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The charge and mass of these fundamental
particle are given in Thble 3.1 below:

or 1.6@10 x 10-le coulombs

One u : lll}rhthe mass of 'l2C atom.

We shall now take up a systematic study of the
discovery of these fuudamental particles and other
related discoveries which have been made from
time to time.

INIS
AIOM

3.1. Subatiomic and Fundamenti-l Particles+:i

Although the credit for the first "atomic"
theory is usually given to ancient Greeks, a
landmark in the progress of chemistry took place
with the advent of Dalton's atomic theory (dis-
cussed in Unit 1).

Dalton, a British school teacher, in 1808,
proposed that matter was made up of extremely
small, indivisible particles called atoms (Greelg
aloms meals'uncut-sble'). The concept continued
to hold grounds for a number of years. However,
the researches done by various eminent scientists
like J.J. Thomson, Goldstein, Rutherford, Chad-
wick, Bohr and others in the later half of the 19th
century and in the beginning of the 20th century
have established, beyond doubt, that atom was not
the smallest indivisible particle but had a complex
structure of its own and was made up of still smaller
particles like electrons, protons, neutrons etc. At
present, about 35 different subatomic particles are
known but the three particles namely electron,
proton and neutron are regarded as the fundamen-
tal particles.

3.2. Discovery of Electron-
Study of Calhodc Rays i

The electrical nature of matter had bcen indi-
cated in very early experiments on the production
of frictional electricity (i.e. rubbing of glass or

subatomic particlc.s

Particle Charge Mass

kC u

Electron

Proton

Neutron

1-
1+

0

9.1(D39x10-31

7-67262x1O-27

1.674/3xlo-27

0.000548596

7.00727663

1.0086654

One unit charge = 4.8fl298 x 10-10 e.s.u.

3^

TABLII 3.1, Clrarge and mass ol lrirrdarrrcrital
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ebonite rods with silk or fur). This was further
confirmed by the experiments on the electrolysis of
substanccs by Davy, Stoney and Faraday in the first
half of the nineteenth ccntury. However, the dis-
covery of electron came as a result of the study of
conduction of electriciry through gases as ex-
plaincd bclow :

Mlliam Crookes, in 1879, studied the conduc-
tion of electricity through gases at lowpressure. For
this purpose, he took a discharge tube which is a
long glass tube, about 60 cm lon& sealed atboth the
cnds and fitted with two metal electrodes. It has a
side tube fitted with a stop-cock (Fig.3.1). This tube
is connected to a vacuum pump and the pressure
inside the discharge tube is reduced to as low as

0.01 mm. Now wheu a high voltage (nearly 10,000
volts) is applied between the electrodes, it is found
that some invisible rays are emitted from the
cathodet. The presence of these rays is dctected
from the fact that the glass wall of the discharge
tube opposite to the cathode begins to glow with a
faint greenish lightt*. Obviously, this must be due
to the fromhardmetrt of the walls by some rays
emittedlrom the cathode. These rays were cathode
rays.

GAS AT
LOW PRESSURE

FIGURE 3.2. Production of a shadow of the
solid object by cathode rays

(ir) If a light paddle wheel (e.9. that of mica)
mounted on an a-rle is placcd in thcir path, thc
wheel begins to rotatc (Fig. 3.3.). This shows that
cathode rays are made up of nlqteiol pqrticles.

FIGURE 3.3. Rotation of light paddle wheelby
cathode rays

(rii) When an electric field is applicd on thc
cathode rays, they are deflected towards the posi-
tive plate of the electric Freld (Fig. 3.4.). This shows
that cathode rays carry negative charye.

CATHODE
RAYS TO VACUUM

PUMP
ANODECATHODE o

HIGH VOLTAGE

l. l.

FIGURE 3.1. Dlscharge tube experiment -
Production oI cathode rays.

Properties of Cathode Rays. From the
various experiments carried out by J.J. Thomson
(1897) and others, the cathode rays have been
found to possess the following properties : -

(i) They produce a sharp shadow of the solid
object placed in their path (Fig. 3.2.). This shows
that cathode rsys Eovel in straighl lines.

WALL COATED
WITH ZnS

VOLTAGE
(10,000 voLTS)

ANOOE WITH
A HOLE

LOW
VOLTAGE
(10 volr)

ELECTBIC
FIELD

HIGH

FIGURE 3.4. Deflection of cathode rays towards
positive plate of the ele.tric field

* lt may bc notcd lhat c,hcn thc gas prcssuE in thc tube is 1 arnosphcE, no clcctric currcnt flows rhrough the rubc. This is
bccause the grscs arc poor conduc-toi of clcctricity.

'.Thc tclcvision picturE tube ii s cathode ray tubc in$hich I picturc is prcduced due to fluorcscclce on thc telcvision screen
coated with stritablc material. Similarly, lluorcsccnt light tubcs arc also cathodc ra)6 tubes coated inside wilh suitable materials
which producevisiblc light on bcing hir with cathodc ray6

LIGHT MICAWHEEL
MOUNTED ON 

^xLE
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_ Simi-larly, when a maguetie field is applied on
the cathode rays, these rays aredeflected in adirec-
tion which shows that they cary tregative charge.

rays strite a metal foil, the
ildicaaes thaa csthode ru)E

(v) They cause ionization of the gas througlt
which they pass.

(vi) They prcd,uce Xroys when they s,ike
against the surface of hord metals like rungsten,
molybdenum etc.

(vii) They produce green fluorescence on the
glass x,alls ol the discharge albe as $,ell as on cetlain
other substances such as zinc sulphide.

(viii) They affect the photogq,hic ptstes.
(o)rn"y rhey

can easily pass Th"i
are stopped on hick-
ness.

From the study of the various properties, as
explained above, the two most importint results
are:

(i) Cathode rays are made up of material
particles.

(r'i) Cathodc rays carry negative charge.
The negalively charyed mateial panicles con_

stituting the cathode rays are called electrons. .

Further experi.urenG were carried out to
determine the exact charge and mass of the
electrons. Tllyo types of experiments were carried
out. These were

ferent mctals. He placed
He found every time tha
ofthe electrons was the s
to be

charge/mass = elm = 1.76 x 1d coulombVg

on the
und by
il drop

charge : e = 1.60 x lO-leCoulombs

or 4.9 x 10-ro esu

Thus the mass of the electron may be calcu-
lated from the values of e/m and e as foilows :

emaSS=m=---:-=
e/m

1.60 x 10- re

1.76 x ldg.Ll x 10-28 gr
Thc charge, 1.60 x 10-1e coulombs, is rhc

smallest measurable quantity of charge, and is
callcd onc uait. The mass, 9,11 x 10-28 g, is ncarly
7/1.837th ol that oI hydrogen atom. This can be
easily calculated as follows :

1 g atom of hydrogen

= 1.00ljg= 6 02x 1023 atoms
i.e. 6-02 x 1023 atoms of hydrogcn weigh
= 1.008 C

.. One atom of hydrogeo wcighs
I . 008

= 
6 a2, 16z:..- 

c = l' 67 \ 10' 24 I
Mass of H atom
Mass o[ clectron

1.6'7 x 1o-24 o
= ,;t, , ,-r{ = ls::

Using morc accuratc values, the ratio comes
out to the nearly 1837.

ed as follows:

rlicle which
hls a mass

ttwb eqa to I ll837th oJ tlwt of hydrogen anm.

_ Origin ofgatborie Rays. The carhode rays arc
first produccd from the material ofthe cathodi aod

tube due to
by the high
cathode.'

Electron is a universal constituent of matter.

the material of the cathode and then procluced
from the gas inside the tube as a ,erult of th"bombardment high
speed electron **, it
is obvious that st be
universal constitucnt of all matter. This is further
supported by the following expreriments in which

*'rhis is callcd Rcst mass of the electrcn becausc it has bccn calculatcd assuming that lhe electron is movingwith a wclocrrymuch lcsi thin thc velociryof Iight.
* No elcctric currcnt flows thrcugh vacuum.
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the electroE emitted are fouad to have the same
charga and mass : -

(i) By strongly heating certain metal filaments.

('i) By exposing highly active metals likc
sodium and potassium to ultraviolet rap.

(ai) By exposing any form of matter to X-rays.

(lv) From radioacrivo substances in the form
ofB-rays.
I 3. Disco./ery o on-Study of Anode Rays :,r,,

Since the atom as a whole is electrically neutral
and the presencc of negatively charged particles in it
was established therefore it was thought that some
positirely charged particles must also be present in
the atom. For this purpose, Goldstein in 1886, per-
formed discharge tube experiments in which he took
perforated cathode and a gas at low pressure was kept
inside the tube, as bcfore (Fig. 3.5.).

(ii) Thqt are made up of mateial particles -

(iii) They are positively charged, asidicatedby
the direction of deflection of these rays in the
electric arrd magnetic fields. That is why they are
callod'positive rays.'

(iv) Unlike cathode rays, the ratio, chotgelmass
(i.e. elm) is found to be dilferenl for the particles
constituting snode rsys when different gases are laken
inside the dischorge fube. In other words, the va.lue

of e/m depends upon the nature of the gas taken
insido the discharge tube.

(v) The value ol the chaBe (e) on the particles
constituting the otode ruys is ako Jound to depend
upon lhe nature of the gqs tsken inside the discharge

tube. }{ovevet, tle charge on these particles is

found to be a whole trumber multiple of the charge
presetrt on the electron. In other words, these Posi-
tively charged particles may carry oue, two or thlec
units of positive charge, depending upon the num-
ber of electrons knocked out.

(i) The mass (m) of the paticles constituting
the anode roys is also found lo be different for
difrerent gases taken in lhe discharye tube- Howeve|
its vslue is found to be near$ equal to that oI lhe atonl
of the gas.

It may be mentioned here that in case of any
other gas taken inside the discharge tube, the mass
of the positively charged particles was found to be
nearly a whole number multiple of the mass of the
proton. Hence it led to the belief that protons must
be fundamental particles present in all atoms and

FIGURE 3.5. Production of Anode rays
ot Positive raYs.

On passing high voltage between the
electrodcs, it was foutrd that some rayswere coming
from the side of the anode which passed through
the holes in the cathode and produced green
fluorescence on the opposite glass wall coatedwith
zinc sulphide. Tbesc rays were called anode roys or
canal rays or positive rays (because theywere found
to carry positive charge).

Origin ofAnode Rays. These rays arebelieved
to be produced as a result of the knock out o[ the
electrons from the gaseous atoms by the bombard-

ofthe cathode rays on
not emitted from the
he space between the

?nocle an<Ithe cathode.

Propertles of Atrode Rays. Using the samc
expcrimental methods, as described earlier for
cathodc rays, the anode rays were found to possess

the following main properties : -'
(i) They travel in straight lines. However their

speed is much less than that of the cathode rays.

_ttz-94._!{91-Qe__ Further, experiments revealed that when
AT Low PRESSUBE hydrogen gas is taken inside the discharge tube, the

particles present in the arode rays have ninirnum
mass i.e. lightest positively charged particles are
produced. The charge onthese particles is found to
be same as that on the electron i.e. 1.6 x 10-le
coulombs or one unit. The ratio, charge/mass, for
each ot the particles is found to be 9.58 x 1d
coulombs per gram. Hence the mass of each of

these narticles will be= e'. - l6x l0-t-9
e/m 9.58 x ld

: 1.67 x l}-2/ g

Ttis mass is nearly the same as that of the
hydrogen atom. These particles were termed as

protons. Hetrce

Pratla c y's Nett Coursc Chu^i"trrr[frlD
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that the atoms of gases other than hydrogen con-
tained some whole number ofprotons.

Aftcr h
electrons and
before the sci
were present within the atom. TUo models ofatom
wcre proposed as discussed iu the next sections.

Rrdloefity. Aftcr thc di6aorrry of clc.fron and
prDton, i t x,as wcll cstablishcd that atorn is divisiblc and is madc
up of charged particlcs. This v/as fufihcr confilrncd by thc
phcnomcnon of radioactivity, dir.ovrrld by Bcaqucrrl in ig .

Radioactivi t b h. phcnoficnon oI sponrorEous anir-
riot of todiariorlt by cduin clcrr@tB Ua w@iyr't todiun cl(,.
Thc clcrncntt anifrhg sltch radiatiot$ arc callcd radiooetivc

Thc phcnomcnon can bc obscrvcd by placmg thc
radioacli!,e clcmcnt in s c.vity rDsdc in a bloct(;f lc.d and
applyi[g clcctric o. magnctic ficld on thc radiarions being
emittcd and thcn allowing them to fa on rhc photographia
plate.

Three q'pes of ftdiations arc enittcd a6 crplaincd
bclova

(i) Tho6ewhic
ti\/e platc and hcncc
Thc paniclcs prcscn
a-paniclc has chargc

arc samc as helium nuclci and arc eprtscnrcd as f,Ic.

platc
callcd

Partic
of clcctrcn. Hencc it is rcp."""ntcd 

"" 
J1".

(rli) Thos. which rcrnain urdcflcctcd arE callcd /-rsli.
Tltcy arE simply clcctromagnctic radialions.

FIGURE 3.6. Elfect ot electric field
on lhe radlations emitted Irom a

radloactive element,

3.4. Thornson Model of Atom l:,ir4iir+r:,jii!j:.ti9jii,iiii1t!_l+1:rjiiii

J.J. Thomson, in 1904, proposed that an atom
was a sphere of positive electricity in which were
embedded number of etectrons, sufficient to
neutralize the positive chargc (Fig. 3.7.). The
stabilityofthe atom was explaioed as a result ofthe
balance between the repu.lsive forces between the
electrons aad their attraction towards the centre of
the positive sphere. This model is compared with a
water melon in which seeds are embedded or with
a cake or pudding in which raisins (dried
grapeykishmish) are embedded. That is why this
model h sometimes called ralsin pudding model.
However, this model could not satisfactorily cx-
plain the results of scatteriDg erperimeuts, carried
out by Rutherford in 1911 and was rejected.

FIGUBE 3.7. Thomson model
of atom.

I 5. Rdtherlorc s fllcdel (Nuclear t\4odel)
of Atorn-_Discovery ol Nucleus iiti:.i,:ii:::ijiii:it::tiii:.:i:i:,

Rutherfor4 h 1911, performed some scatter-
ing orperiments in which he bombarded thin foils

ligbt is giran out.

From these experiments, he made the follow-
ing observations : -
. (r) Mo_st of the s-p3rticles (99.9 Vo) passed

though the foil without undcrgoitrg anydefliction.

BLOCK

.A, a-particlc ia r paniclc wh
othcr worG, thcsa pafticlcs arc nothi . ln
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C IRCU LAR
ZnS SCREEN

MOST OF THE
c!-PARTICLES
STRIKE HERE

FIGURE 3.8. Ruthedord's scattering €xperiments'

(ii) Few a-particles underwent deflection
though small angles.

(ifi) Very few (only ooe in 20,000) were def-

lccted bick i.d. through aa angle greater than 90'.

From these observations, Rutherford drew
the following conclusions : -

icles Passed tkough
eflection, there must
the atom.

close to this positive bodY.

(fi| were deflected

back and Particles, these

could be d theYstrike some

heavier body inside the atom.

(iv cted

back is eavy

body pr verY

very small volume .*

The small heavy positively charged body

present within thc atom was called nucleus.

ng

oof
a

Thus, according to Rutherford's model of

atom, the atom consists of two Parts :

(i) Nucleus which is very small in size, carries

positivo charge and in which the entire mass of the

atom is concentrated.

o

FIGURE 3.9. Scattering of o-particles b9
(a) a single atom (b) a group o, atoms.

Since electrons have negligible mass, the mass

(ii) Extra-nuct€ar part i.e. space around the
nucleus in which the electrons were distributed.

To exolain that the electrons do not fa.ll into
the nucleu's as a result of al.traction, Rutherford
suggested that th€
but were revolving
circular orbits. As a

into play which balances the force of attraction'

Thus this model ofatom is similar to our solar
svstem where the nucleus is like thc sun and the

eiectrons are like the planets. That is why these

electrons are also c a)led planetary clectrons .

3 6. Oiscovety ot Neutron ri:i:: :: I i :l,:i:i:: : :i:i:: ;i: ::::,1:::,::l:i:ill:i:

th€ mdi us o[ th€ n uclcus

isofth thectod fiediffercnce
of about 5 km

in sizc
r. No two clcmcnB hEvc thc 6ane atomic numbcl. Hcncc I proPeny of an clemcnt

and is takcn as thc basis of classification of clcmcnts in thc Pcriodic chart
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than the actual mass of the atom. This Ied to the idea
lhat therc must be somc other particlcs prescnt in the
nucleus and that these particlei should be neutral but
should have considerable mass.

G-'(/) :(J *\__/ \_,io-particle Be-atom C-atom
Charge=+2 Alomic No.=4 Atomlc No.=6
Mass=4u Mass=9u Mass=l2u
I|H" * lae -+ 

ttc

t(

o
Nautron
Charge=0
Mals=1u
3a

o
o-particle B-atom
Charge=+2 Atomic No.=s
Mass=4u Mass=11u
t|H. . 'lB

In view of the discovery of neutron,
Rutherford's model of atomwas modified. The only
modification was that the nucleus of the atom con-
tained not only protons but also neutrons.

N{tom Neulron
Atomic No.=7 Charge=O
Mass=l4u Mass=1u

'f r * l,l

MASS AND CHARGE OF FUNDAMENTAL PARTICLES

umber of elecborswh (N.C.E.R.T.)
Solution. Mass of one electron

=9 U x 10-31 kg
i.e. 9.1,1, x 10-31 kg = 1 electron
:. 7 g i.e. 70-3 kg

1-
= t.li x 10:5 x 10-r electrons

= 1 .09E x 1027 electrons.

.\. Find (a) the total numbet and
(b) th olptotons in 34mgo| Nasat S.T.p.
(Assame he mass ofproton = 1.6726 x l0-T kg)

W the answer change if Empcrafu& arrd pres-
sure an changed ? (N.C.E.-II.T,)

(a) 1 mol of NH, = 17 g NHr

= 6 .U2Z x 10?3 molecules of NH,

= (6.022 x t0a3) x (7 + 3) protons

= 6.U2Zx l0 protons
.'. 34 mgi.e. 0 .034 g NH,

6.022 x 7e4= tl 
_x 0.034

= 1.2044 x ld2 protons.

(D) Mass of one proton

= 1.67'26 x 10-27 kg
.'. Mass of 1.2044 x 1022 protons

= (7.6726 x 10-27) x G.Z\M x 7021) kg

= 2.0145 x 10-3 k.g

There is no effect of temperature and pres-

late the mass and chage
of on N.C.E.R.i)

Mass of one elcctron

= 9' 11 x 10-3r kg
.'. Mass of one mole of electrons

= (9. 11 x 10-31) x 16.022 x tgz:;
= S.4E6 x r0-7 kC

Charge on one electron

= 1.602 x 10-19 coulomb
. . Charge on one mole of electrons

= (1.@2 x 70-1e) x (6.022 x 7023)

= 9.65 x 10. coulombs.

. Actual mass of the neuilon = 1.6749 x 1O-u E
Actual mass of (hc proton = 1.6t26 x 10-24 g

Thus the actual mass ofneutron is sligtlly larye! than thar of proron.
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1, Calculatc thg total number ofelectrons present ln

one mole of methaoe,

(N.C.E.R.T) [ \rs 6 02z x 102]

2. Find (a) the totalnumber and (b) the totalmass of

neutrons in 7 mg of lac (Assume that the mass of

neutron = 1 .6?5 x 10-27 kg) N.c.E RT)

[turs. (a) 2.,109 x rdl (r) 4 035 x 10-6 ktl

T 9 FoRotFFtcuvr ?e.oeLr*v,g

l. 1 molecule of CH1 mntains €lectrons

=6+4=10
'. 1 mole ie. 6 O22 x 1F moleculcs will coDtain

electrons = 6.022 x 1024

z, 1 g atom cflaC - 14 g

= 6 022 x 104 aioms

=6 022tlOBx8neutrons.

Since the atom as a whole is electrically
neutral, therefore the number of positively charged

oarticles i.e. protons present in thc aton must be

eoual to the number oi negatively cbarged particles

i.e. electrons present in it. This number is called

atomic trumber, Heace

3.7. Atomic Number and Mass Number rrll.li:i.i.:j:::r;:i:i::i MASS NUMBER
SYMBOL
OFTHE

ELEMENT
AIOMICNUMBER

e.g. ,2fNa, ffcl and so on.

3.8. Nuclear Slructure J!:::.,t,,,1,ii:,irhi'r__:1:_j,f::ff_'

Knowing the atomic number aud mass num-

ber of an element, the number ofelectrons, Protons
and neutrons in the atoE of the element can be

calculated. Hence the composition of the nucleus

can be known.

For example, if'Z representsthe atomic num-

ber of an element and 'A represents its mass num-

ber (or atomic mass rounded off to the nearest

whole number), then

No. of electrons = No. of Protons

- Atomic number (Z)

and No. of Protons + No. of neutrons

= Mass number (A)

.'. No. of neutrons : Mass number (A)

- Atomic number (Z)

e.g. (i) For sodium'

Atomic number (Z) : 11

Mass Number (A) : 23

No. of protons = No. of electrons : Z = ll
and No. of neutrom: A-Z

=23-ll = 12

tlu nucleus
tha alom

Atomic number is also known as proton num-

bcr bccause the charge on the nucleus depends

upoa tic number of Prototrs.

atom. This is called mass number. Hence

Mos nuaficr d'endefrr a 'No' alFobrt
+ ilo' d'Eutmns'

The mass number of ar element is nearly

equal to the atomi ever'

thq main differen tuT
number is alwaYs omlc

mass is usuallY not a whole number'

The atomic number (Z) and mass number (A)

of an element'X' ar" uso"ilyteptet"oted alongwith

the symbol of the element as

FO".-,P,,R.AC.1trlCE
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Thus the nucleus of sodium atom contains 11
protons and 12 neutrons

(ii) Forchloine, Atomic num[er (Z) = ]/
Mass number (A) : 35

. . No. of protons : No. of electrons = Z
=17

and No.ofneutrons: A - Z:35-17
=18

Hence the nucleus of chlorine atom contains
17 protons and 18 neutrotrs.

Isotopes, Isobars, Isotones and Isoelec-
tronics.

1. Isotopes. In some cases, atoms of the same
clcment are lound to contfi thc same number of
lrotons hut dillerenl number of neutrons. As a
result, they have the same atomic trumber but dif_
fcrsnl mass numbets.

SrEh atoals of tlu saau ebte* lwiag sanw
alomic awrber bill difierart mN ,ut nhr-E are
callcd imtopa.

For example, there are three isotopes of
hydrogen having mass numbers, 1, 2 and 3 respec_
tively and each oi them having atomic number
equal to 1. They are represented as ]H. ]H and

lH and nan:ed as protium, deurerium (D) and
tritium (T) respoctively. Ordinary hydrogen is
protium. Isotopes of other elemerts do noi have

special names. They arc repre,sented by simply in-
drcating I hc virluL,. r rIA t,rr thc svmlrrrl. For- cximple,
isolopcs , 'I chlo1in1. rrrc wr ilcn as ]5Cl and 37dl-

2. Isobars. Some ;rtoms of different elements
are tbund to havc samc mass rrumber,

Such qtime ol differcn elemenrs which heve safil
,nass.t umbe6 ( snd of coursa difiercnl atomic num-
ben) arc catld isoban

e.g.,lfufs, fipe.

..__ 3. IsotoDes. It ma}, he noted that isotopes
differ in the numbcr of ueutrons only wherlas
isobars differ in thc numher o[ neutrons as wcll as
protons. However some atoms of diftcrent ele_
ments are found to havc tllc sano ntrmber of
neulrons.

4. Isoel€ctronics,

Thc lluies (aloms or ions) cotusining thc samc
number oJ elcctrons are culled iJoel&tronie.

For example, o2-. F-, Na+, Mg2r, Al3+, Ne
all contain 10 clsctrons sach and hence they are
isoelectrtxic.

.. No. ofprotoos = 92
and No. of electrons : 92

Further, No. ofneutrons : Mass number

_ Atomic number

=A_Z=238_92=746.

The volume of a sphere
: 4r ;,4 wherc t is the radius of the sphere.

.. Volume of the nlcleus : 4n F /3.

IO.,N N Uc LEAR sTR UCTU R E

(iii)z: 4n '- e (N.C.E.R.T,)

Solution. (,) ?;Cl (,r;r3u (ilr:Be.

Find out the atomic numbe4, massnumb pmtons, elecnotls and neutons
present in the element with the notation 

72E U.

Solutioq. Atomic number (Z) : !t
Mass number (A) _- 238

But we know that
No. ofprotons : No. of electrons

= Atonic number (Z)

. Wite the complete rymbol for
given atomic number (Z) and

\i)z: lZA = 3s(ii)z = e2,A = 233

= 41u (10-1)3nc#



3/10
Ne.4 Course Chemistrg

Similarly, volume of the atom

= k ln = AIt (lo-\3 n cmt

.. Fraction of the volume of atom occupied
4 r7 110-13)3/3 cm3 _ 10_15by the oucleus

tiX,i|-UPUt 4 ComP lete the follo$'inB lable :

qolu_!!g!. For nitrogen atom.

No. of electrons = 7 (Given)

No. ofneutrons :7 (Given)

.'. No. of Protons = Z : 7

('.' atom is electrically neutral)

Atomicnumber: Z:7
Mass No (A) = No of Protons

' +No. of neutrons

:7 +7 =L4
For calcium ion'

No. ofneutrons = ?-0 (Given) ;

Atomic No (z) = 2n (Given)

.. No.of Protons=Z=2n\
No. of electrons in calcium atom

=Z=20

But in the formation of calcium ion, two
elcctrous are lost from the extranuclear Part ac-

cording to the equation Ca -r Ca2+ + 2e- but the

compoiition of the nucleus remains unchanged.

.. No. ofelectrons in calcium ion

-- 20-2 : 18

Mass number (A) = No. of Protons
+ No. of neutrons

=21 +2.A=40'
For oxygen atom.

Mass number (A) = No of Protons
+ No. of neutrons

= 16 (Given)

Atomic No. (Z) : 8 (Given)

No.ofProtons:Z=8,
No.ofelectrons: Z = 8

No.of neutrons = A'Z = 16-8=8
For bromldc ion.In the formation ofbromide

ion, one electron is added to the extranuclear part

of ihe bromine atom accorditrg to the equation

Br * e- - Br- but the composition ofthe nucleus

remains unchanged

Since the no. of electrons in bromide ion:36
. (Given)

No. of electrons in bromine atom

--'36-1:35
Further since inthe above reaction, nucleus of

the bromine atom remains unchanged'

.. No. of protons in the bromide ion

= No. of protons in the bromhe atom = 35'

Putting the values of the various vacant place

as calculated above, in the table, we have

,lilx.1\1i'l,li 5. Calculale the percentage of
higher isotope of neon which hos atomic mass 20'2

oia tt 
" 

itoiop"i nove the fiass numbet 20 aad 22'

. SupPose zNe = xVo.

Then 2otle = (100 - r) 70

xx22+ (lW-x\?l - 2i.z
100

22x+2100-2frx=2020
2x=20

x = lo i e. 22Ne = l07o

or
or
ol

Mass No'
(A)

Atomic No.
(z)

Nitrogen atom

Calcium ion

Orygen atom

Bromide ion

7+7=74
20+fr = 4O

16

45+35 = 80

7

m
8

35

7

2T

8

%- r=15

7

m
16-8=8
45

7

2fr-2=78
8

36

Particle Mass
No.

Ato,llc
NG

Pro-
tons

Neu-
trons

Elec-
trors

Niuogen
anm
Calcium
ion

Orygen
alom

Bromide
ion

16

2n

8

7

m

45

7

36

hrticle No. of protons
(z')

No. of electrons
(z)
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1.

PKO7LEMO FORiFiRA iE C"
Neutroos can be fouod in all atomic nuclei except in one case. Which is this atomic nucleus and wllat does it
coDsist of ?

Hon, many nuclcons are present in an atom of Nobelium, ffiNo t How many electrons are presenr in the
atom? Hou, marry nuclmos may be considered ss neutrons ?

Crmplete the fo[oying uble :3.

Particlc Atomic No. Mass No. No. ofelGctrons No. of protons No, o[ neutrons

Sodiumatom l1
Aluminium ioo
Chloride ion

Phosphorus atom -
Cuprous ion

27

31

10

18

28
l5

t2

18

;
4. Complcte the follof,ing table :

Name ol the portlcle Moss No. Atomlc No. Piotons No, of Electrcns Neutrons

Oxygeo

Sodium ion

Bromine

8

4535

8

l23

5 Find the number of prorons, cledrom atrd neutrons itr 1ay f]af3+1ay |sOz=
6, How many ncutrons and protoDs are there in the foltosring nuclei ?

lrc, l.o, ?rMs, IfFe, !gsr.

1. The nucleus ofhydrogen atom does Dor contain any
neutrons. It consists of only one proton,

2. Nucleons = 254, electrons = 102 aDd ncutrons =
254-1O2 = 152

3. Sodium atom: Z = tt,p = e- = lt,
A=p + n =11 + 12=2j

Al3+ ion : e- = 10. Hence e- in Al = 13,

:. Z=p=13
A=27,.. n=27_13=14

(N.C.E.R.T.)

Cl- ion : e- = 18. Hetrc€ e- in Cl = 1?

Z=p=17
n = 18., A=r,+p=18+17=35

Patom : A = 31,p = 15.HenceZ = e- = 15

n=A-Z=31-15=16
Cu* ion: e- = 28. Henc€e- in Cu = 29,

Z=p=29
n=35 A=n+p=35+29=64

Particle Atomic No. Mass No. No. of clectrols No. of protons No. of neuttus
Sodium

Aluminium ioll
Chloride ion
Phcphorous atom
Cuprous ion

11

l3
l',l
t5
29

2i
27

35

3t

1l
lo
18

15

?a

t1
13

l7
15

29

12

t4
l8
16

35
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Nome of the parti(le Msss No. Atomic No. Protons No. of Electrons Neutrons

8
10
35

8
11
35

8
12
45

8
11

35

16

80

Oxygen
sodium ion
Bromine

s. (a) P - 13,e- = 1O,n --

6. See HiDts belolr.

s. ror llN,z = p = e- = t3, L = 2't'

.. n=A-Z=17-13=14,
e- in Al3+ = 13-3 = 10

For fO,Z= P = "- = 8, A = 15

.. n=A-Z=15--4=7
e- inOz- = 8 + 2 = 10

14 (b)p =8,e- = lO, n ='1.

6. rc,,p = 6, n ='7 ;

A6C),P=8,t'=8;

1true' P=72, n--12,
sffe, p = 26, n = 56-26 = 3O',

!!sr,p = 36, z = 88-38 = 50.

{tr;p1p,;: iU,R,K'N,O,WL

It is helieved lhat fundatnenlal particles likc protons and neutrons are made uP q combination ofelementary

;;fti;;;r"d i;"[. it 
"i".i"r.nt"ry 

pahicles lquarks) are believed to have ftactionalcharges and c€rtain

ProPerties like colour and flavour.

lii:ii -1. The rest massofthe elecrron is 9.1095 x 10-31 kg. On the atomic scale, the rest mass of the elecron.=

0.0005486u.Itisthemasspossessedbytheelectronwhenit,ismovingwithavelocitymuchsmallerthanthe

velocity of light. However, wheD it is moving with velocity l,, its mass is given bym = p;: where c is
,,/ I _ 1, r ciz

thevelociryofltsht.ThuswhentheeleclronismovingwiththevelocltyotliSht(sothaiU=c),itsma.ssisiofinite,
r.rr.!r .l. The radius, r of the nucleus of an atom is related to its mass numb€r, A, according to the relation

, = Ro o"' where Ih is a c.onstant having value = t 4 * 10-15 m'

iii:ir {. .Ihe 
rad:us of the nucleus isofrhe order of t0-15 ra while that of the atom is of the order of 10-10 rz. Thus

nuclear radius is 1/l0O,0O0th ofthe atomic radius'

,iiil 5. The volume of the nucleus is of the order of 10-45 rz3 while that of the atom is 10-I rz3. Thus volume of the

nuclcus is 10-15 of Lhat of the aiom ie. nucleus is very small in size as compared to atom'

i:;:ii 6. 'Ihe radiiof the nucleiare usually expressed in terms of Fermis (1 Fermi = 10-13 gm = 16-15 ,;
The nuclear radii lie in the range of I 5 to 5 5 Ferml'

Iili 7. 11.," nr.,"u, nas uery trigtr oe;ii i.e. tora gtcml lor t0l7 kgzz3 or 10t tonnes/cm3; which is about 1012

times that of lead.

ti'
9. n.

10. Moselcy in 1913 He found that wtlen cathode rals hit the

6 aharacteiislic of the element bombarded'

,:.ll.Thomsonwasawarded1966NobelprizelnPhysicswhileRutherfordwasawardedl90SNobelprizeln
chemistry for studies on chemNtry of radioactive substaDces

H lNT9 FoRDtFFtcut:r ?e.ooLEuo
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It is observed
teristic line spectra
not be erplained
nuclear model of atom. Itr order to understatrd line
spectrum it is essential to understand the nature of
light (or radiant energy) which in turn was ex-

atom sullered from a serious drawback. Hence a
new model of atom, ca.llcd Bofu,s model of atom
was put forward. This model of atom was able to
explain the drawback of Rutherford,s model of
atom and the main lhes of the hy&ogen spectrum.

Now we shall ta-ke up a brief discussion of the
above developments one by one.

(rd) The radiations possess wave character
and travel with the velocity of light (i.e. nearly
3 x ld m/sec).

Because of the above characteristics, the
radiations are called Electromagnetic radiations
or Electromagnetic warcs.

. _.(rr) equire any material
medlu-Ilr example, rays from
the suo ce which is'a non-
material

SoEe imlnrtart ctaracErlsdcs of a mve.
The main characteristics of a wave are its
wavelength (l), frequency (rz) and velocity (c).
These are defined as follows :

FIGURE 3.1 1 . Some characterrstics of a wave.

Wavel€ngth of a wave is delind os tlv ili an3e
bdveen ary two conscr;uive c?ests ot trouqhs. It is
reprcsented b! ), (lamhda) and is rrprused in I or
m or cm or nm (n4nofiEto) ot W biconater).

1 A = 10-8 cm = 10-10 m
1nm = 10-9 m, 1 pm : 19-12 p

Frequency a/a wave ir dcfined at tlu number of
wava past,l,g througft a polnt ifi ono second. It is
reptw ed by u (nu) and is *pressed in Hefiz (Itz)
or cyulzs/sec or simply srr- L s7 s-t .

1Hz = l cycle/sec

Yelcxlty of a vaw is defined as the lincar distance
traveltcd by lhc N,aye in onc second. It is reprc-
seucd by c ond k eqtressed in cmlscc ot
mlec (m s-t ).

Besides the above three characteristics, two
other characteristics of a wave are amplitude and
wavc number,

This theory was put forward by James Clark
Maxwell in 1864. The main points of this theory are
summed up as follows :

rudiant enetgt.

ist ofelectricand mag_netic ndicular to each othJrand to the direction of
propagation of the radiation (Fig. 3. t0) .

FIGURE. 3. 10. Radiaton colEidng of ekctic ard
rnagn"tic flelds o-scilhting ln phnc. peryendi(llh,

lo each other and trolh perp.ndlcular to the dilPdlon
of propagDtlon. T}€y have same warelenglh, lrcquency,

speed and amphude.

CREST<-7r-+CREST

Electric,leld
component

3.10. Nature ol Electrornagnetic Radiation
(Electromagnetic Wave Theory) Hfl_,iffiffi



gl14 ,

thc reciprocal
i (read as nu

_1u:T

If ,l is expressed in cm, 7 will have the units

cm '.
Rclationship bett€en Yelocity, waYelength

and frequency ofa wave.

ber of waves passing thr
and,tr is the length ofeach
will givc the velocity of tbe wavc. Thus

.c=vx1

Electromagnetic spectrum. The different
types of electromagnotic radiations differ only
in- thcir wavelengths and hencc frcquencies.
'lhel;. wavelengths increase in the following
order : -

Cosmlc rays < )r'-rays < X'rays < Ultnl-
vlolct rays < Yisible < Infrared < Mlcro tvav€s

< Radlo wrves

INCREASING WAVE LENGTHS

l016 lola rol2 1o1o 1or ld rd 1d2 100 102 1.oo

um)o 'Bi+g'
ULTRA; ;INFRA MICRO M.qIqr.RAys X.RAYS vjb'rti i_ i 'iEU' iiAVdE wAvES

,(r'1) 106 1
1 lolE \1

o

,I(CREASI NG FREQUENCI ES.

3AO .'430 450 490 550 590 650
l,(nm)

l,(nm)

FIGURE 3.12. (a) ComPlete electromagnetic sPectrum
(b) SPectrum of visible light

I,lX AI tPt ,la l. Carcu late (a) wcve number and

(b ) freEte.ncy ol ye tlow rudiation s hav ing wavele ngth

ol 5800 A.
Solution' (a) Calc,ulation ofthewavc number

Wave number (7) = 1/l
But i = 58004 (Given)

= 5800 x 10-10 m

-L"' i = 58oillo:ril;
= l'72 x 16 m'1

(D) Calculation of the FrequencY

FrequencY z : f
Substituting c =3 x 108 nilsec

and l:5800x 10-1om

we get

3 x 108 nr./scc

' = ssm ,. 1o=o .
= 5.172 x 10r' sec-r or cycles/sec or Hz.

Pradeep's
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EX I\IPLE 2:A particalatadio stationbroad-
casts at alrcquency d 112! kHz (kilohe,fr). Anoher
radio station bmadcasts at a lrequency of 98.7 MHz
(Megohea, Wat are the wavelenglhs o[ the radia-
tions from each station ?

(a) Calculatlon of mvclength cor-
responding to a frequcncy of 1120 kHz

Wavelength, X = i'
Substituting c :3 x ldms-r
and v = 112) kHz. (Given)

= 7120 x ld rycles s-l
(1 kHz : ld cycles s-1)

= 1120 x 1d s-r

7' t = 3, 106 r^= (3 x 106) x l0-9n1

=3x70-3m

,=!=3xto8rru-r=lonr-l
" 3 x l0-r rz

2' ). = zeoo A = 3800 x 10-l0rz = 3.8 x 10-7rz
c a x 108rru-1

" - i = ;ffi+;= 7.8e x 1014s-r

l, = 7600A : ?600 x lo-to m = 7.6 x 10-7 m

c a x 7oB ms-1, = T = --------------,- - 3.95 11 1614r-l^ 7 6x1O-'m
3. All radiations in vacuum ravel with rhe same

speed, !.e.,3 x 1d m sec-l
Disbnc€ to b€ travelled from Mars to the Earth =
8 x lo7km = 8 x 107 x 1dm(l km = ldm)

we have l. =
3 x 1d ms-l

. 1t20 x 1d s-r
: 267. t5 m.

(r) Calculation of wavelengtt corresponding
to a frequency of 9t.7 MHa

Wavelength, X
c
7)

Substituting
and

c:3x1dms-l
v = 98.7 MHz

"ROfiLEMg 
F{.".': Ir,eE '.

1' Calculatc the frequcncy of infrared ri liatrons 5. Find rhe.frequency ofvisible light with wavelength
havinS wavclength,3 x tdnm- 1,,,. 10lrs-r1 of5000A 1, 6x10t.sec:r1

2. Cllculate thc rangc^ of frequencies of visible light
from 3800 - 7600 A.

[,\os. 3.95 x 10r' to 7.89 x l0l. s- Il
3, How long would it take a radiowave of fregueDcy,

6 x ld sec-l ro travel from Mars to thc Earth, a

distance of 8 x 107 km ?

4, Calolate the qavc numbcr of radiations having a

frequency of4 x 10la Hz. 
1 \r:. 1 33 x 10a cm-r;

H lNl-5 FoR prFFr cuLT ?r.ort:-;wo

= 98.7 x ld cycles s-l
(1 MHz = 1d cycles s-r)

. 3 x 108ms-l
we set- I

98.7 x 1d s-r
= 3.0395 m.

6, Yello\p lighr emitted from a sodium lamp has a
waveleogth (r.) of580 nm- Calculate the frequency
(v) and the wave number (D of the yellow light.

[ 517 x lorts-r, 172 x 1o5n-1]
7. Calculate the wavelength, frequency and wave

number of a light wave whosc period is

2 0x 10-ros. (NC.E.R.I:.)

[ 6 0 x 10-2ar,5.0 r 169r-1, 15.652-11

... .Ilmekken - 8 x 107 x 1d
3x108

= 2.66 x lG sec

= 4 min. 26 sec:

4. e = 4 x 1ot1 llz (i.e. s'1).

vevenumuerr=|=|

=###= t'33xt6m-l

., *#==r.33xldcm-l
6. Similar to sotued erGmple l.
7. Frequency (v; = U,ja, = ,o x+fir-t

= S x 109s-1.
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3.11. Limitaiions of Electrornagnetic Wave
Theory (Particle nalure ol electrornag
radiation ; Planck's Ouanturn Theory)

Electromagnetic wave theory was successfirl in
explaiaing the properties of light such as interference,
diifractio-n etc. but it could not e':cplain the
ohenomeua of 'Black body radiation', and
iPhotoelectric effee' which could be cxplaincd only if
electromagtretic waves are supposed to harrc particle
nature. Each of thqse is briefly desoibed below :

(1) Black body rarlladon. If any substance
uli$ high 6slting point (e'g. an iron bar) is heated
it frrst Secomes ie4 tlen yellow and frnally besins
to glow with white light'

id
tlu

vary as the heating is continued.
(2) Photoolectrlc efrffLwhen radiations with

certain minimum [reTtenq (v) strike the sa(ace of
a metdl, he eleclruns an ejected lrom the surface of
the metal (Fig. 3.13). This phenomenon is called
photoelectic effect The elecfions emitted are called
photo-elecfions.

FIGUHE 3.14. APParatue lor studying
photoelectric elfect,

However, the following three imPortant facts
are observed about the photoelectric effect :

(i) The electrons are ejected only iftheradia-
tion striking the surface of the metal has at least a
minimum fiequency (v6). If the frequency is less

than ro, no electrons are ejected. This value (vo) is

called Thrtsbold Frequency. The minimum enetgt
required to 4ect the elecffon (hv) is called wolk
functlon (l{o).

(ri
gy) of t
quency
of its intensity.

(iii) The number of photoelectrons ejected is
proportioual to the intenslty of incident radiation. .

The above observations cannot be explained
by the Electromagnetic wave theory' According to
this theory, since radiations are continuous, there-
fore it should be possible to accumulate energy or
the surface of the metal, irrespective ofits frequen-
cy and thus radiations of all frequencies should be

able to eject electrons.

Similarly, actording to t-his theory the energy

of thc electrons ejected should depend upon lhc
intensity of the incident radiation.

Platrck's Quanturn Theory. To explain the
ohenomena ol 'Black body radiation' and
iPhotoelectric effect,' Max Planck in 1900, put for-
ward a theorv known after his name as Planck's
ouantum theorv. This theory was further eKended
by Einstein in i905. The main points of this theory
are as follows : -

FTGURE 3.13. Photoelectdc eflect

studying the
ph 3.14.It consists^of al surface to be

are ejected which move towards the detector. By

observing the amount ofcurrent flowing, the kinetic
energy oi the electrons can be determined.

-J+e9

ENEBGY OF
ELECTRON = **"

INCIDENT
LIGHT -



ATOMIC STRUCTURE 3117

(ii) The eneryt ol each quantum is diectty
propodionol to the frequency of the radiationr,i.e-

Edv
or

where /r is a proportionality constant, called
Planck's constant. Its va.lue is approx equal to
6'626xl0-u ergsec. or 6.626 x 10-sjoules sec.

(iii) The total anount of energ) emitted or ab-
sorbed by a body will be some whole numbet quanto.

Hence E: nhv
where n is any integer.

light of these views, Einstein in 1905 proposed that
ligit has dtal character

E phnedon of Black body radiadon and
Photoelectric eltect

Explanation of Black Body Radiation. When
some solid substance is heated, ttre atoms of the
substance are set htooscillation and emit radiation

E_xplanauon of Photo€tectric efiect. plaack,s
quantum theory gives an explanation of the dif-
ferent poirts ofthe photoelectric effect asunder:

(i) When lighr of somo particular frequency
falls on the surfac.e of metal, the photon gives its
entire energy to the electron of the metal atom. The
electron will be dislodged or detachd from lhe
mstal atom only it the enerry of the photon is
sufficient to overcome the force of attraction of the
electron by
electrons are
has a certain
quency v).

(rI) If the frequency of the hcident tighr (v) is
more than the threshold frequency(v), the excess

energy (hv - ftvo) is imparted to the electron as

kinetic energy. i.e. K.E. of the ejected electron

= hv - hvoorlma, = h: - n o.

Hence greater is the frequency ofthe incident
light, grealer is the kinetic encrgy of the emitted
electron*'.

REMEMBER

acqu ed by an elxlron when it is s.-
vougfi a potcatial difrerene of onz volt

ebctnn-volt (1 eV)

leY =1.6V2 x 10-reJ

. . -'Thus 
in thc visiblc light, atviolct radirtioos havc rhodmum frEqucncy and thc rcd radiatiois havE rhinimum fraquenc1,

f:l:r.g:1":lT -.::]ryllT 
(he t.d lish r. simitarry, rrc urrraviotc rigur hal uishc; hcrE/ rha! thc violc. risht and rhc i;fra;?ngnr na5 lcs5 c'lcrgf uratr clcn Ihc ted light.

- 
.rlf kinctic cncrgr of ploticd egdn t rh! fEqucncy of thc abrorbcd phorons, a straigfir tincoJ slopc ,,r is obtaincd (Fi& i photoc[ctronc is ptoitcd against intcnsity of tr," in"io"ri-?iuti*(kceping frcquency constant as shc,!*n in t{& 3.d (r)

to

FtlrF Ios I

".E-,I
Er

FREOUENCY OF ABSOFBED PHOTONS INTENSIIY OF INCIDENT RADIATION

FIGURE 3.r5. plot of kinetic energy of ph".""bl['"tll"?mJ3T FREoUENcY)

Ir]fr..|,rd.,..,ofah"ortre.jDt.^to,]r(b\'..^'..l.',.."til."i.l,r^;,.;d;;-.....=-.o'"
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g

|!.{i$}.&f,ERHflA:t '-9ilt,purucx's GUANTUM THEOHY

AND PHOTOELECTRIC EFFECT

(i)E = hv,c =vl
where h=Planck's constant =6 625 x 10-34 joulgs scc.

v = frequency iD cycles/sec or sec-1, E = enerry in joules

c = velocity of liShtinmsec-1 = 3xlosrn sec-1

I = wavelength in metres (z) [1A = 10-10 ra]
I

(ii) KE. of the ejected electron, ! m u2 = hv - hvo

where lz = mass of the electron in kg,

u = velocrty of the ejected electron in,l1 sec-1

v0 = threshold frequency in sec- 1, , = incidcnt ftequenry in sec- 1

oI

(i) Frequency v = f
Substitutingc = 3 x ldrn sec-l
f=6000A=6000x10-rom

3x ld
=5x101'ser-lwegetv=

6000 x 10-10

(ii) Energy of the Photon E = /tY

Substituting lr = 6'625 x 10-3ajoules sec

v=5x10rasec-r
we get E = 6'6?5 x i:O-Y x 5 x 1011

=3 3125 x l0-l'Joules.
r IiXA,r\'ll'l,Ll 2. A 25 watt bulb emits

monochromalic yellow light of wavelengh of 0 57

pm. Calculate lhe rate of emission ol quanta per

second. (N.C.E.R.T)

Solutlon. Energy emitted by the bulb = 25

watt=25Js-l (... lwarr= tJs-r)

Encrry of one Pho roa (E) = hv = h *
Here I = O'57 Pm = O'57 x 10-6 m

(lPm=L0-6m)
Putting c = 3 x ldms-1,

h = 6.62 x L0-31 J s, we g€t

- _ (6 62 x 10-s Js) (3 x 1d ms-r)
O'57 x 70-6 m

= 3 48 x 10-1eJ

.'. No. of photons emitted per sec

25 Js-l=t#i,=nl=7'18x 10re'

. EXAXII'l.ll 3. Calc'ulate the kinetic energt of
the electron eiected when yellow ligfit ol frequency
5.2 x l|ta sec-l falls on the surface ol potassium

metizl. Threshold {requency of Potassium is

5 x 10t 
a sec-l.

K.E. ofthe ejected electron is given

by

l^r"=nu-hvo=h1r-uot
=6.625 x 10-x (5.2 x 1014 - 5.0 x 1011)

= 6.625 x 10-x x o z x tora joules

= 1.325 x 10-20joules.
EX.r$fPLlt r. A photon of wavelength

. 4 x 10-7 m strikes on metol sutace, the wo* func-

(i) EnergY of the Photon (E) : lrv

hc. (6.6i26 x 10-34) x (3x 1d)
,{ 4x 10-'

= 4'9? x 10-r' J
4.97 x lo-re -.\,=3.l0eV- 1.602 x 10-le " '

(ii) Kinetic energy of 
"-i..ion 

(] lzr')\z)
=hv_hvo
= 3' 10 - 2'13 = 0'97 eY

Solution.
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Qii+mu2 = o.s1 ev

= 0'97 x 1 602 x 10-re J
l-i.e.;x (9-Lt x r0-3rkg; x u2

=O'97x1.602x10-reJ
or u2 =0'!47 x 1012 = 34.1x 1Ol0

or u=5.E4 x ldms-!.
' r.\-rll I't.t a. Elcctrons are emi ed with zero

velocity from-a metol surface when il is exposed to
radiation of wavelength 68(n i. Colculate the
threshold frequency and work lunction (Wi oJ the
metal. N.C.E.R.T)

Solution. Threshold wavelength (,lr)

= 6800 A = 6800 x 10-10 m

c 3.0 x ld ms-lAsc=Y^ %=f = 680010=16;
= 4.41 x l0l's-r

Work function (Wo) = l,ro

= (6.6i26 x 10-34 Js) (4.41 x l0t1r-1)
= 2.92 x lo-re J

' I\\\ll'l.l 6 Vt/hen electrumagnetic mdiation
oI vravelength 300 nm falls on the surface of sodium,
electons arc emitted with a kinetic energ of
1.68 x ld l mot-t. What is the minimum lnerg
needed to remove an elechon Ircm sodium ? What is
the maximum wavelength thqt teill cause a
photoelectron ta be emitted ? (N.C.E.R.T.)

Energ5r of a photon of radiation of
wavelength 300 nm will be

r.=nv=hI
(6.626 x lo-3'rJs) (3.0 x ldms-r)

(300 x 10-e rn )
= 6. 626 x ll-te !

. . Energy of 1 mole ofphotons

= (6'626 x 10-re J)

x (6.022 x tF mol-l;
= 3.99 x td J mol-l

as E = Eo + K.E. ofphotoelectrons emitted.

.'. Minimum energy (E ) required to remove
1 mole of electrons from sodium = E - K.E.

= (3.99 - 1'68) 1d J mol-l
= 2.31 x ld J mol-l

.'. Minimum energy required to remove one
. 2'37 x 1d J mol-relectroa= ffiffifri=r= 3.84 x t0-reJ.

The wavelength corresponding to this energy
can be calculated as follows :

e=nv=hi

... t = !!= (6'626x l0-v Js) (3.0 x ldms-r)' E 3'84x lg-teJ
= 5.17 x 70-1 m = 5L7 x 7O-e m: 5l7nm
which corresponds to the green light.

i:::kt#pL._Et\49 FCR,.FI ;fi. { i
1' whar !s the eoers/ of a more of phorons of radia- s, A 1oo watt bulb emib monochronratic light of

Iions whose frequency is 4 x 1014H2? ! 
"velength 

4OO nm. Calculare the num&r of

[\rr. 159,6kJmol-l] Photons emitted Per second by the bulb'

2. whi oroD of red liqhr N.C.E.R-T) ['\tr\' 2 01 x 10p]
wilh photon of gre-en 6, Find the energyofeach ofthe phorons whrch
liSht ? [ \.. crrenl (i) corresponds ro lithr offrequency 3 x 101i Hz

3. In rhc uttravioter region of rbe atomic sry3lT of 
6t,) frave wavetengtiof O.5O A. ' 

fNC.e n.ilhydrogen, a line is obtained ar 1026 A Calculare
the enerry of phoron of rhis wavelength (i) 1{EE x 10-ltJ(ri)3 9sxlo-tsJI
(h = 6-6i25 x 10-3a J-sec). - 7' the nu^m-ber of photons of liSht with a

r\ \ 1e37xlo-rsJr )i,:jffi;I*'ffi.:iJ;,".:;1";4. In the infrared region of rhe atomic specrrum of e Light ofwaveiength 4 falls on the surface o?
bydrogen, a line is obtaiDed at 3802 cm - 1. c€lcu- cesium. cllculate the ener$r of the photo-electron
latc the enerry of rhis phoron (, = 6 .6 26 x l0 -34 J emitted. The crirical wavelength for photoelectric
sec). l,,i z.sO x to-aJl etlect in casium is 6600 A.

[ \u" 1.95 x lo-r9joulel
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9. What is the ratio berween rhe energies of-two radia- 11. Electromagnetic radiation ofwavelength 242 nm is

tioni, one with a waveleDgth of 6000 A and tne jusl sufficient to ionize the sodium atom. Calculate

othe;with 20oo A U [= 16-ro-1 r. lr rhe ionizarion energy ofsodium in kJ mol-l-
' I t'' ' ) (N.C.E-R-T) l \',. 4e4 s kJ mol-rl

10. The threshold eners/ for photo-electric emNsion of

electrons from a metal is 3 056 x 10-15 joule. If 12' Calculate the wavelen€th ofa Photon in Angstrom

r,gii.i+iffi'f *i"il*itr, it rt"o, *itt ttt. units having energyofone electron volt'

electroos be ejecred or not ? (h = 6 63 x 1O-s t-\r" 12 40 x lf Al

Joule sec). lAns. Nol

1. E = Nltv

= (6 .023 x 1021 (6.626 x 10-r Js) (4 x 101a v-l)

= 159 6 x 103Jmol-l = 159 6Umol-l
.1

2. E =rtv = h;. Thus E ( i
3.E=hv=hl

- (6' 626 x to-x Js ) (3 x ldms- l)
= --- (10'?5 ,. io=i6a-
=193?x10-l8J

4., = 3802 cm-1, E =h" =h?-*t

= (6.626 x 1o-3'l Js) (3 x 1010 cm,r-1; r
(3t02 cn -1; = 7 56 x 10-20 J

5, 1rua= lo-em
Proce€d as in solved examPle 2.

6 (i01= 0 50 x lo-lom,

E=hv=hc7

16.626 x lo-31(3 x ld) ,
- 0.50 x 10-lo

=3 98x10 '-i.
7. 1 pm = 1O-17 m.Proc€ed as in $lved exampls 2.

10. Electrons will be ejected ooly if the energy of inci-
dent light is greater than the threshold eoerg/.

Energy otthe incidenilight = h v = hc1

= 4 97 x 1o-1e !.
rr. E=Nhv=Nhi

= 4.g45 x 105 J mol-l

= 494 5 kJ mol-l.
12.E=1eY= 1 609 x 10-1e J.

E=hv =hlorl =f

- (6 62 x 1o-s Js) O x ld ms-l)
1 602 x 10-1e J

= 72'40 x 1o-1 m = 12 40 x 703 L

OLEMS

3.12. Study o, Emission and AbsorPtion Speclra the irBtrument is called a spectrograph and the

P44ssaPh
record.ed on
a specuum
icience dea
spectroscoPy.

The spectra are broadly classified into (i)
Emission spectra and (i) Absorption sPectra.

These are hriefly explained below : -
1. Emission spectra. When the radiation

emitted from some source e.g. from the sun or by

We have studied above that the electromag-
of differcDt

rumgnt used
wavelengths

a

::
ns

with the human eye. However, if in a spoctroscope,

the telescope is replaced by a photographic hlm,
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passing electric discharge through a gas at low
pressure or by heating some substance to high
temperature etc. is passed directly through the
prism ard then received on the photographic
plate, the spectrum obtained is called 'Emission
spectrum'.

Depending upon the source ofradiation, the
emission spectra are mainly of two types :

(i) Continuous spectra WheE white Light
from any source such as sua, a bulb or any hot
glowiug body is analysed by pass-g through a
prism, it is observed that it splits up into sercn
different wide baads of colours from violet to rd
(tke rainbow), as showu in Fig. 3.16. These colours
are so continuous that each ofthem merges iato the
next. Henc€ the spectrum is called continuous
spectrum.

FIGURE 3.f7(b). Line spectrum produced from
light emitted by discharge tube.

€mitted. The colour of light emitted depends upon
the nature ofsubstance. For example, sodium or its
salts emit yellow light while potassium or its salts
give out violet light. If this light is resolved in a
spectroscope, it is found tlat no cotrthuous
spectmm is obtained but some isolated coloured
lines are obtained on the photographic plate
separated from each other by dark spaces. This
spectru-E k callcd'Line emission specfrum, or
sirrply Line specntm .

Each line in the spectrum corresponds to a
particular wavelength. Further, it is observed that
each element gives its owtr characteristic
sp€ctrum, differing fron those of all other ele-
ments. For example, sodium always gives two
yellow line-s (correspouding to wavelengths 5890
and 5896 A). Hence the spectra of the elements
are described as their finger pinrs differing
from each other like the frnger prints of the
human beingsr.

Further, it will be discussed later that the
line result ofabsorptiotr
and of energy by the
elec oms of the element.
Hencalhe line spectrum is also called atomic
spectrum.

. 
2. Absorption spectra When white light from

any source is first passbd though the solution or
vapours of a chenical substance and then analped
by the spectroscope, it is obsenred that some dark
lines are obtained G the otherwise continuous
spectrum (Fig.3.18). These dark lines are sup-
posed to result from the fact that when white figlt
(cont,i"i"g radiations of many wavelenghsf is
passed through the chemical substance, radiations

R

o
Y
G

B
I

PHOTOGRAPHIC
PLATE

FIGURE 9.16. Continuous srrectrum of white light.

It may be noted that on passing though the
prism, red colour with the lougest wavelengtb is
deviated least while violet colour with shortest
wavelength is deviated the most.

(n) Lhe spectra When some volatile salt (e.g.,
sodium clrloride) is placed in lhe Bu$en llame
(Fig. 3.17a) or an electric discharge is passed
througb a gas at low pressdre (Frg. 3.17b), light is

PHOTOGRAPHIC
PLATE

LINES

FIGURE 3.17(a). Line spectrum produced frorn
a volatile salt placed in 6 flame.

BURNER

- - 
rspcctroscoPic lncthods hal'E hclpcd io thc diE ot Eryofa numbcr ofclcEcntE c.& hclium in thc ruo and Rb, cs, Tl, In, Galnd Sc in thcir tnincrel6.
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DARK LINES IN YELLOW REGION
OF CONTINUOUS SPECTRUM

charge tube and the light enitted on passing

The names of these series and the regions in which
they are found to lie are given in the Fig. 3.18.

The wavelengths of different lines in each of
these series are given in Thble 3.2.

'i',Uii;t-'-i.t.'rl',i;i;iirltlii ii; ;ili ;i'
lirIir)us lines in thc different serics

I
Vrl
G
B
I

sLlr PHOTOGMPHIC
PLAT E

FTGURE 9.18. Producilon of absorPtlon sPectrum '

, dependirg
her it is ob-
same place

where coloured lines are obtained in the emission
ancs. This shows that the
re samo as were emitted
The sPectrum thus ob-

tained is, therefore, cal7r,d'absorption spectrum'.

Dllfer.ence bctween emisslon sPectra and 8b-

sorptlon slrcctra. The mail points of difference
between emission and absorption sPectra are

summed up in the table below :

EMISSION
SPECTRUM

ABSORPIION
SPECTRUM

It coDshts of bright
coloured lines
sepsrated by dark
spaes.
Emission spectrum
cao bo continuous
spectrum (ifsource
emirs white light)
or discontinuous
r'.e. lioe spectrum if
sourc& emits somg
coloured radiatioD.

Absorption spectrum
Ls obtained whon the
white light is first
passed through the
substance and thc
transmitrcd liSht is

analys€d in the
spectroscoPe.

It consists of dark
lines in the otherwise
conti[uous sPcctrum.

Absorptio[ sPecrrum
is al$,ays discon-
tinuous sPectrum
consistilg of dark
lines.

Ernlsslon sDectrum of Hydrogen When

The equationgives the calculation ofwave numbers

@) of the lioes by the rormula 7 = - (+ - + )('i ni 
)

where R is a constant, called Rydberg constanttt

and has a value equal to 109,677 cm-l o.

1 097 x 101 m-1, n, ard n2 are whole numbers

and for a particular series z1 is constant and n2

varies. For example,

For Ll,rnan series, nr = l,nz = 2,3,4....

For Balmer series, n, = 2, n, = 3' 4' 5. ...

For Pascheu series n1 = 3,n, = 4,5'6."--

For Brackett series n, -- 4,n, : 5'6"1.".."

For Pfund series, n, = S,ttr: 6,7,8...'-
ure- is taken--in the dis'

. Hydtogptr bcing thc lightcst cl€mclt, thc numbcr of linei produccd in thc spcctlum i6 minimum. As thc gr6c5 with highcr

molcculai'luice arc titcn. thc s?cara bc mc rno'! and morc complcx'

.rlf thc formul. is writtcn for frcqucn(y i.e. v = a fl - -|'1,,n" *,"e of Rydberg constant, R = 3 29 x 1015 cycles/scc-

\^; ";) (...o=!=io,,=,o\

BAL.
MER

PAS.
CHEN

SERIES

nnr.cx- I-;rr 
I

SERIES ISERIES

121.6

1u2.6

91 .3

95 .0

93.8

93.1

92.6

91.1

656.3

486. I
434.0

470.2

3n.o
388.9
383.5

1875.1

1281.8

1093.8

1005.0

954.6

4050.0

2630.0

2166.0

1945.0

7451.O

4652.O

3'.140.o

('. o=l=;,,'="")

Nev,t Course Chemistryfi[fl

NaCl
SOLUT ION

LYMAN
SERIES

PFI,]ND
SERIES
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S ERIES I LYM AN PASCHEN BRACKETT PFUNDBALM ER

l'.x {\l I'l.l'l 1. Calculste the ftequency and the oI the frnt line
Calculste the
limiting line in

(Rydbery constant = 109,677cm-1) _ 1 _(t ,., 
rg's formula

According ro Rydberg formula, v =T= R lA-Al
, = * f+ - + ) For rhe Barmer ser;J., r, =lro6 for rhe lsr

\ri n) ) Iine,n, = 3

The above expressioo is called Rydberg !or-
mula.

For H-like particles, the formula is

t = * [+ - \) ,' when Z is rhe aromic num-ri ";)
ber of the HJike particle.

HereR:709,677cm-1
nz=3

a1 : 1 (for ground state)

/-
.'. n ='fie.6i7 11- I I "--,\1' 3')

= 109,677 x I cm -r = 9749O.i cm-l'9

"1rA =; = 9.,4q, t cm = 103 x t0-7 cm

: 103 x 10-e m = 103 nm
c 3 x 108ms-lt=-= '--'- -2.91 x l0lss-l,{ 103 x l0-e m -

the
ont
and

When n, = 2, the expression given above is
called Balmer's lormzlz as it was frst put forward
by Balmer in 1885 to erglain the seiies of lines
bearirg his name (i.e. lines in the visible region).

Limitil
series in the
r, in the Ryd

For the second line, nt = 2, nz 4

j=n [+ a =. (i-+)
=*,*=1* . (,,

Dividing (i) by (ri), we get

*= *x f o,r : 485.e m

For the limiting line, n., = Z, n, 6

i=*(;+ ,-')=t ...(iii)

#=R R, (i-.,
= R ...(,

REGION I U LTRAVIOLET INFRARED
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Dividing (i) by (ili), we get

7 =5 x4 or l=364'4nm6fiJ6
AltErradYety first calcualte R from (i) and

substitute in (ii) and (iii).
wovekn-gth..oJ the
frum ol Lt' ' ,on
etween two levels

whose swn is 1and. the difretence is z
Suppose the transition takes plac€

be nl andnr.

Thenn, *n, = 4andnz- nt=2

1. What is the waveleDgth of the liSht emitted Bhen

the electro[ in a hydrogen atom undergoes transi-

tion from aD ener$I level with a = 4 to an ener$/

levelwithn = 2 ? What is the mlour mrrespo[ding
to this wavelength ? (Rydb€rg constant = 109,677

cm-l ) (N.C.E.R.T) [,trrs 4E6 nm, Bluel

HINT,6

Solving these equations, we get nr = 1,

nz=3

. ]=n
For L?+ , Z

(*- ,4),'

=l@677x8cm-r

or t = *fi , rcn= 1'14 x 10-5 cm.

2. Calculate theuavelength from the Balmet formula

when n = 3. [,rrs 656 nml

3. Calculate the wavelengtb of the spectral tine in
Lyman series corresponding to n2 = 3-

lturs.102'6 nnl

.,=. (;r-i-, ='o'u'"@-fi)" -'

= 2O564 4 cm-l

,_1_ I

' 20564 4 cm -'

= 486 x 1o-7 cm = 486 x l0-g m

= 486 nm

,., = " (i - k) --,*u,, (# - +,) 
.,-'

15232 9 cm-l

t- =L = ---J------- . = 656 x lo-7cm| 1s232 9 crlt''

= 656 x 1o-9 m = 656 nm

3. ForLymanseries,r, =,,=" (i-+4
= 109611 x+ = 97490 7 cm-l

t =! = ----l------------v 9i49o.7 crn-'

= 102 6 x 1O-7 cm

= 1A2 6run

Accororng to Kutnorloru s [lruul,r' au dtu'r
consists ofa small, heavy positively charged nucleus

in the centre and the ilectrons were revolving

3.13- Dravrback of Rutherford's lilodel i,::i:l:i:i,ir:1,:ii:ri:i i: i whereas the electrons and the nuclei are micro-

".nnic nertictes the nun and the olanets were big

i" go*.ra.,o, n"* branch ofphrsics' called Ouantum Mcchanics
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the form of electromagnetic radiations. This is be-
cause when I particle is revolving, it undergoos
acceleration due to change in direction even ilthc
speed remains constant. Thus tne orbit of tbe
r
a

3
n_uclous. In other words, the atom should collapse.
Howevcr, this actually does not happen and thc
atom is quite stable.

tionary does not mean that the electrons are sta-
tionary but it means that the eners/ ofthe electron
revolving in a particular orbit is fixed and does not
change with time. The different energy levels are
numbered as 1,2,3,4....etc. or designiied as Iq L,
M, N, O, P....etc. starting from the shell closest to
the nucleus.

arr 3:Ix:
its of thc
cle

3.14. Bohr's Model of Atom

FIGURE 3.21. CircuJar orbits (energy
lcvels/stationary stales)

around the nucleus.

ifferent stationary states
in ca are given by the expres-
slon

* ?-n4ne'

" n2h2

_ Substituting the values of rn (mass
electron), e (charge on the electron)
(Plarck's constart), we get

To overcome the drawback of Rutherford,s
model of
hydrogen
proposed
quantum
model of atom.

1. Postulatcs of Bohr's Model ofAtom. The
main postulates of Bohr's model of atom are as
follows :-
_ (i) An atorn consists ofa small, heavypositive_
ly charged nucleus in the centre arrd the electrons
revolve around it in circular orbits.

of circular orbits
the nucleus, the
rbits which have a

fued valte of enetgt Hence thesc orbits are called
energr levels or stationary stales. The word sta_

of the
and ft

1eY = 7.6022 x

.","i*8,--Rx(#) *.0
-2u""i2t.a " to-191 For H-tike partictes, en= -2"'T,T"o i."

- 21 8x lo-leLn = - -- 1- Jlatom



l'radeep's
3126

lst < 2nd < 3rd < 4th.........andsoon

or K < L < M < N........'.and so on'

For HJike particle e.g. }Je+ , Liz+ etc' (contfi-
ing one electron only), the expressioo for energy

is

o _ _Zn2m*ea = _ 7311* w ^or,

-nz 

1rz n7

where Z is the atomic number of the element

(For He+, Z = 2; for Li2+ ,Z =3).

energy of an electron is quantiznd'

(iv) Like enerSr, the angular momentum of an

electron in an atom can have certain definite or

discrete values and not any value of its own' The

only permissible values of angular momentum are

given by the exPre 
r

3h/2rr .....etc. TLis meaqs t.}iat liLe enew the an'

gular momentrtm of an elecfion in an atom is also

ground ststt.
(vi) Enersv is emitted or absorbed only when

the e[jtons ji;p from one orbit to the other' For

Fnerav is absorbed when an electron lumps
i/orn% to""r. energy level to some hrgher energy

RADIATION
OF F REQU EN CY

example, when is supplied to atr atom bYexamDle, when energy ls suPPucq tu ax dluru uJ

subje;tilg it to electric discharge or high t9mne11
',ii'J, --irl",-" 

in the atom irav jump from its

,"riJ 
"r.tgl, 

t"*l (ground state) to some higher

eierqv level6i absorbing a dehnite amount ofcner-

Further, associated

withacertfi ' 
therefore'

energy is alw in certain
energy level bY

RADIATION
OF FREQU ENCY

.Angulsl droncntum - MoEcnt of ilcrtie x An8;ular vElocity = I x (,'

Bt l=mc? and or = o/rshcrc u i5 tincatvclocity'

. Angular momcntu n1 =mr?xo/r=m"or'

Fn.rsv rs emrtted when an electron lumps lrom a

n'c;;'/ energy levet to some lower energy level

FIGURE 3.22. Energy changes during
electronic iumPs'
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discrete quantities called quantas or photons and
not any value. This means that the cnergy of the
electron cannot change gradually and continuously
but changes abruptly as the electron jumps from
onc energy level to the other.

In other words, we c2m state that for a change
of electronic energy, the electron has to jump and
not to flow from o[e energy level to the other.

2. Electronic En€rE as Negative Energpr. In
the formula for the energy of the electron (8, =
- 7312/n2),we observe Lhat it has a negativevalue.

The concept ofnegative energy ofthe electron
may be explained as follows :

When the electron is at distance infrnity from
the nucleus, there is no force of attraction on ths
electron by the nucleus. Hetrce the energy of the
electron at distance infinity from the nucleus is
taken as zero.* As the electron moves towards the
nucleus, it experiences a forc€ of attraction by the
nucleus. Ai a risuh, some energy is given out. Since
its value was already zero, hence now it becomes
negative, Further, as the electron comes more and
more close to the Eucleus, the attractioo iocreases
and more energy is released. Hence the energy of
the electron becomes less and less. This explains
why the energy decreases as we move from the
outer to the inner levels.

Altematively, the energy of the aaom in the
ionized state is taken as zero. When electron is
addedup into theion, attraction takesplace, energy
is released. Since it was abeady zerc, hence it be-
comes negative.

3. Quantization of Electronic EnerE/ - The
Key Concept ofBohr's Theory. The most important
postulate of Bohr's theory is the concept of quan-
tization of electronic energy. By quantization we
mean that a quantity cannot change gradually and
continuously to have any arbitrary value but chan-
ges only abruptly aod discontinuously to have cer-
tain definite or discrete values. To understand the
concept ofquantization, let us consider ar interest-
ing example. When we travel in a taxi, we find that
the pointer of the speedometer of the taxi moves
gradually and continuously since the speed of the
taxi can have any arbitrary value depending upon
the acceleration. On the other hand, the fare miter
only moves abruptly and discontinuously ia multi
ples ofone rupee. This is due to the rcason that thc
fare meter has been designed to have only certain

specific values in multiples of one rupee. Thus, we
conclude that the fare of a taxi is quantized but the
speed is not. Similarly, in case of an atom, Bohr
postulated that electrons revolve around the
nucleus in certainfued circular orbits inwhich they
can continue revolving without gaining or losing
energy. This means that the energy of the electron
cannot change continuously but can have only
definite values. Thus, we car say that lhe energt of
an electron is quantizzd.

4. Usefulness of Bohr's Model. The main ad-
vantages of Bohr's model are as under :

(i) It explains the stability of th€ atom. Ac-
cording to Bohr's theory, an eleclron cannot lose
energt qs long as it stays in a pafticular otbit . There-
fore, the question oflosing energy continuously and
falling into the nucleus does not arise.

(ii) It explains the line spcctrum of hydrogen.
The most remarkable success of the Bohr's theory
is that it provides a satisfactory explanation for the
line spectrum of hydrogen.

According to Bohr's theory an electron
neither emits nor absorbs energy as long as it stays
in a particular orbit. However, when an atom is
subjected to electric discharge or high tempera-
ture, an electron in the atom may jump from the
normal energy level, i.e., gound, state to sorre higher
energy level, i.e., qcited state. Since the lifetime of
the electron in the excited state is short, it returns
to some lower energy level or even to the ground
state in one or more jumps. During each suchjump,
energy is emitted in the form ofa photon oflight of
a dcfinite wavelenglh or frequency.

The frequency (r,) of the photon of light thus
emitted depends upon the energy difference ofthe
two energy levels concerned and is given by the

expression, Q -E, = fiy s1 y =
E-Er

where E2 is the energy of higher energy level and
E1 is the energy of the lower energy level and h is
the Planck's constant.

Now, frequency is related to the wavelength
asv : c/7 where c is the velocity of light.

 
.hc" %-E'

E-Et

tAt inlinitc distancc, thc clcctto, is considcrcd ss a ffte electron at rcst, wherE its cncrry is talcn as zero. The enerE/ of rhe
electron in an atom is lower than thc cncrry of flcc elcctrons at rest. Hcncc it is ncgativc.
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Corresponding to the lrequcncy or wavc-

length of each p ine

in the spectrum ht)
of the spectral of
above equations are found to be in got)d agrcement
with the experimental values. Thus Bohr's theory
elegantly explains the line spectrum of hydrogen
and hydrogen like Particles (like
He+,Liz+,Be3+,etc.)

5. Simultaneous appearance of a large num-
ber oflines in the hydrog€n spectrum. Although an

atom of hydrogen contai.ns only one electron, yet its
atomic spectrum consists ofa large nurnber of lines
which have been grouped into five series, i.c.,
Lyman, Balmer, Paschen, Brackett and Pfund. This
may be explained as follows :

Any given sample of hydrogen gas contains a

samplc is

ctric dis-

:''l;::l:
hydrogen atoms absorb different amounts of ener-
gies and arc excited to different en€rg5r levels. For
example, the electrons insomc atoms are excited to
second energy level (L), while in others they may
be promoted to third (M), fourth (N), hfth (O)
energr levels and so on. Since the lifetimc of
electrons in these excited states is very small, they
return to some lower energy level or even to [he
ground state in one or more jumps. The various
possibilities by which the electronsjump back from
various excited states are showr in Fig. 3.23.

Thus different excited electrons adopt dif-
[erent routes to return to various lower energy
lcvels or thc ground state. As a result, they emit
dilfercnt amounts of energies and thus produce a

large number of lines in the atomic spcctrum oI
hydrogen.

For example, when the electron jumps from
encrgy levels higher than n = 7, i.e., n = 2, 3, 4, 5,

6.....etc. to n : I energy level, the group of lines
produced is called Lyman seies.These lines lic in
lhe u raviolet region,

Similarly, the group of lines produced whcn
elcctron jumps from 3rd, 4th, 5th or any highcr
energy level to 2nd energy level, is called Balmer
series. Tbese lines lie io the isible region.

In a similar way, Pasc,hen series is obtained by
the electronic jumps from 4th, 5th or any higher
energy level to the 3rd energy level. Similarly,
Brackett series results from electronic transitions
from 5th, 6th or any higher energy level to the 4th
energy level. Laslly, the Pfund seies originates by
electronicjumps from 6th, 7th or any higher energy
level to 5th energy level. The spectral lines of the
last three series lie it lhe infrared region.

To sum up
Lyman seies : From n = 2,3,4 ........ to n = |
Balmer seies : From n = 3, 4,5 ......... to n = 2
Paschen seires : From n : 4, 5, 6 ........ to tt = 3

Brackett seies : From n = 5,6,7 ........ ton : 4

Pfund seies : From n = 6, 7, 8 ........ to n : 5

B RACKETT
SERIES

PASCH

\=a

S ERIES
( IN FRARED)

BALIV ER
SERIES

(vrsrBLE)

SERIES
( U LTRAVIO LET)

FIGURE 3,23. Dr{ferent series in the hgdrogen spectrum.

z.
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il,'; ;;;i";;;;*. r.o,,,r," ror-
lowing wcaknesses or limitations.

(i) Inability to explain line spectra oI multi-
electron atoms. Bohr's theory was successful in ex-
plainiag the line spcctra of hydrogen atom and
hydrogen like particles, containi-og single electron
only. However, it failcd to explain the line spectra
of multi-electron atoms. When spectroscopes with
better resolvingpowers were used, itwas found that
even in case of hydrogen spectrum, each line was
split up into a number of closely spaced lines (called
f,ne structure) which could not be explained by
Bohr's model of atom.

(ii) Inability to erploin splitting of lines in the
magnetic field (Zeeman effect) and in lhe eleclic
field (Stark efrect). ln the production of line
spectrum, if the source emitting the radiation is
placed in a magtetic field or in an elecric field, it
is observed that each spectral line splits up into a
number of lines. The splittiag of spec[ral finls in the
magnetic Eeld is called Zeeman efkct while the
splitthg of spectral lines in the electric field is
called Stark effect.Bohr's model of atomwas unable
to explain this splitting of spectral lines.

(iii) Inability tc qlain the thrce dimorional
model of atom. Accordi.ug to Bohls model of atorn,
the electrons move along certah circular paths in one
plane. Thus r'l 6rves a llal mod4l of atom . But now it is
well established that the atom is three dimensional
and not flat, as had been suggested by Bohr.

(iu) Inabilityto e4lain the shapes olmoledes.
Now it is well known that in covalent molecules, the
bonds have directional characteristics (i.e., atoms
are linked to each other in particular directions)
and hence they possess definir: shapes. Bohr,s
model is unable to e4plain it.

. (v) Inability lo explain de Broglie concept of
dual charucter of matter and Heisenberg,s unceiai
ty pinctple. Bohr's model of atom is unable to
explain the following :

(i) de Broglie concept of dual chuacter of mat-
rer. According to this concept, an electron behaves

l. Calculale the wavelength of the
radia when an electron in a hydrogen
alom undetgoes a tansition from 4th energt level to
the 2nd energ level. In which pan ol the electomag-
netic spectrum does this line lie ?

not only as a particle but also as a wavc. Bohr,
however, considered electrons only as discrcte par-
ticles.

(ii) Heitenbeds mcetlointy ptinciple. Accordlng
to this pdnciple, the positiou ard momentum ofa small
particle likc electron camot bc determined simul-
taneouslywith absolute accuracy. Howerer, according
to Bolu, the electron moves along a fixed circular path.

These will be studied in detail at the + 2 level.

Ionizalion energr of hydrogen and hydrogen-
like particles. Ionization cnew is the enetg) re-
quircd to remove the electron completely from the
alom so as lo convefi it iflto a positive ion. Thls
mcans that it is the energy absorbed by the
electron in the ground state so as tojump ton =
@. Thus for H-atom, as

- 21.8 x 10-leEn=-"'"'i'" Jatom'-l

or -11]?g,no1-,
.. I.E. = E- - Er

= 0 - (- 21.8 x 10-leJarom-l)
= 21.8 X 10-le J atom-l

or = 0 - (- 1312 kJ mol-r)= * 1312 kJ mol-r
For HJike particles,

21.8 x 10-le -2.}jn= - ----T::- Z. ) atom-1

or -!*zon^ort
..I.E. = E- - tr = o - (tEHZz)

= t x t.E+t

For example, for He+,2 = Z,
... LE. =4x I.E.H

ard, for L?+ ,Z = 3, LE. = 9 x I.E.H

In fact ionizution encrry of He+ is the second
ionizatircn energr o
of Li2+ is the third

Solution. For hydrogen atom

E,=- 21.8 x 10-re
J atom-l

EEerry emitted when the electron jufips from
n : 4ton = 2 wilbe givcn by

n2
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AE=Er-Ez

=zL.8x,r-,, (+_+,)

= 21.8 x 10-r' x * = 4 0875 x 10-1eJ

The wavelength corresponding to this energy

can be calculated using the expression

E=hv=h.i (. c=vl)

= 2r.8 x 1o-', f+ - +'l
l'; ni)

=2r.8x r._,,(+_*)

= E 72 x 10-20J

For ionization from 1st orbit, z, = I, n2 = @

aE = 21.8, ,o-'n (;' - 1'l\t' *)
= 21.8 x 10-1e J

li K.\l\ I P L E -r. Calc ulate the velocity of electron

in the rtr$ Bohr orbil of,hydrcgen atom. Given that
Bohr radius = 0' 529 A,

Planck's constant, h = 6'626 x t|-Y Is'

moss o! electron = 9' l1 \ 10-3t kg and
t I = t kgm2s-Z.

nh nhmVr='.- Or U:-
21t -' - Znmt

- 
(l) (6 626 x 10-14 Js)

- zrz.u, (9 11 x 10-3rkg) x 10 529 x 10-r0rz)

= 2. 188 x ld Js kg-t ,,l-r
But 1J = lkgmz s-2'.

Hence u =2189x 106ms-l

so that
.hc
"E

= 4.863 x 10-7 m = 4853 A (or 4E63 nm)

It lies in the visible region.

-. I.lxANlPLf'l 2.How much energ) is required to

ionise a hydrogen atom if the electrcn occupies ftfth
orbit ? Compare your answer with tlu ionisation
energt of tryd.rogen atom i.e. lhe enetg) requied to
remove the electron frcm fr.'Il| orbit. (N.C.E'R.T,)

- 2l'8 x 10-rqEn=--- -lr'" Jatom-l

For ionization from 5th orbit, n1 = J, n, = a

.. ae = E: - Er = - 21.8 x lo-re l+ - +)rt ,,i)

?K:O7LEI,/€ FOn: 'F [ \,.,-
1. If the enersv differeDce between two electronlc ' 4' Calculate the war€ nuDber for the longest
'' rLi* ir-ijalos iJ mJ:t, cal*late the frequ"nry wavelen$h transition in lhe Baln'rer serie's of .tomic

Liiigtt, *ri,t"o *n"n an electron drops from thl hydroSgn (AIC.E.R.I) t r,rr r'523 x 105 nr-I1
hiSher to the lower state' Planck's constant, S. The electron energy in hydrogen aiom is giveo by

h=39]19 x 10-14 kJ sec mol-I. E" = 1- 2 18, 10-18;ztr2J.Crtcularerheanergy

[.rnr. 5 395 x 101'sec-rl required to remove the electron conpletely [ronl

2. rr hydroscn arom, an erecrron rumps ftom 3rd- [;,1i;:''*t]J:::",Jiff::ffi:",',*'"lHiX-"
orbit to the 2Dd orbit. Cllculate the wavelength ol

theradiationemitted (h=6 63",ltthr; '".:ifi,',1,r" ";t#;i:;;';;,TJ.ii:;T:I \nL o5D'l Al 
electron of the hytrogin atom liom the lirsr Bohr

3. The eoerry associated with the first orbit in the orbit to the fifth Bohr orbit and what is the- ;;;;"*;;-z rz,ro-r8r,to,n-r whut H[fJt];:'!:J:tli:il',:"i;i:i":fff:',T.;
$ the energy associated with the fifth orbil ? 

electron energy is - z.t8 , lo-11 ergs.

(N.C.E.R.T.) [.rrrr. -8.72 x l0 -20 JI 
@.6.E.R.D hns. 2.09 x 1O-rr ergs, 951 At

.l J = Eorkdonc = Forcc x Distancc

= O,lass x Acceleration) x Distancc = (ligttu-21xm = kgmzs-z

1a 61375 v 16-tr r;
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l' tE = h, r:e (214.68kJmol-l)

= (39 79 x1O -14 kJ sec mol-l;,
or ,=5.395 x1914r-l

z. E, = - 21 8 Irlo-" J"to,,-,

aE = E: - % =2r.s x,r-t, (+-+)
= 3.03 x lo-19J

^E=},,-hl
,_nc _ (6.63 x lo-34Js)(3 x ldn6-1)'' aE 6.03 x lo-leJ)

= 6-564 x 1O-1 m.= 6564 x tO-l0m= 6564 A
3. En - - 2 17 rrto 'o,

.. p. = - 2 17 x.lO-lE 
= -8.72 x ro-zoJ.

4. For Balmer series,

i = tos.611 (l - -l) ".\2' "')
l will be maximum orr is minimum (r = !)

for n = 3. The value will be

I = ros. rzz .m -r l/1 - 1)' \2' 3')

5i
= 109,617 x i- cm ,

= 15232'9 cm-l = l'523 x 706 m-l.
5.AE=E@-q

I 2. 18 x 10-18Jarom-l)

l2')
=545xlo-l9Jatom-l

te=Ar=hI
Or ,t = ;E

- (6.626 x to-r Js) x G x ld ms-l)
5.45 x '10-19 J

= 3.647 x 1O-7 m

= 3 647 x 10-5 cm.

6. 
^E=E<-Er 

= 2.18 x ro-rr [4-+l|'l'. s')

= 2.rE x to-11 (*\ =, on x I o -rr ergs
\z)./

When electron retuffis to grouDd state (i.e. to
n =1), eners/ emitted = 2.09 x 10 -11 ergs.

AsE= hv =hl ot 
^=E

_ (6 626 x 10-27 erg sec) (3 x 1010 cm J-1)
2 09 x 10-11ergs

= 9.51 x 10-6 cm = 951 x to-E cm = 951 A

I . Humphrey scries. This is another series of spectral lines which has b€en reF,orted. It is produc.€d when the
electron in rhe hydrogen arom jumps ftom outer shells to 6th shell re. for these lines

, = n f1 - f,) where n, = 7, s, e...

l* ^i)
These lines lie iD the far infrared region.

L The Dumb€r of spectral lines produc€d when the electron from the nth shell jumps to thc ground state (due

ro all possible jumps ) =' ("; 
" . When aD elecrron returns from ,r2 to zr energy level, number of spectral

. (nz-nt)Vz-\ + l)
unes PrOOuCeq = 

--'T--.,l. Bohr's model ofqrcular orbits was extended by Sommerteld by introduciDg tbe conc€pt of elliptical orbits.
This belped to explain the fine lines ofthc atomic spectra.

I In any spectral series oftbe hydrogen specrrum, rhe intensity of line decreases as n2 increases.
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iiiil s. The Edius of the nrst Boh/s orbii b 0 529A(52 9pm).

Theradiusof,thorbitofH-atomie.rr-0.529xn2(A).Puttiogn=l,2,3,4ald5theradiiofthefirstfive
orbits of H-atom are given beloq:
Orbit (n) 1 2 3

Radius (A) o 529 2.116 4.761

similarly, for H-like particles (e.& He+, Liz+ etc.), ,^=o 529-"2 A.

, r, VelGity of ao electroo in any orbit of the H-like particle is related to the radius of the orbit as

"='l* *."-i

IVIODERN CONCI]I'I ()[
STRUC]'URE oII ATONI

3.16. lntroduction:::l::i:ii:iii:r:i:r:1r::i:iii:t;i:-,:iii:i:ii:-li:iiiiir:iii::iii:r:!:r:,,:ii:ri:i:li

Though Bohr's model could explain the line
spectra of hydrogen and hydrogen like particles
and also the dra*back of Rutherford's model, it
suffered a scrious blow with the advent of de
Broglie concept of dual character of electrons and
Heisenberg's uncertainty principle. Hence a new
model of atom, called the 'Wave mechanical model'
or 'Ouarrtum mechanical model' has been put for-
ward. This model at present is considered to be the
most important. It gives a detailed arrangement of
the electrons around the nucleus. In other words, it
gives a clear picture of the 'electronic structure of
atoms'. This model could explain fully the line
spectrum of hydrogen as well as those of the other
elements. It is also able to explain the chemical
behaviour or characteristics of the atoms.

Just as Bohr model of atom was developed on
the basis of Planck's quantum theory, the wave-

mechanical model of atom has been developed on
the basis of a new branch of science called Quan-
tum mechanics.* It takes into account -the 

de

Brcglie concept of dual characler bl ehctron (pfi
fbrward in 1924) and Heisenberg's uncenainty pin-
ciple (put forward in 197) which are briefly
described below :

45
8 464 13.225

[From eqn. (r), page 3/61]

' 7 Bafmer seriescontains four important lnes whGe wavelengths are 6563 A 'a 62 A,4341Aand 4102 A rhese
are rcspectively called Ha, Hp, H7 and Hd lines. They are obtained as a rcsult of jump ftom 

'l = 3, 4, 5 and 6

resPectively to z = 2.

,,.r, L Bohr was awarded Nobel Prize in Physic.s in 1q22.

SI'CTION_IIT (1) de Broglie concept ofdual naturc of mat-
t€n Einstein in 1905 suggested that light has wave
character as well particle character r'.e. it has dual
nature. de Broglie in 1924 extended this idea to all
material particles (electrons, protons, atoms etc.)
and suggested lhat all mateial pafticles in motion
have duAl chsract He derived thai if any particle
of mass nr' is moving with a velocity u, the
wavelength associated with the moving particle is
grven by

.hh
muP

where h is Planck's constant un6 7n11 = p is the
mom€ntum of the particle. This relation is known
as de Broglie relation.

(2) Heisenberg uncertainQ principlc. As a

consequence of tho dual nature of matter and
radiation, Werner Heisenberg in 1927 stated that t,
is impossible lo determine simultaneously lhe exqcl
position ond anct velocity of a miuoscopic Particle.
This is due to the fact that to locate the position of
the elcctron, we have to use light so that photon of
light hits the electron and the reflected photon is
seen in the microscope. However, as a result of
hittin& the position as well as velocity of the
electron are disturbed. If we attempt to measure
position with greater accuracy (by using lighl 61

shorter wavelength), the uncertainty in velocity (or
momentum) increases and vice-versa. If Ax is the

i For mor€ details, rcad mattcr given in thc shadcd bsckground on pagE 3ly and 3135.
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unccrtainty in position and A p is the uncertainty in
momontum, thcir product is always constant and
cqual to h,/4 n.'fhus A-r x Lp =n/qn

In the light of uncertainty principle, Bohr
model of atom lostulating that clectrons move
along definite circular paths and hence thcir posi-
tion and momcntum could be deterrnined with ab-
solutc accuracybccame unacceptable. Now we can
speak of only in terms of'probability' of finding thc
clcctron a[ any particular position about thc
nucleus at any instant of time,

Kceping in view the wave naturc of elcctron
and the uncertainty principle, the movement of the
clectron around the nucleus is likc that of a bee
around the hive. Sometimes it may come close to
thc nucleus and sometimes it may move away from
it. Further it does not move inone plare (as wrongly
postulated by Bohr) but moves iu all directions and
in all planes around the nucleus.

The concept of'probability' may be under-
stood u/ith the help of the following simple ex-
amplos:

(i) Suppose on a particular day, there are
clouds in the sky. We predict that therc is achance
that it may rain. However, there is no certainty that .

it would definitely rain because the clouds may
rlisappear. This is expressed by salng that there is
a probability of rainfall.

(ii) In a game of chess, a better player has a
chance to win but one cannot saywith certainty that
hc will definitely win. Thus a better player has a
probability to win.

(ui) A brilliant studcnr has a chance to qualify
any entrance test but onc cannot say with ccrtainty
that he/she will definitely qualify. Thus a brilliant
student has a probability to quali[ the entrance
test.

Prohabilitl provides the bcsl possible d*cription
of a siluali.on tthich cannol be describctl with
cerlainty.

To clari! the concept of electron probability,
it is helpful to do a h,?othetical experiment in
which we take a set of pictures of a particular
clectron, say the only electron of hydrogen atom, at
very vcry short intervals oI time (say almost instan-
taneously). If the electron in each picture is repre-
scnted by a small dot and if all the pictures arc
supcr-imposed then the final picturc looks like the
one given in Fig.3.24.

FIGURE 3.24. the ontg
electron olthe undarv'

surlace for m nsilV

It is clear from the picture that most of the
dots lie at a certain distance from the nucleus on all
sides. Since the probability offinding an electron is
directly proportional to the intensity ofdots, thcrc-
fore, the electron spends most of its time in the
volume ofsphere bounded by that distance an(l for
rest of the time, the elcctron can be found ouisidc
the rrolume of this sphere.

Tle rcgion ol spae aroand. thp nuclcus which
d*riha thc probabihty qf fudiA cn elearon o!
giwn ensg in kmt ol dals is called an elaclron
clold,

Nowhere is the probability o[ finding an
electron equal to zero. Even at vcry largc dis-
tance from the nucleus, there is a finite, though
small, probability of finding an elecrron of a
given energy. This means that electron clouds
do not have sharp boundarics. However. [or
sake of pictorical clarity and for convcnicncc oI
representation, a boundary sur[ace mav bs
drawn which connects points of cqtral prtrh-
ability and encloses a certaio volumc of thc
space around nucleus within which the prob-
ability of finding an electron of given cnergy is
maximum, say upto 90?b.'fhis is callccl an
atomic orbital.

*t alonic orbital nay bc ilelittd qs tha three
dimexional spwc aJound tlv nuclcus wirhin
which tlu pmbahiliE o!finding an electron oJgiven
erErg is n zximum 6q upta 90%).

Differtncc betw€€n Orbit and Orbital. Some
important points of difference between orbit and
orbital are given below :
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ORRIT ORBITAL

t. An orbit is; wcn defined circular path around the

nucleus iD which the electrons revolve.

2. It represents the planar motion of aD electroD

arouDd the nucleus.

3. -l}le conc€pl of aD orbit is not iD ac{ordance with
the uave character of electrons and uncertainity
principle.

4. Allorbits are circular and disc like.

5. Orbits do not have any directional characteristics.

6. 'fhe maximum number of clectrons in any orbit is

given by 2a2 where z rs thc number of the orbit.

T-E dECiE ttre tlree 0rmensrional sPace around the
nucleus within which the Probability of finding a[l
electroo is maximum QrPtogOEo).

2. lt represeots the three dimensional modon of aD

elertron around thc nucleus.

3, Thc concEpt of an orbital is in accorda[ce with the
wave cbaractcr of electrons and uncertainty prin'
cipte.

4. Different orbitats havo different shapes. i.e. s'orbi-
tals are spherically symmetrical, p{rbitals are dum-
bell shaped and so on.

5. All orbitals except s{rbitals have directional cbarac-
teristics.

6. The madmum number of electrons Present in any

I orbital is two.

Quantum Mechanics. Classical mechanics'

based on NeMon's laws of motion, was suc-

it did not take into account the concept ofdual
naturc of matter and Heisenberg's unc€rtainty
principle. Hence a new branch of science
*hi"h take. dual nature of malter into con-

sidcration has been put forward. This is known
as'0uantum mcchanics'.

Quantum mcchanics, as developed by Erwin
Schrodinger in 1926, is based on the wave mo-

tion associated with the particles- For the wave

motion of the electron in thc three dirnensional
Put forward the
ter his name as

which is con-
m mechanics :

a2 rt d7w azo 8n2m,."-tr+Y-I+++#(€-v)v=oo, u)/

where rp is the amplitude of the wave where the

co- ordinates of the electroo are (.r, y z), E is the

total energy of the electron, V is its potcntial

cncrgy, r is thc mass of thc electron and h is

Planii;s constant. O7 tp/dxz represents second

dcrivative ofP w.r.t. x and so on.

In short, Schrodinger wave equation is writte n as

A V' = gV where Ii is a mathematical

operator, called Hamiltonian operator.

The solution of Schrodinger wave equation for an

electron in an atom gives the values ofE and9. The
ener-
. The
lunc-
in an

the square of the amplitude of thc clectron wavc

i.c. q2 at aay potllt Ei\Es the intensity of the electron
vicw o[ Heisenberg's

ProbabilitY of finding
us4z at anY Poinl gives

lhe prcb elecl

eleclron oint.
around repr
dcosity at different points is called an orbilal, that

is why the wave fundon for an clcctron h an atom

is called orbital wave function or simply atomic
orbital. Since an elcc&on can have many wavc

funcliong thereforc there are many atomic orbitals

in an atom.

Important Featur€s of the Quantum lVlechani-

cal Model of Atom. The basis of this model of
atom is Quantum mcchanics which iD turn is

#Ihe values of E and ty' are called .l8cn vrlu.s and.lgcr funcllons'



ATOMIC STRUCTURE 3/35

based on Schrodinger wave equation. The im.
portant features of this model are as follows :

l. The electrons in an atom have only quantized
values of energy.

2. These quantizedvalues of energy are obtained
from tle solution ofSchrodinger wave equation.
The corresponding values of the wave function
rp are also obtatled from the solution of
Schrodinger wave equation.

3. The wave function g is simply a function of co-
ordinates of the electron and has no physical
significance as such. However, 92 gives the prob-
ability of finding the electron at that point i.e.
electron density at that point. The concept of
probability is justified in view of Heisenberg's
uncertainty principle.

Cala ate the wsycle gth oI an
e yelocity of 2.05 x ld ms- t.

(N.cJ.R.T,)
Solution. By de Broglie equation

6.626 x 10-31Js=@
= 3.55 x 10-rl m

(J = kgm2 s-21

lste its wavelenglh. (N.C.E.R.T,)

Solution. v.e. = ),,u,
t l zKF,.. u = Y

m

4. By firding rlrz at. different points around the
nucleus in an atom, we can predict the region o[
space around the nucleus within which the prob-
ability offinding the electron with a definite valuc
of energy is maximum. ThLs space around the
nucleus is called orbital. That is wave function
V is callld orbitql wave lunction or simply atontic
orbital.

5. Since an electron can have many wave func-
tions, therefore, there are many atomic orbitals
in an atom,

6. Ttre orbital wave function g contains all the
information about an electton in an atom and
quantum mechanics helps to extract this infor-
matlon.

= 812 ms-l
By de Broglie equation

6.6'25 x 70-u Is

6.626 x 10-r Js
(3.6 x 70-to m) (3.0 x 108 ms-r)

= 6. 135 x 10-2e kg.

.h
mv (9. t x 10-:t kg) (St2 ms -r)

= 8.967 x 10-7 m : E967 A.
Calculale the mass of a plnlon

with A. (N.C.b.R.T,)

Here,7 -- 3'6 A = 3'6 x lo-1o m'
As photon travels with the velocity of light,
u = 3'0 x 108 ms-l

By de Broglie equa tion, t = L

Pr.'R l@--N trt,.BIt()(;t.IEEetl.{TI()N

.h
nn)

hor m=fr

2x3.0x10-25J
9.1 x 10-31 kg

"RODLEMS 
FOR;F 0 iE-,, \

l What will be the wDvel€ngth of a ball of mass 0.1
kg moriDg with a velocity of l0 ms-l ?

I r\ns.6.626 x l0-rzr]
2. A moving etectron has 4.55 x l0-5 Joules of

kinetic enerry. Calqrlate its wavelelgtb (msss of

electron = 9.1-I lo-31 kg a Planck's constant
ft -6.6 x l0-5Js). 1 . 7.2Sxl0-1 nl

3, Calcllate de Brogiewawlength ofan electron rhat
bas b€en accclerated ftom rest tbrough a poteorial
diffetnoe of I kV [Ans 3.E7 x l0-rr nr]
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H lNT$ FoRotFFtcuur ?e.or-LElas
3. K.E ofelectron = 1000 eV = : 000 x (1 .602 x 1O-19; J. Further pr ed as tn solved examPle 2 above.

A[ atom contaius a large nu I momenta' the elect'rons within the

rhese are <listinguished from ea 'I.#'it:I;[?:ffi,i1"lffili"i
basis oftheirsrze, shape and oient fo[owing information :

in space. Thesc parameters of an

fr"J."J- *trn. 
"f 

three numbers, call edpincipal, (i),Number of sub-shells present within any

azimulhol ar,d mognetic quanfilm numbers -* F\r- main shell

ther, to representtf,e spinlrotation) of the electron (tl) Contribution of energy due to an-gular

about its;wn axis, a fourth quantumnumber, called momentum towards the total energy of thc

:d. Thus electron'
es ofthe sub-shells belong-

ing t
ubshells.

otbirllt t td lhe (v) Orbital momentum which is oqual

,"1 'ner +tt
ostal address of

a person. Toknowabout a particular person, Mr X, Note $at orbital angular momentum depends

wc shouki know about his country iJtown, hislane only on ttre value of ''' and uot z' Thus all

and housc number. J-orbitals (/ = 0),.e. 1s, 2s, 3s etc have orbital

rhe various quantum num ers are briefly 3l5iI;r,Iffi:1f1il,.(;i"51:?r!{r',.;r;ridescribed below: have o.bit"l aogutai 
- 

momentum
1. Principal Quantum Number. It is reprc- 

=,tTTlT=I\ h/Ztt = [ih/ n and so on-
:,cntcd by )r'. It gircs thc following information :-

(i) Approximate distance ofthe electron from This number helps to explain the linc lincs oI

thc nucleus i.e. the sizc of the elec;;ffi. 
-''- 

the s the presencc oI a largu

(ii) Energy ur tr," 
"t""t,oo 

p1";;;;, ",, l;iTn..u.pr. f"o""JJ:I[fih::'
shcll**, e.g. for hydrogen atom, For a given value ofn, / can have valucs [rom

g-= -2l gxl0-tqJarom-l=- l3l2 ll*nt r, 0 to rt - l. Fir example.
nL nt Forn =1, / = Oic ontyonevalue

(,li) M"ximumrumber of electrons present tn For n Z, I = 0,1 i.c. two values
anyshcll (given by the formula 2r'). . Forn 3, /:0, l,2,i,e.threevalucs

This number helps to explain the main lines of 
For n 4, I = 0,1,2,3,i.e. four valuos

thc spoctrum 
Thus 1st,2nd,3rd,4th shells have 1, 2,3. and

It can have valucs n = 1, 2, 3, 4...... .etc. wltictt 
4 ,"b:h;il;.j.p";iir"ly. tn gen"rut, ,th shell has ,r

aru callcd K. L, M, N.......etc. shells respcctivcly. irU"f,"ii..
2. Azimuthat (or Subsidi these sub-shclls are dcsignatedby thc

momentum) Quantum Number. ffort =0,7,2,a Jrcspectivetv
represented by'/'. It is found that he first letter o[ the words s6cr7r,

clectron calculated from the valu ed and furu)antental lincs of thc,

itsclf some contribution duc to an

*These lhrce quantum numbcrs follow from thc solution of Schrodinter I*avc cquation

.*As the elcctron clouds arc thrcc dimensional, the word'6hell'is now Prcfcrrcd over orbit or lcvcl'
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1st (K)
znd (L)
3rd (M)
4th (r.0

1s

2s,2p
3s, 3p, 3d
4s,4p,4d,4f

Shell Sub-shells prcs€nt Similarly, for d-sub-shelt, / : 2 so that /fl :
-2, -1, 0, +1, +2 i.e. d-sub-shcll contains livc
orbitals. For f- sub-shell, / : 3 so that rlr : -3, - 2,

-1,0, +1, +2, + 3 i.e. f-sub-shell has seven orbitals.
REMEMBER

Uwlly m=0 is takan lor p, orbiul and
m = ! 1 for p,snd p, orbitals. Simtlarly, m = o
for drz sld - 2 * + 2lor .1,2 _ 12 and d,y and

- I or *1lor doand do

4. Spin Quantum Number. It is rcprescnrcd
by's'orrzrr. This number was introduccd to accounl
for the fact that the electron in an atom not onlv
moves around the nucleus but also spins ahout ili
ovm axis (like the earth which not only revolves
around the sun but also spins around its own irxis)
(Fig.3.%). This number givcs lhc informarion
about the direction of spinning of the clcctron
present in any orbital. Since the electron in au
orbital can spin either in thc clockwise dircction or
in the anti-clockwise dircclion, hencc lor a givcn
value ofrn, s can have only twovalues i.c. + l/2 and
- 1/2 or these are ver1, olten rcprosented hy lwo
arrows pointing ir thc oppositc dircclion i.c
1 and ,1. .

I

FIGURE 3.26. Spinning of etectrons.

This quantum number holps to cxplain tho
magnetic properties of the substances. A spinning
electron behaves like a micromagnet with a definitc
magnetic moment. If an orbital contains two
electrons, the two magnctic moments opposs and
cancel each other.

Thus in an atom, if all thc orbitals are fullv
hlled. net mag[etic momcnt is zcro.anrJ thc subi
stance is diomugncric (i.e. repcllcd by the extcrnal
magneric field). However, if iomc hsif- fillcd orbi-
tals are present, the substance has a net magnotic
momenl atrd is paramagnetic (i.e. altractcd hy lhc
external magnetic field).

(The prefix before the symbol of sub-shell
represents value ofn)

The number of sub-shells within the various
main shells are shown in Fig. 3.25.

n =1 n=2 n=3 n=4
\\ \\\ \\\\
rt lll ll
tl t$ tttt
lt lll l t
tt t tt

t trn nt lttt ttt nntt , lrut! ,rt trn
s, t) s,p,d s,p,d,f

FIGURE 3.25. Sub-shells present
in the main shclls.

The energies of the different sub-shells
present within the same main shell are found to be
in the order s < p < d < f

Further, the electron cloud of's'is found to be
spherical while that of 'p' is found to be dumb-bcll
shaped. d and f have complex shapes.

3. Magtretlc Quatrtum Number. This number
is represented by 'm' or '2,'. This number is re-
quired to explain the fact that when the source

which take up different orientations utrder the in-
fluence of the external magnetic field. The mag-
netic quantum number tells the number 6f
orientat
Same su
the num
shell (as

For a given value of ( rn can have values from
-/to + / including'0'. Thus

_ For s-sub-shell, / : 0. Hence rn = 0 (only one
value) i.e. s-sub-shell has only one orieniation or
has only one orbital.

s

I
I

I
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Idea ofstclls, subshells and orbitals. Tb sum up

second main she[ called L-shell and so on.

e sub-energY level oc-
(as main energY lerel is

a number ofsublevels of
energy). It is
ber (/). For a
for n - I, l
means that it
/ : 0, 1 i.e. I has two values which means that it
has two subshells. Similarly, 3rd shell has three

subshelk, 4th has four and so on. The subshells

corresponding to / = 0, 1, 2 and 3 are repre-

sented by s, p, d and/ respectively. Hence

(4 s,4 p,4 d,4fi.

oue orientation wtich means s+ubshell consists of

orbitals present in different sukhells for ttre fust
three main shells may be reprcsented as shown

below :

-4--------

IiX,C"MPI-E l. An ,lrrwn is in a 4l orbitat,

What possible vahtes Ior the Etantum numbe4, n' l,

m atd s con it h@e ?

Since the electron is in a 4f orbital,

the value of the principal quartum number,n = 4'

For the f-orbital, the secondary quantum

number, I = 3.

The values of the magBetic quantum (m) are
.-l to +l including zero' Therefore, whelnl = 3,-m

has seven values i.J' -3, -2, -1,0, +1, +2and3'

-L------- 
(Five 3dorbitals)

For each value of rz, Oe spia quantun trum-

ber, s has two values, i.e', s = +I.f}aads= -U2'
. EIAtrIPLE 2. Wite down ahe Eta,tum nutn-

bers n, I ond m for the following orbials :

(i) i d? - rz (ii) 4 d S (iii) 3 d,, (iv) 4 d,,
(v)2p"(i)sp,

(i)n :3,1 = 2,m = -2 ot +2
(iln:a,t:\m=0
(iii) n = t,l = \m = -2 or * 2

h- 3\ ,' 30_::---:!-i----1 /.rhE! -t! orbiElsl
(M€ttllD \\

(One 3s orbital)

(Three 2p orbitals)

. 2s _______ (One 2s olbiht)

(n = 1) ls /Ona I s ^rb'tal\(K-shell) Subshells

3/38
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(iv) n = 4,1 :2,m = -1or + t
(v) n :2,1 : 7,m = 0

(vi) n = 3,1 : 7,m = - 1or -i- 1

EXA.I\IPLE 3. What dcsignation is iven to an
orbital having (i) n = 2, l:1, (ii) n =.1,t = 0,
(iii) n = 5, l:3and(iv)n = 4, 1:2?

(i) n : 2,1 : 1 means 2p-orbital
(ii) n = 3,1 : 0 means 3s-orbitat
(iii) n = 5,1 : 3 meafls 5f-orbital
(iv) n = 4,1 : 2 means 4d orbital.
EL1MPLE 4. Which oI the following sets ol

quantum numbefi are not permitted 2

(i) n =2, 1:2,m = -l,s = + 112

(ii)n : 2, l : \m = -1,s : - ll2
-(ir|":2,t=0,m=0,s:0
(tu)n = 2, 1- l,m = 2,s: + tl2

(i) This set of quantum numbers is
not permitted sir,ce the value of / cannot bc cqual
to n.

(ii) This sct oIquantum numbers is permitted.
(li) This sct of quantum numbers is aot per-

mittcd bccause thc value of spin quantum number
canlot bc zcro.

(rv) This set of quanorm numbsrs is also not
permitted since the value of ,rz, cannot be greater
than 1.

EXAMPLE 5. Which of the following orb:tats
are not possible ?

lp, 2-s, 3l and 4d.

(i) The lust shell has only one sub-
shcll ich has only one orbital, i.e, 1s orbi-
tal. Therefore lp orbital is not possible.

(ri) The secondsub-shell has two subshells, i.e.
2s and 2p. Therefore 2s orbitals are possible.

(iii) The third subsbell has three subshells, i.e.
3s, 3p and 3d. Therefore, 3f-orbitals are not pos-
sible.

(iv) The fourth shell has four subshells, i.e.4s,
4p, 4d and 4f. Therefore, 4d-orbitals are possible.

(i)n - 1,1= O,m = O;(ii)n = 2,1= t,m =-1ard(iii)n=3,1=2,m=+t
lrns. (,) ls (rr) 2p (}, or zpr) (ni) fil

6. Grye the values of the quantum numbers for thc
electron with the highest energy in sodium atom.

[drs. n =3,I=0,m =0and.r= +l/2or-ll2l
7. Which ofthe following orbitals are nor possible?

1p, 2s, 2p and 3i
Ans. lp and 3,

E, Which of thc follo\ring sers of quantum numbers
are not possible ?

(i) n -3,1=2,n1 = 0,s = - l/2
(ii) n = 3, 1 = 2,m = - Z,s = - 1,/2
(iii) n = 3, I = 3,m = - 3,s - + t,t2
(iv) n = 3,1= 1,m -O,s = + 1/2

[ns.(rrr1

1 AEzLIE,MISiF,OR 1P-ffiC, E
l. Ifn is equal to 3, what are the valucs of quantum

numberslandm?

Ws. I = 0, t,2 n = -\ -1,O, 
+1, +2

and s = + l/2 and - ll2 for each value ofral
2. If the quantum number ?' has a value of 2,what

are thc permitted values of the quantum number

ftns_ _2, _1. 0, +1, +21
3. List the quantum numbers (/ and n/) of clectrons

for 3d orbiral ? (N.C.E.R.T.)

$rs, ,r = 3,, = 2,rr =_2,_1,O,+t,+z
aDd s = + V2 atrd - l/2 for each value of,ll

4. What are the values of n,l a1d m fot 2p-orbitals ?

F{s. For all 2p-clectmns, r = 2 and , = l, but zl can
lhave any oEe ofthree values i.e. -1,0 atrd +ll

5. Vrtite the corre.ct orbital notations for each of the
following sets ofquantum numbers:

6. Electronic configuration of IINa-ls2?-r24,63r1. 8. (,ii) is not possible because if
The electron wirh highesr enerry is 3sl for wttich rl n =3,1=O,1,2.
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| :.::l:l:i it,:li:::i:i:a:: a:rl::i:i:i:ar; a,i:l :

From a studY of the quantum numbers,

Wolfpanz Pauli, a German pbysicist in 1925 put

torwird"a principle known after his name as Pauli

exclusion principle. It states that :

No two elcclrotls in an arom cin hLte tlu same sel

olfow qwntutn numben.

Ifone electron ir an atom has some particular

values for the four quartum numbers, then all the

other electrons in that atom are excluded from

brt the fourth must be different.

Now, any particular orbital is described by

three quantum numbers i.e., n, I and rn. For ex-

0. Since
the spir
erefore,
h quan-

tumnumbers,n : 3,1 = 0,m : 0ands : + 12
arrd the other with quantum numbers,n : 3,1:0,
m = 0 and s = - UZ' Si-ilarty, any grven orbital
can have two and not more than two €lectroDs' This

gives us another definition of Pauli's exclusion prin-
ciple which states that

fui orbita! wr havc a maximurn fiYo eMtans dnd

ihae nw lwe oPPin sPitts.

On the basis of a study of quantum numbers

and Pauli exclusion principle, the maximurn num-

ber of electrous tliat can be accommodated in

anv subshell or shell can be calculated' This is

illustrated in Table 3.3 for the 6rst four shells,

namely, I( L, M and N i.e. for n : 1,2,3,4'

Shell Principal AziEuthol Magnetic

Quantum No. Quantum No. Quantum No'
(subshelland (Orbitals)

its desigration)

SpiE

Quontum No.

(s)

Electrcns
preaent

Total No.
of electrons

(m)(t)(")

l1+2,-2

1 1l

0 (1r)

0 (2r)

t (2p)
I_,
1-z
1

1

'2'
1

'2'
1*z'

-1
0

+1

1

'2',
1

'2',

)rl
2,-

'l

iI

0 (3o)

| (3p)

M

1+i,
-1
0

+l 1
'2',

Conrd. on rrcrt Wge-..

accoErmodated in a shell, its sub'shells and orbitals

K

L
.'
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11a- 
--'2' 2

11
!- _-'2', 2

11'2' 2

1i4- _-' 2' 2

.1 I
'2' 2

--2

-1
0

+1

+2

32

11
'2' 2

0 (as)

| (1p)

2(M) -2

3 (4f) -3

-2

-1

N

11+- -_'2' 2

11
'2' 2

114- __'z', 2

.l I
'2' 2

11
f 

- 
_-'2', 2

.1 1
'2' 2

11
!- _-'2', 2

.1 1
'2' 2

11'z', 2

11
J- _-' 2' 2

11
'2', 2

11
f 

- 
__' 2' 2

11
'2' 2

11
'2' 2

11+- _-'z', 2

-1

+1

-1

+1

+2

+1

+2

+3
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ffi1.

ArDrt ' , Qiffi;K;N'O ,t.ErD'@iE I
Quantum numbers were discovered by different scientists as follows :

Principal by Bohr, Azimuthal by Sommerfeld, Magnetic by Iltde aod Spin by Uhlenbeck and Goudsmith'

PrinciDalo}arrtumnumber tells about the JEe ofthe orbita shape

;;;;';;j,rffiiG ;;tetic quaDtum number tells about takes

uD in the magnetic fi eli oc thi number of orbtlalt present in a subshell'

PrinciDal quaotum number, ,, used by Bohr and azimuthal quantum numb€r, k used by Sommerfeld (by

introd'ucing ttre conccpt of elliPtical orbits) are related to each other as

n

Whent = n, the orbit becoffes circular. R.lrtherk canDot be zero becaus€ that means miDor axis iszerowhich

in turn implics linear motion of ttle el€ctron passing through the nucleus'

Theshapeofanorbitalistheboundaryorco[toursurfacrdiaSramobtainedbyjoiniDsthePointsofcqual
protaOitity 1,72; ot tle electron around the nucleus. In other words, it is the surfac€ oD wbich the probability

deosiw r.i,lt is constant. Many such surfaces are possible but the one that encloses the region within which the

pi"i"Li,ryG n"oi"gihe electron is very bigh, siy upto 907', gives the shaPe and size ofthe orbital'

ilil 5. The surface on which ?2 is coostant, ry' is also constant on that su rfac€. Hence boundary surfaces for 
'p2 

an<l

'/ 
are identical.

As already dfined, an orbitol is the region of

below ;

The ProbabilitY of frnd-

ing to s-orbital of anY main

shi cal in all directions at a

given clistance from the nucleus. Hence s- orbital is

ipherical in shape which is symmetrical around the

nucleus (Fig. 3.27).

Ahernatively, the shaPe of s-orbitals fol-
lows from the concePt of quantum numbers as

follows :

For s-orbital, azimuthal quantum number

in shape.

ffi2.

ifr 3.

ifid 4.

ONE NODE

FIGURE S.27. Shapes of 1s,2s and 3s orbitals'

Alth g to different
shells are theY differ in

certain re
(i) The probability of ls electron is found to

be m#mum near the nucleus and decreases as the

distance ftom the nucleus increases. In case of 2s



ATOMIC STRUCTURE 3143

\rithin it. Similarly,3s has twonodes.In general, any
ns orb_lafbas (n- l) trodes.

/61 tne size and energy of the s-orbital in-
ofpases as the principal quantum numbcr n in-
cieascs i.e. the sizc and energy of s-orbital increases
in the order 1s < 2s < 3s....

Shapes of p-orbitals. Ou the basis of prob-
ability calculations, it is found that the probability
of finding the p-electrons is maximum in two lobes
on the opposite sides of the nucleus. This gives rise
to a dumb-bell shape for the p-orbital (Fig. 3.28).

FIGUIiE 3.28. Shapes of p-orbital.

However, it may be noted that the probabi.lity of
finding a particular p-electrou is equal in both the
lobes. Further, there is a plane passing through the
nucleus on which the probability of finding the
electron is almost zero. This is called a nodel plane.

Further, forp-orbital,l = l.Hencern = -1,
0, + 1. Thus p-orbitals have three different orien-
tations. These are designated as p,, pt a\d pz

depending upon whether the electron density is
maximum along the X-axis, Y-axis and Z-axis
respectively (Fig. 3.29).

I
Py

FIGIJRE 3.29. Ditrerent orientations of p--o6itals.

Thus unlike s-orbitals, p-orbitals have direc-
tional characteristics and hence are helpful in
predicting the shapes of molecules. Further it may
be mentioned that every energy level with,l greater
than t has three p-orbitals. As a increases, these

p-orbitals become largcr in size and have higher
energies. However, the thres p-orbitals belonging
tg a p4rlicular ggg-rgaleveltrare.equal energies and

3rc called degenerate orbitals. Further whereas fu
orbital has no node, 3p has onc node, 4p has two
nodes aud so on. Thus, we may conclude that

Number of nodes in any_orbitql.= (n - / - 1).

Note.1. The formula given above is for finding
the number of sphericaVradial nodes only. It is
interesting to point out that whereas.r-orbitals have

spherical nodes only,p and d-orbitals have spheri-
cal as well as planar nodes. For examplc, @ orbital
has one nodal plane passing through the nucleus at
the origia. Similarly d-orbitals have two nodal
planes. The number of spherical nodes depends
upon th€ value ofn.

Thus tle above results may be generalized as

follows :

.lfrdfrb{ twd6 ir en!
"Ln-l

Nuntcl. o{ pfu*r aoda in aq orbinl = t
;. Ibrill tunifudlrtuLt W ?{!iP 4 n- * ti'

2. Positive and negative signs shown inside the
Iobes ofp-orbitals
have nothing to d

-charge. However,
always positive.

3.20. Energy Level Diagrams ot Hydrogen
Alom and Mullielectron Atoms,,r,,:,,;,,r'rii,,,:,,,'r,r,,i,:'i,

It has already been discussed that the dif-
ferent subshells of the same main shell have dif-
ferent energies. However this is true only h case of
multi-electron aronr as shown in Fig. 3.30(b). In
case of hydrogen or hydrogen-like particles (con-
taining one electrotr only), they have the same ener-
gy as shown in Fig.3.30(a). In othcr words, it rnay
be concluded that rvi eruas ene@es of difrerent orbi-
tals of hydmgen and lry&ogen likc panicles depend
upon the value of principal qusntum numbet (n)
only, those oI multielecttun atoms dependbolh upon
principal quantum number (n) as well as azimuthal
quantum numbet (l).
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4s 4P

3s 3p 3d
*
2s 29

#
1s

Some important observations from energy
level diagram of multielectron atoms maybe made
as follows :

(i) The subshells of a particular shell do not
have equal energies e.g. ?-s atd2p have different
energres.

(ii) In a particular shell, subshell with lower
value of I has lower energy. Thus in the second shell
N (l :0) has lower energythan2p (/ : 1). Similarly
in the 3rd shell, energies are in the order 3 s < 3p
< 3 d ard in the 4th shell they are in the order
4s<4p<4d<4f.

(irr) For the same value of n, the difference
between energies ofs andp-subshells is smallwhereas
betweenp and d-subshe\ it is large and so on.

(iv) As the value of n increases, the subshell of
lower shell may have higher energy than that of the
higher shell e.g. 3 d has higher energy than 4 s.

Note. In case of H-atom, the energies of the
orbitals are intheorderls < 2s :2p <3s:
3p :3d < 4s - 4p : 4d : 4f < ...

The filling of electrons into the orbitals of
different atoms takes place accordingto the follow-
ing three rules :

(1) Aulbau Principle. The word 'aufbau' in
German means 'building up'. The building up of
orbitals means the -filling up of orbials with
electrond The principle stales is follows : -
In tlu ground stale of tlu alon*, tlrc orbitals are

fillcd in order of tluir increashg mugies. In ollur
words, elmtrotu first oc,cupy tlw lowest-energt othL
nl avaiWle to lt en and enlq inlo hiirur eneigt
orhitok only wlun tlw hwer erurgt orbitals are

ftllcd.

FIGURE 3.30. (a) Enegy leveldiagram for hydrogen abm.
(b) Energy level diagram for mullielectron abms.

4t

oEoz
(,
E.

OE

The order in which the energies of the orbitals
increase and hence the order in which the orbitals
are filled is as follows :

b ,% ,2p,* ,3p,4s ,M,41t,5s,
. M ,5p ,6s ,4{,il, @ ,7s ,5f ,U ,'7p.....

This order may be remembered by using the
method given in Fig. 3.31. Starting from the top,
the direction of the arrows gives the order of filling
of orbitals.

FIGURE 3.31. Onderof fillingof orbitals.

Altematively, the order of increase of energy
of orbitals can be calculated from (z * I) rule.

The energy of an orbital depends upon the
values of principal quantum number, n and the
azimuthal quantum number / (in the absence of an
external magnetic field). The (n + l) rule states as

follows:

4s -9

1s
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Lower tlu vahrc oJ @+l) lot qr. orbital thc lower
i; ils erargt Hence orbitah are Jilld in order oJ
increasing (n+l) yalues. If mo orbitab have thz

sane (t + l) vdttc, the orbital with lower vabu o!
n has hver uurg and hcnu itfrlldJint.

The followingtable illustrates the (a + /) rule:

Orbital Value ofn Value of I Value oI (n + /)
lJ
2s
2p
3J

3p
tu
M
4p

I

2
3
3
4
3
4

0
0
1

0
I
0
2
1

2+O=2 -
2+1=3 [
3+0=3 J

4) @=2) has l@ter enerry than
3t(n=3)

3 + I = 4 1 3p (n = 3) has lower enerry rhan
4+0=4 J as (n =a)
3 + 2 = 5 | 3d (n = 3) has lotler enerry than
a+1-sJ tp(n = t).

(2) Pauli Exclusion Principle. As alrcady ex-
plained, Pauli exclusion principle states as follows:

An ortinl an hau ,iarilntm two e&f,irorts and
tlr* m$t luyc oppfire spi/flJ.

If an orbital is represented by a circle aad it
contains two electrons, it is represented as

i.e. the two arrows must point in the opposite direc-
tion. The electrons are said to bo paired or the
orbital is said to be fully hlled. It will be wrong to
represent it as

oor@
If an orbital contains only one electron, it is

represented as

and is said to be half-filled.
be in an unpaired state.

Tlu pairing of elutmns in tlu orbitals behnging tn
tlu satu sub-slull (p, d or fi dM not ,a*r plwe
until ath ortitalbebngi.ng to that sub-slullhat got
oru cldron urh Lc. is sinfu utupicrl.

Since there are three p, five d and seven f
orbitals, therefore the pairing ofelectrons will start
in the p, d and f orbitals with the entry of 4rh, 6th
and 8th €lectron respectively.

The reason for such a tendency is quite ob-
vious. The electrons are negatively charged and
repel each other. Hence they spread out and oc-
cupy the identical orbitals singly before they begin
to pair. As a result, the repulsions are minimuLm.
Hence the enerry is minimum and the stability is
maximum. Pairing occurs because less enerry is
needed to do so than the energy required to place
the electron in the next higher empty orbital.

Further, it is important to uote that whenever
orbitals are singly occupied as above, the electrons
'present 

in them have the spin in the same direction
i.e. either all clockwise or all anticlockwise. This is
because of the fact that such a state has lower
energy a.nd hence is more stable.

Tlu distribution ol clarmns iuo tliferent lzvels,
sublzycb arrd ortids ol aa atom is csltcd i*
eletmnic @nfiguration.

Keepiag in view the above rules, arrd repre-
senti.ng an orbital by a circle and an electron and
the direction ofits sph by ar arrow, the electronic
configuations of the first 12 elements may be rep-
resented as follows :

is said to

o
Tbe electron

(3) Hund's Rule of Marimum Multiplictty.
This rule deals with the filling of electrons into the
orbitals belonging to the same sub- shell (i.e. orbi-
tals of equal energy, called. degenerate orbitals).lt
states as under : -

@-@

oor



The above method of writing thc electronic
configurations is quite cumbersome, Hencc, usual-
ly the electronic configuration oI the atom of any
clement is simply represented by the notation.

NUMBER OF

8H'r',+f"'oo
e.g. 1s2 means 2 electrons are present in thc

s-subshell of the 1st main shell.

To get the complete configuration of an atom, a

number of such notations are written one after the
other in order of increasing energics of the orbitals,
starting alwals with thc orbital of lowest cnerryi.e. 1s.

Using the above method of representation,
the electronic configurations of the various ele-

ments are listed in Table 3.4 on page 3148 to3149.

Some exceptional electronic conligurations.

Some elements such as chromium (At. No. 24), cop'
per (At. No. 29) etc. possess electronic mnfrgurations

different from those expected from the auJbau order'
This is because of the tendcncy ol the sub- shells to be

acactly ha\-lilled or completety filled -

To ilustrate this point, a few examples are

given below : -

Chromium (Atomic numbcr = 24) :

Expected configuration :

Lsz 2sz 2?6 3s2 3p6 3d 4s2

Actual configuration :

1:2 %2 2p6 3p6 f 4s1

Copp€r (Atomic number = 29): .

Expected confi guration :

1sz 2sz 2p6 3s2 3p6 3d 4sz

Actual configuration :

1s2 'xz 2p6 :,s2 3p6 3d1o 4sl

Molybdenum (Atomic number = 42)

Expected confi guration :

1s2 xz 2p6 3s2 3p6 ldto 4tz 4pc 4fr Jsz

Actual conhguration :

1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d5 5sr

Palladium (Atomic number = 46)- 
Expectedconhguration:

h2 b2 2p6 k2 3p6 3d1o 4s2 4P6 4dB 5sz

Actua[ configuration :

lsz zsz 2p6 kz 3p5 3dto 4s2 4p6 Mto 5so

Thus generalty only one electron jumps from

lower erergy orbitat to higher energy orbital e.g.

from 4s to 3d. However in case of palladium, two

.electrons are involved (the only case with a dif-
ferepce).

3146

ls Zr fp ls

Hydrogen

Helium

Lithium

Beryllium

Boron

C-arbon

Nitrogen

Orygen

Fluorine

Neon

Sodium

Magnesium

1

3

4

5

6

1

8

9

10

11

1Z

o
o
E
o
E

B
E

B

o
@
o
@
@
@I
@
@

o
@
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The reason for the tendency of the subshells to be completely filled or exactly half-filled is that it
lcads to grrat€r stability.

Cause qfgluter stdbillty of exactly half-lllled and completely lllled contlguradons. The greater
stabiFty of these configurations is due to the following two reasons :

(i) Syrnmetry, The half-filled and completely filled configurations are more symmetrical and syrn-
metry leads t.t gteater 'r,hilify

(ii) Exchang€ encrg/. The electrons prcsent inthedifferent orbitals ofthe same subshell can exchange
thei e results in release of energy, called exchange enerry and hence leads
to a r of exchanges that can tale place is maximum in the exactly half-frlled' aha ts (i.e. more in I than in / and more in dlo than in /j, therefore
exchange energr is maximum and hence the stability is maximum.

The number of exchanges that can take place in / configuration are as follows : -

, l EXCHANGE BY

- ELECTRON 3

I EXCHANGE BY
ELECTRON 4

2 EXCHANGES BY
ELECTRON 2

4EXCHANGESBY 3 EXCHANGES BY
ELECTRON I ELECTRON 2

Total number of exchatrges =4+3+2+1=10

Some lmportant polnts in writiEg
electronic conliguratlons. While writing the
electronic configurations, the following points
may also be noted:

(i) To avoid the writing of electronic con-
figurations in a lengthy way, usually the symbols

[He]2 , [Ne]lo, [Ar]18 etc. are used as the first part
of the configuration. Such a sym.bol stands for the
elcctronic configuration of that inert gas and is
usually called the core of the inert gas.

(ri) Although the orbitals of lower energy are
filled Erst but the electronic configuration ae writ-
ten not in the order in which the orbitals were hlled
but in the order of principal quantum numbirs.

(rr) Unless otherwisc meutioned, electronic
configuration always meam the electronic con-
hguration in the ground state.

2 EXCHAGES BY
ELECTRON 3

,K\
l [rll] rL ]

3 EXCHANGES BY
ELECTRON 1

Ibtal number of exchanges = 3+2+ 7=6
The number of exchanges that can ta-ke place in d configuration are as follows : -

<S
t t 1 I 1

For elements with very high atomic numbers,
some deviations are observed other than on ac-
count of half-fi.[ed and fully filled subshells. How-
ever, for our purposes, such exceptioos are not
importart.

Uti I ityllmportatrce of studlng electronic
conliguration.In the end, a student maybe curious
to know as to why we study electronic confrgura-
tions. It is importart to know that according to
modern approac\ the chemical behaviour of all
elements and compouads is explained on the basis
of their electronic configuration e.& why atoms
combine to form molecules, whysomeelements are
metals whereas others are non-metals or why some
elements Iike alkali metals and halogens are highly
reactive whereas noble gases like helium, neon,
argon etc. are not etc.

3

1 t t t t

I

t I I I t
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ConllguratioD Number Conliguration

1

,
3

4

5

6

7

H

He

Li
Be

B

C

N

o
F

Ne

As

Se

Br
Kr

1sl

lsz

[Hel2 2rl

lljlelz 2?

lPre)z xz 2p1

1rte12 xz 2f
lPielz 2* ?f
lli,Le1? xz 2pa

1Pre12 x2 tf
1we12 x2 zp6

or t"2,2?,2p6

1Nelto 3sl

ltlelro 3s2

lNe]lo 3$2 3pl

1Ne1lo :s2 :1
1Ne11o ss2 rf
[Ne]lo as2 :pa

1Ne11o :s2 :f
1l.te]lo:s2 3P5

or ts2 ,Nz ,zp6 ,Nz ,zf
[At]l8 4r1

[Ar]18 4.r2

[arlla rr' *'
tArIs 3d2 4rz

lerlte ,' *'
larlts rt *t
[Ar]18 3a5 +rz

[tu]18 31 4s2

lArlte ar' *'
lArf E ed8 4r2

[arlte 
'O''o 

*t
[Ar1ts ,to *'
lr'jl1l M1o *2 4P1

l*fe :,oto *' on

lxlt*to *0,
lArle t'o *' oon

lxlz roro ot' n,
l*fe rlo *' On

ot l.s2 ,2,sl2p6 * 3p6 3dro

&af
lkl36 5rl

[k]36 5r2

lxrPo t' t '
1k136 d ssz

lKrl36 # sr1

[Krlre t' t"'
l(.Jl% 4d 5s2

[Kr1:o t' tr''

[Kr]36 ndt 5rl

[IG]s ldlo 5ro

[Krl3a 4d1o 5rl

[Kr]36 allo 5r2

[Kr]36 4d1o 5s2 5p1

lrc)ts *ro tt' tn
[Kr]:cttot'"
Il{il$ Mlo 5s2 5P4

Uklx 4dto 5s2 5P5

lKite *'o tt" to'
ot ts} ,2?2p6 ,k2 3p6 M1o,

4s2 4p6 Mro ,ssz 5f
lxels4 tur

1xe1sa rs2

1xe15a sa1 er2

lxel54 4/ 5d1 tu2

1xe15a lf s/ es2

f/'fil'4 4f 6s2

1xe15a tf *7
lxels4 4f 612

33

34

35

36

8

9

10

11

72

73

14

15

16

17

18

19

20

2l

23

\Xz4
25

26

n
28

\-b1e

30

31

32

37

38

39

40

.41

,*42

43

+44

*45

. .46

.-"41

48

49

50

51

52

53

54

Rb

Sr

Y
7-[

Nb

Mo

IC

Ru

Rh

Pd

Na

Mg

AI

si

P

s

cl
AI

AS

C{l

In

Sn

sb

Ib
I
Xe

Cs

Ba

la
Ce

Pr

Nd

Pm

Sm

K

Ca

II

Cr

Mn

Fe

Co

Ni

Cu

Ztt

Ga

Ge

55

56

.57

.58

59

@

61

62

-.Elements 
with elerlroDic confisuratioDs.

number
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63

65

6
67

68

69

70

71

't)

73

74

75

76

77

r78

.Xls
80

81

82

83

84

85

86

Eu

cd
Tb

ry
Ho

Er

Tm

Yb

Lu

Hf
Ta

w
Re

Os

lr
Pr

Au

Hg

T'l

Pb

Bi

Po

AI

Rn

lxels4 4f $2

lXelsa tf 56t 6tz

lxels' 4f &2

lXelsa nfo 6z

[xe]s 4f1 6s2

lxels4 4f2 6s

lXe)sa tft 6oz

lXelsa tft 6tz

[xelsa tfa 54r 6tz

[xe1sa tla saz 6sz

[Xe]sa nfa 54t 6tz

[xels1 4f1 5d 62

lHe1'a tfa sd 652

lXelsa +fa sd 6rz

lXelsa lla 54t 6tz

[xe]sa +fa sd 6t
[Xe]sa +/a 57to 6ot

lXelsa tfa 54ro 6z

[Xe15a tfa Sdto *z 6or

[Xe15a tfa saro 6tz 6op

[Xe15a tfa salo 6sz 6o'

lXelsa tfe 54to 6z *e
[xe]sa tfa sato *z 6;5

fXe)sa tfa 5d.1o 6sz 6oe ,

ot 1s2 ,b2 2p5 , k2 3p6 3d1o

4sz 4p6 Adto q14 ,ssz
5p6 sdlo ,6s2 6pc

[Rn]s 7.r1

[Rn]s 7s2

[RD]s 6dl tu2

IRD)$ sf d is2

lF.:Dl* 5f ul is7

lRnls 5P 6dr tu2

[Rn)% 5f dt 7s2

lRnls sf tuz

95 Am
//96 cm

91 Bk

98 cf
99 Es

100 Fm

101 Md

102 No

103 Lr
104 Rfor Ku or Unq

Rutherfordium
orKurchatoviuh
(UtrIlitquadium)

105 Ha or Db or Unp
Hahnium

or Dubnium
(Unnilpcnrium)

106 Sg or Unh
Seaborgium

(Unnithexium)

107 Ns or Bh or Uns
N€ilsbohrium
or Bohrium

(Unnitscprium)

108 Hs or Uno
Hassnium

(Unniloctium)

109 Mt or Une
Mciherium

(Unnitennium)

110 ' UuD
(Ununnilium)

or Ekaplatinum

111 Uuu
(Unununium)

or g('gold

ll2 Uub
(Ununbium)

or Ekamcrcury

I 13 Uuo
lUnunqua'diuml

ll4 Uuo
(Ununpeh um)

lRnle 5/ tu,

lRnls 5f @1 lsz

[Rn]e s/ tuz

lRnls 5/o 7s2

lRnls 5/r 7s2

[RD]s 5/2 tu2

lRnle 5/3 tuz

lRole s/4 tu2

lRnlu 514 1 1sz

lRnl% 5f1 2 7r2

(P<nl6 sfa gt1"z

lRnl% sl1 &f 't.tz

[Rn]% 5114 ds isz

[Rn]% 5f4 ef h2

IRDIU 5f4 u7 7s2

lRnls 5/4 (,d8 7s2

[P.Dl6 5f1 d lsz

1Rn16 sla uto *

[Rn1% sla ulo l5z 7oz

lRnlu 5f4 6d1o 7s2 FF

8',7

88

#.as

Fr

Ra

Ac

Th

Pa

U

Np

Pu

i'st
fi%
t|93

94

'Ecmcnt6 wlth cxceptioDrl c
*Thc na'lcs gNen in brackeis ar.ILtpAC nafies. Rulcs tb- Deming r!.eI,1 Irc dcscrir\,,, i1 tjn;t,{

aoDfiguration Ccnligura fion
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O,N ELECTRONIC CONFIGURATION
l l i:;ii ,, ....,,,, .,,,,,

i . \ '. r I 1 . l.Find.lhe number ofurtPoircd electtons Prcsent in Phosphorus (atomic No' 15) chromium

(atomic No. and coPW (atomic No'29) alter witing theit orbital electmnic configtration'

Solution.

Element At. No. Etectronlc conliguratlon No. of unpaired electrons

P

Cr
Cu

15

24

29

t* ,xz zp6 ,x2 yt,qtrlpt,

ts2 ,z,f zp6 ,x2lpu 3d , qt'

G ,a' zp5 ,x2 lpe 34ro , 4rr

3

5+1=6
L

li', | .l.Wite the elec7onic configurations of the elements wilh the following atonric numbers :

3, 8, 10, 14, 17, 25, 29' and 3E'

Also mention the gouPs of the peiod'ic table to which they belong'

Solution.

Atomic No. Electronlc con[iguration Group ot pertodic T[ble

,5

8

10

14

t7

25

D
38

r,"N1
t"'x'Ulzp)zpt,
t"'x'zplzptrU1
ti xz zp6 xz lp1,lp1,

lsz zsz ?p6 k2 3p11ptr3p1,

1s2 z:2 2p6 lsz 3p6 3d 4s2

b2 2s2 zp6 k2 3p6 3d1o 4'st

ts2 z! zp6 x2 lp6 zdlo 4s2 4p6 5s2

1

t6

18

t4
r7

7

11

z

Rules for linding the GrouP No'
(i) If the last shcll contains 1 or 2 electrons'

thcn ihe group nu-ber is I and 2 respectively'

(ii) lf lhc last shell contains more than 2

clectrons thcn the group number is thc total num-

ber of electrons i-n the last shell plus 10'

(iii) Ilelectrons are presenl in (n - l) d orbital
in addition to thosc in the ru orbital' then the group

number is equal to the total number of electrons

present in thi (n -1) d orbital and ns orbital'

' Whal qtoms arc indicatedbY tlte

lollowing electronic conligurations ?

0) 1s2 2s2 zpt (ii) lArl4s2 3.11

Solution. (i) Total number of clectrons in

bz 2sz 2p1 =2+2+l=5
. . Atomic number of the element : 5

Hence the element is Boron (B)

(ii) Total numbcr of electrons in

lAr)4s2 M\ = 18 t- 2 t I = 21

.'. Atomic number of the element : 21

Hence the element is Scandlum (Sc)

MAMPLE 4' A neutal alom of element hos

Solution. The electronic confrguratiotr of the

elem 8L and 5M electrons will be

tP x, zfiz$fit* 3p',\P';Pt

(a) Total no. of electrons = 2 + 8 + 5 = 15

].' Atomic No. of the element = 15

(b) Tbtal no. of s-electroDs =2 +2+2=6
(c) lbtalno. of P-electrons : 6 + 3 = 9
(d) Since the atom is neutral,
;. No. of protons = No. of electrons

= Atomic No' : 15

(e) Since the element has onty three half-flled
atmi; fuitals. therefore, valency of the elernent = 3'
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3/s 1

(i) Cu2+ (ii) Cl+ 1ii) Fe2+ ottd Fsr+
(iv) H- (u) S'z-

the formation of cations,
elect in the formation of anions,
elect he valcnce shell. The num_

the

l"#
questlon. the

(l) Cu'?+ = 2sCu - k-
= 1s2 bz 2p6 kz 3p6 3dto 4s1 _28-

= 1s2 2s2 2p6 k2 3p6 3de
(r'i) CF+ = -Cr - 3e-

= 1s2 22p6Xz3p6# 
4st -k-"

= Lr2 bz 2?6 3s2 3p6 3d3
(rii) Fe2+ = ruFe - 2e-

= 1s2 zs2 zp6 3sz q6 # 4] _ z.-
= 1sz 

^2 
2p6 *1 3d6 3d

pe3+=roFe_3e-

= 1s2 %2 2P6 3s2 3p6 \dt' (iv) H-=lH+1e-=bl+kr =k2
(v) 52- = 165 + 2e-

= 1s2 '2s2 zpg 3s2 3plQtrZp! + u_

case should be completely fillcd before rhc
electrons go to higher energysubshell, i.e. 2p in the
present case.

rs empty.
(iv) This electronic confilruration is wrong

since after filling 2s-orbtial, the e'iectrons sbould gE
to 2p-orbital rather lhan 3s-orbital.

't .t :. Consider the follow,ing electronic
co J.'

$) lsr zst 6i) 1s2 3st
(a) Nsme lhe element coDesponding to (i)

. (b) Ddes (ii) cotdspondto the same ordifferent

(c) How can (ii) be obtained from (i) ?
(d) Is it easier to remove one electron frum (ii)

or (i) ? Explain.

... . ..Sgl.uJfon. (g) The elemeot corresponding ro
(i) is Lithium (Li).

., (b) This electroaic con.figuration represents
lhe samc elemetrt in the excited statc.

(c) By suppllng energy to the elemenr when
theelectron jumps from the lower energy 2s_orbital
to the higher energy 3s-orbital.

l:'. I I I'l
29 electrons an
of protons and
element.

-S-o[u.!!qp.- For neutral atom, number of
protons = numberof electrons : 29

Thus atomic number of the element = 29
Electronic configuration ofelement with Z =29 will be

1 s2 2 s2 2 p6 3 sz 3 p6 3 dto 4 st
or [Arll8 3,.llo 4 sl r'.e. ,oCu.
Note. No. ofneutrons are needed onlv to find

mass number.

Mass number
neutrons

=29

= Nol of prototrs + No. of

+35:64
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1. Give tbe electronic configurations of:

(i) Scandium (At. No.21), aod

(ii) Chrcmium (

t '41
4"lI

2. Write the electronic configorations and the names

of ths elemeDts having theatomic numbers 5,9, 10'

19 and 20.

I Alornic No. Ekctto'tic Ndme

co^figurolions

s G*a! Boron

s # b' A',4 zPl Flourine

10 t"'zzi tfiz+1,fi Neou

19 lJJz?zP6*lP6*r Potassium

zo 1? zs2 2p5 # 3P6 4? catciuEl

3. Givo thc elecronic configurations of the following

elemcnts : lgK, 25Mn , 2oca

[.\is. reK = G z] tpt * lp6 *r ,

,rut = t? z? tPG t? b6 # 4? 
'

,oca = G z? zPG * tP6 Gl
4. Wrlte the electronicconfigurations ofthe elements:

Chlorile and PhosPhorus'

1,{'rs.61'r1o"in" ( flcD = i' i2 2P6 3? 3e" lfi lpl 
'

Phcphorus ( rsD = G z? 2p5 33 3pSPFPll

5. Give the electronic configurations of the following

ions : (i) H- (,D Na+ (iv) N- ('v) N2+

1,r'.'. 14 rs: 1i4 # zl zps 1ir1 t ? tl zt_a

@) G z? zptl

6. Writ; do\rn the elecironic confiSuration of an ele-

ment with atomic number 14 Which SrouP in the

Periodic table does this element b to ?

GrouP l4l

7. Name the elements that correspond to each of the

fotlowing electronic mnfisurations Write down

their atomic numbem also'

(i) tsz 2s2 2p2 (ii) lsz 2s2 2P6 k2 3P1

(iii) 1s2 252 2?6 k2 6

I s (r) 6C ('i) trAl (ir) 13Arl

t. Correct the follo$'ing electronic configurations of

the elcments in the Sround state :

(i) isz 2.s1 2p!, 2P2y2P13? 3Pt,

(it) 1s2 2s2 zptr2p1"

(iiD b2 xz 2p6 3sz 3p6 3d5

(iv) tsz ?s2 2p61s2 3P6 3t 4s2

1,t"-, 1i7 G z? tp! zp!, tp! #
1ii1I;*at.zp!,wl
@ir;:4,zp632b5&#
Q") G 2i 2?6 3? 3P6 # *tl

9. The atomic mass ofaD element is double its atomic

numb€r. If there are four electrons in the 2+-orbi-

tal, then draw the mo'lel of the atom showing the

ariangement of protons, neutrons and elecffons'

Give itsvalency and name the element'

1r's. Yl zi tfizpt ?], two, oweenl

10. write the electronic configuration of ,F19, ',uS32

and ,rA.f8 and then point out the element with :

(i) Maximum nuclear charge (ii) rDinimum number

Ji n.rttont (iii) highest mass number (iv) maxi-

mum number of uDPaired electrons

1,\rrs. r['r, = * 2] r.p12P12pl,

,0s32 = t'? z? zp6 ss' \P?Jef+'

,r;s = i? z's? 4e s? h6

(i) MatL rluclear chErge = lt in ,3Afl
(ii) Minimum no. of neutrons = 10 in lFr9

(iii) Maxiuum no. of ulPaired electrons = 2 in ,oS'21

11. What are the atomic numbers of clements whose

outermost elecrons are represented by

(D 301 (ii)2P3 and

figurations ?

(,) [He] 2rr (ii) [Ne] 32 3p3

(iii) [tu] 4s2 3dr ' (i) Li (ii) P 0:t scl

1J. whi;h of'the follo\ i figurations rePresent

the element in the gro d which in tbe excited

state ? Name the elemeot in each case :

(i) 1s2 2\1 2p1 (iD 1? 2.t2 2p1

(iii) 1s2 xr 2pr,2P1j 2P1,

1it1tsz x2 zp6 x2 zpt, zpl, zp! Zal

t!rs. (i) Be (i, B (iii) c (iv) s

(All are in excited state exctpl' (ii)l
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8,16f,: ..68:HRoE L'EM9. eo Nf I
14, Ap-subshellwhich consists ofprp) andp,orbitals

contains only ooe electron. In which one of these
three orbitals should the electron be located? Jus_
tify your answer.

I In any one because they are degeneratel

15. Which ofrhe following quaDtum numbers fororbi_
tals in hydrogcn atom has a greater enerry for
electroDs ?

(i)n=3,1=za\dm=+1
(ii)n=3,1=2andm=-l

[ ' SaEe enerB/ but dilfcrcDt oriertatiotrsJ

16. Write the electronic configurations of the following
loDs :

(c) H+ (b) Na+ (c) 02- (d) F- (N.C.E.R.T)

l, (a) rro (b) # 2l ?6 1c1r? z? zp6

t7. whar aloms are indicated tr,r"til,H,,f 3:l
figurations ?

(a) [He] ]r (6) [Ne] 3r2 3p3 (c) [Ar] tu2 3d1

(N.c.E.R.T)
I \rs.(a) 3Li (b) lsp (c) 2rScJIt Give the numb€r of electrons in the species

H2+, H2 and o2+. (N.C.E.R.T)

I rlls Hr+ =2- l=le-tHz=t+t=2e-,
or+ = t 1g - 1= 1511

F OR DIF F ICUI:T ?RO?LEri/'S
6. E.C. of ,nX = 1s2 2s2 2pG kz 3f. as the last shcl

contains 4 electrons, group Dumber = 10 + 4 =14.
7. (i)Z=6,Elemer.tisC(ii)Z= 13, Eemenr is At

(ii, Z = 18, EtemeDt is Ar.
9. Valency = Number of half-flled orbitals.

I l. 1i; when tasr shell is 3rl. comptere E.C.
= bz 2s2 2p6 kl
(r) When lasr she is !p3, comptere E.C-
= 1s2 v2 2r3

(.ii) When last shell is 3/, complere E C.

= bz Z] 2p6 kz 3p6 t$2 M6.

The shapes of nve d-orbitals and tbeir desipations are as follors :

The shape of the first four orbitals is called cloverJcafwhile that ofthe last one is called dough_nut shap.The shapes of sevenfurbitals are comphcated but t leir desigoation, 
"r" 

r, ,o,,rra,
13, , fl , fi , f,e2_y7 ,fy1t_,21 , f,1y2_?.1 , Ly,.

I:'or La (Z = 57), the expected electrodc, confguratioa is [Xer5a 4/ 6 s2. But actuar electronic mnfigurationis [Xe]s 5 dl 6 12 ie. ir belongs to d_blocl( aDd Dot/_block elemcot&
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Q. l. Why cathode rsys are produced onlywheE the Pres6ure of the gas tEide the.discTTj:.:-:-::."'::
Lo e, iiglr", pr"oure (e.& at 1 atmosPheric pressure)' no eleatric current lloqa through the tubc bcause gases

are Poor conductor of electricity'

q 2. Give two examples from evcryday life rYher€ cathode ray tubes are used_

Ans. (i) Teleilsion picture tube (ri) fluoresceflt light tub€s'

Q l. What is the ililference in the origin ofcathodc rays altd anode rays ?

Ans. Cathode rays originate from thqcathode uhereas aDode rays are Dot prod"red from the anode They arc
** 

pt.ii"*oii", th"e gaseous atoms b'y knock out of tI e electroos by hiSh speed cathode rals'

Q. {. In one discharye tube.II2 gas is taken ond in the other 02 gas is taken' will the electrons and positive ions

in the cathode rsys srd in thc anode rals be same or diffcreDt ?

Ars. Electrons will be same but positive ions will not bo same'

Q. 5. When a-rsys hit a thin foil of gold, very few a-particles are dellected bacL lvhat does it prove ?

Ans. There is a very small hea\y body present within the atom' called nucleus

Q. 6. What is the differelrc! between atomic mass and ltrs'ss number ?

Ans. Mass number is a whole number because it is the sum ofnumber oJ Protons and number ofncutrons whereas

atomic mass is fractioout o"""rr" it i. tt 
" 

average relative mass of iis atoms as comPared with mass an aton]

of C - 12 isotoPe takeo as 12'

Q. 7 Give on. exaEple of each of the following :

(i) Isotopc of i;cl (ii) Isobar of flAr (iii) Isotone of |ac

ans. 1iy llcr 14 f$r (i,,) A60

Q'8. Name the elcmeDt itr each ofthe follo\*ilg cases :

(i) A bivalent onion ofthe element having 10 electrons

(ii) A triva ation ofthe elernelt having 10 elcctrons'

What is th tionship between the two ions called?

Ans. (i) OxYgeD

(ii) Aluminium.

fhe two ions are called isoclcclronic'

(). g Calculate the aPProximate charge in coulombs and aPproximate mass in kilograms of the nucleus of

^r.. 
lltHT;'.iT[p,o', t ur : prfin. und 4 neutrons charge on one Proton = 1 60 x 10 -1e coulombs

'' charge on 3 protons (i a charge on nucleus) = 3 x 1 60 x 10-19 c =4 80 x 10-19 c

Mass of proton = mass ofneufion - 1 67 x 10-27 kg

. . Mass of nucleus ='7 x 1 61 x 70-21 kg = I1 69 x 10-27 kg

Q. I (t Wh8t is the main difTereDce betrYeen electromagnetic waYe theory ond Plarlcks quotrtum theory ?

ADs. According ro electromagnetlcwave lheory' the energy is emitted or absorbed continuously whereas according

l() l,lanck.s quantum ln*ry,.n"rgy ir;i,ied orabsirbcd disconri0uousty i.e. in cerlain definite Packelscalled

'quanta'

Q l l what is the differ€nce betweeD a quantuE alld a photon ?

Ans. The smallest packet of energy of any radiation is allcd a quantum whereas that oflight'is called photon'

Q ll. Ilot sre flequency ond wave number related to cach other ?

turs. c = , i = , ! o, , = c i, where c is velcxity of light' v is l'requency and 
' 

is wave number'

Q- l -l Arronge X-rays, cosmic rays and radio\daYe's accordiog to frequency'
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Ars. Cosmic ra)4i > X-rays > Radiowaves
(.) lJ Whrt do you observe in the spectrum ofN&Cl ?

Ans, Two yellow lines with wavelengrhs 58m A and 5896 A.
(., I s Which series of lines of the hydrogen spectrum lie in the visible region ?

Ans. Balmer series.

. r.) I n Why are BohCs o.bits called stationary states ?

Ans. 'fhis is because rhe energies of the orbits in which the electrons revolve are fxed.
(-, , I What is the difference betrveen ground stat and excited state ?

Ans. Ground state means the lowest energy state. When the electrons absorb energy and jump to outer orbits," this state is called excited state.
() i s Why electroEic energ5r is legative ? Comment on the spacing between thc energr levels.

Ans. Refer to text (page 327). Tre spacing between the ener8y levels decreases as we move outwards from the
nucleus.

(.) I ') What do you mean by saying that energy of ti:e ele.tron is quantized ?

Ans. 'Ihis means that the electrons in an atom have only definite values ofenergres.
r.\ l0 Why the numberoflines observed iD the hydrogen spectrum is very large ?

Ans. Refer to the lcxt (page 3PA).
(.) : I How much ener$/ is required for the removal of the only elcctron present in the hydrog€n atoltr ?

Ans. aE = E6 - El = 0-(-21 8, 10-te J)

=21 8 x10-19J.
r.) -ll What is the maximum number of lines obtaioed when the excited electron of a H atom in,l = 6 drops to the

ground statc ? (N.C.E.R.T.)

tu$No.of 
lines produccd when electron fiom n th shelldrops to ground state - a (a-:11 -6(6- 1) -r,

[These are produced due ro following lransirioDs

6.+5 5-4 4.+3 342 2.+1
. 6-+4 5+3 4-2 3-l

6+3 5_2 4.€l
6-2 5.+ 1

6.... 1

(5lines) (4lines) (3 lines) (2lines) (1 liDe)l
1.' : I lvhich transition betweeD Bohr orbils corresponds to third line in the Balmcr serics of the hydrogen

spectrum.

Ans. 5th orbit to 2nd orbit.

Q 2,f . Which ofthe folloying relate to waye mture oflight or partlcle DaturE or both ?

(a) IDterference (b) DifirsctioD (c) Pbotoelectric effcct
(d) Black body radiation (e) Planck,s equation E = hv

- (Q Einsteil equation E = zrl.
Ans. (4) tr\hve nalure (6) Wave nature (c) Particle nature (d) Pafticle nature (€) Both particle and wave nature

(/) Particle nature.
(.1 15 Which quantum number does rot follo\d from th€ solution of Schrodirger t7ovc cguotion ?
Ans. Spin quantum number.

l.) 'l(r What shell would be the lirst to have ag-subshell ? Horf, mony orbltols will bc polsiblc in og-subchcll ?

(N.C.E.R.T.)
Ans, For g-subshell, / = 4. As I = 0 to rr_1, henc€ 4 = 5 ie. 5th shell.

Fot I = 4, m = -4, -3, 
_2, _1, 0, + t, +2, +3, + 4 ie. 9 values which means 9 orbitats.rl l" How many electrons are prcsetrt in ell subshells (fully.fillcd) with ,| + , = 5 ?
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An6. Subshells *ith,l +l=5are5s,4p,3d.HenctelectronsPresent=2 +6 +10 = 18.
(.) I s How many electrons in an atom have the following quantum numbers ?

I()n =a,,,ls= - Z (ii)a =3,/=0. N.C.E.R.T)
AIrs. (i) lbtalelectro rsinn=4 are2n2 i.e.2 x 42 = 32.Half of them t..e 16 electrons twnen"= -).

(ii) n = 3,1 = O means 3$ orbitalwhich can have 2 electrons.
(l le What is the atrgular moEcntum of an electron in (i) 2 s orbitEl (ii) 4 f orbital ?

Ans, Angular momentum ofelectron in any orbital = 'rnfA1, *
.. For 2 r orbiral,I = O, .. angutar momentum = r'd@ + q 

-1 
=0.

For 4fo6ital,, = 3, . . anguhr mornentum = AA-lf'!,= O!
(-) ! l, If,'hat is the dillerErce between the rotstioBs , and L ?

Ans. 'l' represents azimuthal quantum number which can have values 0, 1, 2 etc. L represents second Bohr orbit
forwhichn = 2 always.

'.) ll Do atomic orbitals have sharp bouldaries ? Erplain why or why not ?

or Why doD't wr draw a bouDdary surface diagi'am within ehich the pmbability oflinding thc electron is lfi)% ?

Ans. No, atomic orbitals do not have sharp bouDdaries b€cause the probab ity of finding the electron even at large
distances may b€ very small but not equal to zero.

(l..ll what is the differenc! itr the angular momentum ofan electron prcsent in 3p and that pEscnt in + orbital ?

ADs. NodiffereDce becauseangula! mcrnentum = * 'ffr7=, ie it dePen6 only m the \.alue of land rlot a

(l l.l V/hy splititrg ofsp€..tral lines tak€s placE wheE the source giviDg thc spectrum is placed in a EagEetic lleld ?

Ans. In the presence of magnetic field, the orbitals present in a sub-shell (which were degenerate) take up different
orientations.

(.) 1l How many electrons in sulphur (Z = 16)canhaYcz + r= 3?

Ars. 
16s = 1122?2P53s23P4

For 1.r2,n +l= 1+0= I

For2s2,n+l=2+O=2
For2p6,n+l=2+1=3
For3sz,n+l=3+O=3
For3pa,n+/-3+1:4
Thus n + / = 3 for 2p6 and 3 s2 electrons t-e for 8 electrons.

ll .r5 The 4/subshell ofan atom cotrtains 10 electrotrs. What is the maximum nuErber of electrctrs having spin
in the same direction ?

Ans. SeveD.

ll .rt why Pauli exclusion principle is called exclusion principle ?

Ans. This is because acmrding to this principle, if one electroD in an atom has some particular values for the four
quantum numb€rs, then all the other electrons in that atom are excluded from baving the same set ofvalues.

{.) tl Horr mary orbitals are presetrt in the M.shell ?

turs. shell (r) Sub-shells (0 orbitals (m)

3 0(3s) 0 = 1

1(3P) -1,0, +1 = 3

2(3 d) --:2'-1'O' +t' +2 = 5
Total = 9

Altcrnativetlt no. oforbitals = n2 = 32 = 9.
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Q -rs IIow many spherical Dodes are prcsclt itr 3p orbital ?

An6. No.of nodes = (n-l-1) = (3- 1-1) = I
Q l9 Why Hund's rule is called rule of rEaximum multiplicity ?

ADs. This is because out of thevarious possible electronicconfigurations, only that configurarion is mffect ior wbich
the total spin value is maximum.

(J. l(l-wbichoutotcu2+, Fe2+ andCi3+ has highest paramagnetiso atrd why ?

Ans. Cu2+ has one, Fez+ has four and Cl+ has three unpaired electrons. Hence Fe2 + has highest paramagnelism.
Q I I Which of the followiDg are isoelectroric speciqs ?

Na+, K+, Mf+, ca2+, s2-,Ar.
tus. No. olelectrons arc: Na+ = t1 - 1= 10,K+ = 19- I = 18, Mg2+ = t2-2-10,

C,az+ =2O- 2= 18,52- = 16+2= 18,Ar= 18.

Ilence isoelectronic species are Na+ and Mg2+ ; K+ , C.a2+ , 52- and Ar.
(.1 ll What src the atomic numberc ofelemeDtsphose outermost €lcctrotrs are rcpresented by

(c)3sr (b)2p3and3F?
Atts. G4ts22s2zp6ztl 1Z=11) (b)1szzs2zp3e=i) (c)ts22szzp63s23p6+s2zd1z=N1.

(.1 J-r' What is the maximuE DuEber ofelectrols that can be pr€seDt irl on atom io which thc highest priDcipal
quantum numb€r is 4.

Ans. KeePing in view aufbau principle, the electronic conliguration of atom having highest !€lue of n = 4 will be

tsz 2s2 2p6 Ssz 3p6 4s2 Mlo 4p6 (y'J]tet 4p, fi lling of 5s starrs)

Hence maximum number ofelecuons present = 36 (IG).

,?*kg-r-t-An?Y?l,,.qy'e-e!-:ip-te CARRYING I MARK
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(NC.E.R.T.)

(N.C.E.R.T.)

Q. 1. What are the dilfereDt isotopes of hydrcgen ?
Ans. Protium ( rH1), Deuterium ( lll2), Tiirium ( 1H3)

, Q,2. How maoy neutroDs are prcscnt in ,rU2s ?

Ans. 238 - 92 = 146

Q. 3. Wbat hsppens when s Eica whecl is pltced in the path olcathode rays ?
^ Ahs. It betins to rotate

Q. 4. YYrite down the actual value ofcharge and mass ofan electron ?

Ans. Charge = 1.60 x 10-19 coulombs,

mass = 9.11 x ro-31 kg

Q. 5. What tIPe of cathode lvas used by Goldstein iD his dxperimenls oD the study o[ anode 1.g]is ?
Ans. Perforated cathode

Q. 6. Which elernent does noa ha},e anv neutron iD it ?

^ Ans. Hydrogen

Q. 7. What is the value of PlanclCs cotrstaDt in S.t. unils?
AIrs. 6.62 x 1O-3aJs

- Q. t. What is Rilz combitration priDciple ?

Ans. ,=R f+ - + ) where R is calted Rydb€rg constanr.l"? n? I

Q. 9. Write the expression for the energ5r ofelectror ofhydrogetr atom in tbe rrth level.

4,,". 5- = -lLl2umsl-r.n'
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Q. 10. llhat is Bohr's postulate ofengular momentum ?

Ans. Angular mome ntom, m", = n L-
Q. 11, Which orbital do€s not have directional characteristic ?

Ans. J-orbital.

Q. 12. Which quallttlm number deterEines the

(a) shapc (r) oricntation and (c) size ofthe orbital ?

Ans. (a) Azimuthal (D) magnetic (c) PriociPal

Q. 13. Which cnergy leycl does not hove ap'orbital ?

Ans. lst enerby level.

Q, 14. Which is the fitBt enerB/ level containing/-orbitals?

Ans. 4th

Q. 15. What is the maximum number of electrors that can be accoEoodated in the d'sub-shell ?

Ans.'Ibn

Q. 16. Which element has olly one electron in thcd'orbital ?

Ans, Scandrum (Z = 21).

Q. 17. WhBt is the physical siSnilicancc o 1.l, atd,l'2 '!

Ans. ry' as such has no physical significanc€. ,y'z gives the probabitity of finding the electron at any point around the

nucleus.

Q. 1t. Write Schrodinger waYG equation in the briefest possible form'

Ans. rI l, = E V where H is called Hamiltonian operato

Q. 19. Which quantuh Dumbcr tcnds to specify thc orientatior in sPace for sn orbital ?

ADs. Magnetic quantum Dumber.

SWer eetio CARRYING 2 or3 MARKS

Ho\P are cathode rars oriSinated ?

How can you say that electron is a universal constituent ofall atoms ?

Givc expenments to show that

(i) Cathode ra,s carry Degative chargc (ii) Cathode rq's consist of matcrial particles'

How was proton discovered ?

What was Thomson modelofatom ?

How can you say that nucleus is small in size but healy in mass ?

Who discavered oeutron and how ?

Define'AtomicDumber' and'Mass number'

What are isotopes ? Ho'v are they represened ?

Define wavelength, frequency, wave number and velocity of a wave. Ho$' are they inter-relatcd ?

What is Planck's QuaDtum Theory ?

Hop is the aromic sperra of hldrogen obtained ? what are the differeDt series of lines pres€nt in it ? In

which regions do they lie ?

what is Rydberg formula ? How does it help to calculate the wave numbers ofdifferent serles oflines

of the hydrogen sP€ctra ?

what is the difference between Rydberg formula and Balmer formula ?

What was the drawback of Rutherford's model ofatom ?

What do you understand by statlonary states ?

Sec.3.1.
to 3,2.

Scc.3J.
Scc.3.4.

to 3.5.

Scc.3.6.
Sec.3.7.

to 3,8.

Sec.3.9.
to 3.10.
Scc.3.11.
Sec.3.12.

Scc.3.l3.
Sec3.14.

to 3,15.

4.
5.

6.

t.

9,
10.

11.
t2.

13.

3.

14.
15.
16.
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Sec,.l.l6.

scc.3.t7.
S cc. .l.l li.
Scc.3.l9.
Scc.3.20.

to 3.l, t.

77.

It.
19.

20.
2t.

23.
24.

Whar do you mean by quantisation of electronic enerry aDd angular momentum ?

Holx do€s Bohr model explain the linc spectrum of hydrogen ?

Hcw do€s BohI model explain the simultaneousappe8ranc€ ofa large number oflines io the hydrogen
spectrum ?

Outlioe the w€€lness€s of Bofu's model of atom.
What happcDcd to Bohis model of atom in the light of uncertainty principle ? Explain rhe coDc€pt
of 'probability'. Define 'atomic orbital'.
Ho are the quantum Dumbers related to each other ?

DeEne Pauli crclusion pri[ciple. Why is it called exclusion principle ?

How do b, 2J and 3s-orbitals differ from each othcr ?
State and €xplaiD 'aufbau principle.'

State and explain'HuDd's rule of maximum multiplicity'.
'Why do some atoms pcsess €xccprional electronic configuration ? Fl(Plain with suitable ammples.

Ho[, was clcctron discoverd ?

How are cathode rays produced ? Briefly explain their important propcrties.
What are Anode Rays ? How do they originate ? Ljst thcir important propcrties.
Briefly d€scribe Rutberford's scatEring experimeDt about the discovery ofnucleus.
Hc,u, was tbe nucle€r model of atom discovered ?

Ho|l was neuuon discovcred ? Describe briefiy.
(4) Define the terms Aromic Number and Mass Number. (6) Holv dcs mass numbcr diffcr ftom
atomic mass? Ho\x do atomic number (Z) aDd mass oumber (A) help to calclllate the Dumber of
eleatrons, protooc and neutroDs iD an atom ?
What were the main poiDts of Electrc'nagnetic wave theory ? Wbst v/ere its limitations ? How have
these be€n overcome ry Pianck's quantum theory ?

Bricfiy explain what do rou undersEnd by black body radiation and photo€lecrric effcct ? What is
work function ? How they led to the concept of panicle nature of electromagnetic wa\rcs ?
lrty'rite siort notes on thc followiDg :

(i) Solar spectrum or contiDuous spectrum
(ri) Atomic spectra or line spe.tra
What trras the drawback of Rutherford's model of atom ? Descfibe Bohr's model of atom and €rplain
its usefulness over Rutherford's modcl.
What w€re the wealnesscs or limitations of Bohr's model of atom? Briefly describ€ thc quantum
mechanical model of atom.

List tbe main poiots ofdifference bctw€€n orbit and orbital.
List the main features of the "quantum mechanical model of atom,,.
What are 'quantum numb€rs' ?

Briefly describe each of them.

(4) How thc study ofquanom numb€rs led to Pauti exclusion priDciple ?

(r) U8ing tbe conc€pt of quan tum numbers, c{lcu late rhe distributioo of clecllon8 as well as maximum
number ofelecrrons iD rhe N-shell (4th shell).
D€scribe the shapes of,, aDdporbitsls.
St8te and erplain the follc'wing :

(i) Aufbau principle (ti) Psuli €xclusior principle
(iii) Hund's rule of maximum muttiplicity.

26,

1.

z.
I
4.

5.
6.
7.

E.

10.

11.

Sec.3.l7.
to 3.1t,

Sec.3.l9.
Sec.3.20.

lo 3.21,

16.

13.

t4,
15.

17,
1t.
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l.canwescethcotoms?ForthelastDearty200years,theatomswerebelievedtoqistbuttherewasno
oirectlrooito strow ttleir existence. It is only rec€ntly that the-direct photographs of the atoms have been taken

using i tcchnique called ScanEing Tlttrreling Micrmcopy (STM)'
in 1895 observed that when cathode rays hit the anode

ATOMIC MASS (A) AroMlc No (z)

FTGURE 3.32. Plot of JT vsAandJtr vsZ

3'BohrBurySchemeofdistributionofelcctrons.Todescribclhedistributio[ofelectronsindifferent
orbits around the nucleus, Bohr and Bury in 1926 put forward the follo\ irlg scheme :

(i) The maximum number of electrons in the,th orbit is givcn by the formula 2r2

(ii) The outermost orbit cannot have more thao 8 electrons and next to the outermost not more than 18

electrons-

(iii)Itisnotoecessaryforanorbittobecompletebeforcanotherstaltstobeformed.Infact,anewolbit
starb as sooo as the outermost orbit has got 8 electrons'

4. Calculation of radius of the orbil In a H-hke particle, for the electroo to coniiDue to move aloDg the

orbit of radiust,
Force ofattraction on the electrcn by the nucleus = Ccntripetal force acting on the electron

ATOMTC NO. (Z)

:!/60
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ADDITIONAL U9EFUL INFORMATION

. Zz2 mu2Le. 
==.+ 

._(r)
f'

where ,?l is the mass and e is the charge on thc
electron, Z b atomic no. of the HJike particle (a& for
,Je+ ,z=2, for u2+ , Z=3 etc.) aDd u is the tangeDrial
wlocity. Also acmrding to Bohr's pctulale of angular
momeDtum.

hmrr=n* *(ii)

EliminatiDg u ftom eqos. (i) and (n) (by su bstitu ting
value ofr, ftom (ii) in (i) aod rearraDgiog), \xe get

...(rir)

Thus

n2 hz

4* m ZnL
For H-otoE, Z = I and fot lst orbit, n = I so that

,n= !' ;=os2-9A (called Bohr's radius)u 4n2m"2

Bohr's Fltke atom.

For HJlke otomq ,o = 
o 
tt L

and rr(H-tike atom) - 
rn(,l-al,m) 

- o szg n2 

^5. Calculatlotr of eEerB/ of the .lectroD.

Tbtal eners/ of the electron (E) = Kinetic eDer$/ + Potential ener$/.

t t ( 2.2\=_n"-+\_ r )

Brlt from egn. 7i1, m,? = 4-

- 722 722 7"2
zf f ,tf

Substituting thc value ofr ftom eqn. (ii), we ger

- 2.2 4r2m7z2 2 rz mz2 e4L= -2-x--An-= ----1"-

NotcthatKE. =4,r.r.= -4,-n,r^,"n rg.(\d= -+
... Erot.t,/KE. = (- Zz2 /2t),/ (7zz /2r) = - 1

Erotlf /PE. = (- Zez /2r)/ (- Zz2 t11= 172

KE./P.E. = (ZeL /2t)/ (- 7z2 try = - 1 72
6. Calculation ofthe y€lo{ity of the el€ctron ir atry orbil Eliminating r from (i) and (ii) (by substituring

the value of r ftom (ii) in (i) and re€rranging), we get

ForHJik atoms ""=+
rPotential enerry of the clcctrcn at distancct from thc nuclcus is thc Bork dotrc whcn thc clectron moves from distancc

f
[ 2"2 z.cz6 to di6tancc r. Hcncc P.E. = I -+ d,=--.
)r'
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o^=f; x 2-lfs x 108 cm s-l

Fhrther puttint n = 1, the velocity of electron in the first orbit of H-atom will be =2 lt8 x lotcmr-1
which is nesrly 1/137th of the veloclty of li8ht.

-7
AIso, from eqo. (i), it may be seen that ,2 =24 *61slr tho*s,l'tr, ""+
?, Cslculation of the number of rcvolutions of the electron in an orbit per sec

hnh
By Bohr postu late. n ur = n i7 or ,; = 1;;;
Number of revolutions per sec = -f49SU-9!!9-9'iss!!9!-

2ttt

= =4! l< ,f= fon substituting the value ofu)2ltlrlf lJtf

1 it' nf

For H-stom, putting Z = 1

. . Time taken for one revolution =

2*e2t"= -ffi- =
2 188 x 108 cmj '

4t?n?---tr-

2nt
n7 mo

-.2
No. of revoluiions rer sec = 'f * lo 

i {.?'\' 4n'm \ ,'h' )

+,?m7]ea
nJ hJ

Er 11\= --F l7)
where E1 = -'"'Y"n rrrr"eners/ of the tirst shell.

E, Calculction of numbcr of!,voves in any orbit
Circumfcrencc o[ that orbit 2nt

No. ot waves rn any orDrt = ------T;;;i;;gG- = 

- 
=

-. (ir)

(t = J- 6, 6" gro"lie relation)\ tnu .

ADDITIoNA_L-ueE-f qLlNEoR.!Y!AT!9!.1-c_ol1td

On substituting the values of the constants n,e and h,we get

o^=f; x2.l8S, ro8"rnr-1 
I

2nrmo 2 . - 2 nh
- ---i- - -tr- (tn u o " -i- z; - n
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C. B.S,E.- P.lt.T. ( /*,tA t N S ) S tzEC lA L

A. SU BJECTIVE QUESTIONS

Q. l. [Iow Eany Eodes are prlscEth qp.orhltal Rcp.
resent dlegrammstlcslly,

Ars. Number of planar nodes = I (becaus€ forp-or-
biEl,, = 1 and [umber ofplanar nodes = value
of, for that orbital)
Number of radiavsphorical nodes = n -, - 1

-3-7-1=1

PLANE PASSING
THROUGH NUCLEUS

.'. Tbtal number of nodes in 3p-orbital
en-1-3-l-2.

Q. 2. If lhe enerE/ of a[ clcctrotr hr 3rd Bohr orblt ls
-E, what ls the GrerSy olthe elcctron h (i) lst
Bohr o$lt (ii) znd Bohr orblt ?

nns. E, " 1... s " ]r". + " *,+ " )

oo...4=ier=_4E=_2.2sE.
Q -l. Calculate the total number ofel.ctrons, protons

and Deutrors in (i) NH.+ ior (i, PO:- ion.

hs. 
1i; Elecrrons in Nftf, ton = 7 (from N arom) +
4 x I (fronl H atoms) - 1 (due ro presenc& of + 1

charSe)-7+4-1=10
Protons in NH4+ ion = 7 (in N) + 4 x I (in H) =
'1 +4=ll
Neutrons in NH.+ ion = 04 - 7) + 4 (t - 1)

(in N) in H
=7 +0 =1
(ii) Electrons in POI- ioD = l5 (from P arom) +
4 x 8 (from O arom) + 3 (due to presenc€ of- 3
charge)

=15+32+3=50

Protons in POI- ion = 15 (in P) + 4 x 8 (in O)
=15+32=47
Neutrons rn POI- ion

= (31 -rs) + 4 (16 - 8) = 16 + 32 = 4a
(in P) (in o)

Q. .l Shold that the clrcuDfcrcncr ol the Bohr orblt
for hydrogen otom ls sr ht€gral Eultlple ol thc
dc Brugltc vavclcugth eccodrtcd wlth the
Glcstrotr movhg srourd thc orblt (N.CER.I)

Ar& Arcoding to Bdlr pctulatc dangularmorrentum
hm8-nT;

^hor Zxr - nh ...(r)

Accordhg to de Brogie cquation

^=!- ...0i)mu

Substituting this value in eqo. (i), we get

2zr=nl
Thus, the ciromferenc8 (2 zr) ofrhe Bohr orbit
for hydrogen atom is an integral mulriple of dc
BroSlie waveleogth.

a. 5 (, AD atomtc orbltsl hss n = 3. mst are th.
pocclblc valuca ofl ond zr1 ?

(ii) Ltst thc gosDtuD nuEbcrr (n, rnd 0 of
cl.clrom for 3d-orbttsl.
(iir) YVhlcI of the lollorhg orbltrk sr! pGtble ?

1p, b afi 3!.

Ars. (,) When r =3,1=O,1,2-
(N.C.E.R.T)

Whcn/ = O,rnr - 0. Wheal = 1,mt - - 1,0, +1.
Wien I = 2,m = - 2, - t,O, + 1, +z
(iD For 3d-orbital, z = 3,1 = 2,

For I =Z,mr- -2.-1,0, + l, + Z
(rtt) lp is mt possible because whcn z - t, / = 0only(forp,/=1)
2r ir pGsiblc beaausc wicn n = 2, , = 0, 1 (for r,
t-0)
? i! pcsiblc bccausc wbcn n = 2, I = O, 1 (fot p,
,=1)
3/is not possible b€cause wheo z =3,1 = 0,1,2
(totLl =3).

Q. 6. Sho, thda groutrd ststc cEGrEt ol Glcctron ln
hydrog!tr stoE lr cqual to the ,lr8t cxclted !tst!
ctrerDt oi clGcEo[ ln IIc+ lou, ascllDtDg thrt
thelr Rydbcrg coDstsnts are equal.

l_ I
Le- E2eT \(r7,

E..q=9.Er =eE;= -eE('.'q= -E)
q4
q=E
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Ans. En = -Rr:!.
lior H-atom, Z = 1 and for the ground state,
n='l
'tir=-RH

For He+ rco,Z = 2and for the first excited state,

n =2
^2%:-R,i=-R"

Ilence the required result is pror'ed.

Q 7 @) Derive the relationship betwecn the
waveletrgth associated with a moving Psrticle
ond its kinetic energs[

or Derive the relationship 
^=L

-- -2 4x1o''s! 
5^&Ej

(r) Horr is the frequency of the matter wave
related to the kinetic energ/ of the Particle ?

Ans. (4) According to de Broglie equation, t = a

Further, KE. = ] m,2 or u =

Subshtuting in eqn. (i), we 8et

(,

0i)

^=*\/#-#
(6) Frequency ofthe matter wave,

^u2 zK.E.
' l h/mt h h

'fhus frequency of the matter \l'ave is directly
proportional to the kineticenergy of the material
particle.

Q l{. For a hydrogenJike particle, derive the follor-
irg expression

where zn is the velocity of the electrotr at dis-

tancc r, frcm the [ucleu$ Z is the etoEric num-

b€rofthe H.likc particle,z ard€ ere the charBe

and mass ofthe clectro[.
Ans. F-or H-like particle, force of attraction between

the electron and the nucleus = centrifugal force

. 7.2 mtf,

,'^ 
"

" 722 (zr'\1/'ot u;=- - ".= l^r)
Q 9 Calculate the ratio ofkineticenerBr to Potential

energt of any hydrogenJike Particle'

Refer to page 3/61.

The tlvo ext]a-nucles r electmDs In the ls orbital
of helium have ontiparallel spins (i J). Why
not they haYe p0rrllel spiN ( t t)?

(B.LT, Ronchi 1991)

If they had parallel spins, tbe repulsion will in-
crease. As a result, enerry will increase and the
stability will decrease.

The eleEeDts P (Aton c ldcight 39) aDd Q
(Atomic $'eight tO) contalu 20 ard 45 oeutrotrs
respectively iD their Ducleus. Glve thclr
electronlc arraDseDcnts Eeparat ly

(I.S.M. Dhortud 1991)

For elemeDt R A = 39,n =2O. As A =P + n,
therefore P:A -, = 3 9 -20 =19 . Ilerrcg e- = 19

E.C. = 1"2 X 2P6 3s2 3f Asl

For element Q, A = 80, n = 45. Hence

p=A-n=8O-45=35. So no. ofe-=35. Hence

r.c- = t s2 z? 2p6 \s2 3p6 Mto 4s2 4p7 4t 4pt

Givc the name and stoEic number of the lEcrt
gos atoE iD whlch the totrl rumb.r of d-
electrons is equal to the dlllerence bctEeen the
trumbers of total p strd total s electroDs

Atrs.

Q. 10.

ADs"

Q. II.

Q. 12.

(Wei Bengal t.EE. zlDi)
ADs. Electronic confiSuration of Krypton (Z = 36) is

36Kr = tsz z? zp6 3 ? zoo roto o t' on
Tt tal number of ,r electrons = 8,
'Ibtal Dumber ofp- electrons = 18

Differcnce = t0. Numberofd€lectons isalso = 10.

Q. l-1. what ore the total numbcr ol orbltels as-

socloted wlth the princiPsl quatrtuE DuEh.r,,l
= 3 ? Brlelly cxPlatn , <Dirur C-8.8. 2003\

Ans Number oforbitals in zth shell = n2. Hence for r
= 3, number of orbitals = :2 = 9 (For explana-
tion, see 'Dble 3.3, page 3/40).

Q. I'1. A monoatomic atrloE ofunit charge contshs 45
neutrons and 36 electrons. Fintl thc stoElc
number, mass number of thc ioB with its idcn'
tilication. (West Ber,gal t.E.E. 2004)

.{ns. No. of electrons in the monoatomic anion

(x-r) =:o
. . No- of electrons in the monoatomic atom (X)
=35
Atomic No. = No. of protons = No. ofelertrons
in neutral atom = 35

Mass No. = No. of protons + No. of neutrons

=35+45=80
Henc€ the ioD must be Br- (bromide ion)

2IcE.
m
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B. PROBI,/Lj,IIS

J,t |hL n 1. Calculate the distatrce of separation
lretween the second snd third orbits ofhydrogen atom.

Solution. For H-atom, the radius of ,th orbit is

given =0 529xn2A

.. h - tz: O 529 (22 - t1 A
= 0.529 x5 - 2.645 A.

t'tobtLn 2 To which orbit the electron in the
hydroger atom will Jump aller absorbilg
I .94 x 10-18 J ofenergr ?

Solution. Enerry of electron in the ntb orbit of

H-arom is given by En - - 21 8 Iil0-le J

.. El = - 21.8 x 10-t9J ('.' n = I for ground

state of H-atom)

Afterabsorbing 1 94 x t0- t J ofcDers/, the cner-
S/ of the electron will be

= - 21.8 x 1O-le + 1 .94 x 10-ltJ

= - 2.4 x 10-19 J

'Illus - 2l'8 xrlo-Ig 
= - 2 4 x lg-le

n

or nz =lf :e or n=3
Thus ttlc electron will jump to the ahird orbil
l'rublu l. An elec,ron in a hydrogeD atom itr the

grou[d state absorbs energ/ equal to I .5 tirEe the min.
imum energr requlred to rcmove the clectron froDr the
hydrogen etom. Calculate the wavelenglh of the
elcctron emitted.

Enerry required to remove electroo
from te of H-atom = 13.6eV

.. Enerry absorbed by the electron

= 1'5 x 13 5.V = 2O.4 cV
After tbe remor'al of electron from the atom, extra

coersr which is converted into kinetic eoerry
= 20.4 - 13.6 = 6.E cV

1-
tirus jrn,z = 6 8 x l.6m x lo-leJ

1l 2x6.8 x 1.602x to-levi u= t
9 lI x l0-r'

='/14,10:r- = 1.55 x 106 ms-l

problzm 4. When a crrtaln metal lras lrrodlsted
sith I light of ltequercy 3.2x1015H4 the
photclechors had ttf,lcc the kiacdc cnerg5r os emitted
whrr thc same Eetrl was iFadlstcd l"tth ltght of It!-
qucDc] 2.0 x 1016 IIz Calculste ttrG thrcshol.l ftequer-
cy (y0) of the ltrelsl

Kinetic cnersr ,rf photoelegroDs
emitt hvo-h1u-uo,

Io lst case, (K.E.)t = h Q.2 x lo16 - vo)

Ir 2rd cas€, (K.E.)2 = i (2.0 x 1016 - vo;

But (K.E.)r = 2 (KE.h (ciYen)

:. hA.2><1Or5-vs)-2h(2 0 x to16 - vo;

or Yo=4 x 1016-3.2x 1Ol5

= 0.8 x1o16=Ex10rlHz.
Froblcm S. The ravelcngth ol Ho IlEc ol Balner

slrics ls 6gn ,tr" what is the rsyeletrgth of Hp llne of
Balncr sqies ?

Ha line of Balmer series is obtained
wlien\=\n2=1

Hp liDe of Balmer scries is obtained lltlen q = 2,

h=4
rrusrx"=f =n, [+-+, =", (+-+)

= nr'f6

',, = 4 = ", (r' - +) = ", (,t- +)
= n, " fa ...0j)

Dividing eqn. (i) by eqn. (iri), \r€ get

^rB s 16 20
G-=B,T=27

... t U-frx4o=ffxesoo A=,u14.Etr"

I\&km 6. Thc atomlc apectrum of hydrogen is
found to colttllD s sedes ofl ines at wavelengths 656 . 46,
4t6.27,4U.17 otrd 410.29 nm. Whot wtll be rhe
wavelength of the next line in the series ?

The given 'raveleDgths lie in the visible
regio they are exp€cred to belong to Balmer
series. Thus, zt = 2. [,et us calculale n2 for lhe shortest
wavelength viz. 410.29 nm

I ^ /1 l\
r= ""lv-al\ '/

tO9.677 lJrn-l
410.29 x l0-'cm

(0

t+ +l
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This on solving Sives /b = 6

Thus the Dext line will be obtained for jump from
n2- 7 lo n\= 2, so that

+=n ,6n" _,(+_+)

=los,67j x (i_ir; ".-,
= ror,urr r#"^-1 =2s1Eo 9 "--l

or f = ----!---=. = 397 1 x 1o-7 cm
25180 9 cm '

= 397 1 nuu

l'r .l,ii rIl i Calculate the radius ofthc llrst orbit
ofelectron in on otom ofhydroge&

(LS.M- Dh4r6od l9ES)

Solutiop. As derived on page 3/61, from eqn. (iii)

Rudir. ,' = 12 
h' .4*mZe'

- t2 x (6 63 x 1o-27 erg sec)2

*ff)',<s 11x10-28g; x (4 8 x 1o-roesu)2

= 0 53 x 1o-8cm - 0 531

/',.,r,,1, rr . CElculate the enerB/ requir€d for th.
Processi

He+ G; - 
Hs2+ G; .' .-

The iotrizatioD etrer8o/ for the H-otom itr the

ground srate is 2 1t x 10-rt J atom-1. 1,V.Cf.f.f;
Sgbr-tlolL The energy of the electron in the llth

orbit of H- like Particles is

u-= -'"'f:lt =-x,{ {x =.on,t"n,;
n2 h' n'

IEH=E--E,=o- ( fl -+K ..(i)

The enerry required for the Siven proc€ss is I.E. of

He+ for which Z = 2.

As He+ is hydrogen-like Particle
. I.E.H.+ = E- - El

=o_[_*1r'l =*ox ...(x)I r']
. -.... lEn.*

From eqDs. (i) and (i), -f.ff = o

ie. I.E.H.+=4xLE.n

=4x2.lEx10-ltJ
- r.72 x to-ll J.

l'rohlun 9. Sodium ctrcet lsmP SlYec ol? r chsrsc'
teristic yellov ll8ht ofttavclcDsth 56E nm. Calcuhtt tbc
energr per molc (ln kJ/mol) ol th6e Photons

(Bil,l, C.EE.2003)

Solutlotr. I = st8 nm = 5tt x 1O-92r,

c=3x10tms-l

e=Nohv=Nofti

- (o.ozxtoa) x (6 63 x l0-3a) x (3 x 108),,,o,-r
-------- 58S "lO=!-

= 2.036 x 106 J mol-1

= 2.036 x 103 kJ mol-1.

l't ol.h Di lt) Celculste the radius of Boht's lifth
orbit for hydrogell atom, (N.C.E.R.T\

For H-atom, /,, = o 529 x n2 A

:.rs=O 52:9 x52 = 13. 4 = 1.3225!lm.

I'rohlu ll. Thc aDgular mometrtum of atr

elcctEtr itr Boh/s orblt of hydrogen atom is

4.22 x 1lo-v kgni s-l' catcul.t the wavelctrSth of
thc spectrrl linc t?h.n thc GlcctroD fslls ftom thls lcYcl

to thc n.xt lof,Gr leY.l.

Angular momenlum (nor1 = n fi

= 4 22 x 7o-Y klm1 s-7

... n = 4.22x to-Y xT

2\4.22xro-34x314=- 
6.62i * ro-Y--

When the electron jumps from z = 4 to n = 3, the
wavelength of the spectral line can be calculated as fol-
lows :

1 - /1 1\r=", l7-;l\' ')
_, t1 1\

= loe,677 cm . 
t.r 

_ 
a,J

= roe677 x f* - J = tosozz * fr-"--r\v ro,l

o, I = 15ffi7 rm = r.8t x 1o-'cm.

(Given)
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l. l.T. {rtnAWS ) Sr,.ECIAL

responding to the excited state o[He+ ion ifon traDsi.
tion to the ground state that iolt cmits two photons ir
succession with wav€lengths 106.5 and 30.4 trm respec-
tively.

Solutionr Suppose the electron in rhe excited state
is present in the shell ,12. Firsr it falls from ,2 to rl and
then from z1 to grouDd state (forwhich n = l).Thusthe
two transitions involved and the corresponding
wavelengths emitted are

O nz+ \, \ = 108.5 nm = 108.s x 10-7cm

(ii)nr- 1,1, = 30 4nm = 30.4 x t0-7cm
Applyiog Rydberg's formuta firsr ro case (r'i), wc ger

v=l=nz'11-11^ l* "i)

-1-0.75=025
"1ot ni=Oi=4 ot nt=2

Applying Rydberg's formula no\y ro case (i), we get

pzz(L - 1\
108 5 x lo-? "' lz2 

"?l\ '/

l't,t,Lu I Find the quantum number .n, cor- . . 1 8 9 of hydrogen atoms coDtaio H-atoms

=6.O2xl0Bxl.8
= 10.84 x IOA

Atoms present in 3rd energy level
27

= =- x 10.E4 x to4 = 292.68 x l02l

Aloms present in 2nd energy levcl

=#o- x lo.8a x toE = 162 5 x lo2l

Atoms present in lst eners/ level

= #, tO.Sa x tlb = 62t.72 x tozr

Ionizarion potenrial ofH = 13.6 ?V meaDs thar

Er = - 13 6eV,B = - l?-6"v,
,"21

g' = - 13.3"v
'3.

Energy released ftom all aioms when electrons
return from 3rd level to 1st level

= (B: - Er) x 292.68 x 1021

/ 136 \= [- i= - tt o) x zcz 68 x ro2rev

= 3 537 x 1024 eY
Energy released from all atoms when electrons

return ftom 2nd level to 1st level

= (82 - Et) x 162.6 x tfr
l- tt.6 \

= [--fl - 8.6) x 162.6 x to2t cv

= 1.659 x loza ey
'. lbral enerry released

= (3.537 + 1 .659) x tou eV = 5 .tg6 x t1z. eV

= (s 196 x t02a) x (1.602 x 10-le)J
=8.3239x105J=E32.4U.

triply iotrized berylium
ius as that ofthegmund

or. For HJike particles,r^ = O SZgx$

^For^ground 
state of H-a(om. Z = l, n = l,tr=0 529 A

_. For Be3+ 12 = 4), ifzth orbit has rhe same radius,
then

1or -=
ni

=0.25 -0 21 = 0.04
.lot n;= Ofu=25 or tr=s.

-. 
l'ttklt! 2 1g hydrogen atorDs are exctted by

radiatioDs. Thc study ofspcctntm indicrtG thstZT%;l
thc Etoms arc iD 3rd energgr level and 15% of otoEs arr
in 2nd enerB/ level and the rcsa in the ground stotc.
Ioniritiot! pot€Itial of hl'drog€E is 13 . 6 .V Cdculstc

- (a) number ofatoms ptrs.nt in cnerB/ lcvel lsg
2Dd atrd 3rd.

(r) total .ncrEy rrleascd injoules whcn all atons
rctum to grouDd state.

By mole conc€pt, I g of hydrogen atoms
conta x loa atoms
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o 52gx+=o 52sornz = 4ie D=z

Thus, second orbit of Be3 
+ ion has same radius as

tbat of ground state (1st orbit) of H-atom'
I'ril'lu l Nt elcctton iD a certain Bohr orbit has

velocity U275 ofthc velo.ityofliShl In which orbit the

Glectron is revolving ?

Velociry of electroo

=fi"z"1olocms-l
= 1 09 x 1oocms '

VelNity of electron in nth orbit of Hlike particles

in C-G.S. units is given bY

2nZz2!r-_T

PrrltiD.gz = l for H and e = 4 80 x l0-l0eru (in

C.c.S. units) andll = 6 626 x 10-27 erg sec, we get

2 x.1 14 x (4 80 x l0-151 - z ts x to8

,r x (o 626 x 10-27) n

2 18f< 108 - 1'09 x 108 (calculated above)

' n=2
l\,,|'lut ; S laser emils moDochromatic radia-

10ti quanta per
powocr outPut of

Energy ofone quantrm = hv = hcT

= 3 x lo-19 J

EnerS/ emitted Per sec Per square metre = No' of

qr"nt, ".iit"d Per sq. metre Per sec x Energ/ of one

quaDtum

=1615x3'19-19;t-2t-l
: 3 , 16-'; 6-2 s-r

1 , , 1 l, ,n (, Calc]ulalE the frequency ofthe spectral

line emitted $,hen the clectron in rl = 3 in hydrogen

atom alc-excites to the ground state (Rydber8 constant

= 109,73? cm-r) (Ru*oe 1985)

sor.rrio,,-, = - [+ - i] = ro,ru? (+ - +)
\"i "' )

= 97544 cn-l
cY=T=cY

= (3 x loro cm s-l) (97544 crr-'t)

= 2 9263 x 1015 s-r

I'rohlon T The ionizrtion energt of hydmgen

atom is 13 6 eV What wtll be the ionization encrE/ of

He+ and Li2* ions ?

^ 2r2 m 7]ea

n2h2

(Roortce 1986)

for hydrogen like

particles

LE,=E--Er

^ ( 2n2 ^zz ea \ -L,1mzz 
ea='-[- I )-----T

Fot H, z= 1 tz = 4!! = n a.u

...(Given)

For He+ ,2 = 2,1.E. = 13 6x7?

=136x22=544eV
For L?+ ,z=3,1.8 = 13 6 x 32 = l2z 4ev

I'nthtut 8. Calculatc the velo.ity (crn/sec) of an

clectron placcd in the third orbitofhydrogenatom' Also

colculate the number ofrevolutions Per s€cond that this

electron Eakes around the [uclerts. (knrkee 1987)

As derived on Page 3/61

24 z.ez 2x3.14x 1x14 8x 1o-ro;2
"=--nE-= 3 \6A;1o=--

=7 27 xl cm/sec

No. of revolutions Pe t sec. = #
(Eqn- (,1,), page 3/61)

4*mtzez 2t mo zex

2, na hz n2 h2

(3)2 x (6 63 x lo-nf
=2 42xLIL

l'rohlen 9. Colculot the woyelcrgth and enerBr of
radistion emittcd lor the electronlc transitiotr from
iDfiDity (.o) to station.ry st{te one of the h}drogetr atom

(RydbcrB coDstrnt = 1 0957E x 10' m-1,

h = 6.62fi x lo-r Js). (Rarkee 1988)

( nzhz \
'"lnl^a1

,=R r!--L)
\"i "i)

= r'ooe678 x ro? (l - a) rn-r
\l' @- )

= l 09618 x 107 m-l
,:!= I 

=9.11 x ro-sm^ n l 09678 x to7
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E=hv=h.i=6.62s6x l0-ra x - l,',91_u9 11 x 10-E

=2179x10-ltJ
2 179 x 10-18 -.=;;1n=13-t'''

= 13.6eV (.. IeV = I.6 x 1o-leJ)
I'rohlun 10. (a) Electromagoetic radiation of

wavelength 242 Em is just sumcietrt to ionize the
sodium atom. Calculate the ionization energy of sod iuEt
in kJ mol-I.

(6) The ionizatio[ €nerg/ of He+ is
19 6 x 10-18 J atom-I. Calculate the cnerp/ of the
lirst stationary state of Li2+. (Rnrkee 1989, 92)

(a) We have to calculate enerryof radia_

lron with t = 2A2 Dm = 242 x 10-9 m.

E=hv=hc - (6 6256 x lO-vJs)(3 x ldms-l)
^ (242 x to-e m)

= 0.0821 x 1o -17Jlatom

= (O 0821 x tO-17) x (6.023 x 104) J mot-l

=0 494 x to6 J mol-l = 494 kJ mol-l
(6) As discussed on page 329
LE. of H-like particle =I.E.of H xt

=ExZz
. I.E. (He+) =Ex* (ZtorHe=Z)

I.E. (Liz+) = E x 32 (Z fot Li = 3)

... I.E.(He+) _ 4

I.E.(Li2+) e

or I.E. 1li2+; = | x r.r. 1Hc+)

I
= i x ts.e x 16-r8.; ulor-r

= 4.41 x to-17 J atorD-r

- Pn,bh // Accordihg to BohrJs aheory the
electroric e rts' of hydrogen atoE in the Bohd; orbit
is given by

- 21 79 x lo-19
n-

Calculste the lowqst waveleugth oflight that vill
be Dceded to Femove on clectron fmm the third Bohr

Solution. Ener$, ofthe/rth orbit of H-like particle

21.79 x to-19 x z2!
nz

.. Ener$/ of the 3rd orbit

2t .7g x to-tg x 22 -= - _-_-_ 
3'-,

Enerry required to remo\,re the electron

= 9.68 x 10-le J

Now E=rrv-[i

or r=f= 662x10-4x3x108
9 68 x l0-le

= 2.052 x l0-, m.

alculate thc frequelcy enertgr and
wavel rsdiatioD corresponding to the
spectrsl liDG oflowest ftequetrcy in LyEan seiies iD the
spectra of hydrogen stoD. AIso cslculatc the frequency
for the corrcspotrding liDe in the spectra of Li2 + ion.

(Rn = l 0!1678 x t07 m-r, c = 3 x l08 m s-1,

h=6.625x10-zJs) (Roorkee 1991 )

Solution. , = R
lr 1\
l?- 4)

For lowest frequensy in Lyman series,

nt=1,n2=2

. t= 10s677 x 107 fl - l l|'r2 22 )

=O 82258 x 107 m-l

t="!= 1 -" o.Bzzs1 x to7

= 1.216 x l0-7 m

" =l = " 
*o =3 x 108 x0.82258 x 107

= 2 47 x TOts s-r

E= hy=6.625 x10-34 x 2.47 x 1Ol5J

= 16 36 x lo-Ie J
I'nthlen l3_ Estimate thc difference in energy be_

tween the lst aDd 2rd Bohr orbit for a hyd.og", u-toln.
At what EiniEuE stoEic truDbcr, a transition from ,r
= Z to a = 1 eDerEO, level would rcsult in the emission

of He+ ion

=-9.68x10-19J

orbit ofHe+ ions. (r.r.T 1990)
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of X-rals *ith ,tr=3 0 x 10-t m ? Which hydrogen

atom-likc species does this atomic number corresPond

to? (IT1993)

solution. En - -21 
19 x fi-tg .l

-'o r ' 1 ). %_Er = _ 2t.7e x10', 
\7_ 7)

= 16 34 x 10-1e J'

For ll-like parlicles, E n- -21 
79 x L-o--tg xzz !

For a transirion from n = 2 Lo n = 1,

LE = 21 1e x ro-le x z'(+ - +\\l' 2')

= 16 34 x |O-le 7? f

^E=hv=hI
. 11,.14 x l|-rs z7 = 6 62b x to-'o ' =3 

tr l=0ju

3 x 10-6

6 626 x 10-18or z2 =i;?;; t+$ = I o6o12=2.

H-atom like species that corresPonds toZ= 2isHe+'
I't,:i'tttn IJ What transition itr th€ hydrogen

spectrum would have the saEe wavelergth as the Bal'

mer transition' z = 4toz = 2 of He+ sPectrum ?

(LI.T 1993, N.C'E-R.T)

Solution, For H-like particles in Seneral

2n2mz2ea lt l\ --z(1 l\'=-ff F Al=^'' 14- 4)
. For Hc+ spectrum, for Balmer transitioD,

n = 4lo n =2.

r=!=tzz(; ;)
=n,4"rt=$

For hydrogen sPectru

,=|=n [i ;)=;.
113or .--.=zni ni

which can be so for n 1 = 1 and nz = 2

ie. the iransitioD is from ! = 2 to n = 1

I'robktn 15. Calculato the enerBy emitted rvhen

electrons of1 0g atom olhydrogeD undergo transitlon
giving the spectral line of lowest encr$/ itr the visible
regio[ of its otoEic spectrum

(Rx=I l x 10'm-l,c = 3xldnr-1,
[ = 6.62 x 10-]' Js) (Roorkce l99j )

Solution: For lowest encrgy in the visible region of
atomic spectrum (Balmer series), /tt =/,nr=!.

"= n (r-1] = r.lx roz f!-a'\"-^t,l-Al \z' *)
=11x107(ra ;)=r uro,,S

= 0. 1528 x 10? m-l

E=h"=ni=hct

= 6 62 x lo-3a x 3 x 108 x 0 01528 x 107

= 3 0346 x ro-19 J/g atom

= (3.046 x to-le; x 16 02 x l0a) J/atom

= 18 268 x ld J/g atom

= 182.6E kJ,/g atom.

I'n'hh rn t(t Find out the number ofwaves made

by a Bohr electron in its 3rd orbil (I.I-T. 1994)

solution. No. of waves in any orbit

Circumferencc of that orbit
- Wavclcngth

_2nt _ 2nt -?lh,r\=+\h =,l(h/mo)'hzr.

Thus, the number ofwaved in 3rd orbit = 3.

I'rohtur 17. Abutb eEits liSht ofyavelength 4500

tr- The bulb is rated ss l5{, rvatt snd 896 of thc ecrEy is
emittrd as light. Horv moDy PhotoDs ar. eEittcd by the

bulb per second. Q-I.T 1995\

Solutio!. Electrical enerry in joules = Poter in

watts x Tlme in seclnds

Thus 150 watt = 150 joules of ener$I emitted per

secoDd.

... Ener$t emitted as light

e
=_;:xtso=t2J

E=nhv=nhl

Exl.. n=-hxc
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_ (12 J) x (4500 x 10-lo/n)- (6.46 ilo=s6 "O;lo5;-5
-27L7xLOl9.
i'.,,hh rt j, Calculate thc wsvelength ofthcradia-

tion emitt€d producing a line in the Lymstr series when
aq electron lalls from fourth stltionarjr stste in
hydroScn atom. (RH - I I x 107 o-l) (Rorkce t99S)

Solution. For Irman serics, r,1 = l,r2 = 4(Given)

Applying Rydberg s formuta,, = R f+-+)
l"? ^i)

1lx107x15

= 9.697 x 10-6 m =96.97aa1
lJr$lur lt) Calculate the wave number for the

shortest wavc lcngth transitior in the Balmer sEries of
atomic hydrogen, (I.r.T. 1996)

. EDerry required for excitation of0.0818 moles
of H-atoms from ground state to first excited state

- (Ez - Er) x 0.0818 kJ

= l-lla- /-!p)lxo o8r8u| ,' |' t'il
= 80.49 kJ

. Total enerry requircd = t?.83 +80.49 =9E.j2kl.
, | 't,,t _'i Calculate the ercrgy associated with

the first orbit ofHe+. A.lso calculate the radius ofthis
orbiL

sofution. Ea - -21 
8xl9r-re*,

zt Sxto-19x22 - - 87 2 x lo-19 J

O 529xnz ,r" = -----7:- A

- o s29-x tz - g 2n45 f,

of ll-atoms is 91 2 nm. Calculate the corresponding
wavelength ofIIe+ ion. <I.I.T. 200j)

. r=1.1x107

= 1.1 x 107

lt1_ 1\
\f q,)

15 _,
'T6m'

16_l

Solutio_E For Balmer series,41 = 2_ Henc*

- -11 l\
\22 nl )

, = i. Hence t will be shortest when r is largest

which in turn will be largesr if ,12 is bighest i.e. n, = a.

Hence r = loe,6?7 fl - -L l
\22 *z )

= 27419.25 clr,I.-l
l'rt,l)L n :4 Calculate the enertlr required to ex_

cite one litre ofhydrogetr gas at I atEr aDd 29t K to tbe
first excited stste of atomic hydrogen, The etrergJ, for
the dissociatior of H-H bo[ds is 436 kJ Eol-1.

(I.r.T 2000)

solution. No. of moles oI H^ !a Pv
-. ._s, a = ffi

= -^=l]-L: = o uoo,o 0821 x 29A
.. Enerry required to dissociare them ioro atoms

= 0 .0409 x 436 = 17.83 kI
No.of moles of I{ atom = 2 x 0.0409 = o.0Et8

r-= -1!l?sro1-r'n'

Solutio_tr. For HJike paflicles,

'=r="ft-i)"'
ForHatom,Z=1

fr=n fr-+).r
For He+ ion, Z = 2. Henc€ for the same transition,

#=R (i-i)-.
.#=*=+*H=+

^r.* 
='i =2*= 22.E Dm.

Iiind th? wavelength of100g particle
moviDg with yelocity 100 ms-1. <r.r.T 2000

Solutioo. I = h _6.626 x 10-34 kgmz s-l
tno o. t tg;loo;F-

= 6.625 y 1n-SS ..
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1. The charge on the electron was found by 9. The ratio ofcDers/ of photon of,t = 2O0oAtothat
of I = /|om A is

.@\2 (b) r/4
1(")4 (d)i \t t.t. tu\..

10. Anyp-orbital can ac{ommodate upto

(a) four electrons

(b) two eiectrons with parallel spin

-{d6(clectrons
Urytwo clectrons with anti-parallel spin.
/ ,r t. r: r,t\tt

11. lluthcrford'sscattering experiment is related to the

size E the

..ldfotcleus
(c) electron

12. WheD d-particles are sent through a thin metal foil,
most of them 8o straight through the foil because

(one or more)

(4) a-particles are much heavier than electrons

(b) a-par

,tzfMost
(d) a-P tt ! i: tt)ttJ)

lYAL correct s€t of quanlum numbers for lhe un-
" paired electron of Cl atom is

2. The discovery of nucleus sas done by

(a) JJ. Thomson (b) Chadwick

(c) Rutherford (d) Moseley.

3. WheD.r-rays slrike a thh foil of gold

(a) Most ofthe a-rays are deflected back

(b) All the @-rays Pass through the foil

(c) Most of the d-rays are deflected through cm3!l

angle

(d) Most of the a-rals pass thrcugh without any

deflection.

The series of lines pr€sent in the visible regio[ of
the hdrogen sPecrum is

(r) atom

(d) neutron. \l.l.T l9stt

(\ n* npa

@) ni np6. \t L't: teso\

( M. L- N- R. AUa habdd I 9 9 0 )

r:i::iil:iir: jl, i:i:ril ir :, t: i i:. 
:r :r l, ii i i lrii ' :, i , l:i l: i l:i'i 'l

(4) JJ. Thomson

(c) hraday

(d) Lyman

(c) Paschen

(a) 2od orbit
(c) 4th orbit

(6) Millikan
(d) Goldstein.

(D) Balmer

(d) Brackett.

(6) 3rd orbit
(d) 5tb orbit.

Pascben series are Producrd \rhen electrons from

the outer orbitsjumP to

6. The elerEonic conligurarion of aD elemeot is

trz xa zf. The number of unpaired electrons in

this atom are

(a)3 (6) s (c)7 (d) 1.

which of the followiog is the correct electronic

cooliSuration ofscandium (atomic Dumber = 21)?

(a) tsz 2:2 2P6 N2 3P6 3d3

(b) 1s2 ?s2 2p6 a? 3p5 3dr 4i
(c)1s2 2 2p6 k2 3P6 3& 4sl

(d) 1s2 ?:2 2P6 X2 3p6 4s2 4P1.

Which of the following is the correct electronic

configuradon of Fez+ ion (Z for Fe = 26) ?

(a) 1s2 2? 2p6 3s2 3p6 3d 4s2

Q) b2 
^2 

2p6 X2 3P6 3d
(c) 1sL * 2p6 r? 3p6 4s2 4P1

(1) b2 b2 2p6 3s2 3P6 3d5 4sr.

1O1Z,t,-t, * |
@)z,o,o, tl.

tl.l.1:1t)39J

14, The outer shell configuration of the most
electronegative element is

(a)2,o,o, + |

)*7,1,\!+

1a1rcz npt

<c) nz nps

A r-orbital can accommodate

1oi + "t"crron" -ftl6 electrons

(c) 2 electroN with Pardllel sPins

14 2 elertrons with opPosite spins

9.dl.b 2.c 3..1
1L a 12.4c 13. c

a.b to. d
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16. The principal quanrum number oian electroo rep-
resco[s

dsize of the ofiitat
(b) spin angular momentum
(c) orbital angular momentum
(d) spac€ orientaricn of the orbilal.

i)1.1, \'. R. ,lllah(bdd let)0,
radiation with maximum

(D) It causes ZtrS to fluoresce
(c) It is deflected by electric and magnetjc field
(d) They have wave letrtth strorter rhan ultra violet

rays. 1.t.7:1992)
23. The first use of quantum theory to erplain the

structurc of atom was made by

(d) UlEaviolel
lt. Which of the following represents a correct ser of

quantum numbers ofa4 d. elec'/.ro[ ?

(a) a, 3, 2, + lt2 (b) 4,2, r,o

Which ofthe following sratemeDts is not correct for
an electron that has the qua[tum numbers n = 4
andm=2?
(a) The elecrron may have the quantum number J

1=+,
(D) Thc electron may have the quantum number /

(c) The elcctron mayhave the quaDtum number/t1
=-2

(.C)'Ibe elcctroD may have the quantum number,
= o,I,2"3.

17. Electromagoetic
waveleDgth is

(a) Infrared
(c) X-rals

(a) ZD

(c) Ni3 +

76. a 17. b
26. c 27. b

p)dadio waves

(M.I-..\'.R. trllalnhad I9e2 t

iD which both the Pauli,s ex-
Hund's rule are '/iolated is

(D) Fc2+

(d) cu+.

24.

(a) Heisenberg

(c) Planck

Io what ratio should

as ro obrain i; 5Ct 
?

(a) t :2
(c)r:3

(6) Bohr
(.r) EiDstieD. t 1.t.1: tee)

(cl4,3,-4 + ll2 l.ta,Z, t,-U2
t ,l L l . \t.lt. ,lllnhlthfld I990, B.t.'I Ra'.t,hi Itte) )

19. Which of the folloving eleclronrc jump in a
hydrogen atom will require the largqst amounr of
eDerw ?

;lgfFrom n = lton =2
(D) F'rom n =zton=3
(c)Fromn=@tor=1
(d) From n =3to4 =5.

(,V. 1,. N. R. Allalqbad 1 9 9.1 )

'fhe set ofquanrum oumbers not applicable ro an
electron in an atom is :

(a) n = 1 ,l = 1,n = t,s = + )
(b)n = I .l = O ,O , n = O, 

" = + ]
(c)n=l,l=O,m:O,s=+j

(l)n =2,1=O,n = O,s: + j.
(lLL \'.R. /l ohohad tt)t)1i

flct ano ffct te present so

(D)1:1
(d)3:1.

25.

20. The or
clusion

(o)

.lbl'
(c)

(d)

1t t

J J I

\ B.t l: Roru lti tt)s) 27'

21. Whicb of the followiDg has maximum number of
unpaired electrons ?

I tta^ttut (.I. L t 1,.t,).!
Bohr radius of hydrogen arom N

(a) O 529 x 10-8 m (6) 0.529 x t0-lo m
(c) 5 29 x ln-Bnr (d)5.29x l1-rom

tuanuttrt ( I..l: t. trrj
Which ot rhe followlng sels of quantum number
rs/are not permilled ?

(a)n =\l = 3,m = O,s = + j

(b)n=3,t=Z,n=+2,s=-L

/<s
2Lc 2t. b Z4.d ZS. a

26.

2E.

t81 t liittth! l,),t),
22. Which of the follot iDg does Dot characrerise X_

rals?

(a) The radiation can ionise rhe gas

l+ TJ

tt 1t t

r&d 19. a 2O. o 2tb
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(c)n=3,1=t,n=-Z,s=-l
1

(l)n=3,1=O,m =0,s= +i
I \.\t !)iu'nhad' 1991t

29. The electronic confiSuration of neon is

35. The orbital aDgular
2 r orbital is

th\q+r21'
.. h
lc) Zi

(a) 10 2eV
(c) 1.9 cv

(o) oz

(c) cN-

momeDtum of an electroD in

(b) zeto

(d) 't2 2 '7' \t.t.r. 
t,,tht

30. lhe i'troduction of a neutron ,,'.,";; ;";";'
compositton of an atom would lead to a changc in

(a) The number ofelectrons also

(D) The chemical nature of thc atom

(c) Its atomic number

(d) Its atomrc wcr8ht

Jl. lte wavelengths of which s€ries lic towards thc

ultraviolet
(a) Lymaon

(c) Paschen

(D) Balmer

(d) None ofthe above

tt. J, (,. tt.J: tae6l

32. Which of the following statement does not form a

part of Bohr's model of t!/drogen atom ?

(4) En€rry of the elecron in the orbit is quanl ized

(D) Ttle elecron in the orbit Dearst to the oucleus

has tbe lotPer energY

(c) An8ular momeotum ofthc electron in the orbit
is quantis€d

(d) The position and velocity of the electrons in the

orbit cannot be determined simultaneously'
tI l, (, l:.F It)t)t,]

33. wbich of thc follor/iDg statement regardinS

sPectral series is corrcct ?

ra) The lines in thc Balmer series mrresPond to the

electronic transition from the enerry level

higher than n = 1eners/level

(6) Paschen series apPe€r in the inftared regioD

(c) Tbe lines of Lyman s€ries apPear in the Yisible

regioo

(d) Ttansition ftom hi

S/ level Produces
infrar€d region

34. The number of nodal Plsnes '5d' orbital has is

(o) zerc
(c) two

(D) one

(d) three.
, ttan tn:; (.ll D.?l I

36. l.'or a d eleckon, the orbital angular momentum is

(a) G E (b),ir E

(c)fr- (d) 2fi: tttr' teen

37. If the eledron falls trom ,, = 3 to n - 2 in the

H-atom, thcn emittcd ener$r is

@\ 1?

1c1 t? zP zp6

(b) tsz 2.s2 2P4

@) 152 2s2 ?pt

(6) 12.09 ev
(d) 0 65 ev

(,1. li,rl.(. I'u nt. I t)!) 7 t

3E. The rctal number of orbitals io a sbell having Prin-
cipal quaDtum number r is

(s) 2n (b) nz

(c) 2n2 (d) n + t

''l-Lt lt S. I997' Il'utam ( 1"'Ii l) )tt00t

39. The ion that is isoelectronic with Co is

(o)2
(c) 12

33., 34. c 35.b 36 a

(6) N,

(d) oz+

t (. R.S. 1,. I!,1!.1: l r97

(D) Be-

(4 As+
( (:.8.5. L. Pll. 1: I 998)

(b) 6

Ql) 10 t.tt MllLT !e98)

40. The Bohr orbit radius for the H----atom (r = 1) is

apprqimately 0 530 A. The radius for the firsl
excited state (z = 2) orbit is (in A).

(c)013

{c) 4.7't

(D) 1 06

(.1)2 12-

tC.ilS.f t:,lt'1: t99ll lt'lut/ t ( l' ltti)J1

41. Among the folloxing which one is not ParamaS'
netic ?

lAtomic Dumber : Be = 4, Ne = 10, As = 33, Cl

= 171

(a) cl-
(c) Ne2+

42. The maximum number of electrons in aD orbit with

I =2,n =3 is

43. lYhicb of the follos,ing stat€ment(s) is (are) mr'
rect?

A
l,
a

31.
4t-

2E. a,c 29. c
3A. b X9. c

3(Ld
4o,4 .-*

37. c
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(4) Tbe electronic coofiguration of Cr is

lr'trl 3 ds 4 t1 (Ar. no. of cr = z)
(6) The magne$c quantum numb€r may have a

negative\lalue.
(c) ID sih/er alom,23 elcctroB hatr€ spin of ooe type

aDd 24 of the opposite type (Al. no. ofAg = 47)

(d)'Ihe oxidation state of nitrogen in NHI is -3.
( l.I.'t: t993.|

44, The enerry of an eleclron in the fiIst Bohr orbit of
H atom is -13 

. 6 eV The possible enersl l?lue (s)
of the € ciled state(s) for electrotr in Bohr orbits of
lrydrogen is(are)

(a)-3.4eV (b) -a zev
(c)-6.8eV (d) + 6.8eV tlr.'r. teest

45. Who modilied Bohr's theory by introducing ellipti-
cal orbit! for elcctron peth ?

51. Among the following groupings which reprcscnb
the collectioD of isoelectronic speciqs ?

(a) No+, q-, o2-, co
(6) Nr, q-, co, No

(c) co, No+, cN-, cr-
(d) NO, CN-, N2, O;. i ti \ . tlt.t t ;,ti)t ,

Tbe energy of a photon is given as

AElatom = 3.03 x 10-19 J atom-1. TheD th€
wavelength (t) of the photon is
(a) 65.6 nm

(c) 0.656 nm

46.

47.

{ it\t tlt tt,rt.,
Which is the correct statement about proton ?

(4) Proton is nucleus ofdeuterium
(b) Proton is a-particle

(c) Proton is ionized hydrogen molecule

(d) Proton is ioDized hydroSen.

\i l, I r.,t i,,,
Magnetic quantum number specifies

(a) Size oforbitals (b) Shape oforbitals
(c) Orientation of orbitals
(d) Nuclear stability. \i l: t- I t. tr,)1
The elecrons, identified by quaDtum numbers ,r
and I (i) n = 4,1= 1(ii)n = 4,1= O (iii) n = 3,1 =
2 (iv) n = 3, I = I can be pla@d in order of
increasing enerry, ftom the lowest to the highqst as

(a) (,v) < (ri) < (nD < (i)
(r) (ri) < (,v) < (i) < (rs)
(c) (0 < (,,,) < (rr) < (iv)
(d) (,rl) < (r) < (tv) < (rr) (I.I.T r 999)

49. The number of nodal planes iD apr orbiral is

Principal, azimuthal and magnetc quantuD num-
bers are respectively related to
(a) Size, orientation and sbapc

(D) Size, shape aDd orientatioo
(c) Shape, size aDd orientation

(d) None of these. t.\.1 ) ll.s. )oait\

For which of thc following spericq Bohr's theory is
not applicable ?

(a) BC+

(c) He2 +

(b) 656run
(d) 6.s6wn.

t ( . It. \. L. L,t L'l: 20t)t) t

(D) U2+

(d,) H. \ D. L. 11. i:. l'. : t t ()t ) )

(b)7
(d)5. tC.l)M-T.2000J

(6) Uthium
(d) 'Ititium.

\< .f ii!.'l )t)00\

(b)6xao

(d) 1/9 x ao.

:

(a) HuDd
(c) Rutberford

(a) ore
(c) three

(a) excited state

(c) c€tionic form

(D) Thomson
(d) Sommerfeld.

(r) two

(d) zero. t i.l T 20A0i

(r) Sround state

(d) anionic form.

!l.l. t: 2t1001

s4.

56.

Which of the follot ing b not possible ?

(d)n =3,1=O,,n =0 (t)n =3,1=l,m=-L
(c)n =2,1= o,m =- | (d)n=2.1=l,m=o.

Ilt.H.1..2t)t)o\

The oumber of unpaircd electrons in Mn2+ is

The electronic configuration of an element is

l s2 2s2 zf 3 s2 3p6 3 d5 4 11. This represents irs

57. Which of rhe follotying atom has Do neutron in its
Ducleus ?

(a) Helium
(c) Protium

Ifthe radiusofEIst Bohr orbit be 40, then the radius
ofthe third orbit would be

(o) 1

(c) 3

45. d 4.d 47.c
55.c *..1 S1.c

43. a,b,c 44. a
53. rt 54. c

48. o
5t. .

49.a 5(I, 51.e SLb
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In Cu (Ar. No- 29)

(a) 13 electrons have spin in one direction and i6
electrons in other direction

(6) 14 electrons havc sllin on, dircction ard 15

electroDs in othel directio[
(c) one electron can have spin only in the clockwise

directioD

(d) none ofthe above is correcl.

\HaDa rt L E II l:2t)0t)t

The following quaotum Dumb€rs are possible for
how maoy orbiials ? n = 3,1= 2,m = +2

(a) Mn2+
(") Ti'*

('1 I l' L lt 20(t)

67. Which of thc following element outermost orbit's
last elcctroD has magnetic quantum Dumber rn =0 ?

(D) Fe2+

@) cc+

(a) Na

(c) cl
(D) o
(d) N

(6)+68eV
(d) + 13.6 eV

(c.ll.s. D. l:ll'l: 2002 )

(a) |
(c) 3

(a) Manganese

(c) Nickel

(b) 2

(d) 4

(6) Chromium

(d) lron

t( .lt..\ l;. l!,ll.l: )01)l t

In the ground state, an element has 13 electrons in

ils M-shell. The elemeDt is

(Rqastlwt PM T 2002i

6& In hdrogeD atom, enerEr of the first exciEd state
is - 3.4 e\l Th€n find out the ICE. of the same
orbit of H-atom
(a) + -? 4eV
(c) - 13.6 eV

72.

In the Bohr's orbit, what is the ratio of total kinedc
enerry and the total enerry of the electron ?

(a)-1 (b)-2 (c)+ 1 (d)+2
IR|iLstlm'1 l:,ll l: 2002)

Rutherford's exPerimcot, wbjch established the
nucle€r hodel of the atom, used a beam of
(4)p-panicles which impinged oo a metal foil and

got absorb€d.
(6) y-raF, which impinged on a metal foil and

ejected eleclrons

(c) helium atoms, which imPinged on a metal foil
and 8ot scrttered

(d)helium nuctei, which imPinged on il
aDd got scattered )

lf the Nitrog€D atom bad ele,ctronic coo.figuration

lr?, it would ba1,e cner8y louer than that of the

normal ground state configura on ts2 Nz zf ,oe'
caus€ the electrons would be clocer to the nucleus.

Yet 1s7 is not observed because it violates
(a) HeiseDbers's unc€ ainty PrinciPle
(6) Hund's rule
(c) Pauli exclusion princiPle
(d) Bohr pctulate of sbtlmaryorbits (1 1.7: 2002)

In Bobr series of lines of hydrogcn spectrum, tbe
third line from the red end corresPoDds lo which
one of the following inter-orbit jumps of the
electron for Bohr orbits in an atom of hydroBen ?

(a) s- 2
(c) 2- s

(b) 4- 1

(d) 13.- 2
(A I L I'' Ii )0011

73. The number of d-electrons retaiDed in Fe2+ 1At.
No. of Fe = 26) ion is

(a) 4 (D) s

62.

63.

(E A.lI.C.E,7: 200I )

Whiclr one of the folloqiDg paifs of ioos havE the
same electmoic confiSuration ?

(4) cP+, Fe3+

(c) Fc!+, Cd+

(6) Fe3+, Mn2+

(4 sC+, cf +

| 1,. \..11.( li l: :t)t) i I

As the nuclear charge increases from neon to cal-

cium, the orbitals energies

(a) increase (b) increase very rapidly

(c) increase very slo tY

(d) fall

(d) enerry remains constant
( kroln tll l: l; )()lD l

Chloride ion and potassium ion are iso€lectronic.

The.
(d) their sizes are same

(b) chloride ion is bigger lhan potassium ion

(c) potassium ion is relatively bigg€r

(d) depends upon the othcr cation or anion

\ tr: ( l:"1: )t)tt) 
'

The spectrum of He is oQected to be similar to that of

(t) Na

@)u+
(lr.P. PM.T. 2002

(a) H

(c) He+

Which of the follo ing ions has the maximum mag'

oetic moment ?

59. b 60, a
69. a 7O' .l

61. b
71. c

6.0 67.a 6.a

10.
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75.

?4. The value of Planck's constaot is 6.63 x lo-a Js.

The velocity of light is 3.0 x 1dm6-1. Which
t/'alue is closest lo tbe wavelength in nanometers of
aquantumof light wrth liequencyof 8 x 1015 r-1 I

(D) 5 x ro-ts
(t)3 x 1O7

IC.B.S.E. PM,T 2OO.'\

A spccies hayint oDly one clectron has ionizatioo
cnerry of I 1810 k, mol - I 

. The number of protons
ln its trucleus will be

(a) 1 (b)2 (d) 4

= 4 the totalFor principal quaotum numb€r n
rlumber oforbitals having, = 3 is

(d)9 (A.I.I.M.S. 2oo4)
77. The ftequency of thc radiation emitted wheo the

efectron falls ftom n = 4aon = l iD a hydrogen
atom will be (Given ionizatioo enerry of H

- 2.lt x I O -18 J atom-l aod

h - 6.68 x 1o-r Js)

(d)3 (A.r.E.E.E. 2003)

(o) 2 x l}-b
(c) 4 x 10r

W

(D)I03xtOlsJs-t
(d)2Oxlorss-1

((:.B.S.L. L.lL7: 2(tl)J )

7& The radius of which of the follot ing orbir is same
as that ofthe first Bohr's orbit of hydrogen atom ?

Correct eDergy value order is

(o) ns np nd @ - t) I *_J/
tPyt6 np 1n - 1) d @ - 4J ,/'-
(c)n-rnp(n-1)d@-1)f
{4 ns (n - 1)dnp (n - 7)l lorissa l.Ii.ti.2001)
Corect order ofradii is 

-..(a)N<Be<B -(6r-.O2-<N3-

(c) 6

(a)154xlolsr-1
'!?f3'c8 x rcts t-r

(a)He+ (n = 2)

(c) U2+ (z = :;
(b) Liz+ (n = 2)

!/lsd+ 1n =21

(a)3.4 cV
(c) 12.1 cY
(e) 15 eV

(q) 12,13

(c) 10, 11

t3-

84.

(c)Na<U<K (d) Fe3+ < Fe2+ < Fe4+
(.1&K(:.FT1(10Jt

15ytd.zev
(d) 1.s ev

(Keruln il.L.li.20Alt

The corrcct sct of quantum numbers (4 I allld m
respecrivEly) for the unpaired electroD of clllorine
atom is

85. The oDe electron speaies having ionization cner$/
of54 4 eV is

(a) H (E) He+ (.) Ba+ ((rLiz+

@)B*+ (Kadla C.D.D. 2004\
66; nme laken for an eleclroD to complete one tevolu -

tioD in the Bohr orbit of hydrogen alom iso+ @)#,* @##
@Th d# (rkrot.prv..t:zoott

t7" If ltle ionizatioo encrsr of hydrogeo atom is 13.6
eY the enerry required to excite it from ground
state to the next higher state is nearly

t l.l l: 200J)

79. Consider the gro (Z = ).
The numberofel thal quan-
tum numbersl = y
(o) lzaBd 4
(c) 16 and 4 (d) 16 and 5

.F l: )t)oJi

i$,4roton was discovered by

(a) Chadwick (r) Th

_llicoldstein (d)Bohr(;4.EL|.c. 2004)
tl. The number of ? electroos having spiD quantum

numberr - - 1,/2are
(a)6 (b) 0(.)z W

t ktttateka L.I,.l: 2004\

AL fin =f,l =9,6 = 0, then atomic oumber is

(D) t3, 14

,gdn'n
lBilmr C.E.L.E. 2001)

whicn is the isotone of ]tce ?

@.\Tc,e l,tltse @Ak @)13ac
( Ha4tnn M,l. t! 2004)

9l,. The number of d-elcctrons in Ni (at oo. = 2a) is
equal to that ofthe

(o) s aDdp electrons in F-
(b)/ electroDs in Ar (at. Do. = 18)

1zld<lectrons in Ni2+
(d) 'Ibtal electrons in N (at. no. = 7)

E9.

75. c 76. c
E5. 

' 
15. a

73. c
E3. 

'
19. b E0. c
r9., 90. c

81, tl AL d

,E
74. d
EE. d



Ne@ Course chemistrgWA
3178

c. E: hv: hl
tr iz 4oo0 A ^F;= \= 2omT = z

a-particles are heavier than clectrons nd, thcro-

foie, cannot b€ stopped by eledrons Moreover 
17.

most part of the atom is emPty spac€.

'l}Ie u[paired electron in Cl is 3pl for which n = 3,
lll=t,m---1 or0or+1,r=+i ot -i.

,ncu+ = t? N2 2p6 k? 3f ?urn o

X-rays are not defleded ry elecrric and maSnetic

fields.

When m = 2, , cannot be 0 or 1,

when,r =-1,1 cannot be 1. so (4) is wronS

Meanof37 8nd 35 comes ourtobe 35 5 only when

they are in thc ratio 1 : 3.

WheD n = 3,, cannot be = 3.

So (a) is not Permitted.

When I = 1, ,', cannot b€ = -z
So (c) is not Permitted

-rs. Orhrlatangular momcntum - "1T 
- n *

For 2 J electron, l=0 Hence orbital angular
momentum = 0

39.

For d-electron,I = 2. Orbital angular momeDtum

= vfil=-IJ,i = ,lrOilj ti = '/C fr
p - - -94"v

q- E,= 13 6 (+-i) "u=,., " 
- (i-+)

= l-9 eV

Electro[siDCO-6+8=14
02- has e- = 8 + 8 + 1 = 17

Nr+hase- =7 +'7 =- l=13

CN-hase- =6+'7 + 7=14

Or+ hase- = 8 + 8 - I = 15

rn=o53n7=o$x*=2lzA

,.,ct- = tsz 2? 2p6 Zs2lfiZpjlpl (No unPaired

electron is prescnt)

n = 3,1 = 2meansld-subshell. Maxirnum number
ofelectrons present in it = 10.

'fhe oddation stale of N in NH3 is +3.

. - 11!,',r
n7'"

When 
', = 2,

\= - "-ou = -t o"u

(i\ ap(ii)+s (iii)3 d (ie) 3P. In ordcr of increasing

energies 3p <4s <1d <4Pi.e.(iv') < (ii) < (tii)
< (i).
'Ite given E.C. is for ground state of chromium.

In (c) electrons in cach sPecies arc equal.

CO=6+8=14,
Y6+=7+8-l=14,
CN--6+7+l=14,
4- -6+t+z=u
E=hv=hl

^- , hc (6 63 x 1o-31Js)(3 x lo8n6-l)orl=.:=--E (i.03 x l0-,,.I)

= 6'56 x 1o-1 m

= 656 nm

36.

12.

14.

HeDcE (c) is mrrect.

as2 4f r"p.eseott halogen which is mmt
eleclronegative,

n,=-1{2s661-t

En,_Er__""lhir)

Jump ftom,l = 6 ton = l will nol require ener$/.

Rather enerry t'ill be releas€d'

2L. UnPoired electrorc

,ozn = tsz 2? 146 x2 3p6 3d1o 4i2 o

,rFez+ = tsz 2s2 2pG 3s2 3p6 3d

40.

41.

43,

44,

,"Nf 
+ = lsz x2lp6 3P 3pc Y1

4

3
46.

50.

51.24.

25.

26,

28.

30. As protons remaitr the same, iotroduction of
neutroD changes only the atomic weight.

34. Ad-orbital has two nodal planes. (Numb€r ofradial
nodesrn5d- (n -f- 1) = (s 2 - 1) =2)

13.
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54. lleT+ contain6 Do electroD. A]t others contain ooc
electron each.

55. In (c), as 1 = 0, ,n cannbt be €qualto-1.
56. ,rMn2+ = [tu]1t 3d5. No. of uDpaired clectrons

5& r, =ag un2ie.r^=aox32 =9al
59. zecu = [Ar]r8 V1o 4s1

AII elecftons are paLed exc€pt 4rl. Henc€ 14 e-
have spin oDe direction and 15 e- in the other.

60. One setofquantum numb€rs is oflly forone orbital,
In an atom, the trlo ffbital$ can have tbe &ame set
of quanturn nulnbers.

61. 13e- ir M (3rd) shelt means 31313d5. Hencc
complete configuration \+,ill be

lsx 2s2 2p6 yz 3p6 4tt 34s

r:e. rotale- - 24- Hence the elemem iscrrromium.
62. ,oFe3+ = [Ar],8 3d5, ,rMnz+ = 1er.1lE 3d.
63, Energies of ihe orbitals " Z2.With ioci case in

nuclear charge, energies of the orbitals increase
vcry rapidly.

64. CI- ioD has 17 prolons in the nucleusl,hile K+ ion
bas 19 ptobns. Thus nuclear charge of K+ is
grcater and hencc its size is smaller.

65. I Ic has two ele.ctrons. Li+ also ha.s h+o electtons.
66. 25Mn = [tu]lt 3d5 4s2 ... Mnz+ = [tu]183d5

z6Fe = Ittrlt& 3# 4s2 '' Fe2+ = 1Ar.1t836e

,;-Tt = tA4t9 3dx 4s2 :. TP+ = 1A4tB 3iz

24cr = [Ar]t8 3d5 4r1 .- cr2+ = ttuf 8 3#

Thus Mn2+ has maximum number of u[paired
clcctrons.

67. I I Na = tsz 2s2 2p6 Zsl i.e. tor last electron I = 0
.. rz =0,

6& llnergy in rhc excited state h nothing bur KE.

69. v.B. =)r^o2,r.8. = -+
But eleqrostaric force ,$ = d Gcntrifugal torelt

. P-E.= - m,]
Tbraleners/ =t^u2-^u1 - - l^,,

''. K.E.ffbtal enerry = -1.70. ID Rutherfordt erperimcnr, a-rays w€re used
rvhich are helium nuclei,

71. According to Pauli exclusion principlc, an orbilsl
canDot haye more than twoelecEons and thesc too
witb opposire spin.

72. The lines at the red end hclong to Ralmcr scries.
These are obtair.ld forjumps to r = 2 trom outer
orbits(lsr line fromfl = 3, 2nd line trom r = 4, 3rd
linefromz=5).

73. E.C of 26Fe = IAtlli 3 cl6 4sz

E.C. of Fc2+ = [Ar]18 36F
.. d-eleclrons = 6.

c a x lo8 ms-l14. t = i - ;.;t#= = o 3'15 x tn' 1 
m

= 37.5 x 1O-9 m - 37.5 nfrl = 4 0xl0nm.
7s. LE. = 

t3!2 x z]

fior one electron species tfl thc grJund state,r? = I
.' 1312x7? = 1181O

or 7] =9orZ=3
76. For a = 4, E.C. = t"a zr7 lp6 k7,

qf 3dto 4s2 4p6 Mlo 4f ..

/ = 3 means/subshell which hn( 7 orbirals.
77. 1.E.=F.@ Et =0-Er

=218x10*18Jatom-i.

Thus, E- = - 2 18 x-10 - 18 
., ,,o, - t

nl

aE = Ft- F, - - 2.1e lo,t il-*l
=2 044 x to-18Jatom-1

aF = Au or '- 4E = ? !11 " lo-18J
h {' t'25 x lo-laJs

=3085x1015s-1

n. r^-L ..!D-!z-tr

. rrlni =9L\x f = o.s2eA

rr1Bc3+1=9iPJ!= o 52e A.

79. TnCr = 1:t2 zJz 2p6 3s2 3p6 3ds 4s1

I = 1 meansp-sub6hell and, = 2meansd-subshell
I - 1 is fot 2p6 aftd 3p6 -.'Ibral eleclrons = 12

I = 2 is for 3d5 . .. 'Iblal clecrroos = 5
El. There are tbree 2p orbitab mntainint 3 electrons

wiih spin + 12 and 3 wirh spin _ 12.
aZ. (l1 - I)/, minimum n = 5.

/, = 6. For (d)n = 5. .. E.C.
lues are 5 + 0,4 + 2,5+ l.

E3. F-, O2+, N3- are isoelectronic. Greater lhe
nuclear cbarge, greater is tbe attraction on the
electrons, smaller is rhe sizc.
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14. r7cl - ts2 x2 za6 x2lfizfi3p], For 3pl electron

n =3,1= 1,m = -1,0 or + 1.

rc, t.e. = 
13 !nz* ,v -- B 6 z] for oDe-eleciroD

speqes-

..13 67] = 54 4or7] =4orZ--2ie.He+
hnht6. By Bohr Postulate, mu, = " f;ot " = ,h

No. of r€vdutions Per sec

- Circumfelence of thc orbit

rnhlnh
2r.t 2fimr 2ttt 4/ml

a"2m?
. ]lme taken for one revolution = -:#-

l.

47. 6 =-[9sY.a5=E,-5,
=. rr.n /*-l^) - r..ux1=ro zev

\L '), = 3, 1 = 0 mcans last shell is 3r

'. E.C. will bc ,tz vz 2p6 Nr-2.
Atomic no. is 11 or 12.

lsotoncs arc atoms conlaining the same llumbcr of
neutrons (No. of n = A - Z). No. of nculrons in

!!ce = x - zz = lt. !f;se has Deutrons

=7a-34-44.
E.C. of 28Ni - B2 2s2 2p6 kz 3p6 1d8 4s2

Ni2+ = rsz 2161r2 313dE
'l}tus .l-clectrons in Ni and Ni2+ are same.

Reason

Two electrons in an orbitalcreate opPosite magnetic field.

Hund's rule demaDds that the mnfiSuration should dis-

play maximum muhiPlicity.

Electrons present in P-orbital can bave any one of the

three values of magnetic quaotum number t. e. + 1,0, -l
It is proportional to the velocity ofthe elcctron underSoiog
the transition.

Energy is released in the form of waves of light when the

eleclron drops lrom 2 /rllo2pyotbital

U.I.I.M.S. 1996')

89.

As s erti o n-tr-e a e o n TY P e Q.u e eai on e
Thc foltowlng qucstloDs cotraist ol two st temetrls eech printEd as Assertion and Reason. lvhile ansrrering

thcs. qu€stioEq you src r€qulrcd to choose any ore of the follo! ing llve responses'

(a) rboth Ass€tioD aDd Rcsao! or. true and the RGssoE 16 o corTect explanstion olttre AssertioD,

(D) If both Assentol and Rcrsotr ar€ truc but Rcason is not a corr.ct exPlaDatloD of tbc Ass€rtioD.

(c) IfAssertion 18 truc but the Resson is false. (d) If the Assertion is false but the Reason ls true.

(e) If both Assertiotr and Re,ason are false.

Ass€rtion

An orbital cannot have more than two electrons.

The configuration ofBe atom cannot be 1t2 3 12.

p-orbrtal is dumb-bell shaPed.

4. Wave number of a spectral line for an electronic
transition is quantised.

5, A spectral line will be scen forazpr - 2Py fiansi-

tioD.

7.

re are many ocited enerry levels aYailable.
(A.IJ.M.S. 199D

quantum number (z) is a measure of the
distanc€ of finding the eleciron around the'

(a.l.I.M.s. 199E'

+ l) rule is followed for determiniD8 the orbital of the

4J{rbital and Dot the 3 dorbital. 
llowest 

enerry state (A'I'LM'S' 1999)

The free gaseous Cr atom has six unpaired 
lHalf-fllled 

r orbital has Srcater stability. tt4.I.I.M.S. 2004)

electrons. I

ADDIT'ONAL 8$ESTTONS

1
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T r u e / tr a I s e gt at e m p- nte
wich of the lo oteing sla,n,nrs ae true ? t. Rutberford's model catr €rplain the line specrum

1. No current flou{ through the discharge tub€ wben of hdrogen.
the pressu re of the gas iDside is one atmosphere.

The cherge on the parlicles coostituting the anode
rays does not depend uFrn tbe nature of the gas
takeD.

Arode ra,s originate from the anode.

The magDitude of charge on an electron ard a
proton is the same.

The mass of proton is nearly same as that of
hydrogen atom.

All elecromagnetic wavEs travel witb the velocity
oflight.
There is no diffcreDc€ between line spedrum and
atomlc spectrum.

3.

4,

9. The eners/ levels are called stationary states be_
cause the ele€1rons are stationary io these leveis.

10. The energies of different shells are in the order
K>L>M>N......

11. Eledmnic eDerEr is netati\€ becaus€ electron bas
negatiit charge.

12. Bohr's model is not in accordaDce with de Broglie
concept and Heis€nberg,s uncertainity priDciple.

13. Tbe bouDdary of an atomic orbital canDot be
defined with abEolute accuracy.

14, All orbitals have directional characteristics.
7.

Fill ln The Blanke
l. Cathode rals produce.......rals when strike agaiost

rhe surface of a hard metal like tungstetr.

2. Carhode rara produce.......on s[iking a ZnS screeD.

3. Anode rays are deflected towards.......plate of the
electric field.

4, Proton was discovered by.......... .

5. The nucleus is nearly.......in size as compared ro the
totalsize ofthe atom.

6. Neutron was discovered by........ .

7. The arrangement of different electromagnetic
waves in order of their wavelengrhs is called.-.... .

t. The quantum of lighr is called....... .

9. The lowest eDer$r state of an a bm is called......aDd
after absorbing ener$/ it is said to be in.......... .

10. The_splirring of lines in the magneric lietd is ca ed

11. Bohr's model of atom is based upon--...-...whereas
wav-e. mechanical model is based upon......... and

12. The numbers which give complete lnformadon
about the electron are called........ .

13. 'fhc Dumber of sub-shells iD the nrh main shell
is.........and the number oforbirals is........ .

14. The orbitals having the same ellergr are called.... .

15. Forz = 3, / = ......, ....., ...... .

For I =2,m
The energr of a 4r orbital is....._than that of 3d
orbital.

r{rbiulls have.......shape whereas p{rbitals have
.....shape.
h.
; E the angular momentum of the electron in the
.......orbit of He+ (Roo*ce 1990)

16.

17.

1E.

23.

S/ are called....... (r.r.T 1993)

22" tr\hve functions ofelecroDs iD atorns and molecules
are called....... <1.1.T.199i)

The 2p, ,2py and 2p. orbitals ofatoms have iden-
tical shapes but differ in their........ (IJ.I: lg93)

The outermos! electronic configuration of Cr is
(I.I.T. 19e4)

The transition ofthe elertron in the hydrogen atom
ftom founh to first erergl state emis a spectral linc
wbich falls in......series. (Rorkce 1990)

The light radiations with discrete quantitiesofeDer-

umbers n,I and /ll
element having the
3 are......--.

(Bihu t99n
The probabitty of finding the electroD at any poinr
around the nucleus is found from the v;lues
of.......--. .

24.
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M atchinq Ty ? e Q.ue st'io ne
Mdrch the entries of colunn I with oppropriate entries of column lI'

ColuEIr I
l.Orbitals are filted in order of increasint energy

2.Degenerate orbitals are first singly occuPied

3.An orbital can have maximum t$o electrons

4.Position and momentum ofa small Particle
canDot be measured simultaneously with
absolute acauracy,

Column II
1. Hund's rule

2. PauliexclusionPrinciPle

3. Aufbau priDciPle

4. HeisenbergprinciPle.

ASSERTION.REASON TYPE OUESTION S

l.b 2.b 3.b 4.c 5'e

TRUE-FALSE STATEM EIITS

1, 4, 5 , 6,'l , 12, 13.

FILL II'i THE-BLANKS

l X-ra)T 2. green fluoresc€nc€ 3. neSative 4. Gol rc

spectrum t. photon 9. ground state, excited state

de Broglie concrpt and Heisenberg's uDcertaiDty

14, deginerate oibitals. 15. 0, 1, 2 16. -2, -1' 0,

20, Lyman 21. photons 22. orbitals 2Il. orientation

YlI9ltY 1 {l!S!is IL9l' s

1-3,2-1,3-2,4-4.

HlNfS/ExPLANATloNSiLoAssertion-ReagonfypeG.ueet.iono

6.a 7.a E.o 9.c

o' o=* (4 - !"). Thus v depends only uPon tbe

l"i "il
orbits ln, and i,2; b"tt*""n which the transiton

takes placc and not on the velocity of the electroo'

5. 2 p, and 2 P y arc degeneratc orbitals !.e har€ equal

encrSlcs.

9. 21Cr = [Ar]3d 4s1 r'.e. it has six unpaired

eledrons. Fully-6lleds- otbital has greater stability'


