N2,T+0
[R ddii »
brown vapours]

O If on heating the salt'With conc. H,SO, light brown fumes are evolved then heat a small quantity of
the given salt with few copper tirnings or chips and conc. H,SO,,, intensity of brown fume increases

H,S0, + HNOT®Cu —# CuSO, + NO —2—» NO,?t

[Blue solution]

Y R D |
Test for: Nitrates'|
d

2+ Conc

. +3
H,50, NO + Fe

[Fe(H,0) J** + NO ——— [Fe(H,0) _.NOT**

S, +
Fe**  ON=0—> Fe¢' +ON=0
Ligand to metal (Metal-Ligand bond)
charge transfer

O Reason for brown colour — Ligand to metal charge transfer spectm

PU——

A brown ring at the
interface between the
solution and sulphuric
acid layers indicates

the presence of nitrate |[Fe(H,0),150,=Feso, (ag) -

fon in solution.

T

NaNO, (aq.) \_

| —> /adl of test tube]

\b\ (_L ne H, -;W

/ [dmp by drop
y ["—oug;\ wall
y

'Q—r Brown ring
L// [Fe(H,0 )NoT*

——

<2

ov——TY

CHEMISTRY @
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ﬂm chaking or warming, the brown colour disappears and NO gas in evolved.

2 Brown ring complex [Fe(H,0) .NOJ** + HyO ——» [Fe(H,0),1** + NO 1

Br~, I and NO,™ must be absent because these produce coloured gases with conc.
I, and NO, respectively and no ring is observed.

) Radicals such s

H,504 like Bra:
| Ca(NO2)z Ba(NOs),, PB(NOs), do not respond to the test due to precipitation of their corvesponding

metal sulphates.
Ca(NOs),, Ba(NO,),, Pb(NO,),

Soluble in water

Cone. H,50, CaSO, | , BaSO, | , PbSO, |

— e e = = = = -
o - - —
-

5. Preliminary Test:
. Preliminary 165t

{ Oxidising power:Fy > Cl, > H,SO, > Br, > I, |

NaCly + Conc HySO, —*—>= HCI 1

O A colourless gas with pungent smell, which gives dense white fumes when a rod dipped in

ammonium hydroxide is brought near the wouth of the test tube.

NH_O 4 + Ht [——» N 14Cf “wh'te Far ves?

2. If a salt gives effervescence on heating with,cone. H,SO, and MnO, and a light greenish yellow

pungent gas is evolved, this indicates the presence of Cl ions.

MnO, + €I7 + H,S0, ——— Cl, 1 (greenish yellow gas)
(OAY, (Salt)

3. Aq. AgNO, Test: Salt solution acidified with dilute HNO5 on addition of silver nitrate solution gives a
curdy white precipitate-soluble in ammonium hydroxide solution. This indicates the presence of CI”
ions in the salt.

NaCl + AgNO, ——— NaNO, + AgClL  (Curdy white ppt)

Silver chloride

AgCl + 2NH,OH —— [Ag(NH,),JCl + 2H,0

(ppt) (Soluble)
% C‘"’Oiug{ Chloride Test:
Cr+k 4 3
Solid 20,0, + Cone. H,S0, — Cr,0,C1,T
Solid Chromyl chloride

(Red vapours)

Salt

" Click Here To Join @ StudyShelf For More Study Materials %’
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— . - e it

‘ f | 1
- '
| ’. B one o) v B " ) . |

% J Cl "‘;C;;g;{;:’;,ié: » CrO,Cl, —N©OH . Na,CrO, l |
{ ( ol - [Red] [Yellow Solution] 2 ‘
| | ‘ odiu

| Chromyl i _ o

‘l s Ch!or:’dye | NaOH— (i‘l\:o gnate

’ Gas (CrO,CL) SV olution 110,

|

é Yellow solution (Na,CrO,)

i Pb(CH,C0OO), Cone. H,50, + Amyl aleohol

,l ¥y  CH.COOH H,0; v

1 PbCrO, | CrO.

] Yellow ppt Blue solution

ENote S S h —

| O lonic chlorides can give this test (NaCl, KCI, SnCl3):
| O Insoluble and covalent chlorides do notigive'this test (AgCl, HgCl,, Hg,Cl,, PbCl,, SnCl, & ccl.

O Br~ and [~ must be absen : ‘or th is t 8t b2 aus 2 the ) ave ridizzd by Cr,05~ into Br, (red vapours)
and |, (violet vapours) ‘esp.ctii ely,

Br 4 Cr,02 7+ H ———> Br, 1 + Cr”" + H,0

(FRCr,02 + HH ———> I, t + Cr’" + H,0

~ e S =
| 13. Consider the following reactions
A + NaCl'+ H,S0; - CrO,Cl, + Side Products
Little
amount
CrO,Clovupoury + NaOH — B + NaCl + H,0
B+H*">C+H,0
The number of terminal ‘O’ present in the compound ‘C’ is . [03 April, 2025 (Shift-1)]
Sol. [6] Cry0,2™ + NaCl + H,50, - CrO,Cl, Na,Cr,0, — 2Na® + Cr,0,"
| CrO,Cl, + NaOH = Na,CrO, + NaCl + H,0 (I)e ?9
i Vapour
Iy AT
i Na,CrO, + H® - Na,Cr,0, + H,0 on @ 5 9
| n
! (€) Number of terminal “O” = & ;

i

— cHemsTRY ©
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gluﬁon of CYYs ™ —-(b)v Yellow - £
ph? ¢ (©) Green I
j ((1\ plué (d) O*’aﬂge—Rgd
L o of solid NaCl, soli 2Cr,0. is heated ..,
ghend ikt ound formed. is With cone, H,50_, o
45 Wh 'ned' The comp 42 Orange red vapours are
£ i '
0 ) CWOW‘O“S CNO.;‘:G ((Z) Chrow\y{ chloride
((‘:) romi chlort ) Chromie Sulphate
J
el (D) ) .
50 the Following reactions -
g 0ho% ¢ 0r,07 + H2504 = (A) + side products [07 Jan, 2020 (shifs.
aCl+ F2='2 .
Z\) , NaOH = (B) + side products
C) + Side products
(6) * H,504 * H 02 = (©) p
(dﬂute)

<he sum of the total number of atoms in one molecule eachof (A), (B) and (C) is

sl [13]

aall + KoCrO7 + Hz304 > 2CrO0,Cl, + 4NaHSO,, +2KHSO, + 3H,0

(A)
Crozclz + 4NaOH ———™> NQZCV04 + 2NaCl + ZHZO
(B)

NaZCr04 + 2H2_504 + 2H202 —F % rO:, + 20 ',”_;304 . ’}‘26
()

' Total number of atom in A + B + C = 18

Bt + Conc. H,S0, —%— Br, t [Reddish Brown fumes]

Bty + Cone. H,S0, + MnO, —2— Br, t [Reddish Brown Colour with intensity]
[0A] [Supportive OA]

14, ;
9 Ag) .. . g CAdd st
N0, Test Acidify the sodium carbonate extract of the salt with dil. HNO5. A

q""wiom'u

lver nitrate

- , ; - ch dissolves in
olution and ghaje the test tube. A pale yellow precipitate s obtained which di

" hydroxide with difficulty.

oH , [Ag(NHa)IB"

NaB, N
A
gNO3 (pa tially Spluble)

NH,
~ NaNO, + (AgBr)—

(pale yellow ppt)
ity . : .
s Click Here To Join @ StudyShelf For More Study Maten&gL i
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'
' '
v '
Q
Q If on heating the salt with conc. H,S . deep violet vapours with a pungent swmell ape evoly,

ed. Thes,
turns starch paper blue, a violet sub lmmh, is formed on the sides of the test tube,

it '"‘('Cﬂles ”
presence of ™ ions
I, + Starch Solution —
Na'T gy + CONE. H, SO —L 5T 50 > Blue Coloyy
[Viclet vapours]

Some HlI, sulphur dioxide, hydrogen sulphide, and sulphur are also formed due to the fof|
o
reactions. Win,

4 o 2
HI B HS0S I, + SOZ*”"*“| 5=t st

—
Nal + H,S0, ——\anso, 0A
(R A

O On adding MnO, to the reaction mixture, the violet vapours become dense.
Nalyyy + Conc. HySO4 + MnO, — 1

O Aq. AgNO, Test: Acidify sodium carbonate extract of the salt with dil. HNO, and ad,

d A
Appearancc of a yellow precipitate insoluble in excess of NH,OH confirms thg pres gNO, Solution.

ence of iodid o, .
Nal + AgNO, —— Agl| + NaNO,

[yellow ppt]
NH,0H,.y i
No eactior
o From HgCl,
2 + HgCl, —>  Hgl, { —Fx—;ess—> K, [Hgl ] (Soluble)
Scarlet red
o From CuSO,
— b N
+ 't —— Cupl, + 1, %» Na,S,0, (white) + 2Nal
[RAT [0A] White ppt Solution

0 Layer Test

Add few drop of

Add €S} or CHCI,
- gy
chlorine water

NaX

Soda extract

Shake the mixture Observe the colour of organic lager

(bottom layer)

¢ 2 NaBr + Cl, Water —— Br,, (Non-polar) + 2 NaCl *

[0A] (Soluble in
water)

2 Nal + Cl, water ——> |, + 2NaCl
(limited)

[[A viote cotour appears in the organic et
| Avielet o e e

Soluble in organic solvent

wn colouration in the org

nic layer confirms the presence of
de ion.

CHEMISTRY @
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‘ VJ}‘”‘ MZJ odine: T the ] th

i , wh Organ 5. the iog|

i i dr uidises £ bromine, wi Ifk Form; an """5¢-9 ”M"Zar,c So{w odide is fircy
B YEP i the Organie ¢

e

ATDB PDFZ

(CD'OLW{Q;()

ter ——> 1,
(violety &

¥ 5]
! [E)‘“S ater (s addeddto a b 4 _
which forms aViolet calﬁnd , "‘fi both g,

Ivent,

treaczél with Kl a white Precn ita
0 ate Xa
F tp\,osulph““' the Compound Y is forype,; o Oppears iy Dlation 7

'u fut:on
culy Y = Na,5,05 ®) xe " nsflgctm,g is t'fn,]t“.d'
= Ma 2
A vy =Na,S. 05 @@ x= Clyey, 15,0
¢ Ha,5,0, = Nays,o
:A) o o —» Cu,l, (X) N"zs406(Y)
g ist-1 with List=1l
geh Lt
uh zs ;
" 0.2 (1) | Colourless gas which turrs lead cetgte P 0
2- () | Colourless gas whi, ck
(8 = green. 5 ich turns acdfied Potassiuen dichropmasy 50
2- 1y | Brown fumes wh,
© SO Pt which turns acidified Kl solution contain ng star)
= ( “olourless
) NG L ﬁ it kgyas evolved with brick effervescence, which tarrs [

Choose tm cowect answer trom the options given below: . g

@A-lL,B=1LC—ILD- () A-u,B-1,C-

@ A=-IV,B=0LC—I,D -1 d A-
d@dA-IV,B—1,C—I,D=1l

IV, D =it
V,B-L,C-1,D-1

|Galorless, odourless gas is evolved which turns Inma water milky and the gas coming out of lime watzr
s with a blue Hlame, if ignited.

A
WCOTJrcozT

Ca(OH),

Co,
[Burn with bhfg)ﬂamzj
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Wet Test (aq. Reaction)

Dry st Group -test

(Solid Form)

0 Colour Test
Q Dry Heating Test

O Flame Test

O Borax Bead Test .

O Phosphate Bead test (Microcosmic salt)
O Charcoal cavity and cobalt nitrate test

Light green, Yellow, Brown | Fe**, Fe>
: Blue \ Cu®*
Bright green \ NED
Blue, Red, Violet, Pink \ Co?* |
Light pink ‘ Min2* i

Blue White ™

; 7 Green e 7‘ﬁDirty \;vhite on"_rgrdloiw | R F‘f‘ ) #_1
White | CoYelow oz
Pink | Blue | s

e e e ———————

4 evenasy B
r'%;CIick Here To Join @StudyShelf For More Study Materials w—(]
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[ ] O ‘ ,:u”
? fvf,/‘/'/ ete combustion
o Lurnirous Aame

o(Reducing Aavne [CH]

| 7olow oFtI«eﬁ flame observed through
' \ blue glass'

Green F{ame with b(ue centre SaW\e co{our as observed without glass |

re :
| Crimson red a7, Purple } Sr*

| ; e
| Apple green E winn gie e N O Ba
L//J_v’/-_——- AR = —— e | -

14, In the Flame test of a mixture of salts, a green flame with blue centre was observed. Which one of

the following cations may be present? [24 jan’ 2022 (Shift-1N] |
(a) Cu** (by~sr** (c) Ba* (d) Ca

.........................
......................................
.................................................................

B e L TS P emmeemsmssssssaaassaans e L
- - -
esmesssmanee -

3 On Heating borax , first loses water and swells up.

3 On further heating it turns into transparent liquid which solidifies in glass like material (borax bead).

Na B 2 — F 0. Boric Anhydriae
a “OTlOHzOW Na,B,0, = Na,0.2B,0, —> Na,0.B,05 + B,05 Beri -
L 2NaBO, Sodium Metaborate
Q C“SO B,_O3 co,d Blue

* Non-luminous flame C“(Boz)z

Cupric metaborate [ hot o Green

X is heated in a Bunsen burner flame with CuO on a loop of platinum wire,
22 Yead is forpmed,

Salt o Click Here To Join @StudyShelf For More Study Materlals 5

Ty sl i

Whe, borg a blue coloured

Cu(Bo
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+1 '
+2 c o v 'Ja 3 07 v COI \
] ZCU(Boz)z + 2Na802 “Luminous flame 26‘:‘8‘0'!”, e ”2,, I
Cuprit
(((,h url vhen hot) |
e 1
w2Cu + CO" |
when cold (red and |
r‘pnri'[l’) |

Heating i ©

Colour of the salt bead

Blue l Green Red opaque

Colourless .

Reddish brown | Violet ‘, Grey Grey Cu?

| Light violet , Light violet ' Colourless la Co{ou e NF:
Yellow . Yellowish brown L _Green | N \Green ;\:,\3
e Ay >

..........................................

NaNH, HPO, 4H,0 —2— NH; 1 + SH;0 1 +|NaPO

Microcosmic salt

5| Sodium wietaphosphate
Phosphate bead

cvo + NaPO, —» NaCuPO,
(Blue)

B.,0.

Cu(BO,),
NaBO,

(Bl e,

Salt + Na,CO, 8 Coloured Metal oxides

CaCo, —2— €0 1 +| Cuo |

€ Cu (Red)
A N R ;.,.‘ r—r— - _
". ‘\ /,' \‘. CofouroF axndes (cold) &
: Pb* | Grey
_____ = E cd** Brown
Li ‘1 As>* White (garlic odour)
(@) Oxidising fAlame (b) Reducing flame | Zn*t B w;f'.t,e s

CHEMISTRY @
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1' - W e S R
J M

- CuCO, + Na,S0,

est is Pcrfg[‘mcd with CuSO‘,‘_,_‘fbg‘follggzingrcbange occurs:

CuSO4 * Na,CO5 -
CuCOs _Heat . Cu0 + CO,
cu0+0’ﬂ£ﬁ£"’ Cu + CO ¢

Red
colour

5 In cose of ZnSOy’
In case OF 274"

2050, + Na,CO5 —“== ZnCO, + Na,SO,

ZnC0, —5> Zn0 + CO,

Yellow when
hot, white
when cold

s R - Inference
| Yellow residue when hot and grey metal when cold 7 pL2*
rf"v;;\;tﬂe—resfdue with the odour of garlie ___M‘A;s;‘ e
r, Brown resid e Ccd* =
t Yellow residue when hot an;vv;;e;h; c_olz ________ Zn2 g |

.........................................
cmm.

If the residue in the charcoalecavity is white, cobalt nitrate test is performed.
() Treat the residuewith two or three drops of cobalt wnitrate solution.

(i) Heat it strongly in non-luminous flame with the help of a blow pipe and observe the colour of the
residue.

On heatip .
9, cobalt nitrate decomposes into cobalt (Il) oxide, which gives a characteristic colour with

o :
tal oxide present i the cavity.

20y
NO Heat |
5), —Heat 2Co0 + 4NO, + 0, CoO + ZnO —» C00.Zn0 Green |

CoO + MgO » CoO.MgO !
Co0 + Al,0, —» CoO.Al,04 Blue|

| | Saly Angls, Click Here To Join @StudyShelf For More Study Materials
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Preparation of Original Solutions 16==" poup test P erformed before group analysis by

1. Take a little amount of the salt in a clean boiling tube and add a few "f\L of distilled water any shake U Z”jais why NH; 1s Not ingthe .T“.b‘@ of Cations ip, g, ,_J,vﬂ,‘,;_
it. IF the salt does not dissolved, heat the content of the boiling tube till the salt completely dfxsal\,es‘ bl Red e doesn't form characfer:st:c precipitates with group n;

2. If the salt is insoluble in water as detailed above, take fresh salt in a clean boiling tube ang add ¢ ¢ ;s alv‘lwdy P”S“‘"t in the form of group reagent, o, g:':‘“ like. Hel, H.S, NH, 0
few mL of dil. HCl to it. If the salt is insoluble in cold, heat the boiling tube till the salt s comp{cmy ¢ ,'dmtl'ﬁu"f'o"‘ OZNH4; . o group reagent o not be used for
dissolved. 1 ¢ NH4 cation is the.only cation which is identifiyy by it

volatile product

5. If the salt does not dissolve either in water or in dilute HCl even on heating, try to dissolve it in g
few mL of conc. HCI by heating.

. oH" — (NH1) + Hpo
N\
N (bas0 :
4. If salt does not dissolve in cone. HCI , then dissolve it in dilute nitric acid. 4m\~
. . 4 IS detected by o, T T R
5. If salt does not dissolve even in nitric acid then a mixture of conc. HCl and conc. HNO, in the vatip Y characteristic senell of aramonia.

3. 1 is tried. This mixture is called aqua regia. A salt not soluble in aqua regia is considered to p, an I —
insoluble salt. } Detection of NH; & NH, |

tis characterised by

oo Its smell —
(in Turns red litmus blue.

P = ‘m M . . i ‘ (W na glas: voc dipp d in HCI solution is q

Q e il cl | b ough nec “the ga: wlM : dense fumes form Given salt + NapH «—
i NH, + nCl ——= NH,Co ¢
o naleet Cu':ihlg‘2 cd® B [Cu group] NH{" + KOH + KyHgly ——> HgO-Hg (NH,) 1} Brown ppt
Prabhu Cadbury Kyu Bimar Hogayi i\ I y S
i ot s ronallP g N 15 e 5ot . A— (e mrenty (1 io-ioding [ 4
no g H
NH :

NH,OH + NH,Cl — [ess [OH] ot

H,S gas # NH ,0H —— wore [S"‘j ) e —

- VH 20. When a salt s treated with sodium hydroxide solut:‘o'r;Tt’gEzsrgas X. On passing gas X through
(NH),€0, + NH,0H ( reagent Y a brown coloured precipitate is formed. X and Y respectively, are
Na,HPO, + NH,OH ‘ {oriapn, 2ozioNEed
- L R (&) X = NH, and Y = Hgo (5) X = NHy and Y = K;Hgl, - KOH
= ’ N (e) X = NH,Cl and Y = KOH (d) X =HCland Y= NH.CI
Zh:s tlaf!'c’ is based on Ky, values — For example —» Ky NayS > ZnS > CuS zcll (b)
3 <l < Ve | 3 EE Mams 2023
5 e vevav . ¢dS < Nis ‘ Formulae of Nessler’s Reagent is PR
(@) kH (d) Hgl,
| ! ¢) K,Hgl ( 92
‘ Sol, © 9al, (b) KHgly (¢) KyHgly
| Ry

e cremestey @ | I - TN

Salt Analysis

Click Here To Join @StudyShelf For More Study Materials

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



https://t.me/StudyShelf

ATDB.uno

ATDB.uno | Studyprayas

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

which transition “e"\ent
[30 Jan, 2023 (shift;,)]

ﬂc;pitation,

’ ions by P
- s 5 jous cations - is?
| 22. In the wet tests for identification of varic nic analysts

. itative inorgd 25
cation doesn't belong to group IV in qualits © o (d) Ni
’ i b) zn*
(a) Fe* (
| sol. (a)

| 23. Match column-I with column=-li:
’ Pyl -
U \aia,uf,_,,,, e

[ —

R " 31 Aug, 2021 (Shift-
hoose the most appropriate answer from the options given below: L2 2 (Shift-1ny
Choose the mo:
@ (A) -0, (B)- [, () - (M. (P) - (G2
© (A - (D, (B) - (W), (€)= (1N (P) -
Sol. (b) (A) - (i), (B) = (IV), (€) - n, (©) -

24. Match List-1 with List-Il:

& (A~ (I, @ - (V) ©) = (0. P - @
@ (-

av), (8) - (1, (€) = (i, (P) - (1)

AEED]

H,S gas in presence of dilu.ce HCI

List — Il

List — I (Cations)

(1) | (NH,),C05 in presence of NH,OH

H,S in/presence of NH,OH

AP Fe>*

NH,OH in presence of NHc!

(D) [ Baili Cait

Choose the most appropriate answer

(@) (A) - (), (B) - (1D, (€) = (1N, (P) - (V)

from the options given below: [25 Jan, 2023 (Shift-I)]

(b) (A) - (V). (B) = (Ih), () - (1tn), (P) - (D

(© (A) - (1, (B) - (), (€) - V), (BY - (1D, (@ (A) <(D(B)= (i, (€) - (1), (P) - (1)

Sol. (d) (A) - (1), (B) - (111), (€) = (V) (P) A1)

25. Passing H,S gas into a mixture of Mr®, N, Cu?* and Hg?* ions in an acidified aqueous sa]lutmh
[06 April, 2023 (Shift-I0]

precipitates
(a) CuS and HgS (b) MnS and CuS (e} MnS and NiS  (d) NiS and HgS

Sol. (a)
26. Upon treatment with ammoniacal H,S, the metal ion that precipitates as a sulphide is
(a) Fe (1l (b) Al (i) () Mg (1l (dy zZn (i1
Sol. (d)
= CHEMISTRY

1
|
(%

|

- A

I‘ oﬁg"";’ ‘S‘tﬁut&io;\‘wﬁj

- ~D4I‘Hc|

I

(Drecipitate, Group ——_

. (F,:{}‘pas chioride) |_£ Pprecipitate is formml
Pass H,5 gas |

— 1

— 1
If no Precipitate, take original solution |

precipitate, Group li
(P, Cu?t, As™)
as sulphides

Heat (05 ) with core. HNO,,
€00l and add solid piH | + yypy OH‘

solution in excess

precipitate, Group Il
(Fe*, AP") as hydroxides

—

precipitate, Group IV
(€o**, N, Mn?*, Zn®*

as sulphides)

I
[IFro precipitate |
—

Pass H,5

= —L
|lf no precipitate, take origiral solutoin |
T Oulomn|

Add NH,0H and
solid (NH,},C04

A
If no precipitate, take origimal |
solution to test Group VI,

’ Drec ita 2, Gr up V.
(B¢ | 2 C 2»)
o car s s

+

_dLHe White ppt
(AgCl, Hg,Cl,, PbCL,)
- Hot water _’ o
Ag. Soluti L Filtrate of Group
q. Solution
—— Insoluble Soluble
AgCl, Hg Cl, pbcl,
Excess of NHy

[Ag(NH,),]‘C!‘

If insoluble then Hg3

is present 1F soluble then Ag" s present

—

Salt Analysis
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—gy

LT of Pb(NO3), ""‘d NaCl in yqat,,
i reacl 7 Hel of appropriate Concentratiy,

" prody

p Ces g Preciy: T —
/ ; n. . Clpita; : .
ite presipiEate (AT ¥ - g dition " e The dissolygig,, ,,'; tes that dissolyes upon g,
27. A chloride salt solution acidified with dil. HNO, gives a curdy white prec - [AL on additiop o L et gion O Precipitate s
AgNO,. [A] on Ereatwént with NH,OH gives a clear solution, B- A and B are respectively or™ (b) PoCl, © ; due to th,
4 (JEE Mains 26 1) } 0 pr’z 2NaClE=—=%PbCl, | - [%C{,]L o [JEE Ady, 2022]
23 + 2 Py )
(a) AgCl and (NH,)[Ag(OH),] pH(NO> : S P— [Phl 12 Lchy
: NAG(OH), o ( ps5 aquEOHS solution contains nitrates ,p - Cl 1
(b) H[AGCL,] and [Ag(NH,),IC! A colou” olution of Nacl, a white precipitate yq fo o Metals, X ang y, When it
() AgCl and [Ag(NH,).]Cl 24 e 4“”1‘51’ : ot water to give.aresidue P and g om.'a:“,;d' ThiS precipitats qul fﬂ:’:i added to g,
(d) H[AGCL] and (NH,)[Ag (OH),] ,a!ab";ﬂ, in excess sodium thiosulphate. The hot Solutioy;:h‘ residug p yag soluble jn : o be partl,
o u
Sol. (&) ¢ + AgNO AgCl + NH,OH > [/\q (NH, )2]51 g ”‘dt:ls X and Y respectively, are 9ave a ye(loy, Precipitate \:ic:.m:, ,::‘
GRS 18] e
(Soluble Complex agand Pb (b) Ag and cd (©) Cd and py [EE Ady]
el et LS. Ay oY () Cd and 7,
i )
_________________________________ i g0l (8
= - - Q(Solution)—» PhCl |
o2t | ; AgNO, / Pb(NO,), ¢! Hot g i5 solub
] Test for Pb ! | Muw“s solution of AgNO>, ( 5)2—>Agc‘fi/ Pl Heter in hot water )
________________________________ | ite ppt
e —— | P(Residuey —»AgCl s j 1
1} PbClLl + 201 — [PbCI,J* Clear Soluti t K ) :\ghotl J'Zii‘,"""
(ppt) Excess , qgolution) pbCl, — > 23%) B PResidue) AgCI“y pa e B
W) 34
2 ) PbCl, + K,CrO, — PbCro, | Yellow ppt ‘
o
(hot  (Yellow s A(S,0,).7
solution) solution) l 1 S Aot Pl
The yellow precipitate (PbCr0,) is soluble in hot NaOH solut n Y s m,.aet{l,i so_l‘ tion ~F ,:ubs‘tam:e gives a white P"uip-itate on treatment with dilutz hydroehlori g
PbCrO, + 2Na™OH" o PE(OH), ¢ 2NaOH Na, [Pb(OH),] acid, which cfns.solves. m\btef:tw;g. T\:\Ihzn :ydroggr\ sulphide is passed through the hot acidic Solution,
a black precupttate is obtaine. .’ e substance is a [JEE Adv. 20138] ;
3 ) PbCL, + 2Kl ——» PblL Yellow ppt (a) Hg,™ salt (b) Cr* salt () Ag' salt (d) PH" calt
(hot solution) = Hel A Hs
Yellow precipitate (Pbl,) is soluble in boiling water and reappears on cooling as shining crystals. |sol.(d) B Pb* PbClyl Soluble on heating B P —— PGS (black)l
7 - - - [
4 | A white precipitate of lead sulphate (PbSO,) is formed on addition of alcohol followed by dil. 31. ldentify A, B and C in the given Bilowt I'CECACIOD\ St
H,S0,. HNO, H,S0, (1) Ammonium acetate
& ) Pb(NOS), (2) Acetic acid [ [23 Jan, 2025 (Shift-Il)]
PbCl,—2 5% puso, | \dhite ppt (3) KyCro, G !
(hot solution) (a) PbCl,, Pb(SO.,),, PbCrO, (b) PbS, PbSO,, PbCrO, |
PbSO,L + 4CH,COO™NH," ——» (NH,),[Pb(CH,C00),] (©) PbS, PbSO,, Pb(CH,CO0), (d) PhCl, PHSO, PHCYO,
Lead sulphate is soluble in ammonium acetatesolution/due to the formation of tetraacetoplumbate (Il) Sol. (b) 553 &
ions. This reaction may be promoted by, addition of few drops of acetic acid. 32. Formation of which complex, among the following, s nat @ wnﬁmmry[:it:f,?m;’(ih:&-m]T
—~ S e =— 3 = . [phate
5 | PbCl, + 2NaOH —— Pb(OH), White colour —%—s pb(OH) 2 (@ Lead chromate (b) Lead iodide (© Leadnitrate (@ Lead sulpha
(hot solution) (Soluble) | Sol. (, . i
i | - (¢) PB(NO,), is soluble in water but others are ppt. e
e X L D X o L emem et T - \“h¥‘1_““ -, —
= cHemsTRy @ sl =3
t Analysis
- — - . R
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‘ G»oup rmgcnt H Sgas + HCf 1

stop‘cm:k
Rubber |

Pb** / Cu?* / Hg™* / Cd** —25—~|Pbs, cus, Hgsl | €dS |

l 'L Iron sulphide

B{aCk Yellow Sulphuric —,
acid Q)
Kipp's apparatus for preparation of H,S gas
i Test for Pb*"
*2-2 *9 H,S0,
Pb* + H,S > pbs %, pp(NO,), — 2> PbSO, {
[Black] \\*2, + S (White ppt
i Pbso4\l %C—.ioﬂ‘—* (ML [P (€ ,€C 0 4_] “lear olu :io
white g Rt 0
K,Cr0, Ki l
PbCrO o Yellow ppt Pbi 2t Yellow ppt
i(  Test foRCW'/J
Com: HNO,
Excess (:) HZSO4

+2 =2
Cu™ + H,S—> Cus —>—> Cu(NO,) +S™— isa,
Black ppt Nm 2 . Cu(NOs)z——’ CuSO,

(Light btuz)

Cus0, +NH,OH——> Cu(OH), -CusO, 4 —220 > [Cu(NH,), IS0, soluble
(Light Blue) Light Blue ppt (Deep blue)
[Basic Copper sulphate]

=N cHemisTRY @
Click Here To Jom @StudySheH For More Stady Materials -
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p bf m”‘ on acidification with acetic acid and then addmg K4[Fe(CN)J solution give gives a
e col colouratcon due to thc Format:on of copper fcrrm:Jamdc l

phocoh
~ )15

CH, COOH CUSO

2y K4[Fc(CN);,] —> Cu,[Fe(CN), 11 Chocolate Brown ppt

cu
pu? + K [FU(CN) J—— Cu;[Fe(CN), ],
u Gl’lthppt
e T O N P e T,
+2 — 2Cul, —> Cu,l, +I P T T 25,05 = 2= |
+ 4Kl ( .
. ZCU (Yellow colowcd (thf%p:;t) 2 excess ’3 hypo solution 31+ 5406 /
solution) (Dark brown (Colourless) ;»

appeararce)

T T e T P

g CuSO4 decolourises on addition of KCN.

cu* + 2KCN——> Cu(CN), ——> CuCN +(CN), T Cyanogen gas

Yellow
‘ KON, | ICu(CN);]. Soluble

B N o A e e e O O S B St S O S B O W N . . g
g
<

i

53, The pair(s) of ions where both the ions are precipitated upon passing H,S gas in presence of d:lute

HCI, is (are) [VEE Adv. 2015] |
. (a) Ba*, Zn** (b) Bi**, Fe>* (c). Ccu**, P** (d) Hg*", B

' sol. (c) and () i

7 CuSo,, decolourises on addition ot KCN, the proauct is [VEE Adv. 2006é] -
| (a) [Cu(CN), T~ ‘ (b) Cu** get reduced to form [Cu(CN).T i
P () Cu(CN), (d) CuCN

Sol. (b) Cu** B2 N, _(eN), 1 + Oxidation state of Cu is +1. :

35. An aqueous blue coloured solution of a transition metal sulphate reacts with H,S in acidic medium
to give a black precipitate A, which is insoluble in warm aqueous solution of KOH. The blue solution |
on treatment with Kl in weakly acidic medium, turns yellow and produces a white precipitate *
B. Identify the transition metal ion. Write the chemical reactions involved in the formation of |
A and B. [VEE Ady. 2000] !

Sol. The transition metal involved is Cu**, and the compound CuSO,SH,O. It dissolves in water f

producmg a blue-colored solution. When H,S is passed into the acidic solut(on, a black precipitate
of CuS is formed.

e e 1 v g

¢

ey e

’7 Acidi
| CuSO, +H,S —meii™ Cusl  +H,SO,
{ (black ppt.)

(insoluble in aq.KOH)

When Ki solution is added to the aqueous CuSO, solution, a yellow-coloured solution of Cul, is |
ormed. This solution decomposes to form a white precipitate of Cu,l, and liberates |,.

/ CuSO, + 2K —» Cul, + K,SO, 2Cul, —» Cu,l, + I,
(s Yellow solution white ppt.

Saltl Anglysis Click Hefé To Jom @StildyShelf Fof Mbré vStudy Materials &
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T S m—— — ,—quﬁi W'

R BLrY)

II™ GROUP (Ho*", Pb%", B

# Su,ph,d“ of Il group cations in yellow Mgy,
P

On the basis of the solubility of the precipitates of th e below:

sulphide, they have been classified into two subgroups as gt

llow, Sb,S is
'HgS, PbS, CuS, Bi,S,, all black but CdS is yellow. | SnSai AS,S3 are Y€ s orange & Sns'is

d
brown. All soluble in yellow ammonium S“fpk,d arl |

All insoluble in yellow ammonium sulphide.

2. Hl s s.cft WD, B
1. (NH,),S, 5 e (NH4)3 AsS, (v) A 3M04
3 Yellow ammonium sulphide sikbparsenidi Arsuuc Arsenic acid
Ammonium thio sulphide (Clear solution)

As,S

(NH,),[As (Mo,0_ 3 ]
Ammonium “"5'"0'“\0(95
(Canary yellow ppe)

|

Bef‘orc performing the test of (1™
o r i d Fgra_ HNO, Fot3 " group filtrate to remove H,S gas. After tiis add
o (M) few drops of conc. HNO, to oxrdasc Fe' ion (wh.'zh

, - 1 was obtain after reduct:on of Fe* ion) into Fe®,

e
group catic“: boﬂ

o Al*®
— | .
i Al(OH),\ White Gelatinous ppt \
5
} (1) Boil to remove H,S gas ‘
F:;Itratc ! (2) Add few drops of HNO, Cr3 \
a - h .
Group-2 ' (3) NH,OH + NH,CI —> C(OH),| Green - yellow ppt gl
J |
Fe? |
|

o e | Fe(OH),\ Red Brown ppt

cHEmzsTRY O
hedf Eor More Study Materials — _ | o
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mr(om L + NagH] Na[Al(OH),] Soluble |
A 3 s

whitt prt

= The lake test is confirmatory test used to detect the presence of A" in a solution.
g

NH,C! ; :
Ag. soluti wmon > White gelatinous ppt Al(OH), “**“= Alcl, (Soluble)

/ ~, — L Add 2 drop; of ‘

blue [itmus solution

on of given mixture

Add NH,OH to wake \

O ~ this test:
a F'l’mapfc for t \, Blue < : ' Red. Colour |
Al(OH)5 is @ good. adsorbent, ’fmd /| Hoating solution alledss lacidic nature due to |
therefore it adsorbs the blue litmus ) ppt presence of HCI]
solution and gives this blue lake test}.,,. F
-------------------------- =5
{" Test for Fe”" |
Fe(OH), +HCl ——>  FeCl,
Reddish brown Soluble(Yelle w)
I——NQH——V Not Soluble
0 Fe® + K, [Fe(CN),] — Fe [Fe(CN) 15+ Prussian Blue (ppt)
(Yellow Light yellow)
solution) (Light ¥
O Fe’® + K _[Fe(CN),] ——> KFe[Fe(CN),] Soluble Prussian Blue (Colloidal S:;‘ut{cn)
(Excess) [can not be filtered.]
O Fe™ + SCN" ——Fe(SCN)Y**/Fe (SCN), Blood Red (Ferric thiocyanate)

[Fe(H,0)(SCN)I** - sp’d”

—————

;, 36. When metal ‘M’ is treated with NaOH a white gelatinous precipitate ‘X' is obtained, which is
soluble in excess of NaOH. Compound ‘X' when heated strongly gives an oxide which is used in

| Cthromatography as an adsorbent. The metal M is [JEE Mains 2019, 2018]
. (@ zn (b) Ca (c) Al (d) Fe

i Sol. (c)

. Al+ NaOH ——» AI(OH), + H,1

|

1% NaOH

H,O + A{zo:5
Na[Al(OH).]

Salt Anglysie &
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B

37 Acidic ferric chloride solution on treatment with excess of potassium ferrocyanide gives o Prussion

blue coloured colloidal species. It is [27 Aug, 2023 (Shift -]
(a) KFe[Fe(CN)]  (b) K Fe[Fe(CN),], (c) FeFe(CN)Js  (d) HFe[Fe(CN)]
Sol. (a)
38. A solution of FeCl, when treated with K [Fe (CN)_] gives a prussiun blue precipitate due to the
formation of [02 Feb, 2023 (shif )|
(@) K[Fe,(CN) ] (b) Fe[Fe(CN),] (c) Fes[Fe(CN)J, (d) Fey[Fe(CN) ],
Sol. (d)
(a0 Crof— (yellow coloured solution)
OH™ .3 -
C"(OH)_,); basic medium i CV(OH)"
Green yellow Clear solution (o) +6 . 4 :
PPt (green) e G rO; (yellow ¢oloured solution)
N | mEms. ~emm J

+2 high [S*] NiS ,CoS MnS ZnS
1 ’ X} w0
Black ppt  Buff pink White

-2 +2 +2
O Ni'5, Co™, Mn™, Zn Zn, [FE(CN),] Bluish white pyt

Cu,[Fe(CN), ] Chocolate brown ppt ]
Fe,[Fe(CN), ], Prussian blue ppt {

- |MnS, ZnS —HS 5 M€, / ZinCl, (Soluble)

|

K, [Fe(CN)_J -
|CoS, NiS %» Co*n(pink) / NP (green) K [Fe(CN) ] Orange-red

/

Hcl

> No reaction

----------------------------------

ZnsS —5 > ZnCl, (Soluble)

Excess NaOH Na,[Zn(OH),] I ZnS |

8 ZnCl, + NaOH Zn(OH), - (soluble) (Black)
It Excess +
(White) —_»N}—QOH [ZH(NHs)JZ
(soluble)

NH,OH

= Z”C(z * K4[Fe(CN)6] small amount ZHZ[Fe(CN)IJ ‘I’ / Kzzns[Fe(CN);,Jz ‘Ir
(Bluish White)

& CHEMISTRY (%)
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—» S + (\NIC12)+ NO 1

Soluble
(pfncm v

methyl glyoxime is added to the aqueous solution of nickel chloride, wade alkaline, by adding

wmg:l olution, a brilliant red precipitate is obtained.
NH4 A '
NGl dmg™ ————> Ni (dmg), |
(soluble in Waten) (Rosy red ppt)

------------------- 2_+

Tost for Mn
-------------- NaOH Atmosphert

S /Z/HCL" M“C{z - Mh(QH)Z‘L o:::i;ojlc MnO(OH), = MnO, . H,0 (Browr Colour)
W) (Clear solution) L] (Hydrated Manganese dioride)

Test for Co =
---------- +3

+3 i s

+ = KNO
(oS N+ 3HAL  pocl, + —— > K[Co(NO,) ] + NO
agua regia 3
' NOCl + S (Yellow ppt)

W s e T e D B L e i o e e e e i e
s g g S s s B S e L—
g

| 34, A solution when diluted with ii,2 aidloile |, it ¢ives 2 \/hte p ecisitate. On addition of excess

' NH,Cl/ NH,OH, the volume of precipitatedecreases leaving behind a white gelatinous precipitate.
dentify the precipitate which dissolves in NH,Cl / NH OH : [JEE Adv. 2006] :

]

(a) Zn(OH), (8) A(OH), () Mg(OH), () Ca(OH),
| Sol. (a) Zn* + 2H,0 ———> Zn(OH), | + 2H'
7 White ppt.
{ Cl . -
! Zn(OH), +4NH,OH +  [Zn(NH,),J** + 4H,0 + 20H
{ complex ion
; (soluble)
| 40. An ammoniacal metal salt solution gives a brilliant red precipitate on addition of dl‘mett\y_lglgg);ite%
1 The metal ion is [JEil\ ains 2023]
| (a) NP by Ccu** (c) Fe** (d) Co
Sol. (a)

cation (Y2"), addition of a reagent (X) to alkaline

itate. The reagent (X) and the cation (Y*") present

' 41. During the qualitative analysis of salt with
b S 4 . . b :
1 VZLL;?telZf::’vnytZi;alt gives a bright red precip o, (ShiFe-]

(4) Dimethylglyoxime and Ni** (b) Dimethylglyoxime and Co™

(¢) Nessler’s reagent and Hg™ (d) Nessler's reagent and Ni™*

‘Sol. (a) g

R ——————

" r""'ys's Click Here To Join @StudyShelf For More Study Materials |
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B Part (- 1)
- - = ivide in
’gs’lvf.“‘-‘( {43 NH,Cl } (NH),CO, ' ‘ __C_“:S‘BH,,, ‘ ,v} —D'—V’f;ts—z’—. (@)
Solution ; NH,OH \. : ( j\ _“) @
t""é e . . &
\/\/[fut‘(ii)ﬂf; Ba(CH,COO0),
/—1 or
Sr(CH,CO@), F=> Soluble
BaCO.\, SrCO,L or
CaCO,l Ca(CH,€00),)
Q Preserve a small amount of the precipitate for flame test.
Ba?* ——Cr0_* / SO *- 2L T P
Part (1) — KOs o Yellow ppt of BaCrO, { 4 < 7/ 6204 Insolubls b
iSr‘“—»SO 2-/C.0 2- ,
Part (2) _(NH,50¢ o \white ppt of SrSO, 4 274 lnsolubls i
T —————
NH,),C,04 : & i 24 - !
Part (3) ——222» White p'+ f Ci Cy0y [CAT>C,0> Insoluble ?

¢ Ba(CH,COO), + K,CrOy+—=—= BaCrO, | Yellow ppt
(soluble) (soluble)

¢ SH(CH,C00), +(NHg350, — SrSO, | White

¢ Ca(CH,CO0), + (NH,),C,0, — Cal,0, | White

| S 'fl'f.Bafibi“{s,-.‘;‘i"" : &l lons P
(a) To the first part add potassium ’\ (a) If barium is absent, take
chromate solution. A yellow|  second part of the solution
precipitate appears. | and add ammonium

(b) Perform the flame test with
the preserved precipitate. Al

| grassy green flame is obtained. I|
1 |
|

|

1

sulphate solution. Heat and
scratch the sides of the test
tube with a glass rod and
cool. A white precipitate is
formed.

| (b) Perform the flame test with
| the preserved precipitate. A
crimson-red flame confirms
the presence of Sr** ions.

e ————————
|

() If both barium and strontium
are absent, take the third|
part of the solution. Add|
ammonium oxalate solution

and shake well. A white\
precipitate of calcium oxalate |
is obtained. J
(b) Perform the flame test with|
the preserved precipitate. A
brick red Fflame, which looks|
greenish-yellow through blue
glass, confirms the presenct|

of Ca® ions.
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Na’)
e PO, |
/'4"'\{~ Na?‘H 4 i
F(”L’

(f 9"
) Qa

-

Oup— v is absent, the solution may contain MgCo,, which is

\ " soluble (n water in the presence
T salts (NH,) because the equilibrium is shifted towards the right hand side and hence

sration of carbonate ions (COZ") required to produce a ppt is not attained.

i + €037 == s HCOs

Concﬁ"‘

H,OH

2 4 NazHP04(aq.) T MQNH4PO4 L [White crystalline ppt]
Mg [pisod"“w‘ hydrogen
phosphat"f]
50, on reaction with NH,OH and Na,HPO, forms a white crystalline precipitate. What is its
g zgmu7a? [JEE Adv. 2018]
(a) Mg(NHPO4 (b) Mg5(PO,), (¢) MgCl, »MgSO_N, Nd) MgSO,
Sol. (4) , f .\ - =
A sodium salt of an unknown anion when treated with MgCl, gives white precipitate only on
i boiling. The anion is [JEE Adv. 2004]
(a) SO (b) HCO; (c) e (d) NO;
\ sol. (b) MgCl, + 2NaHCO; > Mg(4C0y), + 2b acl
| (Sc uble
; Mg(HCO,), — 229 > MgCO,:Mg(OH), L H,0 +CO,

(White ppt.)

o e oy o s A e eSSt o e = S B g e S

I

44. When a solution of n;;';—:tureﬁhaivfng two inorgahic salts was treated with Fr:sh!g;repatr;c!i .;z;lg,hat;
B i ] treatment with neu s

in acidic mediumd, a~dark brown ring was Foufv.v\ed whereas on :

ﬁ 'gnave deep red colour which disappeared on boiling and a brown red ppt was formed. The mixture

r11 April, 2023 (Shift-1)]
| contains b Pt L J
| (a) CH,COO™ and NO; (b) €05 and NOs.
(¢) SO~ and CH,COO™ (d) SOZ™ and C,0; | -
' Sol (a) NO,™ : a dark brown ring CH,COO™ : deep red colour with neutral FeCl
[ 3

+ + A2t * 2+ ded

il . 3+ 2+ Caz F83 , Ni™™, Ba2 and Cu™" was ad

' 45. To tion containing ions such as Al™, Zn™, 2 FE . 3 . .

' co,;n :,"C-‘;e‘}Z?,::izd‘o% H.S -r;\eg total number of cation precipitated during this reaction :s./ar'e~
. Hcl, S

27 July, 2021 (Shirt-|
@z (b) 3 (c) 4 (d) 2
J Sol. (a) Only Cu?".
 46. The complex that dissolves in water is
(a) Fe,[Fe(CN),] (b) [Fes(OH),(OAQ)ICI
3
() KS[Co(NO ). ] (d) (NH4)3[AS(M03010)+]
2/6:

Sol. (b) [Complex a, ¢, d are prec:’pitates].

[11 April, 2023 (Shift-1)]

Salt

Analysis Click Here To Join @ StudyShelf For More Study Materials
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wn of #ime with excess of aqueous alkali, evolves hyd"oﬂe" g
as .
and Gives
(a) Zn(OM), (b) Zno (¢) [zy\(oH)dz_ [24 uly, 5,
(d) [Z"\OJ]L (s

T The rvactr

50’. \\K\
48. 25 mL of silver nitrate solution (1 M) js added drOpwisg ¢
solution. The ion(s) present in very small quantity in the soluot'zs ML
on s

(a) NO; only (b) K* only (¢) Ag* and |
el (-

of :
ar Potas.ﬂum "Od

e []1 A il - 'de (10-
both (g |- 0235, 7 M

Sol. (¢) Major quantity of Ag* and I~ precipitate down as Agl. s
- 20 Very

be there in solution. el WUantie

49. Choose the correct tests with respective observations. - * 4wy
(A) CuSO, (acidified with acetic acid) + K4[Fe(CN) ]
(B) FeCly + K [Fe(CN),.1 - Prussian blue precipitate.
(€) ZnCl, + R4[Fe(CN), 1, neutralised with NH .0
(P) Mgcl, + K4[Fe(CN). 1 > Blue precipitate. '
(E) BacCl, + K4[Fe(CN), 1, neutralised with Nao

Choose the correct answer from the options given be|
ow:

= Chocolate broysn Precipis
ICate,

H - White op blu;
uish white .
Precipitat,

@) A,Dand E only (b) B, D and E only
Sol. \Q\

20 ¢
CuSo, + K4[Fe(CN)6] _CH,CO0H 4 Cr‘.z”:e(CN) 1+ 2K <n
L 2 e )

C zZulate b roy 'n
Pve [p'tn o
eelipitaie

(&) A, B and C on

4FeCl, + SK [Fe(CN )] = Fe [Fe(CN) 1, + 12kl

(Prussian Blue
Precipitate)

3ZnCl, + 2K [Fe(CNy NHsOH K,Zn,[Fe(CN),1, + eKCl

(White or bluish
white precipitate)

S50. Among the following cations, the n i
ons ' 5 umber of cations which will ai isti ipitate i
their identification tests with K,[Fe(CN)J is . i gte CM[T:tj:it ‘ig? :'f;tafm

Cu** , Fe®* , Ba** , Ca?* , NH, , Mg** , zn2*
Sol. [4]
cu* + K 4[FE(CN),] - Brown precipitate of Cu,[Fe(CN),]
Fe” s K.4[Fe(CN),] = Prussian blue precipitate of Fe,[Fe(CN) 1. NTA Ans key = 3
Zr”" 4 ¥ [Fe(CN),] — White precipitate of Zn,[Fe(CN)_]

Ca™ 4 FalFe(CN), 1 — White precipitate of Ca,[Fe(CN),]

=L | - CHEMISTRY ¢
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compound ‘A’ from the following reaction sequences. [24 Jan, 2025 (Shift-1n)
he

pind t B (1) KNO,, [NH4OH
s A qua-regia__ ;3 _ _(i)_fi}?;ﬁq_m’ yellow ppt
NIS (b) MnS (c) CoS (d) Zn5
(4)
¢l (©) inorganic sulphides that are yellow in colour:

2
" h) (NHD2S o
¢ the corvect answer from the options given below:

(b) (A) and (B) only
(d) (A) and (C) only

(B) PbS (C) Cus (D) As,S, (E) As,S: )
[28 Jan, 2025 (Shift-I10)]
Choos
(@) (P and (B) only

(A); (D) and (E) only

' @ pbS and CuS are black while other three sulphides that is (NH,),S, AS;5% and As,S are yellow
5ok (9 olor .
| Iy\.,gcw\ber of white coloured salts among the Following is .........co... [0 Feb, 2024 (Shift-1)]
ni
1:)8 srs0 (B) Mg(NH,PO, (C) BaCrO, (D) (Mn(OH),
4
((5) pbSO (F) PbCrO, (G) AgBr (H) Pbl,
- 4
0 (J) [Fe(OH),(CH;C00)] |
O . OH), — white, PSO, ~ white,

| ' - whi Cro,, — yellow, Mn(
0. — white, Mg(NH,)PO, — white, BaCrO,
5ot ] g;;;a - yellow, AgBr4— pale yellow, Pbl, — yellow;x€aC,0,

Brown Red
| 4. Match List-1 with List-Il

— white, [Fe(OH),(CH-CO0)] —

| Listal|(Name of the test) 4~ L V2
l g 5 = Co(NO3), MO
' A. | Borax bead test [ N\MCO, —> MO — 3> CoO.
2+

B. | Charcoal cavity test iN. |Mco, - McCl, - M
| C. Cobalt nitrate test ll. MSO4 NaAzB4O7 M(Boz)z—’ MBOZ—> M
; Na,CO
! D. FlaW\e test V. Mso4__?-A__3> MC03—> MO — M

Choose the correct answer from the option below: [o8 April, 2024 (Shift-1)] |

(a) A-ll, B-I, C-IV, D-lI (b) A-lll, B-L, C-IV, D-l
(©) A-lll, B-1, C-Il, D-IV (d) A-lil, B-IV, C-1, D-lI
' Sol. (d)
| 55. Consider the following test for a group-IV cation.
. M* 4+ HS > A (Black precipitate) + byproduct
A + aqua regia - B + NOCl + S + H,0
B + KNO, + CH,COOH - C + byproduct

The spin only magnetic moment value of the metal complex C is BM. (Nearest integer)“
[0a April, 2024 (Shift-11)]

Salt Adalysis  Click Here To Join @StudyShelf For More Study Materials ﬁ
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A R A S AR 9 A g
Sol. [0]

Co™" + H,S - CoS | (Black)

(A)

CoS + Aqua-regia —» Co** (aq) + NOCI + S + H,0

(A) (B)

Co™ (aq) + KNO, + CH,COOH K, [Co(NO,), |+ NO+ 5 +Hy0 |

(€) '

InK, [CO(N02 )é] Co is in Co>" oxidation state.
Co™" : 3d%4s°
Hence, it has d*sp* hybridisation. Number of unpaired e~ = O
Hence, Magnetic moment, p = Yn(n + 2) = 0 B.M
56. Consider the sulphides HgS, PbS, CuS, Sb,S,, As,S, and CdS. Numiber of these sulphides s«aluk!e in
50% HNOS s__ . [31 Aug, 2021 (Skl}:t-f)] :

l
Sol. [4] Out of the given sulphides, only CdS, PbS, As,Ss & CuS aresoluble in SO% HNO, but Sb_s_ 4, | ll
HgS are not soluble.

| 57. Upon treatment with ammoniacal H,S, the metal ion that precipitates as a sulphide is ]
| (JEE Ady. 2013) 3
. (a) Fe (1IN (b) Al (i) (¢) Mg (In (d) Zn(l) }
j Sol. (d) \ :

58. Passage: When potassiumciodide isiadded to an aqueous solution of potassium ferricyanide, q .
reversible reaction/is observed inswhich a complex P is formed. In a strong acidic medium, the

equilibrium shifts completely towards P. Addition of zinc chloride to P in a slightly acidic medium ' J‘
results in a sparingly soluble complex Q. '

(1) The number of moles of potassium iodide required to produce two moles of P is

(JEE Adv. 2024) -

Sol. [2] We require 2 mol of K. ‘
2KI+2 Ky [Fe(CNY, ] > 1, + 2 K, [Fe(eny, ] |
P

(it) The number of zinc ions present in the molecular formula of Qlis =T ¢ (JEE Adv. 2024) :
Sol. [3 or 2] ‘ |

2K, I:Fe(C'N)é] t 3ZnCl, — K,Zn,[Fe(CN), 1, + 6KCl
[ﬂ (Zinc chloride)

OR 3 zinc ions are present
K, [Fe(cm)é] + ZnCl, - Zn,[Fe(CN), 1+ KCl
IEI (Zinc chloride)

2 zine ions are present

A
cHEMIsTRY @
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ST K.[Fe(CN).] with freshly prepared Fe50, solution produces a dark blus

o {ne l"faCtlon bu“-'S blue. Reaction of K4[Fe(CN)J with the FeSO, solution in cornplete

I W‘Gag. calle? o a white precipitate X, which turns blue in air. Miving the FeS0, solution

abscr\cc of afrff;{:i::::zy a slow addition of concentrated H,50, through the side of the test tube
N(j .‘b'rown ring-

(JEE Adv. 2021)

(b) Fe[Fe(CN)J (¢) K, Fe[Fe(CN),] (d) KFe[Fe(CN).]

+2  +3 ' o
3 )(J N F62+ [— Fes[Fe(CN)é]z Dark blue ppt (Turnbull's bluz)
+. CN

+3 “#3
| (€ +2 +3 Air [0,] . o
ol ( 2> KFelFe(CN)e] — o of et 5&([:&(:)61
white ppt. [X] (e Pirussian blaz)

llowing, the brown ¥ihg is due to the formation of (JEE Adv. 2021)
following, | o

i )0(50 n (® [Fz(NO)Z(HZO),J”* (c) [Fe(NO)_,?(SO‘;)z] (d) [Fe(NOYH,0).]

) [Fe(NOR(C4

idi 1 <& 2+ oives yellow precipitate of €d5 on
' t-1: A very dilute acidic solution of Cd”" and Ni*" gives Y precip
&0- statement=

passfr\g st

t ty pY'OduC’ < is. wn ¥ [ ( ‘ \Ji' . (“l JE ,‘?8“1'}
il ()] 4d— 'S 0 ; -V\a.\ th‘ t )

S | rrect explaration
t t-1 is correct; statement-Il is correct Statement-Il is not the co ]
(b) Statement- 5

of Statement-|
(¢c) Statement-I is corvect; Statement-ll 1S incorrect

(d) Statement-I isincorvect; Statement-Il is correct

. CdS < NIS
H,S —» CdS | (Yellow ppt) u K;p

Very dilute acidic medium ' Il vadicals are
Cd** belongs to group Il while Ni** belongs to group Il of analytical group: i’;j“p’” e are
precipitated by passing H,S 4as through acidic solution of s.alt W;‘e';:‘:{sui to Zreater solubility
precipitated by passing H,S gas in NHs / NH,CI buffer solution of sa

2
products of later salt.

ol (¢) Cd** and NP

black coloured
) : _ the total number of
©1. Among PbS, Cus, HgS, MnS, Ag,S, NiS, CoS, Bi,S5 and SnS, (JEE Adv. 2014)
sulphides s

Sol. 16 or 7]

as, AJ,S Nr'S
1 ‘ti hat PbS, CuS. HgS, Ag2

From qualitative analysis of the different metal fons It 15 found t

&

S
05 are black coloured. MnS — dirty P!'V\k/buff coloured, SN>;

Wn/black (fu 1 ris (e or 7)
o AP " H orrect mtege
! / ’ { .u'v‘,,'-,"-'—}‘ Lo (A ,\Im"'y-pd CV\CG, the c
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T ' ies formed is:
2. HgCl, and 1, both when dissolved in water containing | 10ns, the pair of specl_l ey

—_—
¥

P
(@) Hg,l,, I~ (b) Hagl, I, (c) Hgl,, ! (d) Hgla

ol. (d)
53, Match List-1 with List-li:

_ List-1: Solid calt treated with dil. H,50,

List=1l: Anion de‘l;é&tgd»

A 16FF€"\{§§Cf_V_\ce_oF_cg{outf(ess gas ! 'No; }
| B |gas with smell of rottencgg | | €O |
54LJ9“5 with pungent smell | “f 52 e i
| D I brown fumes . SO > &

Choose the correct answer from the options given below:
(@) A-Il, B-lll, C-IV, D (b) A-IV, B-llI, C-11, R
(¢) A-l, B-ll, C-lil, D=1V (d)y A-ll, B-lll, CAl, P~V

Sol. (a)

&4. Match List-1 with List-ll -

“iListali: Group  Number in Cation Analysis

Aol co l. | Group-I

B. Mg** il. | Group-Ili

C. P . | Group-IV

D. Al** IV. | Group-VI N
Choose the correct answer fro' = he ¢pti ns, )it en belo v
(a) A-Ill, B-IV, C-Il, D-I (b) A-lll, B-IV, C-1, D-lI
(c) A-lll, B-Il, C-IV, D-I (d) A-Ill, B-Il, C-I, D-IV

Sol. (b)

55. Matck List-1 with List-Il : [N
Listi: Test/reagent . 0 [I0 List2ii= Radical identified

A. |Lake Test l. {NO,

B. | Nesslers Reagent . | Fe**

C. | Potassium sulphocyanide . | AP

D. | Brown Ring Test V. NH‘:
Choose the correct answer from the options given below :
(a) A-IV, B-Il, C-lIl, DI (b) A-ll, B-IV, C-lll, D~
(¢) A-Il, B-lil, C-1V, D~ (d) A-lll, B-IV, C-Il, D~

ol. (d)

6. Given below are certain cations. Usi)

ng inorganic qualitative analysis,
Gilvet b e Ehrti oo q ysis, arrange them in mcreasmg

NEET 2024
S+ 2+ +
A Al B £l _ ¢ Ba* D. Co* E. Mg™
Choose the correct answer from the options given below:
(@ BE.CDB A (B) EABCD () BLADCE (d) BC ADE
. (¢)
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