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If an electron of mass m, moving with velocity v, around the nucleus in

an orbit of radius r then centrifugal force
= Ef— (Which tends to through the e out of the orbit)

Q.1.  Write the important postulate of Bhor’s theory: And also write th
. e i . h arhi ‘dr v r .
equations for radii and energy of n" orbit of hydrogen atom. (201} Ifthe charge of the clectron ise and the nuclear ch o - ia Zathen

Ans. Bohr’s Theory Of Atomic Model: -
In 1913-Neils Bohr pointed out that Rutherford’s atomic model \\*4.

highly unreliable. Earlier Maxwell was established that whenever a chargg
particle moving at constant velocity with respect to any inertial frame then Ze?
will lose energy. Since electron being a charge particle and due to continuoy EF = e ? ' - . T (2)
change is its direction of motion, so it will lose the energy continuously. § B . .
N . . : = G g ) N . . . . I
that path will become continuously reduced and finally it will collide with t) ~ to remain an electron is an orbit these two force (centrifugal and centripetal)
should be equal

nucleus. However, this not a case. _
Neils Bohr retained the basic concept as Rutherford’s-model that in 3 g Ze?
i = RRUO )|

atom electron revolve around the central nucleus but he has given hj ie, —= 7
assumption based on Max Planck quantum mechanism. r 4ne, 1 .
According to him: - 2 2 -
9 Ze r ze
Vi — -
Or 4ne,1* m 4me, m

(i) Electrons revolve around the nucleus in stationary circular orbits. X—=
(i) Energy of an.electron remains constant as long as it revolves in
According to one of the postulate of Bohr’s theory, angular momentum of

rectangular orbit so that as long as electrons revolve in orbit, it neithe|
revolving electron is given by the expression

h Chapter 1 - Atomic And Nuclear Structure

coulombic or electrostatic force (EF)is as:

absorbs energy nor radiate energy i.e the energy of the shell is quantize
(fixed) and he has given in number n =1,2,3,4orinlettersK ,L, MAs w 202
__ move away from the nucleus the energy of the orbits increases. mvr = n_h_. or v = . el
i) Angular momentum of the moving electron governs the energy of th 2n . 4n’m’r’
electron in an orbit, since the energy is quantized therefore angul Equating equation (3) and (4) we get,
. . . h
momentum is equal to the integral multiple of n P and momentum = mv Ze? _ n’h’ o
B 4ne, mr 4n’m’r’
mvr=n—, wheren=1,2,34 1
I , ‘ Or, for hydrogenatom Z=1
v . Eo h2 nZ ) (5)
W T

h
= = magnitude of photon.
For hydrogen the charge on the nucleu Z = 1 and if n = 1, this gives a value of

When electrons move in one orbit to another orbit it will absorb or radiat
nergy. When it jumps form one orbit to another, the difference in energ] 0
- equal to the difference in energies of the two concerned level r=1x0.529A

AE=E2—E‘ 0
forn=2 r=22x0.529A

It is clear from the above equation that the radius of the orbit in hydroger
atom is directly proportional so 12,22, 32,

Calculation of energy: -
If an electrons jumps flow higher energy level to lower energy leve

nati i 5 1
nation of Radius of an atom/ H ydrogen atom:- then it will always radiate energy. i€ E= "3 mv’

\ist . -
isit us for more detaj] at : www.winsomepublication.in . [
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Substituting the value of V? from equation (3) we get A ¢ cu emistry p

2 (iv) Splitting of line occurred under the influence of electrical field.
ze’ .
S Bohr's theory failed to explain these effects.
Sne
Substituting the value of r from equation (5) we get | Q.2 Define Sommerfeld’s atomic model. ’ (2006)
e‘mz’ . Sommerfeld’s Theory:- '
R Se’hn’ Ans, Though Bohr’s Theory was highly appreciated and he was awarded
’ noble prize. The hydrogen spectrums generally consist of single sharp lines.
: e‘m inati j lution spectrometer each single line is
Calculating the values for constant we get, e 13.6 But on examination by a high resolu P gl

| found to consist of a group of lines closely spaced together.. thr fails to
2 2 | explain these lines. At this stage Sommerfeld came forward with his “concept
E= —13.6—z?eV/atm or E.=-2.18x107" Z—ZJ/atom | of elliptical orbits”. ' o
8 ' n " Summerfield explain these lines by considering the concept of elliptical
When electron moves from n, to n, energy level than its energy change will be orbits. Elliptical orbits have one major axis and one minor axis. When the major
S : | axis becomes equal to the minor axis the orbit will be circular ore

AE=E, -E, ‘We know that in circle having only one coordinate that change is angle
Substituting the value of E from equation (6) the energy change will be | of rotation but in elliptical orbit having two co-ordinate ie. radius vector (r)

' 2 4 : | and azimuthal angle changes. . .
AE = _Ze‘m[ L—i] ‘ The tangential motion of electron at any point of the eilipse can be
8€°h*[n,® nj ‘restoring in two components, radial motion (along radial fac:or] and transfe]rs
{ i ; r angular motion along 1 to the radial motion. Radial motion wili give angular
(;te know E = hv (Plank equation) r(;omilrlltum. These twog momentums are also quantized, accerding to Sommer

E =hcv

field these momentum give two new quantum no.
Substituting the value of E is above equation

ve Ze'm® [ ] 17‘ ™
8¢, bc|nl .
mvr =n, —
o verL_L] *on |
[ n’ n (Redberg Equation) Where n_and n, radial momentum quantum no. and angular momentum’
Zietm? quantum no. Thess two quantum no. can be related to Bohr’s quantum number
e'm - : : ; iy :
, == . asn=n_+ n,. The ratio of n and u, i.e the ratio of length of major axis and
Where R SeThic where R is Rydberg constant . o g J
0 -

length of minor axis gives the geometry of the ellipse or the éhapé oi the orbit.
n _0,+0, length of major axis

n, n, ~ length of minor axis
possible.
() Ifn ;=B It means that the length of minor axis and major axis are equal
which resets in a circular orbit. It means that circular orbit is one of the
conditional orbit ifan ellipse.

(ii) If n, = 0 This indicates that linear motion ot e’ passing through nucieus

Experimental value ofR = 109679 cm-
Theoretical value of R = 109677 cm’!

|

1

The agreement between experi i i |
Xperimental and theatrical value

success of Bohr’s theory. o he /

These may be various conditions

Drawbacks; -
(i) His theory fails to ex
(i) When lines spectrum

is made up of fine lin

Plain the spectra, other than hydrogen. J
Is gb;errved closely then it is found that a single line |
es. Bohr’s th i - : | P .

i) When a light emittn § theory failed to explain the reason forit. = | which in never possible.

asingle li lits ; 8 source is kept under the influence of magnetic field \ (iii) Ifn,>n: This condition is not possible i.e minor axis never exceed major
o ong In€ splits into number of lines. This effect in known as Zemann axis.

( Visit us for more detail at :
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. s bits or sub shells will be equa
' <n: case the no. of elliptical or .

) theof T 11 be four sub orbit as

to the of ni.e if n = 4 then these Wi

n 4

(0 ;: "3 I'= circular orbit 5

(ii) g = elliptical orbit . 4s 1(1{@:“3)
. N

(iii) ; — more ellipse Sommerfeld orbits for n u,

) 4 5 evenmore ellipse

J . . .
These orbits have little difference in energies which are responsible f,

the four structures in high resolution.

Drawback of Summerfield: -
(i) He does not explain electric field effect for Starks effect.

(i) He has not taken the wave properties of the elements.
(iii) His theory does not reveal the maximum no. of electrons can be held b

an orbit.
(v) It does not gave any explanation about the intensity of spectral line.

() He has given a misleading a explanation for momentum.

Q3  The first, second, third and fourth shells of an atom may contain upt
2,8, 18 and 32 electrons, respectively. Explain this arrangement in terms,
(2008

quantum numbers. .
Ans. Principal quantum number is the most important quantum number sing

ittells the principal energy level or shell which the electron belongs. It alway
a integer value except zero i.e. n =1,2,3....and these energy shells aly
designated by the letters K, L, M, N........ etc. The first principal shell (K) , n=]
which means that this energy shell is of lowest energy and lies closest to i
nucleus and similar to second principal shell (L), n=2 and so on . The maximur
number of electron present in any principal shell is given by 2n? where n is th

number of the principal shell.

2.4 “Itis y?and not y related to the probability of finding an electroni
pace.” Elaborate. (2007

elated Questions

- Whatis the angular wave function? Discuss the shapes of d-orbitah

(2004

Elaborate v and y” related to the probability of finding an electr®
ipace. (2019
@01

What is the significance of v and y??
. Significance of ¥ and - -
Visit us for more detail at : www.winsomepublicationg

squations. the s

Inallwave
lhoresamg

which has phy sical significanc |
the amplitude of the wave ata pomtis proportion.)

wave, Similarly in clectron wave motion.square of 'OV hos

intensity. According to uncertainty principle. the position

be dc(c'rmincd with certainty. We can say greater the intensit,

function at a particular point greater is the prohal?ili[;, of locating the electron
at that point. Thus ‘P? may be interpreted as being pr_r;purtu»n,.l to electron
density. In order to avoid imaginary value ‘P'P* is used for 'V-. 'P* isacomplex
conjugate of W, we expect that if ‘P extends over a finite volume in space then
the electron would be found in that volume. So ‘P'P* dt gives the probabilir;
of finding the electron is finite, which means ‘¥'¥* dt must give real values. If
W has real value then ¥ = W* and we can use ‘P2 d in place of '‘P'¥* dr.

1 Of

Q.5 Describe the Radial and angular wave functions. (2005, 14)
Other Related Questions -
(2018)

Q.  Write short note on Radial and angular wave functions.
Ans. The method of describing the shape of an orbital in terms of its projection
of its wave function along an axis, as in the p, orbital case, is a way of describing
the orientation dependent part of the wave function. That the wave function
of the p_orbital is orientationally dependent means that its projection is not
the same along each of the cartesian axis.

The electronic wave function, as we have seen above, describe the
distribution of the electron positions in terms of the distance of the electron
from the nucleus, r, and the orientation of the electron relative to the nucleus.
We can separate the wave function into an orientationally dependent part,
known as the angular wave function, and an orientationally independent part,

which is known as the radial wave function.

Vatmi (r,6,¢) =R,; (r)thm, (9,¢)

The Radial Wave function, Rnl(r), depends only on the distance of
the electron from the nucleus, and is characterized by the values of the
principal and orbital angular momentum quantum numbers, whereas the
angular wave function, Y, depends on the angles of the electron from the
nucleus, and is characterized by the values of the orbital angular momentum
and magnetic quantum numbers.

The s orbitals consist only of a radial part to the wave function, and
Y = 1. The angular wave functions for other types of orbitals are complicated
mathematical expressions, so generally only the shapes of the orbitals, as
shown above, are important. '

Another important function we need to consider if the Radial
Distribution Function, P (r). This is defined as the probability that an
clectron in the orbital with quantum numbers n and 1 will be found at a

(___Visit us for more detail at : www.winsomepublication.in )
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the radial wave tunction

cd ol by 1l

" po(r)dr=1

(r). normMdlilze

e en p and d orbital wi
Q.6 \\hatisanorblml.‘Dlsnngunhhctm‘ I . "hresmct

to shape and orientation in space. (2003)
Related Questions - el
f d-orbitals. (2015’ 18)

Q.  Writeshort noteson shape 0
Atomic orbital: - L . ‘
\tomic orbital is defized as the three dimensional region of the space
around the nucleus where the prebability of finding electron is maximum . itis
usually denoted by ¥*.
Shape of p-orbitals:- )

Shape of porbital is Dumb-bell shaped. Since p-subshell have three valye
_1. 0. +1. thus they contain three p-oxiblwl Px: Py Pz Each p-orbitg] is
tv of finding of electron is maximum at end point
h p-orbital contain one nodal plane.

X

0 7
0

P. P,

Ans.

of m. L&

present on the axis. The possibili
and minimum at nodal plane. Eac

Shape of d-orbitals:-

QW . W P,
N NN
d, d, d“

lShapcgfqgmims is double dumb-bell shape. Since d-subshell have
‘aluesof'm ie.-2,-1,0, +1, +2, thus they contain five orbitals , which

Visi : :
it us for more detail at : »m\.\\insomepublic@D
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have different orientation. Out of five orbitals three (dxy, dﬂ, d,,) have
orientation in between the axis and rest two have orientation on the axis. Each

d-orbital contain two nodal plane.

dial distribution plots of 3s

Q.7. Give the number of nodal points inthera
(2009)

and 3d orbitals.
Ans. The radial nodes of any orbital = (n-£-1)

For 3s the radial node = (3-0-1) =2
For 3d the radial node = (3-2-1) =0

Q.8. Give the number of nodal points in the radial distribution plosts of 3s,

3p and 4d orbitals. (2016)
Ans. Radial distribution curve gives an idea about the electron density at a
radial distance from the nucleus. The value of 4nr’y” (radial probability den-
sity function) becomes zero at a nodal point, also known as radial node.
The number of radial nodes for an orbital =n - /- 1.

Wheré n = principal quantum number and /= azimuthal quantum
number. '
For3s, n=3, /=0
According to.formula,
number of radial nodes=n-/-1=3-0-1=2
For3p; n=3,/=1-
According to formula,
number of radial nodes=n-/-1=3-1-1=1
For4d; n=4, /=2 )
According to formula, 5
number of radial nodes=n-/-1=4-2-1=1

Q.9 A moving cricket ball, weighing 200g, is to be located within 0.2 -0\ .

What is the uncertainty in its velocity? Comment on your result : Given: h

= 6.6262 x 10Js. (2008,2010)
Ans. According to Heisenberg uncertainty principle

xp=—h— = Xxmv=—
4n 47

v=h/4mm=6.6 x 10%4/4x3.14x02x 0.2x 10*°
=6.6x10"*/0.5024 x10"'* =13.13 x 10 ms
Heisenberg uncertainty principle holds good for all object but is it is
significance and it is only for microscopic particle. The above result in
uncertainty in velocity is so low as compared to electron so that the Heisenberg

uncertainty principal not imply this system.

Q.10 Describe Heisenberg uncertainty principle. (2010,2007, 2006, 14)

Related Question -
( Visit us for more detail at : www.winsomepublication.in )
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inity principle,
H isenberg “nccﬂzllnll_\ [)I.Ill(‘|ﬂo (201(,‘ |8)
rt note on (:j‘l \\Cmcr”Ci"‘nhcrg in 1927, ,«\ccordinu o
od by ; o 8
nsgl t\'dclt‘"“’mc simultmwousl,\ the exact POsitio
cl . 5
. L slectron. prolon. neutron, eye,
1iole like electro
particle

Year
AL [

Q.  Write sho
Ans. This principle prope
this principle . Itis impo,'%‘lh
and momentum of @ moving
Mathematically. X
AX X Ap 2 '4—1'[

Q.11 Write short note (2009, 14, 18, 19

Mass Defect: -

/ ' that the mass of a particular atom
ments have show
Careful measure

than the sum of the masses of the indivj dual
y less d electrons of which the atom consists, The
neutrons. PTOIOnSiq ar:ass of the atom and the sum of the masses of s parts
difference between the Am). In calculating the mass defect it is importan
is called the mass defect ( measurements because the difference in magg

' of mass ;
to use the full accuracy 0 ftheatom. Rounding offthe masses g

: to the mass 0 o ’ ‘
o C(‘)Tp?rtid lﬁrec or four significant digits prior to the calculation
and particles

-Am = [Z(mp +me) + (A-Z)mp
: in ac d mass defect of zero. Am =

e l'rf]\ arj ’Ac;lilina?s defect (amu) m, = mass ofaproton (1.007277
s f a neutron ( 1.008665 amu) m, = mass of an electron
= mass of nuclide , X* (amu) Z = atomic number
umber (number of nucleons).

Ans.

is always slightl

J-m. (1)
amu) m_ = mass 0

(0.000548597 amu)m,_
(number of protons) A =mass n

ri inding energy. - (2005)

12 Write short note on Nuclear bin
gns The binding energy of a nucleus may be defined as the amount of
energy released during the formation of hypothetical nucleus from its proton
and neutron. Or in other way we can say the amount of energy will require to

separate the proton and neutron. A
Q.13 Which of the lanthanide element is radioactive? (2009)
Ans. Promethium '

Q.14 Describe stability of nucleus and N/P ratio. (2013, 14,19)

Related Questions -

Q. \\‘h)" is a higher ratio of neutrons to proton to be expected in heavier

nuclei? (2006)

Q. Write short note on Nuclear stability - N/P ratio and nuclear binding
energy. g
Q. Writesshort note on Statbility of nucleus and N/Pratio. (2016, 1'8)
Ans. The nuclear stability is found to be related to the neutron/proton ra“?;
mass defect, packing fraction, For different element the number of neutron

Visit us for more detaj] at: www.winsomepub@j

the Mass defect and binding energy of the nucleyg
on

AT - BSe 1 Year SRE
otted against the number of protons. it is found that the elements with stable

2 o . e . )
icleii Cnonr'ndiuac(i\‘c lic within a region know as zone or belt of stabil
cleii.c. f

90 [ ‘ ‘
.ff‘ L e e ST r- -
80 — T | g 1
70 - ‘ T
LA |
60 ‘i.J
-r" .. : |
? i |
B r TABLC NUCLO
j_”{'.-.__S
H
30 ,-r”—
1
20 rr‘J T
10 -
4] 10 20 30 40 S0 60 70 B> 80 1D0 110 1720 130 140
NEUTRON (N)

‘igure-shows the distribution of the stable nuclides plotted on the same axes
s the chart of the nuclides. As the mass numbers become higher, the ratio
of neutrons to protons in the nucleus becomes farger. For helium-4 (2
rrotons and 2 neutrons) and oxygen-16 (8 protons and 8 neutrons) this ratio
sunity. For indium-115 (49 protons and 65 neutrons)the ratio of neutrons to
rotons has increased to 1.35, and for uranium-238 (92 protons and 146 neutrons)
heneutron - to-proton ratio is 1.59. Neutron - Proton Plot of the Stable Nugclides.
faheavy nucleus were to split into two fragments, each fragment would form a
wcleus that would have approximately the same neutron-to-proton ratio as
the heavy nucleus. This high neutron-to-proton  ratie places the fragments
below and to the right of the stability curve dispiayed by Figure 1. The
nstability caused by this excess of neutrons is generally rectified by successive
beta emissions, each of which converts a neutron to a proton and moves
the nucleus toward a more stable neutron-to-proton ratio.

Nuclear Binding Energy: - )

Nuclear binding energy is the energy that would be required to disas-
semble the nucleus of an atom into its component parts. These component
parts are neutrons and protons, which are collectively called nucleons. The
binding energy of nuclei is due to the attractive forces that hold these nucle-
ons together and this is usually a positive number, since most nuclei would
require the expenditure of energy to separate them into individual protons and
neutrons. The mass of an atomic nucleus is usually less than the sum ofthe
individual masses of the constituent protons and neutrons (according to

( Visit us for more detail at : Www.winsomepublication.in )
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5 oy Teaadid nes' IS - L AU - B.Sc
tion E=me”) and this missing mass' is known as the masg defeg i‘i Differentiate between an orbit ; bit ;
4 18. ifferenti 4 and an orbital.
(2012, 14,16, 17,18, 19)

Finstein's equa
and represents the energ) that was released when l~hc nucleus was formeq
‘ nding energ) may also refer to the energy bﬂlance.-
into fragments composed of Tiore thain Mps.
. . . 0] . .
nucleon. If new binding energy is available when light nuclei fuse. or whe, hea? Orbit Grbital
nuclei split. either process can result in release of this binding energy. Thig ener: 1 it is well-defined circular path [tis a region ol spacc ar
may be made available as nuclear energy apd can be used to produce QleCtﬁCilyiy jollowed by electron around ucleus where the probat
in (nuclear power) or in a nuclear weapon. When a large nucleus splits into piece - finding an electron is maximu
excess energy is emitted as,phq'ton_s (gamma rdy§) anc_i as the kinetic energy op | It represents
number of different gjected particles (nuclear fission products). _ otion bfclectron apound nuglens
- The nuclear binding energies and forces are on the order of a mijy;, nuclews. -
_times greater than the electron binding energies of light atoms like hydrg ged The max e man oo of elssts
defect of a nucleus represents the mass of the energy, it f i an orbital is 2.
orbit is 2n".
© Orbitals have different shapes

The mass
* binding of the nucleus, and is the difference between the mass of a nucle,
and the sum of the masses of the nucleons of which it is composed. -+

’ ; etc

The term nuclear bi
processes in which-the nucleus splits

1t represents-three dimensional

nucleus..
motion of electron around

two dimensional

imum no. of electrons in an

Orbit is circular in shape and

denoted-as K, L, M, N. and it is denoted as s, p, ...
T and s carry one orbital, p carry

three orbital p,, p,andp,

Q.15. A particle of mass 3 x 10~ amu is moving in a circul‘ar'orbit0

diameter 0.92 with speed of 3 x 10" cm/sec accurate upto 0.002%. Whatjg———————""
th rtainty in locating its position. - . )

((;‘; :::,c; = 6"122, 1:11 0 Js)g P o 19.  Write short note on shape of d-orbitals. ) (2019)
e e 10%amu,v=3 x 0% c/sec, h=6,73 x 10¥ emisee g™ 4 O

27 AgS
' ' ~37
h 6.7x107"x7 | =58x10cm

AXAp = LI = .
4n 4nAp 3x107x3x10%x22

Q.16  The nucliede ,Sm' under goes positron decay as well as electr

capture. What are the products in each case? (201
@Sm'™® + e — .ﬁEu'S‘J '

Ans. .
Prositron

prtsp +. -130 6zsm150
Electron . :
Q.17 Write short roie on the Schrodinger Wave Equation. 20

Related Questions -
lain the terms invbl_v
201

Q.  Write the Schrodinger Wave equation and exp
~(2015,1

Q.  Write short motes on Schredinger wave equation.

v oy | Fy.. 8n'm
Ans. —,'+7-+:,—w*—:—(E-V)w=O
°x 0y 012 h-
In addition to s and p orbitals, there are two other sets of orbitals

where v = wave finction, E = total energy. V = potential energy, X, ;%

coordinates. »
Visit us for more detail at : w wn.winsomepublicati@
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vhich become available for electrons to inhabit at higher energy levels. Atthe
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—_ isotopic mass — mass number :
Packing fraction = «10
- mass number

Packing fraction can be positive or negative. If packing fraction is
tive, the isotopic mass is less than the mass number and in that case the
.oct transformed into energy in the formation of that nucleus accordine 1o
ormula E = mc2. This nuclei is more stable. )

A positive packing fraction would mean a tendency towards instabil-
‘his is not essentially correct for atoms will lower atomic mass though. [t
I1d be noted that the element with mass number more than 230 dre radioac-
and goes through spontaneous disintegration.
lear Stability: -

The stability of nuclei are classified according to even and odd num-
of photons and neutrons

‘otons Neutrons Stable Nuclei
en Even 160

/en 0dd 56

dd Even 52

dd -0dd 4

For stable nuclie, we can see that nature prefers even number of
ttons and an even number of neutrons. The odd combination of proton and
atron in the nucleus are very less and are found only in lighter elements. For
ments with large number of proton in the neucleus, the coulomb electro-
tic force of repulsion becomes significant and the number of neutrons must
greater to compensate this repulsion effect.
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I (‘hap’er 2~ l)l'()[)(‘l"it‘s ()f Elt‘mcnts ['his represents the presence 5 i‘;""" n the determination ot error
- e ——————— . nercentage of error in the crmination ol
————————— . L . ~|‘czl\’C‘~[h‘« perce % : ) : o o
. ) . ) as bond n'»m( ity A”.l,k R el orrection (o minimize this error can be made in
Properties of The Element: - ) also gets increase a SUTE
\romic Properties: - & e additive princlplc.
' th . . -‘ .
1. \roAmic and 1onic radius sizc. (b) "‘?"" ]\’lum':quc'ni;r in the radius of atoms. When there occur some multipl
e h hlsiﬂ’ud(')r Ltill:clzssi\nglc covalent bond it causes decrease in the size a suitable
5 ~ s y P )  F. ) > £
P T——A = I~n'é m ainst this factor can also be réproduce in the additive principle to
4. Flectro negativity. Cmrewontafalues
/ i onic Radius/Size: - get correc . .
B e 'and oo | i “|re) Oxidation state and (d) hybridization.
The distance of the outer most electron or orbit from the Nucleys (c) Oxidation sta
an atom or ion is called atomic or fonic radius /size. No direct methog e OfMONIGALE: =
available to determine the size of the atom or ion, however indirectly the o (a) Size of cations: - ) o
of atom can determine as follows. . 1 [11 — i +1€
~ Sy N ~ o e=2
L | = ) Additive p=3 @ © p-3
N A N \_ />~ princple
Y4y =7 123 pm 68 pm
« e p 'y -y
X "( ' " In common way: -
‘ ) -le’ ot -le” 2+ -le’ 3+
Homonuclear Hewonuclear M M £ M —— M
> >0 >

Size in decreasing order
The cation is always smaller than its parent atom because it has less number
of electrons and therefore the attraction of the nucleus on its outer most
electron increases causes a decrease in the radii. Hence as the number of

electron decreases the size of the atom also decreases.

Homonuclear or Diatomic molecule like X,):-
Equal division of experimentally determined bond length, inter nucl
distance gives the size of the atom for e.g.
(i) C - Cbond length in diamond is 154 Pm hence
Y. =154/2=77Pm.
(ii) C1 - Cl bond length in C1, is 198 Pm hence

¥, =198/2=99 Pm.

Thus it is evident that the size of the atom increases when in a molecule bog Size of anions: - '
The anion is always bigger than the parent atom because it has more

electrons and therefore the attraction of the nucleus on the outer most
electrons gets decreases therefore size increases.
P

length is increases.
Hetronuclear Diatomic molecules like (X -Y): -
Equal division of experimentally determined bond length does not g

the correct size of the atom, however in such case the additive principle (y
. . . ~ Y
7, =7,.,) may be applied to determine the size of atom.

F+1e

_ =10
HC) @ §=9

Where y, ahd'y‘ =radius of X and Y respectivelyy__ =bond lengf
Therefore beside bond length the size of one of the atom must be note 72'pm 134 pm

As charge on anion increases its size also further increases. This happen
because with the increase of the charge there occurs addition of more and

more electron the attraction of the nucleus therefore decreases on the outer

, iy =
WY 9

determine the size of atom for e.g.
In CCl, the C - Cl bond length is 176 Pm and y_is 77 Pm.

S YetYa =Yoo =176-77=99 Pm
Often erroneous result are obtained and the factors which are responsible ff most electron causing an increase in the size
the | 1 M % '
the introduction of errors are i
S +le - +le 2- +le 3-
X > X > X© > X
Visit us for more detail at : www.winsemepublication.in J

a)  Bond lonicity: -
. Visitus for more detail at : www.winsomepublication.in (




AU - BSe 1Y Year - Chemustey I Paper <
: - ~ 2
b S S Ko
e€=x e=xtl  e=x+2  e=34]
pP=X p=Xx pP=x pP=x%

Q.1 Which of the following has least radius? (2005, 16, 18,
O* F,Na",Mg*

Ans. Na’

Q.2. Arrange the following in the order of decreasing size.

(a) 0%,0,0 (b) N, N* N, N* ‘(¢) P*, PP P
Ans: (a)0*>0>0 (B)N¥*>N*>N">N () P¥ . P* PP
Arrangement of cataions and anions having identical parent atom.

/

() >O>0>0>0>0 >0

cataions are smaller than the anions or anions are always bigger than th

cataions.

Q.3. Arrange the following in order of increasing size.
(a) N*N*,N,N* (b) CF*,CIL, CI*, Ct
Ans: (a) N"<N<N*<N* (b)CI** <CIF" <Cl<CI

Size of isoelectronic series of ions: -

Different ions having same number of ions called isoelectronic
ions. Their size decreases with the increases of nucleus charge / atomic
number of proton for e.g.
lor}s no. of electrons - nuclear charge atomic no.no. of proton  size

' 10 6
N 10 7
0 10 8
F 10 9
Na’ 10 10
Mg™ 10 11

Al" 10 12
Si* 10 13 @

Trend of size in periodic table: -

In group atonuic size

Li 123 Pm

i ©
K '
-Rb

s .
~Fr 265 Pm @

Visit us for more detail at : mn\.“inwmepublicatio@
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es on going down the group. ‘
ases many field effective but the effective

hrough out the group hence its effect also

“ollowing factors operates ¢
i) Nuclear charge a!\vu_vs incre
uclear charge remattt constant t
smain constant through out the group.

i) Another factor is that principle quantum .numbcr on gqing down the group
lqf\ew shell is added on every step this shoulc.i n}crease the size of at:rm and ion.
It is quit clear from the above description, when we move from top to
»ttom the atomic size increases.
In period: -
™ period Li — oF

Size decreases @
72 Pm

123 Pm

inreases, ENC o —1— .
size_y 5.6 P

effective nuclear charge (ENC) = 1.7P
on moving left to right there occurs decrease in the size because effective nuclear
charee increases, while there occurs no change in principle quantum number.
Thus in a group size increases due to increase of the effective nuclear charge.

(Imp.)

Q.4. Write a short notes on ionization energy.

Related Questions -

Q.  Explain the term ionization potential and the factors on which it

depends. (2010)
Ans: lonization potential or ionization energy: -

The minimum energy required to remove the most loosely bound
electron from an isolated gaseous atom from its lowest energy state is known
as first ionization potential. For e.g.

™ e, 2+ MM P, 3+
* x Al LE s &l

Al ULPe A
Similarly 11" and 111® L.P. would arises from the removal of most loosely

Decreases pound electron from singly positive, doubly positive ions respectively. By

algebraic convention all ionization is taken as positive. It is denoted by symbol
| L. 1tis determined from spectra and is measured in
| (1) Isolated atom = e V/atom (i) gascous phase = J/mole
' (iii) ground state = cal/mole.
Factor, which affect the numerical value of ionization potential: -
' (a) Size: - Smaller the size greater will be ionization potential

size o« L
1.P.

Q.5 Which of the following element has the least electron affinity?
B,C,N,F

L Visit us for more detail at : www.winsomepublication.in
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Ans: B

Q.6 Thelstionization energy of nitrogen is greater than of oxygen wh

the reverse is true for second ionization energy. (200
Related Questions -

Q. First ionisation energy of nitrogen is higher than that of Oxyg
Give the reason. (200

Ans.  The clectronic configuration of nitrogen is 1s*. 252, 2p. Since nitrogg
contain: o't filled p-subshell. thus it become symmetrical and achieve extra stabili
This caass the difficulty in ionisation of nitrogen atom. Due to this reason fir
tonisaiioni . ergy of nitrogen become higher than Oxygen and after one electrg
the ejectior from both species the case is reverse. Now oxygen attain half fie
situazion and resultant the 11 ionization energy is higher than nitrogen.

N=1s?, 252, 2p°

Half field

I*ionisation | More energy require

4 - Less than half field

Less energy

o .
For 11" 1onisation require

0=1s? 25 2p*

4 } 4 4 More than half field

I¥ jonisation l Less energy require

{10 [ | arsed

" ST
For 11" ionisation More energy require

[ \Visitus for more detail at : “w“.winsomepublicatior@
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Q.7 Which of the following has least radius”
- 0’.I~'.Nn'.:\'lgz‘
Ans. Nat

4 V atare
ron ﬂ"lllltvﬂnd Clc(‘tlonegﬂtl‘/lt\. V hat
etween elect /)

Q8. Distinguishb ported?

re
the units in which these values are
iy i ¢ in the gaseous
¥ EIEclmin:fgfﬁtg’itv is a property of an isolated atom In th»l gas
pen ’ in units of ] r mole.
i v term and is measured in units of joules pe Lv .
e et fan atom inamolecule. It can be expresse

oativity is a property 0
Elegitoncipi s h respect to a reference atom.

in arbitrary dimensi nits wit
/in arbitrary dimensionless u : ; -
- Electron affinity, £4, measurcs the energy released when an electron

adds to a gaseous atom.
It is usually reported as the energy

Clg)+e > Cl(e) EA = -349KJ/mol

Electronegativity: - .
Electronegativity, (%) is a measure of the tendency of an atom to

attract a bonding pair of electrons. The Pauling scale is the most commonly
used.

per mole of atoms. For example,

Electronegativity cannot be directly measured. It must be calculated
from other properties such as bond energies, ionization energies, and electron
affinities of the bonded atoms. )

This gives a dimensionless quantity on a relative “Pauling scale”
that runs from around 0.7 to 3.98. Hydrogen is assigned an arbitrary value of’
2.20 “Pauling units™.

Unit: - Like ionization energy, electron affinity is measured either in electron

volt (eV) per atoms or kJ per mole. And Electronegativity has no unit
(dimensionless).

Q.9. Explain why the species Be* does not exit though the first ionization
energy (899 kJmol") of be is much lower than the second ionization energy

{ (1757 kJmol™) . N

(2006)
Related Questions -

| Q- Explain why the II™ jonization energy is greater than the first ionization

energy.

2000
Ans:  Magnitude of nuclear charge: - ( )

In general as the nuclear charge increases among atoms with similar
outer electronic configuration ionization potential will increase because of the
Increase of nuclear attraction for electron. Hence 1™ ionization potential (IP)
1S greater than the I* ionization potential.
Oxidation state: -

(i) Positive oxidation state: -

\-. - v v . AL e
1sit us for more detail at : www.winsomepublication.in )



group.
In period: -

onization
Lcreases both

)
C

YW —

Chenmsty 10 i
|

‘\lnw » M () » M () » M (1)
Oxidation state 0 | i1 il
Size
Positive oxidation state o 1.P.
Fore.g. L.P. of Fe'' > Fe ™
(ii) Negative Oxidation sate: -
X 4c X +-c X" —_L 3-
Oxidation statc 0 -1 -11 ’ -)l(ll
e © 2 2© © ©
1
o« —  c.g. LP.of O > 0%

Negative oxidation state I

AT 1 5c I Year - Chemmstry 1" Paper

Be > B and similarly I" LP.of N ~

[ O.10. Expli
0.

Related Questions -

Q. Which amongst
potential and why? (i) Nor O
Ans:  On moving from Lito |
high magnitude, which greater inc
13 the magnitude of increase in effective nu
and therefore the increase in 1. from LitoF

greater than I.P. of B.
N =[He]2s2p’ [ 1. 1] ©O- [He] 2s2p’
Unstable

vin the I jonization potential of

r first ionization
(2010)

e is of

the following pairs has the highe
(i) Beor B

Je the increase in effective nuclear charg
rease in I.P. However, on moving from Be to
clear charge is comparatively lesser
3 is also lesser hence LP. of Beis

Stable
~le l-le‘
Unstable Stable
lear that N has extra stability,

Electronic Con figuration: -

Element showing extra sta
ionization potential.

also therefore they also have

ble electronic configuration has extra stabij

N has extra stable half filled 2p orbital.

Form the above diagram it is quit ¢
because half filled p-orbital. While oxygen
p-orbital, hence [ ].P.of N>O.

has less stable, incomplete filled

Fore.g. I*I.P. of N> O Because
Similarly inert gases also have very higher ionization potential
e either duplet or extra stable electronic configuration.

they hav

Trend of L.P.in periodic table: -
In group,
LLA. lonization [ fTective size
Potential nuclear charge
LLi 5.4 ev/atom
: c @
€ O
c n I
r S Sizea —
e 1§ P
a a
S n
: ! )
S
sFr 3.9 ev/atom
| occurs on moy ing top to bol.to‘

oe. has no eff¢

A small decrease in ionization potentia
fnuclear char
nstant [

of a group. This happens because of increasc ©
on ionization potential as the effective nuclear charge remains €0
' o . ace inthf
ng from the left to right there occurs signisicant mcrdsﬁhar |
d eft ' |

On moVl
ation potentl

potential because size decreases an
factor are trying to increasc ioniz
case in jonization potential becomes significant.
_ for more detail at : www.winso rn?{)‘t;’lllri’{l

-
¢

oation.in

“icit NS

| an elec

h
net energy (E, + E,) is release

(3) Electron affinity: -
Let us consider
JF+e — jof” +ET
2.7 2,8
It is the energy realized w
electron into its valency in the ground state.
If first electron gain termed as E'[firs
electron gain termed as E? then in general
E,> E2 > E3>
Above trend follow becau
increase in repletion by the €

hen an isolated gaseous atom gain extra

¢ electron affinity] and second

se as each successive €
lectron already present.

lectron enters, it experience

+e, (E)) - +e, (E;) —
260 —=r 5,0 e 50
+ve EA -ve EA

energy supplied
n energy is released on going

element like F. The electron
g extra

energy released

Electron affinity is termed as positive whe

tron; such as the highly electronegative

affinity is termed as negative when energy has to be supplied in goin
clectron; such as from highly electro positive atom. For ..

table than O~ because the

From the above description O is more s
d and stable gas configuration is formed.

Factor Influence EA.: -

ublication.in

www.winsomep
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Mullkien the mean of ionization potential and
{o represent electro negativity.

inity i ith i Paper
.neral electron affinity increases with increase jn nucle Per .y
dr ok

&<

, atomic radius and decreasing in screening factor, |y ari‘ncm\. For e.g. according to
) ash({ o ‘v may be taken
JJectron affinity ma)

waL
(i) Nuclear charge Z T - E 0 (i) radius or ionic size r } — El :_I’P__‘J_I\,
b Z(mullkien)
" A £ (mullkien 2 )
(iii) screaning factor6 T —E+ 0359 Zu roaive X€
- - = +
(iv) For sub shell — electron affinity decreases as follows s > p > 4 >t L (Albred&Rochow) 0.744 2 4
Variation in periodic table: - ) L v =chi).Z — effective nuclear charge, € = charge on electron, r =
(2) On going from left to right along a period Where (% dc ] feﬂ;e(t):lri;"e
~ covalent radius ot atom. s , o
& £ S 2 o ] The most satisfactory set of values of electro negativity 1S gIven by Pauling’s
=i = 5.6 = ange electro negativity scale. y .
SRS E G S | The values of Pauling’s are based on energy data and can be arrived as in
i 1 ft to right i i ‘ i 'of A-A, E, represent bond
hence EA increases from left to right in a period. the following manner. LetE, reprezemdbond enerﬁ\olg . Oaung
i s of B- represent bond energy of A-B comp L
Exceptions: - nergy of B-B, and E  rep £y
As a common trend in a period electron affinity increases from Jefi{ThenA =Ep - m where A = extra bond energy in Kcal/mole.

right but Li has higher EA than Be. Li = [He] 2s*. Be = [He] 25°, element havi auling states-that the electroegativity difference between two atoms is equal
extra stable electronic configuration have no electron affinity for extra electr
and therefore the I¥ EA of such element is either zero or it become 1o 02084

erefore the 15 EA of such element is either zero or it becomes endotherm

As same explanation for carbon has higher EA than nitrogen. 1€NCE % pauting) = 0.208VA

On gm;lg dO“}'ﬂ ThEe group: - ) Sometimes A is known as ionic covalent resonénce energy. in this way the
n general EA decreases from top to bottom in a group. electronegative values for some of the values are
. . . | H i B C
Q.11. Arrange the following ions in order of decreasing electronegativi 21 Iflo 1 ; 2BO 25 ?() ?5 i 0
M, (D). M, (I1I), M,(IV), M,(V), and M,(V1). (2009, T T T Cles
Ans.: M (I < M (1) <M (IV)< M, (V), < M, (VI). Br2.8
I+25

Q.12. .Electron affinity of nitrogen is almost zero while that of fluorinei At+22
very high. ) (2008|According the values of electro negativity increases from left to right along a
-\ns The energy released when an extra electron is added to a neutral gascouperiod and decrease on going down the group.
5§1m§d alom is termed the electron affinity. This depends on atomic size & Importance of electro negativity: -
effective nuclear charge. Since on mov ing from N to F the effective nuclearc i In gc?ncral higher electro negativity greater will be the oxidizing power,
;Tcreases an<.1 the atomic size decreases hence the Ability 1o get added wﬂnQn-metalllc character and tendency fro anion formation. Thus F having the
electron also increases. Therefore on going from N to F, electron affinity increases highest electro negativity among all elements and most strong oxidizing and
. |greater tendency for anion formation.
.13. Discuss the basi ; i (i) Refationshi ¢ and chemice
help in determini basis of pauling scale of electronegativity. How doesﬂlhc clcm:nts k\ delhf,:' o L.md chemical bonds whether a bond between
bel ining the nature of ionic bond? (200 sAand B w ill be ionic or covalent or partially both shall dependent
Related Questions - upon the difference in electro negativity between the A and B
gns l\l\rlt;shon note on Pauling’s electronegativity. (2012::)‘ ) \thn Ax=0 lhl:S means that the two bonding atoms shall equally share
;1 l.f (LIS the power or tendency of an electron to attract electron towar " L‘h (;,n ing electron. Such a bond s termed as pure or 100% covalent bond
self in the bonding state. Ejecrro negativity is not a directly measurabk uch bonds are homo nuclear bond e.g. H-H, O-O etc
paramet ik ; = 2 " ordi ‘
'.11 j!ielerdunhl}e B affinity. The value of electronegativity 1S ordlﬂ.ﬂ”
chosen and assigned to the different element on the basis of thermo chemic?

e
Visit detail at : www.winsomer i lioorie
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exceed from zero the ¢t alent bond develops partiy, o V ‘

() When & Ni).15. Transuranium elements (2006)

(+8 2 : - ‘ v f elements beyond uranium, i.e., beyond
\ “e ‘ hich increases as AX incre Ans: Before five decade, 2 number o :
character | A:B ifxp 7% ,l"“hkh e e utomic number 92, have been prepared in the laboratory through nuclear
When a graph is plotted between Ax and Y%ionic characters the gra yeactions. These elements are known as transuranic elements. They are all of
somewhat as s!;own in the fig. " "V block elements . v
N 16. What is lattice energy and how does the solubility of an ionic solid
£ lepends upon the lattice energy? (2007, 2011)
2 .
£ ther Related Questions - .
-i’ . Write short note on Lattice energy. (2017)
£ & T ns. Lattice energy: -
) / :: The lattice energy (U) of a crystal is the energy evolved when one-
::, ! yram molecule of the crystal is formed from gaseous state.
o N {
b \ + -
I o | | Naj, +Cliy — NaCliye) U=-782 KJMol".

Lattice energy cannot be measured directly; they are either determined

electronegativeity difference : ] ; !
wdirectly by using Born Haber Cycle or calculated theoretically by the formula.

According to graph when Ax is about 1.8 the percentage ionic characy
is 50. One of the eq. used for calculating %ionic character is Henry-Smith = -M(l __l_j
equation. ° r n

9% [onic character = 16(Ax) +3.5 (AX)? 'here A = Madelung constant, e = charge on an electron, N = Avogadro

Thus when Ax is less than or equal to 1.8 the bond is termed jumber, r = inter ionic distance, Z* = cationic charge, n = Born exponent, Z- =
predominantly covalent on the other hand when Ax is greater than 1.8 tinjonic charge. '
bond is predominantly ionic. . Above equation is called Born-Lande equation. It allows the lattice

It may be noted that the values of electro negativity are not rigortinergy to be calculated from knowledge of the geometry of the crystal.
(accurate) enough to be of quantitative important. According the lattice, energy is expected to increase ionic charge and dec'rease
(©)  Thuswhen X is nearly similar for the bonding atoms the bond is expectpnic radius (since inter ionic distance =r* +r ).
to be covalent and when Ax is larger it is expected to be ionic. Thus between NaCl and MgCl,, the lattice energy will be expected to

e higher MgCl, since Mg* is more highly charged and smaller size than Na-.
Q.14. Given the electronegativity of hydrogen as 2.1, calculate tinportance: -

electronegativity of atom X from the given data (200D Stablvll'ty of i‘oni.c solid: - In general higher the lattice energy greater will be
Bond energy of H X molecule = 430.0 KJ mrole’! .e_stabn!xty Plongsolid,

H-H bond energy = 458.0 K mole” li) Melting poin.t and hardness of ionic solids: - In general higher the lattice
X-X bond energy =242.7 KJ mole” nergy greater will be melting point and hardness.

K. AL impgning, (i) Solubility of the ionic solids in water: - In general higher the lattice

nergy lower the solubility.
Then, A=E,, -m where A = extrabond energy inKJ molemark: - For solubility of particular compound it must be posses greater

;JSiTg above formula we get extra bond energy = 93.0 KJ mole-1 ydration energy as compared to lattice energy.
mau Ing states that the electroegativity difference between two atoms 1S e¢t

1.17. The ionic radii of Ca® i i
m th::,illtoi::lgc rafil: ot;.gazcand Hg*" ions are almost similar size (115 pm)
point of CaC_ (782°C) s hi

_— X(Pmlmg) — e, v ,(782°C) is higher than that of HgCl, (?273:)(93))
ity!ns: The lattice of CaC, is distorted cubic in nature and the packing is very

Uning abOVC Value i i
n
P lhlS \ ong on ‘hC Olher hand lhe .

atom X =2.0058
Visit us for more detay) at : ww \\.winsomepub!icatioﬂ-i“
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nic configuration of an elementis 15 ¢ 3 |
K 3 where A = extra bond energy i R

. The electro 2
Q.18. Thee ; ; QRIS ]
Lt 4ptad _Give the symbol. atomic mumberand the bloc"m“hichitbs Y Then, A =Fyn - VEaa-FB . ,
» n e oot extra bond energy = 93.0 KJmoicr!
. _ &= o} Using above formulawe get eXHEC TS e - .en wo atoms is
Ans. Symbol= Pb. atomic number = 46. block =d J" p-mli?w states that the clectroegativity difference between two atom
. o . equal to
Q.19. NO, has a greater tendency for dimerisation than NQ, — % = 0.208VA
AY. YU, 2 ence, A paulny’ vlo - P ot
¢ o his formula.we get the electronegativity 0f 2tom

L N0, electronic structure is as O=N=>0 and obviougy i
The NO, ¢iec sly it 85 putting above value int

Ans: o R
unpaired electron. On the other hand the N=0 containing one odq .. 2.0058

So that NO, has a greater tendency for dimesisation than NO), = X==

mber 112, 114

Q.20. Calculate the percentage ionic character of Li-Fbond in LiF, Know Q.24. Writethe IU (2009, 15, 19)

hac svity of Liand F are respectively 1 ~and 118. , : i
the values of electronegativity ol L1 pectively and"'(mw'i:nns, 112 - un-un-bium, 118 - Ununoctium, 114 - Ununquadium (Uuq)

PAC name of the element having atomic nu

Ans: % lonic character =16( Ax)+35(Ax)" = 16(\1)+3,5(4‘,3 =72,
affinity of Clis more than F. (2011)

Ans.  Theirregularity in the electron affinity trend between Cland F is due

Q1. Why and in what ways does Li resemble with Mg? (2ito the small size of the F atom. Although F definitely has a higher attraction for
Ans. Diagonal relationship: The effectin nonmetal can be explained onian electron than Cl (as evidenced by its high electronegativity value). the
basis of similarly in electro negativities of diagonal elements. The ¢lc g size of the F atom means that adding an electron creates significant
ne‘gam'.xr_\ SR from top to bottom dccr§ b e SHETREES " repulsion. Since electron affinity is an energy measurement, the total energy
left to right in a period. Therefore the element situated at the diagonal has: : : Ginae s : : _
T N associated with electron affinity winds up being the energy that is released by
similar value of electro negativity. For e.g. 3 . . i ,

X.=25 X =30 X =35 the electron binding to the nucleus, minus the energy involved in overcoming

X,=21  X,=25 X,=3.
Where X = chi for EN

L1 Be

B C N S F :
B B B B k B needing more raom for the eight electrons in the valence_shell relative to
seven in F. b
Na Mg Al Si p o N

The change in property on moving from top to bottom in @ 2°Q.26.  Define lattice energy and hydration energy? How these two affect

Hence LiF is ionic species. Q.25. Explain the electron

the clgctrical repulsion in the outer shell.
By the way, you might notice that when you look at atomic radius Ne
is slightly larger than F, another irregularity in the trend which is caused by

which is cancelled by moving from left to right in a period is the cau} iv ility of ioni
t . by g g period is the c@the comparative solubility of ionic compounds?
diagonal relationship. ther Related Questions - ' R
. Comment on lattice energy ‘drati
, | rgy and hydration energy.
Sn:ias: ::::;u lg be the name of the element having atomic number ],06-)‘ Write short note on Lattice energy. = ((:;%ll?)
e b ’\t.mmommmd — (2Mns.  The lattice energy (U) of a crystal is the energy evolved when one-
: yram molecule of the crystal is formed from gaseous s;ate.
. ’ ( "

Qﬁ' Given the electronegativity of hydrogen as 2.1, calculate ! Nag, +Cl;, NaCl(M” U =-782KJmol™
e ivi 4 ) i .

ro; :i adm Xy ol atam \ from the given data ot Lamc‘.e energy cannot be measured directly; they are either determined

energy of H X molecule = 430.0 KJ mole” rectly by using Born Haber Cycle or calculated theoretically by the formula

H-H bond energy = 4580 K J
3. mole™ . . 2
X-X bond energy =242 7 K ) mole (200 U, < NAZ'Z & .
Ans.  A-B compound n

\
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A L
Where A = Madelung constant, ¢ = charge on an electron, N = Avoo, AU -BSc I Y
o+ — inter jonic diste + = cationic charge. n = Born ex Sl Rl SRS o S
number. r = inter ionic distance, 7 = cation g Born L.\pomn[_/nﬁn“e distance to form one gram mole of the solid crystal '
anionic charge. ) : . ystal.
Above equation is called Born-Lande equation. It allows the T M*(g)+X (8) > M X~ + Energy released (lattice encrgy )
vledge of the geometry of the ¢y Ionic crystal
s the energy required to move ions of one gm. mole of an
om their equilibrium in the crys-

may be~deﬁned a

energy to be calculated from knov
¢ solid crystal separated from each other fr

ted to increase ionic charge and decre;
4 .

According the lattice. energy 1s expec

;onic radius (since inter ionic distance =r1"+17). Sni
Thus between NaCl and MgCl,. the lattice energy will be expecleq" to infinity. v

be higherMgCl_since Mg* is more highly charged and smaller size than M*X- + Enérgy. required — M* (g)+ M (g)

Importance: - = |

. o — . . . reater the value of lattice energy, greater is the energy r i

(i) Stability of ionic solid: - In general higher the lattice energy greater wille jonic crystal (M'X) into it?cl ogn ituent jons M%Y azguied Itj; tcilez:compose

the stability of ionic solid. _ L . - Lattice rnergy

) s of ionic solids: - In general higher the lanmes inversely as inter nuclear distance between oppositely charged ions.

)t varies directly as the product of charges on ions in an ionic crystal.

(ii) Melting point and hardne:
energy greater will be melting point and hardness.
(iii) Solubility of the ionic solids in water: - In general higher the lay LiF LiCl"~ LiBr Lil
energy lower the solubility. 3 ’ U, =—24>-213>-193> —180K_da[/ mo¥.
Hydration Energy [Ho] (Solvation Energy): - pplication of Lattice Energy:-
) In determination of eléctron affinities, proton affinities and heat of forma-

Let us take one example
eleased when one or more of a given ion passesfhn, -
on) Explaining solubilities of metal hydrides, polyhalides, peroxides and super-

It is the energy r
the isolate gaseous state into the state of hydration in aqueous soluti
. = ides
Cl,, + water — [CI(H:O)n] +H, .
28. Am - S
H, (NaCl) —H, (Na' ) 4l (Cl‘) ongst F-, CI', Br and I which lsbthe strongest reducing agent?
The hydration energy of an ionic solid is equal to the sum of the hydrass. I, Order of reducing agent are as follows - (2015)
energy of its ions. I'>Br>CI'>F
Factors Influence H: - o -
(i) lonic charge. (ii) Ionic radius. . Which one of the following transition metals iohe 3o
Hydration energy in general increases with increase in a ionic chargette? Mn, Cr, Fe, Ru. shows highest oxidation
decreasing ionic radius. For example 1. Ru A (2015)
Na*Mg*"Al"** . .
—> 30. Which one of the followi : . -
A dher? owing silver salts has maximum solubility in
. AgNO,, Agl, AgB :
Radius decroase 3 » AgBr, AgCl, A
T is. AgCIO, gCl Agclo, (2015)
Write short on Electron Affinity.
(2016)

Hydrahion encryty increases
that, for solubility of particular compound it mi31.
5. Electron Affinity -

rgy as compared 10 lattice energy.
The amou ,
(reutral atom to form an zmi:rtl OTf‘En(:‘rg) l‘]?leased when an electron is added to
negative, the second electror ¢ lirst electron affinity is always ex i
delectron affinity of the same element w illie P(?stﬂ?\lf?(;:

It is to note
posses greater hydration ene

Q.27. Define lattice energy of ionic crystals.
Ans. Lattice Energy: - dothermic. This i
It may be defined as the energy released when the L‘;ative ion. 15 Is so because second electron has to be forced
: . : 10 . orced to enter the
saseous cation M* and anion x - are brou ht together
XA e e

number ot
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AU - BSe 1" Year - Chemgy o of nobel gases are zero? (2017)
ISty | Ty tron affinities 0 > . . ooce chell as
EA, YE b Why dc‘i . has no affinity for addition of slectron In v algnu shell as
0,+¢ — O 5. Nobel gigebb.‘l lel Clmnicconﬁguration.Whilc in case of halogen one
L ‘ o have full filled orbital €1¢ X . # -
i R by h‘“%“"” flie - - their full filled clectronic configuration. From moving top
o +& —R O ‘ctron is needed for the

b due to decrease in size the electron affinity of halogen Increases.
bottom duc S

The electron affinity cannot be determined directly. but is obtaineq ;. .. . N 1
. an-Habm; e E 135. Write short note on factors affe'ctmg stability of nucleus. (2017)
s. FactorAffecting Nuclear Stability:-

An element is radioactive when its nucleus will spontaneously emit

Q.32. The ionic radii of Ca* and Hg?" ions are almost similar in siz,

‘ ( ili jati i in the form
melting point of CaCl, is higher than that of HgCl,. Explain. b|tiiation to achieve nuclear stability. That radiation can be.ergmed xr:' vhither '
Other Related Questions - uestions - particles, photons or both. The two factors that directly influence W

Q.  Whichoneof Ca* and Hg?* has more polarzing power and why? ecific nuclear conﬁgl‘xra%ion will be stable or radioactive are the proton-to-
(2014, 17, jgutron ratio ar;i ﬂlf- b";fl?-g energy per nucleon.
Ans. Covalent character is greater for cations with a non-noble gase| ¢ Proton-to-Neutron Ratio: - .
configuration (i.e.. 18-electron, pseudo-noble-gas cations) thangfori‘ In the periodic table, as.elements build up, ;’nore prot‘onts ?tel ?Sf;i :)of
with a true noble-gas configuration (8-electron cations). This effect » nucleus (i.e., the Z-number increases). As aresu tsfronge ec Eca proes
shows up in transition-metal and post-transition metal cations in whi ulsion result inside the nucleus due to the repulsive force that Tusts dg-
or more d-electrons ineffectively shield the outer electrons, or the elect{ " the like positive charges. The addition of neutrons to the e S
an adjacent ion, from the nuclear charge. Thus, for two ions of similar s c8ree of stabnlx})f because they are uncharged particles that taLeQup span::1
charge. a transition metal ion with a (n-1)d~ ns’ configuration will 5 d allow the positive cbarg‘es of the protons to be placed further from eac
polarizing and more polarizable than an alkali or alkaline earth metal§ \er to lower the repulsive to‘rccs between protons..Generall)‘, the same num-
noble gas configuration (n -1)s%(n-1)péns’. So that Hg?* (r = i of neutrons af)d protons form a stable nuclear configuration fo.r elements
is more polarizing power than Ca?* (r=100 pm). Therefore, CaCl, show to 2=20.For Z> 20, there m.ust be more neutrons than protons in order to
. . ve a stable nuclear configuration. However, there can be too many neutrons
melting point than that of HgCl, HeCl, (mp 276°C, Hg? is 413d",r=1} too many protons in a nucleus, which will cause the nucleus to become
with CaCl, (mp 782°C, Ca? is 3s23p°, r=114 /‘; ) stable (or radioactive). For instance, carbon-13 (i.e., 6 protons plus 7 neu-
bns) is stable isotopes of carbon that has an extra neutron, but just the
2.33. The hydrogen is displaced from dilute acids by Zn and not by lecl;g; OBii'::ienglgl:er:egl;lron grodluces carbon-14, which is radioactive.
ns.  All those metals whi : : g per Nucleon: -
dilute acids to produce hydrogen gas. This is d§> t,o m[:: oot 1500 bnts together. Recall that,.by the law of conservation of matter, matter can be
reactive metals give electrons easily all'nd these ele;rons reduce the hy nverted into energy. It is this mass-energy conservation process that pro-
lons of acid to hydrogen gas. The des the energy that holds the nucleus together (i.e., the nuclear binding

: metals lik ilver whic L
 reactive than hydrogen, do not dj ike copper and silver W .1 tergy). It is important to note that the binding energy per nucleon alone

they do not give out electrons reSlZliacz P}) drogen trom dllulft 3‘,3(;‘1' [?nnot be used to determine whether a particular nuclear configuration will be
present in acids. Thus, all the mcta:}s vaeh. ;)F the reduction of h? {}?eg able or radioactive. However, when we compare the binding energies per
seie, displace hydrogen from di e . cic are a.bove hydrogcn n b dicleon of two different isotopes of an element, the one haviTw thcbgrcalcr
metals which are belny, s te acids (llnk.e dil. HC] and dil. st )’inding energy per nucleon will most likely be stable and the o & having th
gen from dilute acids, gen in the activity series, do not disp/ac®wer binding energy per nucleon will most likely be radioacti\'(cn:n gljllr[\lngmr;
Zn(s) + H )e greater the nuclear binding SR s = A
S0,(a0) —> ZnSO(aq) + H,(8) lclear conﬁguralizz:lr:'li[l‘ldtl)?:itilr;)clrcg()o‘r);r()[l“rt&l;o‘n,‘['hfe T
Q.34.  Electron affinity s

.36. Write short
: 4 value ) note on London forces.
are the highest in each perjoq ofnoble gases are zero and those ofMins.  The London dispersion force is the weakest i @on
Other Related Questions " | R T — _;ﬁ_“;: A\:itkcsl intermolecular force. The
ST T — 151t us for more detail at : www.winsomepublication.in )
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son dispersion force is a temporary attractive force that regyjyy 0~ |
London :acent atoms occupy positions that make the

in two ad 4 : atom ¢, F—
electrons 1N N This force is sometimes called an induced dipolt\l;:df

rary dipole ) & !
Lﬁmr;i sttraction. Found in both polar and nonpolar molecules, t con 8
) ‘zg 1o the fact that an atom that usually is nonpolar sometimes B 3
ut stant motion of its electrons may cause uneven gy, 0.1  Dis

Jar because the con ; ;

g?stribution x any one instant, When this Oscu‘ds_- the atom his 5 ‘emmrﬁi’w%oms on Fajan’s rule. e s
dipole. This dipole can then cause & SeCONC, ACJaCCHL OM t0 be gy \:’lrf:e sh:rt notes on odd electron bonds. (2015)
and to have its nucleus attracted to the negafive end of the first atom I3 e sh "t note on covalent character in ionic bonds (Fanjan’s rules).
forces are about one tenth the force of most dipole interactions and ape " Yeriesia (2015, 16)
weakest of all the electrical forces that act between atoms or mOlecules.Ths What are Fajan’s rules? Explain with examples. (2016)
forces help to explain why nonpolar substances S as nobel gases ang §,  Give exampleof molecules involving odd electron bond. (2010)
halogens condense into liquids and then freeze into solids when the tempe” ,

: ; al olain why Hauki™ Fajan’s rule:- )
ture i lowered sufficiently. In geperal, GiEp s t?xp am W y.hqmds b If the electron is shared between the two atoms and hence imparts a
posed of discrete molecules with no permanent dipole attraction have Kight covalent character to th

A.U. - BSc. I* Year - Chemustry [ Paper - 34

cuss Fajan’s rules of ionic polarizability. (RN EN

e ionic bond, i.e. ionic bond, assume some

boiling points relative to their molecular masses. It is also true that valent nature due to polarization of anion by cation. Greater the polarization
pounds in the solid state that are bound mainly by this type of attractionhe, ..o hioher will be covalent character in ionic bond.

rather soft crystals, are easily deformed, and vaperize easily. Because of Fajar; studied the development of covalent character in ionic bond and
low intermolecular forces, the melting points are low and evaporationtdyye ryles known as Fajan’s rules. The following are the factors on which
place so easily that it may occur at room temperature. Examples of suchsolly,ajent nature in ionic bond depends:-

are iodine crystals and mothballs (paradichlorobenzene and napthalene).} igh charge:-

High charge on cation or anion or on both favour the covalent nature,

Q37.  Definelattice energy and hydration energy. How these two effectt. increase polarizability. e.g.

comparative solubility of ionic compounds. (2.0 + +2 +3
Ans: Hydration energy is the energy that is released when the lattice NaCl < MgCl, <AICl,
dissolved in water. Both formation and hydration of a lattice release €nc Covalent nature increase

becaus.e both processes involve chemical bond (or chemical interactlf g o1 cize
formatxgn. The key difference between lattice energy and hydration Cne'%;all size of cation favour high polarisability, thus favour covalent nature of
that lattice energy is the amount of energy released when a mole of the lafy;c hond. e.g. )
1sfformed from infinitely separated ions whereas hydration energy is the amd Li'<Na' <K'<Rb'<Cs*
&;?:ﬁ:;”;;g:ﬁn fhlattice is .separated i[.no ions by solvatio.n in w: imum po]z‘xrizanon power; smaller size
re e e i :n ; folrmgtlon ofa lattice whereas hydration Czc Largesize of anions:-
and hydration energy x t}?atal attice. The d.lfference between lattice eleai Large.SIZe of anions favour high polarizability, thus favour covalent
R L attice energy is the amount of engrgy rel®Aure of ionic bond. e.g.

attice is formed from infinitely separated 10nS whe

hydration energy i =Gl =B <1
into fons bi?seczlg\)',alg the- amount of energy released when a lattice is S€P&" L0
ki . on in wz‘iter. size incrases polarising power increases
p een Lattice Energy and Hydration Energy: i i
e Gyl \ 7y | LiF <LiCl<LiBr<Lil
on is equal to the sum of lattice energy | ini
‘ minimum covalent more covalent

hydration energy. That i i
) . s because, in orde : c o wateh
I to dissolve a lattice 11 'Cation with a pseudo noble gas type structure:-

lattice should undergo dissociati
ociation and hydration. The lattice ShOY"  This types of cations has high polarizing power because of its high

provided with an amount of e; nto N SC effects
S nergy that ¢ i 1 ttice int ! y
is is 1t 1 ; . an dlSSOClatC the lattice ! ,lear charge but comparativel lov Syreening t

( Visit us for more detail at : wyww

winsomepublication.in . Visitus for more detail at : Www.winsomepublication.in )
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ron-sea and held together by electrons.
re not attached to any individual ions but belong

as a whole, they are free tomore throughout the lattice from one
| to the other. Thus they conduct electricity easily.
Resonance OF valance Bond Theory: -
This theory was introduced by Pauling. According to this theory the
ture and involves resonance of electron-pair

valent in na
earest neighbours.

h atom and its 1
Consider the case of lithium metal in which each Li atom is surrounded
carest Li atoms. Because of the presence of only one valance electron,

rming only one normal covalent bond with one of
Li covalent bond is assumed to resonate mainly
and to some extent between the six next to
h Li atom would bind all its neighbours.

tal ions (kernels) arc immersed in elect
ce the valence electrons a

he crystal

tallic bond is cO
1ds. Between €ac

eightn
h Li atom is capable of fo
nearest Li atoms. This Li-
iween all the eight neighbours
 nearest neighbours. In this way eac

us it stabilizes metallic bond.
Li—Li Li Li Li Li
) .- kY
Li—Li Li Li Li—Li

3. Why Bc.:CI2 shows more covalent character than NigClz? (2006)
) S'ma!ll size of cation favour high polarisability, thus favour covalent
ture of ionic bond.

4. Wl.”ite short notes on Born-haber Cycle. (2012)
iwesr.gy OfTahés i)tlel: de\;:sed by Born an.d Haber in 1919, relates the lattice
e o;ya oot er'thermo chemlc'al data. The energy terms involved
N gof crxstal lattice such as sodium chloride may be taken in steps.
ment in their standard states are first converted to gaseous at d
en to ions, and finally packed into crystal lattice. e

N B J——
Nay+3 Clyg NaCl, + H;

+SorH, [1Dor

Y

Nay, ClI

...l 'E

N‘Eu) + Cfg)

:re s = Sublimation
ener s l — lo . . _ . .
electron affinity ® nization energy, D = Dissociation energy, E

ccordi : §
rding to Hess’s law of heat summation

~ Visit us fi

. or more detail at : :
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i . oge .
| um with water are very slow. So since hydroxide solubility increases

orylli ' :
o s the rate of reaction with water.

,l, -E-U,
down group 1, so doe

AH =S+

It is a theoretical approach to the formation of an ionic ooty
(2013, 18)

kv b ing thermo type encrgy.
's elements B) involving P = Write short note on van der Waal’s forces.

om 1
:.;’:ik’m:' X X gof van der Waal’s forces:- The forces which bind ‘together the atoms
@ Determination o”’m'“ o e i amolecule are called interatomic forces. These are interperted as elec-
In thermo chemical equation A Cycle, q) etic fi and covalent bond forces in case of ionic and covalent com-
g trostatic lorees fa very high order, as indicated by the

i o
»unds respectively. These forces are of .
large vnluez of bond dissociation energies. Other forces exist between mol-

except lattice energy can be determined by direct experiment ang hénde o
-cule of substances and these additional forces are different for different molecu-

energy is indirectly obtained.

(ii) Determination of electron affinity: - . - |
In cfssiof ety SR WAICH 8, S5 SReIE oot s determjn ar species and relatively weaker than the interatomic forces of chemical bonds.

directly, it is indirectly obtained by using the calculated lattice energy, g, Under these conditions molecules remain intact though the inter molecular dis-

all other energies can be determined experimentally. ance increases. The residual very short lived inter-molecul?: attractive forces
vhich are believed to exist between molecules, atoms and ions when they are

ufficiently close to each other are known as Van der waal’s forces.

Which one of K and Ag" has more polarising power and why? ¢
The existence of van der Waal’s attraction between atoms, and mol-

Q.5
S (2012, L
According to Fajan rule smaller the cation size larger wil] b gocules is indicated by .
i) Even through inter gases are incapable of forming normal valency bonds,

Ans
they release energy when condensed to liquid or solid states at a certain

polarising power. So that. the polarising power of K™ is larger comparedto

Ag.

pressure.
i) When a gas is allowed to expand through a porous plug, suffers decrease

in temperature.
The energy of the bond due to van der waal’s attraction is very weak,
eldom exceeding more than a few Kcal per mole. These forces are short range
nd non-directional in nature. It is proportional to polarizability and inversely
ropotional to the ionization potential of the atoms concerned. Van der waal's
pttraction exists between all atoms and molecules irrespective of any other
ypes of bonds present between them. The molecules attached with only Van
er waal’s forces possess low melting point and boiling point. The strength of
his force depends upon the size of the molecule, and usually increases with
1creasing molecular weight.
e London in 1937 proposed that molecules held together with van der
Q7. Calcium hydrosi ) ) o fvaa 's forces possess rapidly fluctuating dipoles so that when two molecules
Ans Metals re]:)ctd sxtsel:‘z;i';?l;'::m:zr t\h?:::a::l:\h;rg;:{ f:f’:‘\‘“h f‘f‘t‘]'" ("}?Cr ‘!hf‘. dipplf at ‘tlh;u inst;m.t comes into.phase and there is
- Ca(s)~ 2H.0() . CePien j ‘1_ ra’\.r ‘ RS ay 5:1 rn:\u I.IHI..HIFJLII\C torce. Sm\‘c !l.w dipoles are rapidly changing there
: 27(aq) - 20H(aq) ,{_‘(5) no pc‘rnmncn.t dipole moment. These torces are called London dispersion
prees. These dl‘spcrsion forces provide major contribution to Van der waal’s
rees in case of non-polar molecules. The magnitude of these forces increases

Q.6 Onthe basis of Fajan's rule explain which compound of each of|
following pair is more covalent.

(D CuOorCuS (ii) LiClor KCI (iii) SnCl, or SnCl, (iv) CuClorK(l
(v)AgClor NaCl. (2012, 14,17, 18,
Ans:  According to Fajan's rule

(MCuS @LC (i) SnCl, (iv) CuCl (v) AgCl

Remark: -

The molecule having cations with 18-electrons valance sh
conf:ugumtTonS are more covalent than those having §-electrons valance's
contfiguration. =

The vigour of these reactions depends on two factors:

- :0“' easily two electrons can pe mmoveli from an atom

- OW SO 1 .

Since::ﬂ;‘:ﬁ::’zgﬁ“?“ of the metals are formeldecrrons Pn‘»‘portluTn to the hca\'ing.ss of the atom and polarizability. These reason is
more easily removed from th: at; ecrease down a group. the e r becom art{ﬁvlg].pf.g he chances O{md_uccd dnpolc increase more and can more appre-
increasingly vigorous on d ’ms and the reaction with wate . ,Is.lfr th~c .bukmcc ofneighbouring atoms which have greater degtécaf

i escending group 1 larizability. This argument seems quite rational by observing the striking

Since Bo(OH) is ins . ins$erence ; o .
&(OH), is insoluble i water, the hydroxide formed remailShicrease in the boiling points of noblegases and halogens with heaviness.

the surface of the m i i
surf etal, preventing fi tions
! . . cacti “Visit us Tor more deii o —————
¢ lurther reaction. Thus the 1 _r\mtu*formure detail at : www.winsomepublication.in
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anic molecules such as water and in organic molecules like DNA and proteins.
’ -===-H——0--=-~H——0-==== H——0Q-----

H H
Fig. - Intermolecular hydrogen bonding
H.
/o
0 0
I
C—H

Saliceylic acid

Fig. - Intramolecular Hydrogen Bonding

Intermolecular hydrogen bonding is responsible for the high boiling

point of water (100°C) compared to the other group 16 hydrides that have much
weaker hydrogen bonds. Intramolecular hydrogen bonding is partly responsible
for the secondary and tertiary structures of

proteins and nucleic acids. It also plays
an important role in the structure of polymers, both synthetic and natural,
In 2011, an IUPAC Task G

foup recommended a modern evidence-
based defmnition of hydrogen bondi

ng, which was published in the [UPAC
journal Pure and Applied Chemistry. This definition specifies:
The hydrogen bond is an attractive interaction between a hydrogen
m a molecule or a molecular fragment

X-H in which X is more elec-
tronegative than H, and an atom or a

group of atoms in the same or a different
molecule, in which there is evidence of bond formation

Winsome Publication

Invite writers for publishing of their books.
Interested candidates send their resume as email
winsomepublication@rediffmail.com
or
Contact Us at - 9935951901

-

l Visit us for\lﬁa!"lé‘('l‘f;tgi*lﬂt C WWW. Wi

Ww.winsomepublication.in |




- B.Sc. I* Year - Chemiy
AU emistry e A.U. - BSc. I* Year - Chemistry 1" Paper - 42

Paper |

All molecular or ionic species having one or more lone pair of electron
o8 .1 act as ligands. For €.g. :NH, donor atom is N while C,0, the donor atom
s O, mono denate bidenatate

bie salt: - ; . ination number: -
i pounds, which are stable in the solid stat, et fligands attached to CMI s called the co-ordination

There are addition com ’ VA The total number o :
their constituent ion when dissolved in water or any other ionic solvent, fumber of CMI for e.g. Cu(NH,),”*. The C.N. of Cu?** is 4.[Ag(8,0,),] the CN

these compounds the individual properties of the constituent ions are Jygf Ag' is 2.

Foreg. - What is ‘theory of coordination chemistry’ of Alfred Werner, the Nobel

A ‘ 2.1. H 1
FeSO, + (NH.),SO, + 6H,0 ﬂ FeSO,(N H: ),SO,.6H,0 | aurate? Give the number of primary and secondary valencies in the following
ill dryn Mohr’s Salt  loordination compounds:

(light green crystal) - 1o N ) €1, Co(NH,),Cl,, Co(en),Cl,and Co(NH ), CINO,),- (2009, 14)

telated Questions - :

Dissolve in water ). Explain Sidgwick’s concept of Effective Atomic Number (EAN) of the

entral metal atom/ion in complexes and calculate its value in the following:
Fe, +2NH, + 280, + 6H.0 A tomic number of: V =23, F =26, Ni=28). [Ni(CO),] (2015)
).  Explain Sidgwick concept of Effective Atomic Number (EAN)of the
KCl+MgCl, - 6HO — KCIMgCl,.6H,0 lentral metal atom/ion in complexes. (2016)
Till dryness White crystal D, Write short note on Effective Atomic Number (EAN) of central metal
Carnalite toms in complexes. (2018)
. . ) ns. Werner’s theory of co-ordination compounds: -
Dissolve in water To explain the formation of co-ordination compounds and structures
Verner proposed following points —
K™+ Mg, +3ClI'+ 6H,0 xample T Geomtty 1
Give positive test
Complex: - 7 f .
The molecular compounds, which retain their identity in solid as well4 8(CN),] | Linear [NC - Ag - CNJ~

solution phase. When these compounds are dissolve in their polar solv

2+ ‘
then they do not dissociated into a simple species [CIBr, SO,*] and are V¢ (NH;),] ] Square planer
big species called the complex species. | Ry L
Heated ti | &
CuSO, - NH,OH ar%:iﬂ* [Cu(NH,),JSO, HNT—N, |
) Octahedral

Dark blue crystal

Dissolve into water

[Cu(NH.),]" +SO;

All el 7 : .
Complen Simple species elements (C.M.1.) have two types of valencies namely primary and

Contralat ondary.
entral atem: - Primary valencies are joni i
‘ . . are ionisable while secondary valenc ionisabl
. t,.a'A \141 i;rlnen(t éi&;mg small size vacant czr?ntals of right energy can act Every element has always fixed number ofsecornydary Val)és;?er;(’%‘:;;”ai(;
en , : 5.‘ on (CMI). In general both condition fulfil] by Transition elem t attached to CM] through secondary valencies of CMI. The t‘ota] nu%nber
and hence in most of the complex compound CM belong to Transition eleme -

_ Visit us for more detail at : www.winsomepublication.in
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_ , ‘ac 3 ty 1oy |
of ligands sttached 10 CMI in complex SPECIES 1S known g mlorw ‘ =
numi‘ef of C TL y  Calculate the effective atomic number (EAN) of the central metal atom
pores [0 nched o cenr! metal copper ion through ionisgy, I;.?clg;v;ng (i) K, [Fe(C,0)] (2005, 14)
ncies while 0 3T molecule are attached to copper o u}, £ AN of [Ni (CN) I , 28-2+8=3
onisable sec0™d valancics: | EANof K, [Fe(C,0,),263*1 235
0, = [Cu(NH; R+ 8o | Name the following accordm.g to the [UPAC system of nomenclature
[CU(NH:‘)A}S A ) A ) also calculate the effective atomic number (EAN) of the central metalion
\l secondary valancies are always d1rect;d in pamcular- direction ay, pt (NH,). NO,CIISO,
AL o husall ccondey have a definie spatial amg NH,), [CT(NCS)]
due to this reason every cqmplex species always acquiresa definite g, [CO (en),CLI" o - (2008)
fore.g. given in table. () EAN= 78-4+12=86
Sidewick’s concept of EAN. (2006 yAN= 24-3+12=33
Effective atomic number: - AN=27-1+12=38
Sidwick extended the lew1s theory to explain the bonding in (At.No.:Pt= 78;Cr=24,en= ethylenediamine)
ordination compounds. He consider the formation of complexes by dy
of an electron from the ligand to the metal ion. The donor atom actasa Calculate the effective atomic number (EAN) of the central metal in
pase and the metal fon act asa lewis acid. He suggested that the metali oF ] Complex. ’ (2009)
continue to accept electron pairs till it achieves the next inert gas confi EAN=27-3+12=36 :
This is known as the effective atomic number rule (ENA).
£NA = atomic number of metal (Z) — electrons lost it jon S | Calculate the effective atomic number of the central metal atom/iron
electrons gained from the donor ligands. F followiog complex: [Co(en),CL]CL ' (2009)
Metal complex Formula applied FNA EAN=27-1+10=36
Fe(CN),* 26-2+12 =36 \C Nomenclature of co-ordination compound (Seme Facts): -
[CoNH,) N 273412 3 Lme of cation is written first followed by the name of anion.
Ni(CO)) 28-0+8 3 | KilFe(CN)] == 4K® + [Fe(CN) .
gggj]‘ 20-1+8 -3¢ | potassium hexacynoferrate (Im ‘
{Fe(CN)” 26-3+12 35 |ame of complex species is written i .
e 282+ 12 - |Fere I e Mmoo e Hexe.
)Y 46-2+8 _5y [ngof complex species: -
(PHNH,) J* _2+ _¢4 | The name of ligand is wri :
E\Cotzn)‘zglk()\'on]' Zg - ; + 68\' 12 =§2 ming of CMI: -gand is written first followed by the name of CMI.
Na,[CrOF o4 gfeh _% |ltdependsonn o
KJ[Mo(CZi]‘)s] 1-71 _j - ;.\i =gg hen the comp]exat;::cci):sciomp%ex species i.e. on its charged.
K[BF) 2t } \7 2 - Fthe naming of CM] s anionic then the ending “ate” is added the
Pt(NH,),Cl, g S =10 le(eN) J* Hexacya ; _
K [FeF ] 78 - 2 -8 = 234 Speciabl st i)s/ Uflodc;rdlc 1l ion.
[§bC15-"'] 26 _i * 12 :35 Fore.g [Cu(NH.) ]f or CMI if complex species is cationic or neutral
RSN Giaels ¥ micoy S manm incopperi on '
N). =3+12 = Attt - Tetra ;
[an(coiff]L'O)"] 2 e 3 co-ordination compound is acid then en:i?r:zoing’ lglzl;‘:;(g)
Fe(H,0)NO (50-0+20)2 =35 €. ed to the name of
Bod 26-0+12 _33 | HIFe(CN)]— 4H® + [F .
[Pr(Pg).Cl] 83-3+4 - yanoferric(IT)ion S(CN), ]

78-2+8 =224
wwwwinsomepublication 2
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(iv) The oxidation state of CMIis \mttgn after the name of CM1 iﬁ Par%‘
using Roman numerals. 1f O-S- is negative then () sign is mentioneg N
arer - gy

pamnthesis before OS as (-IX-1D

(b) Naming of legends: - o .
(i) There can be anionic Of cagqmc or neutral- ligands. N egaﬁVely ]
ligends end in suffix— 0 and positively charged ligands end in the g}
Monodenate = %
(1) Negative ligands (2) Positive ligands

-GNy N H, Hydrezinium

-Cl-Chloro NO* Nitrosonium

Br Brmo NO, Nitronium

KO, o (3) Neutral ligends

- NC-Tsocyno CH,NH_ Methylamine

> SUIphldO (CH()\v Trime[h.‘"PhOSphjne

(CH.P Trimethylphosphine

SO.* Sulphato 3
NH,CH,CH,\H, Ethylenediaming

$,0.* Thiosulphato
NO, Nitro

ONO Nitrito
SCN-Thiocynato
NCS- Isothiocynato

~ Fore.g.—[P(Cl),(Py).
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3) When more than one simplc ligand of a particular kind are present, prefix
i_ tri. tetra, pentra and hexa are used for 2, 3, 4, 5 and 6 ligands respectively
efore theirnames.
ore.g. [Cr(H:O),C];_]N
fix bis, tris, tetrakis, pentaxi:
, 5 and 6 number of complex i r
1(dmg),] bis (dimethy]glyo:dmato) nickel (I)
neutral catonic and nonionic complexes the name of the metal ends in

f the metal is given by a2 Roman numeral in

0, dichlorotetraaquochromium(Initate
takis and hexakis are used before the name of 2.3.

gands respective ly.

rial.

parentheses after the name of the mate:
Ag(NH,),Cl diamminesilver(I)chloride
Ng(AIP" j Sodiumhexafluoroaluminate(IIl)

Nomenclature of geometrical isomerism: -

The geometrical isomers are denoted by cis and trans peffers separated
by hyphen.

D

By

7

There are four important exceptions —
CO (Carbonyl), NO (Nitrosyl), NH, (Amine). H,O (Aquo)

(b)Bidentate ligand: -

CH.-C-CH=C-CH, O=-0
0 :(‘):e 0=C -0:
Aceylacetonato ;acac)' Oxalato (ox') CHCH,
T\'}'{:—Cl-l:-g-i):<§ CH, - CH. H-C-C-H
( NH, \H, VHNH,

Gl_t'mn'ato (.gly') Ethylene diaamine (en) Butvlene diammine(ion)
Bridging ligend and bridged complexes: - ' l

For example -

OH ]
[(;\m:co/ H>L‘O(\"H \lso
1. \O < 3 4? A):

Bridging ligend
Whil i doino 1:
of each of b:igamm]g' thebridging igends, the prefix m is used before the
N - g ﬁig;g:ﬂg- Fcir two similer bridging ligand di m or m di i
I;TH_,: aidoor amino:Nligl- f;?:g.gj{—:.‘;'l{: = hydrazine, O, =su
. . , O =0x0
of their cha e ACOmMEShey e ramed nalpabercs
. complexj I
Tetraamminedichloromagnease HDpni:;ty thus  [Mn(NH,),CL
Visit us for more detail at : M-“Tﬂwmepublication =

]
Py CW! ;
Pt i Pt a 2 -
Cl Py Cl | Py
Cis - dichlorodi pyridine phtinum(IT) Trans

When identical ligands are “adjacent™ to each other.

MX).(Y)] Y 4
.l x x I X
P oM | M
X X”éf ~X
Y Y
T !
Application: - e o
K.[Fe(Cn) ] Potassiumhexacynoferrate(111)

INH,[Cr(NH, ), (\CS) ] Ammoniumdiaminethiocyanato-N
chromateate(!11) )
Po_ttasiumtrisoxa]azoaluminate(IH)
Triaminechlorocyantonitro cibalt(IIT)
Pentaamineaquo cobalt(ITl)iodiade
Chlorobis(ehtylendiamine) nitrocobalt(Il)ion

K,[AYC,0,)]
[Co(NH),NO,(CIXCN))
[CoNH,)H.O]I,
Cofen).CI(N0,)I

Co
(CO) eé l\ ) 7
F \g‘;/ F«CO, i tricarbonyl hexacarbonyl di ioron(0)
[ :([}F{e?é;]()\i)())] Pentaqua nitrosy! iron(I)
4 NO] Sodium pentacynonitrosy| ferrate(II)

HSI us for m
t ore de(ﬂl] at @ ww W.winsom epubl.caho.l.ln
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Potassiumammin VI § AU. - B.Se. I* Year y
K [Cr(Cnl(O):(OrxNHS)] dioxope""""chmr?:iat For example
. 2 : rex =
Temﬂufnbomizcclid((?) ’ - [CoF,J*
1 Col 3

HIBF) Tetrachloroan [Co(NE, 4

cl | £y 4 s o
sy iand mﬁfm@ﬁgfg? 69234 5%

. ¥ e

Q.6 Define the term lig (2005) 7 lmlzsix vacant orbitals Total six vacant orbitals

. Ligands: - v ies having one or more lone pa;r . S ; bridization to produce a
i A%I’molecular or fonic Species tori is N'while C.0 z.fﬁlr °_fele, (2) These orbitals of the central mc.:tal on undergq hy Tt e nurfxber with

otas ligands. For &8 'NH, donor a g TR d°“°rat set of new hybrid orbitals of equivalent energy in equiva
'cfcl)amono denate bidenatate. better overlapping power.
o : f the metal, its coordinatiop | For example — . [CoFJ
Q7 Givethe oxidation statelo ’ Numbey, [Co(NH,)]” Co™

- metry of the following complex: |, Co . : 4 i
geomet[rcyo(zen);las o . (2009 ﬂ' l'_:ﬂ [—_;Ié? ﬁ; T34 3 6L .
1 ate of Co is +III coordination number is 6 2 —

Ans. Oxidation state 015 : 6'd'sp’ hybrid orbitals 6 sp'd hybrid orbitals

In the process of hybridization always-dissimilar orbitals of similar
energy are involved.
(3) If d-orbitals are involved in hybridization then this may be either (n-1)d i.e.
| inner d-orbitla or nd i.e. outer d orbitals. The choice of inner and outer d-orbitals
depend upon the donor behaviour of the donor atom of a particular ligand.
For example —

vValance Bond Theory (VBT) of metal complexeg yi

xplain the
o e Mention its limitation also.

suitable complexes.

Related Questions -

Q. Explainthe Valance Bond Theory (VBT) of the co-ordinate bonq i
suitable examples. Mention its limitation also. (V. Iy

‘Ans: ‘Valence Bond Theory (VBT) of the metal complexes: - .
In 1931 Linus Pauling introduced the concept of hybridization, in the val @) é‘(’g‘;ﬁ";fl’(“;aco’ - (b) &0302 ?O;I&rso _—
~ bond theory of Heitler & London. This imp.roved valance b.ond theory (VB (ar:-l)d ,f e 1,:1,16, d-orbitals o i..e.,o b d:orgit;ﬂs
replaced the Sidgewick’s theory of co-ordinate bond, which was not ablg [C?(’SHC;T]?,‘ are prefemed,
explain many-many complexes in the light of Octet theory. e (gom
The valance bond theory of complexes given by Linus Pauling d 4 X o
! ; 4
instrumental for two decades for the standard discussion abo illil] ’Iﬂ:}: : ﬁ —2 T
stereochemistry and magnetic properties of the complexes, although thisth (-1 d'sp —r
has little to offer about electronic spectra, thermodynamics and the kinetiesj (4) These hybrid orbitals

orient themselves in three-dimenti
: . ntional space
the central metal ion according to the geometry of the complex pacearound

The six d’sp* hybrid orbitals o .
an octahedral given as follows s orient themselves along the six comers of

the complcx'es about this theory was so simple that several forms of

theory are still retained,

e In ;h?s t.hc?ory‘we examine how the empty orbitals on a central metdl

overlago inybrldlz,atlon to produce a set of new hybrid orbitals with bel

. suii:blf PO;:fer. How .these hybrid orbitals undergo effective OVer]aR

lpad, How?&ielhm\}; h;vmg an electron pair of the donor atom of sUM%
Yond orbitals having electron pair of the donor atom

suitable ligand, Ho e .
electron pajrg Orie:: tt}ﬁe hybrid orbitals of the central metal ion Joaded

€msely; i i
g;ﬁmtre shape forapmiculsaefllz; ;::nd the central metal ion to pro¥ /NH,
ent features of Valg o}
nce . / )
(1) The centra] metal iog /BODdTheo,-y (VBT) of the complexes:~ H \H NH, HK.fg ,
suitable energy approps Ctentral metals make available vacant o' HZC\
1ate n i o
mumhe' for ligands. g Vieir—= NH,
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(6) The empty hybrid orbitals of the central metal ion oriented in fixeq di"ect:
y hy N

undergo effective overlap with the suitable orbitals of the ligand having ele% 4SO, form Com
. ~dSO,

pair.
Due to this overlap between the filled

orbitals of the ligand and empty hybrid orbitals of
central metal ion. The very first bond between
ligand and metal is established. This is known

asg bond i.e.
LtoM ML)

M = Metal, L = Ligy
Q.9  Describe the sigma donor and pi-acceptor ligands. Give two exanipl‘

of each type. .

(] Writethena
hnd and indicate

ated Question - dentate or a tridentate chelating ligand.
B tename and structure of a i , (2016)

A.U. - B.Sc. I* Year - Chemistry I* Paper - 50

with NH,OH
—a [Cd(NH3)4]SOA &) 4HZO
Colourless

plex
Cdso, +4NH,OH

tural formula of 2 tridentate chelating
me and the structu acen.

the liganding sites.

g ligands.
(2018)

ive suitable examples of bidentate and tridentate chelatin
ave three site for qo—ordination,

G
Tridetate ligand are the ligand that h

Ans.  In the process of donation of electron pair in the form of effective overgmple as followes
between the orbitals of the ligand and metal. A large amount of electron dengp,2’,2"-Terpyridine

is accumulated over the central metal ion, which is incontrast to the nature
matel ion. Therefore in order to get rid off this excess electron density
central metal ion returns to the fraction of electron density to the ligand. In
way an additional bond is formed between metal and ligand. This is nothing

M — Lie. pbond. Thusoverall M &=—==2 L this M0 L x bond over|

specially under following two circumstances in the form of d -p,ord_-d.
4 L4 4 %

KT

dn-pn dr - pn

m

/ \ N/r =
Oy~
H

“ . acyclononane, known as “TACN” which. is
-\ ck-en,” is a cyclic organic compound with
VIH [ (NH),. series include diazacyclohexane,

12 Discuss with equations, the role of the following in qualitative or

umetric analysis :
Ammonium molybdat (i) Borax (iii) K,[Fe (CN),] (2008) .
s. Ammonium molybdat used as for test of PO .~ When a mixture is warm

(i) The central metal of the complex should be in low oxidation state e.g . :
th conc. HNO, and ammonium Molybdate a bright yellow precipate of

(zero) oxidation state.

ymonium phosphate is form.

Na'[V(CO),] Ni(CO),J
V(-1) Ni(O)
(ii) The ligands must posses vacant orbitals of suitable energy in appropn'z4

number e.g. CO, NO etc. such ligands are known as = acid ligand.

Q.10 Explain the utility of coordination compounds in qualitative analys
giving two examples.

13 Two moles of AgClis precipitated when AgNO3 solution is added into
aqueous solution of containing one mole of the complex, CO(NH3)Cl3.
Ve the value of x and the correct structural formula of this complex.

Related Questions -
Q. Writedown the application of Coordination Compounds in qualitaff

analysis.

Ans. (I) Sulphlde (S:) test sodium ﬂitTOp usside reacts with SUlp]lide ion Iheo Y 1 f
: : : T acts 4 Ty doesn t predlct the geometr yo the COlllp €Xes
givea purple oomplex “ C(C\)((NOS)} . This is usedasa sensitive qua]ltam ”]eory dOCSl’l’[ pICdiCt the magnetic behavior of :he 0' lexes
‘ ‘ comple .

test for sulphides
2[Fe(CN)(NO)J* + S* — 2[Fe(CN),(NOS)J*

T Visitas for oo : | Visit us f : -
L Visit us for more detail at : Wwww.winsomepublication.in ‘ or more detail at ; WwWw.winsomepublication.in )
= WWW.winsom

= a

N (2009)
on> XS andcomrect formulais  [CO(NHg)s CljCl,
14, Di_scyss.limitations of Sidgwick’s EAN concept. (2017)
2011, 1/ s Limitations of Sidgwick’s EAN concept are as:
( » “Many complexes are stable but do not follow EAN rule.
\‘ 15 i
15 Write a short notes on outer and inner orbital complexes.  (Imp.)
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: i ard a new ide o
Ans: In 1931 Linus Pauling put forw 2 of hybrig: ' -
Valance Bond Theory of Heiler and Londonand then appj; “ﬁglt},zah“' { :\cﬁo‘(jcpl CN=6
explanation of the bonding and structures f)f,a vanety of the cop, le%‘ A
brief this theory involves the process ofmxxmg of dissimilar °rbita§es'l CN=6
energy ona particular transition metal in a particular transition eta of, r_____J__-—-—;
Coy - Outer’
- > mDeY 5 CoF ]
{ (NI(CN) }= CN=4 [CHCN '
[NCI.] Co’. ~ IAI']M" 4s’

4d

— | o o

Inner Outer
[NI(CN),]* Nic1*
3d 5

NiL=[Ar]3d.w 4 ‘ 3d 4s 4p m D DE mm.
MAFAT O [T ITT3 do gy o1t ow |

t ttt
o> \ I H ' l ll l
CNCNCNCN CNCN FFEEET z
P

3d ds 4p 3d 4s 4p " "
(AT AR ] O [T . F
dsp’ ,
‘ l ‘ l = Co
e e gt i
CN CN CON N Cr Cr Crq F F
NC CN1? a i NH, F
Inner Complex Quter Complex
Ni Octahedral Octahedral
a 1 Thus in inner complexes the bond is strong since here in the
NC CN Na/ hybridization process the d orbitals, which are used are more close to the

nucleus. On the other hand the outer orbital complexes where the outer d
orbitals i.e. nd orbitals are used the bonds are comparatively weaker.
Letus have survey in 3d series of the transition metals in their divalent states.
(b) Ligend with donor and acceptor properties both: -

There are some ligands which are capable to accept excess electron
density from the central metal in the form of M — L bond i.e. n bond. Such
ligand possesses vacant orbitals especially vacant © orbitals of suitable energy
in appropriate number, for such type of acceptance quite naturally. Such type
of ligand possesses donor properties as usual in order to stabilized
1M o bonds. Such types of donor form the complexes with those metals
Wwhich are in low oxidation state either zero or negative oxidation state. Thus
here we have two types of bonds in between metal and ligand.

Visit us for more detail at : www.winsomepublication.in ﬁ

Inner complex Outer complex

square planer Tetrahedral
In this process of hybridization, most of the times d orbitals
involved. Now there is a option for the central metal to use either i
orbitalsi.e. (n— 1) d orbitals with s and porbitals of n* level or involvem
nd orbitals i.e. outer dorbitals with ns and np orbitals.

and np orbitals for the process of hybridizatiop then the resulting comp
.known as outer orbital complex or high spin complex or spin free comp
ionic complex or most of the times aramagnetic complex

. Visitus for more detail at : www.winsomepubll:cation.in
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4 as fo - ility o
s M 3 amples of chelate.s.aremetal jon (6 membered) over stability
L& ! few more EX°_  ne of a fransition complex.

These 7 bonds may be p, - P, P, - d,.d, -d.. Afew examples Of sug

Acetyl aceto position t0 non-chelate

of ligands are as given — ¥ velote complex in com o n
CO!N(F:’)h . (|:H‘ O — - (l:\
P o AR O e . >cn
\Ph \R HC\c~-——-O/ ~g = (l:
Q.16.  Calculate the effective atomic number of central atom in follo - éH, CH.

complexes [Fe(CO),| and Na|V(CO)]. (Atomic No.Fe=26;V=23),
Sol. EAN of metal in a complex
= At. No. - Oxidation state + 2 cordination numbgr

(20

llowing two reas
Dissociation of

ons may be suggested:

non C € h la‘e
h late Compex 1 er in COﬂlpaﬂson to cne

s fast

lex as follows - o’
@) [Fe(CO)]  EAN=(26-0)+2 x 5=36 - - n ' i i
5 = = NH, IN 3
_([@)Na[V(CO),] EAN=(26-1)+2 x 6=37 . | - TR 3 |
f M Fast Process M |+ NH,
Q.17. Define chelates with suitable examples and mention their importy ;»[1 ‘ + Hp —/——— . 'T\ -
. . B 5 l - 3
applications. - | NH, A
Ans. Chelates: - NH, L
Mn’ X O
h >
lH?O > \\C‘\
[M(H,0),] o 3 l\l]H: I - e e
6KH, Lm NH, S "
/ \ . {/HN \1/ +HO Slow Process (EH2 \\l/,I ;
[M(NH,),J [M(eN).] . M S (S T3 'T‘
. > 1" Ko L7 TN NH,
" o HN | N I
- 67’ NH,_ ) Nh, N
T N l %
/H,N| ;NH: ? v ?
g”z | M | As we have shown above in the non-chelate complex the monodentatate
H, ! A ‘ and water totally replaces one monodentate ligand ammonia from the co-
\H.N' ! NH. ination sphere of the central metal ion in the single step, suggesting that
: ‘ ; atian SH g
] NH. | dissociation of a non-chelate complex is an easier job. On the other hand
Non-Cyclic | : ; P ]
Non- C_he]auwcomp ex \,};(}), ] he chelate complex where the ligand is bidenatate, the ligand substitution

Cyclic complex
) ) chelate complex ) i
When a particular metal ion especially transition metal ion undergo

complex formation with polydentate ligands then the closed chain i.e. cycli

complexes are formed. These cyclic complexes are nothing but the ch"f]atq

complexes. Fore.g. —
e Among the chelates com
due to same steric factors.

plex the 5 and 6 membered chelates are more stablg

T _ _
isit lISfOrmOrewwww.winsomen ublication.in

Visit us for more detail at :

monodentate ligand water is not complete in to single step.

As we have shown above in the chelate complex the bidentate ligand

s not leave the co-ordination sphere of the central metal ion in the single

- Thus dissociation of a chelate complex is a relatively tough job.
Yet another reason for the
-c

4 over stability of the chelate complex over the
elate complex has been given in terms of thermodynamics.

[M(H20)6 I+ 6NH, [M(NH;)b]M

7 Mole
: 7 Mole
Www.winsomepublication.in

+ 6H,0
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0+ = M(en)3 P + 6 )
[M(H’O)d i 7 Mole o eved by ligand 29-2)+2x4=27+8=3536
*have shown above the formation of 4 el [CUNED) i ;.—_5_ (@27-3)+2x6=24+ £23;
Thus Wel ge order of randomness. Since on the Produgy si; Y [CO(CNI‘}D-I:,;:—]_- (26-2)+2% 6= 4 ;1 2=
anjed a ar d to the reactant side. o e( . —28+8=3
accomﬁmbcr of moles as compare here which lead Int_he erv,: g‘;‘(Co) =(28-0)+8 2 o 3=74+6=80
Mo T hange in entropy is positive here $ 10 high negy N T o kbt AR
. ]'ellc::inngg to more chelate formation. Bty [PACLT" = (46-2)+2x% 4=
of AG zG =AH-T.AS . : ) Jex compound according to TUPAC system
Since e positive value of AS leads to negatnvg value of AG ogp. Name the following comp
. hand ixl;at;ge non-chelate fomation the change in entropy j o Agpmenclature :
favourable. Since on the both sides we have same number of OB “ (i) [Co(en), (ONO)CT]CI
Therefore AG posses low negative value, which leads t, lowfu( C,0,Cr_ /Cr(C,O.),] (i) 2
of chelate complex formation. ? (2010)
; s Comordine | [Pt (NHs ), (NO,)C1]SO,
Q.18 Represent CoCl,.SNH, according to Werner’s Co'ordlnltion e
if two third of its chloride ions are precipitated as silver chlorigefre, €n =‘ethylene am tatodicromate (IT) fon
aqueous solution when reacted with silver nitrate solution. Wrie g | (i) 1 - dllhydgfxm.eu-a;i;:_;ochloﬁde cobaltate (III)
) I i is (ethylenediamine N
IUP:‘(]J nar;el o{ the compound and calculate the effective atomic puyy thi SH,{(NOZ) CI]SO, - Tetraaminonitrochlorosulphateplatinum (II)
central metal atom. ) ,
Ans: The structure of CoCl,.5NH, according to Werner’s Co-org . Find out the normality of solutions containing in one Ii () 0.49g
e (ii) 0.90g. NaHSO,. (2011)
“ 4 L
NH; ® oot
. _ Number of gram equivalents of solute
e \ l o a ) = = medfihs o lire
Co. 2Cr 0.49/49 _ 0.0IN . Number of g, = Mass ?f substance
/ \ 1 Equivalent wt.
NH, f NH; | H,50,=98)
NH, ‘ Normality (N) = Yumber of gram equivalents of solute
TUPAC P Volume of the solution in litre
name = Pentaamminechlorocobalt(IT] hloride 0.90/1
EAN=27.3+12=3¢ (e == 1‘20 =0.007N

Central meta] g Co
Explain the difference between iodometry and iodimetry.
(2011, 14, 19)

Q.19. Calculate the Effecti
! ective Atomic N mtrs
In the following complex species‘_)mlc Number (EAN) of the ce

[Cu(NH, )‘Ji[CO(NHs)G I ;[Fe(Cn), ]" Ni(Co),

Pt(N 5 -
[ ( H, )z CIJ’[PdCL ]2 (Atomijc Dumber of: Cu =29, Co‘27’
Ni=28 pt= 78, Pd = 46)
Ans. EAN =

Todimetry: -
— Ti"miolodu}e i§ an oxidizing agent and can be used to titrate reduc-
ns with 10(! ne are called iodimetric methods. These titrations
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S"lu'li;)'ﬂ Jower atomic number. . .
= 7 Reaction with Iz i . Italso removed the other anomalies .fr".mq 'n Mendleey’s periodic table,
" Substance v — lili“ Acidig™ such as grouping of the chemically dissimilar elements. and separation of
| determined st —S* +2 , chemically similar elements, etc.
:; Q(; » [, — o, +21+2H ) b. It reflects more clearly lhc.change', in the properties of various clements
| :Sn ‘;" : 1" ] ”—-) Sn"+21' 2 - + Alclldlc while moving ACHVER a.Pe”()d or down a go‘ljp' i
| As (111) | Sn*th J __,,”/\504:2:'1”_[)& . Typically (representative), and transition elements have been assigned
[ | HpAsOy #lpt0e] ———— separate locations in this form of the period table.
______ - ) o tals and non-metals.
Jodometry: - . ill reduce strong oxidjzi, B. It also separates me N
ry. ding agent and W Zing rits in Long Form Of Periodic Table: -

lodide is a weak rea i oxidizin “Deme ; '
hen n excess of iodide is added to the solution ofan ) g agen.t,, Although the long form of periodic table gives an almost perfect
Wihen e - valent to the oxidizing agent present. Thig; but it yet suffers from the following drawbacks:
produced in ana‘moum equi nt. The result will be the same as rrangment of elements, but it yet su g
ce be titrated with a reducing agcﬂ; e titrating agent is sodium thigg,]- Position of hydrogen - Hydrogen resembles both the alkali metals as well the
oxidizing agent is itrated directly. halogens. As in the earlier periodic tables, hydrogen has not been allocated an
txclusive Jocation of its own even in the long form periodic table. However, it is

With iodine thiosulphate ion is oxidized quanitatively to tetra thionate
blaced in a separate box just above the group 1.

25,07 =5,0,7+2e
Some example of this procedure are . 2. Location of Helium - The location of helium (He) amongst the p-block ele-
Determination of sodium hypochlorite in bleaches. The reactions inygnents is not fully justfied as its electronic configuration justifies it to be in-
are: . tluded in the s-block.
OCI+ 21+ 2H* — CI'+1, +H,0 JUPAC Name-
1+2502 21+ S.lol.z. Atomic Number Name .
Determination of dichromate: 111 Ununm
Cr,0,761+14H'2Cr**+31 +7H,0 112 Ununbium
[,+28,0 2I+S,0,> 113 Ununtrium
118 Ununoctium

Titrations involving iodine are performed with a suspension of §

as the indicator. The deep blue colour that develops in presence of iodfNote and remark: -
due to the absorption of iodine in to the helical chain of -amyl Inaccordance with the 2016 JUPAC guideline for naming new elements,

macromolecular Component of most starches. Disappearance of this bluesghe discoverers were invited to propose names and symbols for the elements.
colour indicates the end pint of this titration. ,.Iaims have been assigned to them and the following are proposed: (a)
ihonium and symbol Nh, for the element with Z =113, (b) moscovium with
he symbol Mc, for the element with Z = 115, (c) tennessine with the symbol
Is, for the element with 7 = 117, and oganesson with the symbol Og, for the

lement with Z = 118.

Q:23. Discuss the merits and demerits of the long form of the periodic

Write down the IUPAC nomenclature of elements having atomic numbef

112,113 and 118, ’ (

Ans.  Merits Of Long Form Of Periodic Table: -

1. Long form periodic table js based upon atomic number which is a
fundamental property of the atom.

-24. Write the name of following complexes according to IUPAC
ystem:

2. Itrelates the positi : T o i
el s ﬁ;;))osmon ofan element in the periodic table with its ele l) Na,[Fe(CN),NO] (2011, 12, 14
3. Itremoved thé anomalies abo WIFCO)) . (2011)
- anomalies about the position of isotopes which exis(iii) K INi(CN),|
the Mendeleev’s tabe. iv) K: INi (CN‘)4| (2011, 12,15, 16)
(2013)

4. | : . .
tremoved the abomalies of inversions which existed in the Mendel(v) K, [Fe(CN),

table. » ede : [
€. Thus, "K precedes wKr in the periodic table because it

Visit us for more defajy at www wineo
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: (viii) [CHNO,),(NH, ). |
i ',)3(,”2[%]4]' (X) CU(NH,)JS()V HZ(),
Ky WY L ciiibssssnvesucad A1 {
'3 (/1\ ....... ] .4 i
A
(xii) /CO :
X1 : 3
gFA) HQN .................. O
Co
) Co
,o\ N LCO
\Fe Fe

2 Wd v Co
v Co Co
0 .

o
ive suitable examples of bidentate and hexadentate chelam();gohlgsanl =
eir name and structural formulae. !
inate ligand - 1

Carbonate ion

!tate:. &: —
b ..
:@—C—Cﬂq_\ /CHz_C_Q:
/N-CH:—CH:—i \ )
:@—ﬁ—CHZ CHZ—%-Qz
0 Q&

EDTA", ethylenediaminetera acetate ion

Write down the IUPAC nomenclature of elements having atomic
*108,110 and 112. (2014, 15

Go through Q.23 page no. 26. for 112.
PAC Commission on the Nomenclature of Inorganic Chemistry

that it is necessary to have a systematic naming for the elements
mic number greater than 100 (Z>100), even for those which had not
icovered. The Commission decided that these elements would be
ned systematically and that names should accord with the following

*hame is derived directly from the atomic number o
following Latin numerical roots:

* TOOts are put together in the order of the digits which make up the
Mic number and terminated by ‘ium’ to spell out the name. The final ‘n’

...... forr e et
fprr_”rrr_np[g_d.e‘tﬂl at : WWWw.winsomepublication in
: ——————— —¢PUublication.i

fthe element using

Visit us
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3 5e

AL -F
Fe(SCN)'") This can be used as a

of ‘enn’ is elided when it occurs before “nil’, and the fi
“tri” when it occurs before ‘ium’. - inal Pop
3. The: ; i . o e . g L just written as L )
he syrnbol of the element is composed of the initia] letters [Fc(H,O),(SCN)F (()ﬂbn J;‘so pe used to give 2 quantitative measure of thLﬂ
roots which make up the name. Ofthy qualitative test, but it can 2 erecting calibration curve from solutions of
— e ’ o p stru
4. llh.(, r())m un’ is pronouncgd witha long ‘u’, to thyme gy [Fe(11D) concentranor:ml?;’t iz‘r’l’.’ o .
’ me:ll‘ltn:linr]cs cach root is to be pronounced Separately, fown F.c(!],:r)l;'c;::imetric determination of nickel is another ap.?l’-c 3110:_‘:;:?;";
2 5 1 e : ini 1%+ 5 Wl
0 Ro?t hative aslll’:lysiq This involved treating 2 solutxon'con:albr'lllenrge f; ::0 r,nO;l’e  hich
ati = : - 3
I S:, Feagent dimcthylglyoxn'me to produce 2 virtually insolu
D) : ou filtered off and weighed.
< bi H.
3 tri /
4
: quad o s}
p pent I l
; S}Z; Me., /N\ Me. /N Ny Me
8 oct OH Ni 1 \ / \j/
9 enn J 2 | N
Here are examples of the names generated for elements withs OH . | / \
numbers 101 to110. N "R 2N
Atomic number N Me \;\/ Me/ NN .\'/ Me
amess Symbol l l
101 Unnilunium Unu
102 Unnilbium Unb 0 b4
103 Unniltrium Unt Sy /
104 Unnilquadium Ung “H
105 Unnilpentium Unp o Anot_her common example of this is the gravimetric determnination of
106 Unnilhexium Unh pluminium using 8-hydroxyquinoline, often called oxine and abbreviated as
107 Unnilseptium Uns 10)(;, in t};]]s case the complex formed is octahedral Al(ox), with the ligand
Tars : pin t i . . . . 3
108 l,.nn.lloctl‘um l{no | ydrg;(gy grr(;)uugh the nitrogen of the quinoline ring and the deprotonated
109 Unnilennium Une
110 Ununnilium Uun
2.31. Calculate EAN value in the following.
Q.29. Addition of strong ammonium hydroxide solution into cupr¥ lf(\tomic number of :V =23, Fe =26, Co = 27. Ni =28
* IFe(CN),[, K |CoF ]. .
(344 p (,' (20]6)

on. Why?

gives deep blue soluti
- formation of a soluble deep blue comp

Ans. [Cu(NH,),(H.0),]
ammonia ion.

on application of coordination compou

Q.30. Write short note
(20

tive analysis.

Related Question -

Q. Write Application o
Ans. Number of coordination compoun

tative analysis. For example thiocyanate ions t
ives rise to a characteristic red colour of the thiocy

f co-ordination componds in qualitativé
ds are known that are U=
o solutions coP
anaté

Tran.il

ndsi
JH

ns. EANoflronin KJ[FC((‘:\‘ ) 1=26-2+12=36

AN of Iron in K 7'(‘014‘7.] - Go through Q.No. 4 Page \-(; 44

[ \77VViSii'us for more .



T —
AU. - B.Sc. I Year - Chey
- '—-.(.i“ sty qu I,aw‘
Y \ Al B Sc I Year - Chemi
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» ,1_,‘72\«1'1 il is put into 2 lead (IT) nitrate solution, predict
‘ i .ven EMF diagram represent : LA cadminiunm foi '~2>If : v dFO(sz'*/Ph)=—U 13V
Q.. Onthebasis of given & T Q4 1, Given that E°(Cd /Cd)=-0.40V and.E oo
o E°Acid ]\’In—"’"_‘)M"b 0% 5 Mn™ %95 5 Mntt l"“’d"c“' ’ (2009)
ci
E°Base Mo —=— Mn®* —22>Mn** —*2— Mn** Ans. L 'n.,.,.\.‘»'( 013)
-- .40 - (-U.
(i) In which medium Mn’* is more stable : ‘(’) i7\’ "
Ans. Basic medium o . N
3 at is clectrochemical Series? Describe its uses in explaining
i i f i Qe - WhE (1999, 2003, 2011)
Q.2. ‘Write a brief note on the importance of electrochemical serie, chemical reaction. > s
(2007,14. 1 Related uestions - ) )
Related Question - uestion - & Q. Writeshort potes on Electrqchemlcals_erles. _ (20!2, 13, 1?)
Q. Discussthe importance of electro chemical series. @o16,f Ans: If the elements are arrange_d in order of increasing Standarq electrode
be mode of reduction for summarizing whats ¥ potential, the resulting series 15 calle.d. electrochemical series. In the
| series the most electropositive elements are at top and the least

Ans. Enormous use may
will oxidies or reduce something else, what product will be and what oxida

states are stable with respect to solvent and also with to disproportionatj
A great deal of useful information about an clement can be show|

will be ter

1 clectrochemica
clectropositive at the bo

series, will displace another m

ttom. Greater the negative value of the potential greater

| to ionize. Thus a metal, whi
ctal low down the series from solution.

1dency forameta chis high in electrochemical

the appropriate half reactions and reduction potential. Consider some i
reaction — Half Cell Reduction i (Standard Electrode
Fe¥ +2¢ s Fe E'=-047V Reaction Potential)
Fe* + 3¢ Fe E'=-0.057V Li+¢ Li ------- -1 =-3.045 {Best reduction agent.
- N jorst oxiding agent}
Fe* +e& —— Fe’ E'=+0.77V e o e
- > . f(‘+c_‘ & “umtes =-2.923
FeO," +3¢ +8H —>Fe” +4H,0  E'=+220V e :
2 Nl [ vd ]
I Above half-cell reaction arrange in R.P. Diagram. In this the higf | Me +2¢ Mg ;
ation state is written at the left and the lowest state at the right{ [AL ¥ 3¢ Al 5
species such as electron H' and OH. are omitted ;”’ : 3 ; s :
2 4 cor e Fe :
Vi m St Ny i
2 L n 3 ) S+ 2¢ Su H
FeO,” 2.20 Fe™ 0.77 Fe* -0.47 ﬁc Fe" PO+ 26 Ph :
. , 1 (ZIHV"ZC' He --- .
ne of the most i e el (v E
m : . vy o i
potential diagram, is whetzonam facts, which can be obtained form redud| | Ag+2c Ag :
to disproportionati ner any of oxidation states are unstable withred [Cl=2e” 201
1onation. DlSpro orti i R A s | AUTH3E
decomposes, forming some j portionation is where one oxidation = [ Au
P 10 . : : s 4TEe
oxidation state. ns in a higher oxidation state, and some i i i +2.870 {Best oxidi
= {Best oxiding agent,
o ————— worst rl‘dllcing agent}

Stand

e ?

= .tcad)«ifEamdg-"l-66-(-O44)
181 :

Tl us for more defail o ;

1]

/.\ch?ark ~Above table giv
pplication of Electrochem

ard Electrode Potential:

(_ Visitus for more

lable — b.llectrochemical Series

mi::lrcgducuon potential as the IUPAC consider!
™o N 1 o H H : . c

‘ eries or Application (Significance) (;‘f

A nun g
ber o applicati
crotapplications, which is gi
S given below —
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AU -

case with which species woulg be gy gy
Ny
ndeney ‘l(,'

(i) Forecasting. the relative ‘ :
Juced: - As the higher the tve I value greater will be e
e - g : e LY ;
ciony and on the other hand the — ve sign ol reduction potentig). i
indig 1

o

) Jectiode reaction occurs in opposite direction. It meang the ye
crater tendenes tolose the clectrons and getoxidized, hus 1,
o onidizing agentand 1 i is best reducing agent, 0
it of One Species By Other: -

oative reduction potentials can disp]ﬂce‘h

n,

s e
(ii) Displaceme
I'he metals with more ney

¢ or positive reduction potential forms their solutjg

(g
AR

. B.Sc. I Year - Chemistry 1# Paper - 66

AH=+527 KJmol”!
AH=-787 KJmol! ......
he equation 2 and 3 and we get

AU

oy —» LiBr(s)
i) Br(g) . ¢
)+ e > Brie We invert

product — reactant

=787.0 _(-607.0— 527.0)
—_.1921 KJ mol”!

EO = .
CofCo™ Oxidation

=0.14

with leaser negatiy
(iii) Calculation of Standard emf of The Cell: - \
We can caleulate the 122 value by knowing E°_  and E° 4 E /s
lul‘n\\imkf x‘wlucli«)n. = s Vi .—.—-0‘14—(-0.28):_0',14\./ taneous.
| ] | |yalue is — ve hence reaction is not spon
I L' ol ‘ I or
‘ = . . ; ur spontaneously 0
. owing reactions will occ
in oxidation form. both anode and cathode. | Predict whether the foll 4
iv) Predicting Feasibility Of Cell Reaction: - 3
i i : i . : zi 2+ . E° =+O.28V,E° =+0.14V
By following formula we can predicate the pathway of reaction, " +Sn——>Sn"" Given k¢ )
aradav : - s 0
I-araday L+ Cul® —— Ni* +Cu, GivenE i/
(2014)

[,;\_( i"=-nll")  Where AG = free encergy. |
From above equation we can also calculate the standard free energy chang

Cell reaction

AG I
| - + Spontancous
0 0 Equilibrium
Non spontaneous

(v) Determination of Equilibrium Constant of The Reaction: -

[2.303 RT logK = nFE"
Where | standard clectrode potential
With the help ofabove cquation we can calculate equilibrium constant of

reaction,
(vi) Prediction of Reactions of Metals With Acids to Liberate Hydrogen: -
. & e )
With the help of the standard clectrode potentials of metals it can
predicted whether a given metal would react with the acid to produce hydrog

ar not.

AH=-607 KJmol"'
A H=+527 KJ mol”
A H=-787 KJ mol’

Q.6. Given: Li(g)+ Br(g) —» LiBr(s),

Li(e) Li +e
Li‘(g¢) + Br(g) LiBr(s)

Calculate the value of A H for Br(g)+e —> Bri(g).
AH=-607KJmol"

www.winsomepublication.in )

Ans. li(g)+ Brig) — LiBr(s).

Visit us for more detail at -

(2009

0 = |
=025V,E /. 0.34V
(i) As we know ,

Eca = (Eom’ )catbode _(Eo"" )nnodc
= ~O.14—(—0.28) = -0.14+0.28=+0.14 V

use of E’, is positive hence reaction is spontaneous.

Ls we know

= (En“‘d )cav.hode - (EO““’ anode

E(rll
= 0.34—(—0.25) =0.34+025=0.59 V

one is also spontaneous.
F. (Electromotive Force) or Electrode Potential: -
ark: -

Give below some term and definition then application.

ation: -
Removal of e” from the substance
A— A" +e

eg.Zn ——Zn?" +2¢
cing agent a substance which itself undergoes oxidation and thus

h
Les to the other substance.
__Visit us for more detail at : www.winsomepublication.in
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Reduction: -
Addition 0
A+e —A

f e to a substance

cu* +2¢ —Cu S \
Oxidising agent — A substance which itself undergoes re il
on

oxidized to the other substance. o
K,Cr,0, Vs FeSO (NH )50 -6H,0in acidic med
Cr,0, +14H +6¢’ ——2Cr* +7H,0
oxidising ageat
I Fe© ——Fe” +e']x6
reducing agent
Oxidation and reduction reaction takes place simultaneously ther

" known as redox reaction. ;
— External Circuit ~——*~i
\

16

—_——
| Zne/Zn [ Cu*7Cus
| - electrode (Anode) + electrode (Cathode)f
s, |

Zn—— Zn' % 26 Cu*+ 2¢ B¢ Cu

Q.8. What is electrode potential of an electrode [Electrode or E)?
Related Questions -
Q. What is standard electrode potential? (2014
.Ans. ' T}.le electrical potential difference set up between a metal ’
in solution is called potential of the electrode or simply as electrode
Elect.rode potential can also be defined as the tendenz:y of an eleme
olr gain electrons when it is in contact with its own ions in solutions
fh :t;f;;)ﬁ:;ﬁpresents a half-cell; electrode potential is also called po
What Is Sta‘ndard Electrode Potential (E%): -
e ].I}; 12;] ilalf-;:e;ll, the metal rod_ is suspended in a solution of
Rl i electr;) Zr; ; : cea ]t]ergperature 1s 298 K, the electrode potentiﬂ
Electrode Potontinr . ed standard electrode potential.

Nernst equation —

E=E° _Em oxidation

nF  Reduction
E=EF"- RT In m

nF  Oxidation

V

{ Isit us for
more detaj] at WWW.win 1
-¥iSomep ublication.in_j

—

Gtandard Reduction potential
E— e e— 1

-ve £

L 1

Higher - ve yalue

+ve E’

Lower - ve value

;alue
ve value Higher + ve VA u |
; Poor reducing Strong reducing

agent

Lowe
Strong oxidising agent

Weak ox:;i:::g agent
MeaningOfs_t?blmy.h— espect to disproportion. In the reduction fmtcn‘na("
Stability with 164 f the species is more than the E

E" value on the right hand side o

i jies wi
d side then this type of species
s bilities of specie form

from following reduct

11 undergo dispornation.
ed by the nitrogen in
ion potential.

diagram the

value of the le !
Work out the relative sta

acidic and basic medium solution

Acidic Solution: -

NO,” 094V _yHNO, __Le¥ »NO
3 ) T - ey > \.:

Oxidising agent order—N,0> NO>HNO, > NO, >N,

LS9V )\:_O__L:L—)‘\;A _9 ,NH,

Basic Solution: -

0.15
r -}
NO,” 0.01V »NO,” 046V SN

O—i&“'——)NﬁO——ﬁﬂ—?N: — >NH,

M,

0.01
Oxidising agent order—N,O>NO >N, > NO, > NO;
For Acidic Medium: -
HNO,, NO and H,0 species are unstabl
dispropornation rest of element are stable because the value of standar
reduction potential on their right hand side is more than their left hand sid:

e with respect t

viz. NO,™, N, and NH," are stable with respect to disproportation.
[2¢ + 24" +2HNO, . ,2NO+2H, 0], E°=10
2HNO, +2H,0 » 2NO;” + 6H™ + 4e” E*=0.94

6HNO, ___ 4NO,+2 NO, + 25" +2H,0 E'=006V

2NO+ 2+ 2¢ »N,0+H,0 E'=159
2NO+2H,0 2HNO, ++ E'=-1
4ANO+H,0 2HNO, +NO, E'=0.59
“‘V.‘r ——— _— _ a i
(L Visit us for more detail af : www.winsomepublication.in |
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E'=1.77
| 2e > N; g ”/‘() -
NO L INO 21 2e | ,,-],'{i()_,
N0 HO N
' J N, +2NO E'=0.18
2N,0 I
NO >N,0> HNO,
Sl.’lbi“"\' “ most unstable least unstable
In Basic Medium: -
[NO, +H,04¢'——NO+20H [x2  Er=tqgq
NO, +20H —NO, +H,0+2¢ E'=40.94
3NO, +H,0——2NO+20H +NO,”  E'=045
INO+H,0+2¢ —5N_0+20H E'=0.76
[NO+20H'—>NO:‘+HZO+c']XZ E'=046
4NO+20H'—5N,042NO, +H,0  E'=030
[N,0+H,042¢ —N, +20H |x4  pr=qg4
N0+100H —2NO, +5H,042¢  E'=q.10
e S T FON, 4 i i
SN:0+20H —4N, +2NO, + H,0  E'=0g4

N,0 >NO> N,

most stable least stable

Q9. Describe the im
electrode potential,
Ans:  Factors Affecting The E: -

Several factors affect

conversion of M to M- i aqueo
steps.

portant factors, which influence the magnitude

Qo

the value of the standard potential. Th
us solution may be considered in series
(i) Sublimation of solid meta]
(i) Tonisation of a
(iii) Hydration ofa
There are be
of sublimation and
put into the system
evolved thus,

8aseous metal atom_
gaseous jon,
stconsidered in 5 Born
the ionisatioy, energy
and the enthalpy of 1,

i
a‘nliulfl he requirement for fast
j

‘L lonisation energy
M
‘i  Inthalpy of sublimation
A Enthalpy of
’  hydration M+
(AH:)

[\jlr ulidy

I'lectrode Potential

' l,ncr:;y wdc for electrode pmential' .
IHence most of transition metal have high melting point. Hence the

walpy of sublimation is high. Similarly they are fairly small atoms and havc

* [ ionisation energies. Thus the value for the clectrode potential [ is [ow

the metal has little tendency to form ions.
blem: -

dic Medium: -

It )

040 Sz()( nsn S 04 H:S

v
SO, —580, —2i,

S l()f?-/“
ic Medium: -

N
0.5\

v 0
0.9%

Bt 1l
—2 59 i

VI - . gl
SO,> ), $,0,7 LB 5 ux g
L— 059 |
mment on oxidising and the power and the relative stabilities of the various
cies formed by sulphur acidic and basic form the reduction potential
pram. Higher E” value most oxidizing agent.
Ixidising Power In Acidic Medium: -

50, >S$,0, > S0

v 1 Vi

585807
1 0
ic Medium: -

SO,

mnost poor

<S

<S,0," <S80
N b least poor
0.

Write a brief note on Redox indic
5.

ators. (2011,17)
A redox indicator (also called

oxidation-reduction indicator) is an
or change at a specific electrode
and reversible color change means that the
or an indicator redox system needs to be

an
cator that undergoes u definite col

lation-reduction cquilibrium f

) \Wi;\i!\lrls for more detail at : ww w.winsomepublication.in )
T ——————_thhinsomepublication.in_ )




\ 1R Se |
L FCTT

|

refore only a few classes of opy

(. The
jjcator purposes.
o of redox indicators:

1ne
ynmon npe
X, plwnumhmlmc)

(Ix. Methy lene blue)

swidants orreductants (12
OXNIte = t5 (X Poy

used 11

(oL

-0anic complexes(

oN Sy stems

es colored inorganic
Jso incorrect(y called redox ingj

> caton

Somelim
ors because ol thetr irr \

reversipip

l'lt

iichronmlc) are d

45 true redox indicat

redoy indicators jth true organic 1ce

i \;:rnuhcmicalrcuctiml,
two general groups: independent or dependent o

1 pH,

Potassiunm ¢

lassified

cld

[
g8

divided into
Eyplain the separation of Cu* and Cd* on the bag
alitative analysis. is of

Q.11
formation in qu |
Ans. With H,S. Cu
soluble on oxidation.
CuS + 4[0]

With NH,OH. CuSO, forms deep blue coloured ¢

% . CuSO;
omplex solution,
Is, +4H,0

asSiumm

{ox systems involve a protog o
) . . Nags .
[herefore sometimes r Ba
son es redox inds
) ndlCa[ §

Sis prccipitu(cd as black color. HOWeverp o
'?Lr ILion.

A U. - B.5¢ (
ly it reacts
metal below it in
Cu from CuSO,
hemical series. Ag"
e, Fe displaces Cu

(

< with water 9%
o
he

he sernes

vigorous
can displace any
nce Fe displaces

and the more

series
solution

activity

Copper He
esent above
to the CU' in elec
jution but Ag does not.

to the Cu in ejectroc

trochemical series. Henc

matory test of
(2015, 19)
the bismuth hydroxide

CuSO, O
Explain the chemical reactions involved in the confir

2+
nia water to precipitate

and MIn* -
Addition of the ammoO ) : :
Lonverts any copper II jon present to the deep blue complex ion, Cuf NH, ;"
f(co(nm,)y) is desp blue]

2+
u2 + 4NH, ¢ Cu(NH: ),

eep blue solution confirms the presence of

C

The occurrence ofthe d
reaction

for manganese involves an oxidation reduction
muthate ion (BiO;)- The bismuthate ion is reduced
tion of Mn® ' to form the purple pcnnanganate
he manganese ion to be in its +2 oxidation

The test
Le Mn®' reacts with bis
* accompanied by the oxida
MnO- . This test requires t

CuSO, + 4NH,0H —— [Cu(NH,),
Tetraammine copper (II) sulphal

On adding K Fe(CN), to copper sulphate. a chocolate brown r‘
formed. ;
2CuS0, + K, Fe(CN), — Cu, "Fe(CN), |+ 2K$

Chocolate Brown

Cadmium Cation:
I

CdSO, form complex with NH,OH

bf the oxidised and reduced species with whi

; the +4 oxidation state cannot be oxidized by BiO*~.
_ What is the principle of redox titration? How do you determine the
(2015

Jfvalent weight of oxidant/raductant.

Redox Titration: -

The potential of a redox electrode depends on the ratio of the activi-

ch it is in contact. For ex-

e, the potential of a paltinum wire in contact with solution of iron (1Y) and

(I1) ions has potential given by eq.(i) replicated here:

CdSO, +4NH,0H ——[Cd(NH, ), [SO, +4H,0
MG et Tetrammine Cadmium (1I) sulphaté (‘30]‘ E g = : . In [a&:. J
i Eeesa s mrm(;zja.,ove complex solution then white precipim o I 4 [an“ } al
re E() : . -
repe 18 known as the formal redox potential of the Fe'~ /Fe™™ sys

"(‘d N Jen
LCd(NH, ), ]SO, +2KCN+4H,0 —— Cd(CN), + K,S0; 4

White Precipitate

—
d(EN), +2KeN — K, [ca(eN)
Soluable J

Q.I2.  Fegj
. displace.
s Cu from CuSO, solution but Ag does not. E
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