Structure of Atom
—Classical Mechanics

CHAPTER

KEY CONCEPTS AND EQUATIONS

FUNDAMENTAL PARTICLES
An atom consists of the two parts :

(a) Extremely small but dense central part called the nucleus.
(b) Extranuclear part.

The size of nucleusis of the order 107> m and it contains positively charged protons and neutral
particles called neutrons. These particles are collectively called nucleons.
The charge and mass of these fundamental particles are given in the Table 1.1.

TABLE 1.1. CHARGE AND MASS OF FUNDAMENTAL PARTICLES.

i OT ) SR L Mass (Kg) Name of the Discoverer
the particle in coulomb Charge

Electron -1.60 x 107 -1 9.10 x 10'kg J.J. Thomson
Proton +1.60 x 10 +1 1.672 x 102" kg E. Goldstein
Neutron 0 0 1.674 x 10°"kg Chadwick

ATOMIC NUMBER AND MASS NUMBER

Atomic number is the number of protons present in the nucleus of the atom. It is also equal to the
number of electronsin the neutral atom. It is denoted by Z.

Mass Number is the number of nucleons present in the nucleus of an atom. It is denoted by A. An
atom is represented by AZX or ZXA. The difference between the mass number and atomic number gives
the number of neutrons present in the atom, i.e.

Number of neutrons=A-Z
PLANCK'S QUANTUM THEORY
The quantum theory proposed by Max Planck in 1900 may be stated as:
(a) Atom absorbs or emits radiations in small units called quanta or photons of energy, i.e.
E=hv

where v is the frequency of emitted radiations and h the Planck's constant. Its value is

6.62x 102" erg sec or 6.62 x 10" Jsec.
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(b) An atom can emit or absorb energy equal to nhv wheren is awhole number.

PHOTOELECTRIC EFFECT

When electromagnetic radiations of sufficient energy are allowed to fall on metal surface such as
caesium, sodium, etc., electrons are emitted. This phenomenon is called photoelectric effect. The
frequency which provides enough energy just to release the electron from the metal surfaceis called
threshold energy, v_. For frequency lessthan v_no electron will be emitted and for higher frequencies
v>v_, apart of theenergy goesto knock the electron and remaining for imparting kinetic energy to the
photoelectron emitted. Thus,

hv=hy +%mvV

where hv is the energy of the photon of incident light, hy_ is the minimum energy for an electron to
escape from the metal and ¥ mv?isthekinetic energy of the photoel ectron. A graph between the kinetic
energy of photoel ectrons against the frequency of incident light is shown in Fig.1.1.

A

Kinetic energy of photoelectrons
°

v

Vo
Frequency of incident light
H Figure 1.1

Kinetic energy of photoelectrons plotted
against frequency of incident light.

EQUATIONS DERIVED FROM BOHR'S THEORY
To calculate the radius (r) and energy (E) of permissible orbits for one electron species, Bohr
derived following equations :

Angular momentum, mvr = ;—h e ()
T
2 2
Radius of an orbit, ro= _mh (i)
4rmze
Energy of an electron in nth orbit
E = —ﬂz I (11))
n nh
Velocity of an electron in nth orbit
2nZ¢€ .
v ——/— (1Y)

nh
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In CGSunits, misthemassof an electroningrams, eits chargein esu, vitsvelocity incmsec™, r the
radius of the orbit in cm, h the Planck's constant, E the energy in ergs, Z the atomic number and nisthe

number of aninteger havingvalue1,2,3....... representing thefirst, second, third, .... orbitsrespectively.
For first orbit of H atom (or He" or Li?* species) we have

- _ P E = 2272’ m ad v = 2né
17 4gmZé 1o h2 1 h
and for nth orbit we have
2 El Vl
r,=n"xr, E”:_F and V.= T
The difference between two energy states n, (higher) to n, (lower) is given by
AE = E -E

where E, is the electronic energy in final state and E, is the electronic energy in the initial state.
Using Equation (iii) it can be shown that

AE = 2w Z2em[1 1
T h? 2
2 1
2 4 [ h
or AE = 2mZ2€m 1 1
h? L 2 n.
o hec _ 227em [ 1 1]
D 252
A h L n2 n?.
or 1 _2rZeém [1_1]
A ch? L 2 n2 ]
where A is the wavelength tooe
— 1 1
or wave number v = R [—2 - —2]
n n
1 2
2 4
or R = _er?sm ('.'Z: 1forHatom)

and Riscalled Rydberg constant. Itsvalueis 109677 cm™ or 1.09677 x 107 m.

ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. Calculate the velocity of the electron in the first Bohr orbit
(h=6.625x 107 ergsec;r = 0.529A ; m = 9.109x 10%g).

SOLUTION :
Formulaused
N nh
mvr = >
nh
or vV =

2T mr
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Quantitiesgiven
n=1 h = 6.625x 10 erg sec r = 0.529A = 0529 x 10%cm

Substitution of values
1 x 6.625 x 10 erg sec

We have v =
2 x 3.14x (9109 x 108 g) x (0529 x 10°cm)
= 0.2189 x 10°cmsec™
— = 2.189x 10%cm sec™

SOLVED PROBLEM 2. Calculate the energy of transitioninvolvingn, = 6ton, = 3in ahydrogen
atom, given that Rydberg constant R = 109737.32cm™ and h=6.63 x 10>* Jsec.
SOLUTION :

Formulaused
AE = E
A
hR[l 1 (.._1_R[1 1])

or = Cc _—— — . = _2 _ _2

n? n? A n, n,
Quantitiesgiven
h = 6.63 x 10 Jsec n =6 n, =3
c=3x 10°cmsec? R = 109737.32cm™

Substitution of values
AE = (6,63 x 10°% Jsec) x (3 x 10° cmsec?) x (109737.32 cm™) [ lz iz]
6 3
1
2182675.295 x 10 [ =-=13

1
36 9
2182675.295 x 10 (-0.0833) J

—181886.9x 10 J
—-1.819 x 10

SOLVED PROBLEM 3. Calculate the wavelength associated with an electron moving with a
velocity of 1x 10® cmsec™. Massof an electron=9.1 x 102 g.

SOLUTION :
Formulaused 5 o=
mv
Quantitiesgiven
m=91x10*g v=1x10®cmsec h = 6.625 x 107 erg sec

Substitution of values
6.625 x 10 erg sec
(9.1 x 10%g) x (1x 10%cmsec?)
0.728 x 10°cm
7.28 x 10 cm

We have A=
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— SOLVED PROBLEM 4. Calculate theradius of third orbit of hydrogen atom (h=6.625 x 10 erg sec;
m = 9.1091 x 10‘289 ‘e= 4.8 x 1070 esu).

SOLUTION :

Formulaused "2 h2
o ' 4 me

Quantitiesgiven
n=3 h = 6.625 x 10%" ergsec
m= 9.1091 x 10%g e= 48 x 10%esu

Substitution of values
3% x (6.625 x 10 erg sec)?

We have ' 4 x (314) x (910901 x 102 g) x (48 x 100esi)?
= 0.04772 x10%cm
- = 4772 x 108 cm

SOLVED PROBLEM 5. Calculate thewavelength of first linein Lyman series of hydrogen spectrum.
(R, Rydberg constant = 109677 cm™2).

SOLUTION :
1
Formulausad — - RZ [_1 1 ]
A moon
Quantitiesgiven
R = 109677 cmt Z = 1(for hydrogen atom)
n=1 n, = 2(for 1stlinein Lyman series)
Substitution of values
1 1 1
= _ -1 = _ =
7 - 109677 cm™ x [12 - 22]
= 109677 cm™ x 0.75
= 82257.75cm™
1
or Y

82257.75 cm™*
= 1.215 x 10°cm

= 1.215 x 10° x 108A
= 1215A

SOLVED PROBLEM 6. Inthe photoelectric effect experiment irradiation of ametal with light of
frequency 5 x 10%° sec™ yields electrons with maximum kinetic energy 6.63 x 107 J. Calculate v,
threshold frequency of the metal.

SOLUTION :
Formulaused

hv = hu, +mVP
or K.E,%mv? = hv-hv
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Quantitiesgiven
KE = 6.63 x 10™J v =5x 10¥sc?

h = 6.63 x 10*Jsec
Substitution of values

6.63 x 10™J = 6.63 x 10* Jsecx (5 x 10% sec™—v,)
o 5y 1P sl p o 863 x 107

0" 6,63 x 10* Jsec
= 1 x 10%%sec™
v, = 5 x 10¥sec™ -1 x 10 sec™
= 4 x 10¥sec™
SOLVED PROBLEM 7. The kinetic energy of a subatomic particleis 4.55 x 10> J. Calculate the

frequency of the particle wave. Planck's constant h = 6.62 x 103*kg m? sec™.
SOLUTION :

Formulaused

mv?
Freguency, v = T
Quantitiesgiven

KE = %amv? = 4.55 x 10%® or
h = 6.62 x 10* Jsec
Substitution of values

mv? = 2 x 455 x 10%]

9.10x 102 J
We have v = =
6.62 x 10" Jsec
1.37 x 102 sec?t

SOLVED PROBLEM 8. What isthe frequency of emission spectrum when the electron in hydrogen
atom fallsfrom 5th to 2nd orbit ?

SOLUTION :
Formulaused

AE = hcR [iz_ _12]
Quantitiesgiven n n,

n =5 n,=2 h = 6.625 x 103 Jsec
c = 3x10®msec? R = 1.09677x 10’ m™
Substitution of values
AE = (6.625 x 10 Jsec) x (3 x 10®°msec?) x (1.09677 x 10" m™) x [ é - ?12

= 21.798 x 1087 % (0.04 — 0.25) J
— 45776 x 1079

AE

h

Now Frequency, v

45776 x 10™°J
6.625 x 10**Jsec
= - 0.6909 x 10®sec?

= — 6909 x 10" sec™
___The negative sign simply indicates the loss of energy.




SOLUTION :
Formulaused

Quantitiesgiven
n =2 n

Substitution of values

AE =
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N SOLVED PROBLEM 9. Calculatethe energy difference, frequency and wavelength of light emitted
when the electron in ahydrogen atom undergoes transition from 4th energy level to 2nd energy level
(Rydberg constant = 1.09677 x 10" m™).

AE = hcR [—12— —2]
r-11

R = 1.09677 x 10’ m™ c=3x 10°msec?

(6.625 x 10 Jsec™?) x (3 x 108 msec™?) x (1.09677 x 10’ m™)

Also

and

SOLUTION :
Formulaused

or
Quantitiesgiven

AE = 4.4x 10
Substitution of values

frequency, v

wavelength, A

11
2T

21.798 x 10##7x 0.1875 J

4087 x 1070
AE _ 4087 x 1077

h 6.625 x 1034 Jsec
0.6169 x 10®sec

6.169 x 10 sec™

€  _3x10°msec™
v 6619 x 10¥m
= 0.4532x10°m

= 4532 x 10" m

SOLVED PROBLEM 10. If the energy difference between the ground state of an atom and its
excited stateis4.4 x 107° J, what is the wavel ength of the photon required to produce thistransition ?

hc
ME= T
L he
T AE
h = 6.625 x 10 Jsec c=3x 10®msect
z (6.625 x 10*Jsec) x (3x 108 msec™?)

(4.4 x 10

4517 x 107389 m
4517 x107'm
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" SOLVED PROBLEM 11. The electron in a hydrogen atom revolves in the second orbit. Calculate
(i) theenergy of electroninthisorbit (ii) radius of the second orbit and (iii) frequency and wavelength
of the spectral line emitted when this electron jumps to the ground state.

SOLUTION : (i) To calculatethe energy of electron in 2nd orbit
Formulausd
E = 2m’met

n 2 2
Quantitiesgiven nh

n=2 e= 480 x 10esu h = 6.625 x 10% erg sec m= 9.1 x 10%¢g
Substitution of values

E -_2X (3.14)? x (4.8x 10Y%esu)*x (9.1 x 10%g)
2 22 x (6.625 x 107 erg sec)?
= — 3594.59 x 10™ erg
= — 359459 x 10 erg
= —35946 x 10 erg
(i) Tocalculatetheradiusof 2nd orbit

Formulausd
n? h?
"2 4m’mé?
Quantitiesgiven T
n=2 h = 6.625 x 10 ergsec m=091x 10%¢g e=48x 10%%esu

Substitution of values
2% x (6.625 x 10 erg sec)?
2 4x (314)* x(9.1x 10%Qg) x (48 x 1070 esu)?
= 0.0212 x 107220 ¢cm
= 0.0212 x 10®%cm
= 212x 10%cm
= 212A
(iii) Tocalculatethefrequency and wavelength of thelineemitted

R[ i2 - _12]
. n n
Quantitiesgiven 1 2
n =1 n, =2 R = 109677 cm™
Substitution of values

Formulaused

1
A

1 1 1
— = (109677cm™) x [— - —]
A ( ) 12 22
= 109677 x 0.75cm™
= 82257.75cm™
or A = S S— 1.2157 x 10°cm

82257.57 cm™
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and frequency, v = < - 3 x 10~ cm
’ A 1.2157 x 10°cm
| = 24677 x 10®Hz

 SOLVED PROBLEM 12. According to Bohr's theory, the electronic energy of the hydrogen
atom in nth Bohr'sorbit isgiven by E_= _21.76 x 10™°7% 3 cajculate the longest wavelength of
2

light that will be needed to remove an electronsfrgm 3rd Bohr orbit of He" ion.
SOLUTION :

Formulaused
21.76 x 107 72

Quantitiesgiven
=2 n=3
Substitution of values

E = 21.76 x 10™° x4
"o 9
-9.671 x 107
Thustheenergy required to remove an electron from 3rd Bohr'sorbit of He"ion is
9.671 x 109 J.

"~ SOLVED PROBLEM 13. What transition in the hydrogen spectrum would have the same
wavelength as the Balmer transition n = 4 to n = 2 of He" spectrum ?

SOLUTION :
Formulaused
1 1 1
b 1o
2 2
7\’ nl 2
Quantitiesgiven (for helium atom)
=2 nl =2 n2:4
Substitution of values
1
S -Rx4x [_1 _ 4 ]
1 4 16
_ 4Rx 3
- 16
Quantitiesgiven (for hydrogen atom)
Z=1
Substitution of values
Fere[ 2
—=Rx1|— - —
2 2
) /’LZ 1 n2
since AI = 2,2
We have 4R><3:R><[———1]
16 2 oon?



10 1 QUESTIONBANK

. [L-4]-2
2 2|
nl n2 4
Thisispossibleif n, =1andn, =2

Thusthetranstionn, = 2ton, = 1(Lyman series) in hydrogen atom hasthesamewavelength as
theBalmer seriestransitionn,=4ton, = 2of He" spectrum.

" SOLVED PROBLEM 14. Find out the number of waves made by aBohr electron in one complete
revolutioninits 3rd orbit.

SOLUTION :
Formulaused
mvr = nh
Quantitiesgiven 2r
n=3
Substitution of values 3h
mvr = —
2r
or 2nr = 3—h .. h
_ g]xv [ A = m

Hencethreetimesthewavelength of electronisequal tothecircumferenceof 3rd orbit. Sothe
|__electron makesthreewavesaround 3rd orbit.

" SOLVED PROBLEM 15. lodine molecule dissociates after absorbi ng light of 4500A. If one quan-
tum radiation is absorbed by each molecule, calculate the kinetic energy of iodine atom. (Bond
energy of I,= 240 x 10°kJmol™).

SOLUTION :
Formulaused
hc

=T
Quantitiesgiven
h = 6.625 x 10 Jsec c=3x10%msec? A = 4500A = 4500x 10™°m
Substitution of values 34 s N

AE = (6.625 x 10~ Jsec) x (3 x 10° m sec™)

(4500 x 1071 m)
4.416 x 10°)
240 x 10°
Avogadro's No.
= M Jmolecule
6.023 x 107
3.984 x 107° Ymolecule
Energy absorbed — Bond energy
4.416 x 10%°3-3.984 x 10 J
0.432 x 10°J
0.432 x 1019J

2
216 x 102

Now Bond energy of |, per molecule Jmolecule

Kinetic energy of iodine atoms

Kinetic energy per iodine atom
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SOLVED PROBLEM 16. Calculate the wave number for the shortest wavelength transition in the
Balmer series of hydrogen atom.
SOLUTION :

Formulaused

S

_1_ R [_1 _ _1]
oA n2 n?
Quantitiesgiven

n =2 n, = R=109677cm™
Substitution of values

<l
I

1
109677 cm™* [—2 - = ]
2

109677 [ _411 _ o] c?

- 27419.25 cm™
SOLVED PROBLEM 17. Calculate the energy emitted when electrons of 1.0 g atom of hydrogen
undergo transition giving the spectral line of lowest energy inthe visible region of its atomic
spectrum. (R = 1.1x 10’ m™).
SOLUTION :
Formulausd

1 1 1
— = R|l— - —
A [”12 n22]
Quantitiesgiven

R=110x10"m* For visible region we have Balmer seriesand
For Balmer series n, =2 n, =3 (lowest energy)
Substitution of values

1 11
— = 11x10mix |5 - = ]
2\ X m-= X 52 32

11x107mt x =

0.15277x 10’ m™

1
o A 0.15277 x 107 m
= 6.546x107"m
Tocalculateenergy emitted
Formulausd
A = e
A

Quantitiesgiven
A =6.545 x 107 m h = 6.625 x 10 Jsec c= 3x10%msec?

Substitution of values " s .
(6.625 x 107" Jsec) x (3 x 10°msec™)

6.545 x 107 m

AE =
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3.037 x 107387

3.037 x10™°J

Now energy emitted from 1 g atom of hydrogen

3.037 x 10°Jx Avogadro's No.
3.037 x 10%°x 6.02 x 10%]
182.82 kJ

[ SOLVED PROBLEM 18. Calculate the wavelength of radiation emitted, producing alinein Lyman
series, when an electron falls from fourth stationary statein hydrogen atom. (R= 1.1 x 10’ m™)

SOLUTION :
1 1 1 ]
R —_— e —
A [nl2 n,?
Quantitiesgiven

Formulaused
— — H — 7 1
n, =4 n, = 1(Lyman series) R =11x10"m

Substitution of values

1 B 1 1
(L1 x 10" m?) x T R
1
16

= 1.1 x 10’ m? x [1 -
= 11x10" x LB mt

16
= 1.0313x 10" m™*

= 1.0313x 10" m™

1
1.0313 x 10’m*

or A =

= 0.9696x 10~
= 9.696 x10°m

ADDITIONAL PRACTICE PROBLEMS

1. Cdculate the velocity of the electron in the first Bohr's orbit (h= 6.625 x 10 ergsec; r = 0529 A ;
m= 9.109 x 108 ).
Answer. 2.189 x 10® cmsec™

2. Cdculatetheenergy of trangitioninvolvingn, = 6 ton, = 3inahydrogen atom given that Rydberg constant,
R= 109737.32 cm™ andh= 6.63x 10> Jsec.
Answer. 1.818 x 107%°J

3. Cadlculate the radius of the third orbit of hydrogen atom (h = 6.625 x 107 erg sec; m=9.1091 x 102 g;
e = 48 x 10V esu).
Answer. 4.763 x 107
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Calculate the wavelength of the first line in Balmer series of hydrogen spectrum. (R = 109677 cm™)
Answer. 1215 A

What is frequency of ared light source having wavelength of 700 nm (nanometer) ? Calculate the energy of
a photon of light.

Answer. 4.28 x 10* sect;2.78 x 10°J

Whet is the frequency of emission spectra when the electron in a hydrogen atom falls from n, orbit to n,
orbit ?

Answer. 7.30 x 10 sec?

A light beam has a frequency of 1.0 x 10'2 Hertz. What is the wavelength of the beam in meters ? The
velocity of light is 3.0 x 10® m sec™™.

Answer. 3.0 x 10*msec?

Sound wavestravel about 203 m sec™t in air. What is the wavel ength of the sound produced by atuning fork
of 512 vibrations per second ?

Answer. 0.396 m

Calculate the loss of energy in Joules per mole of photons, when atoms release radiations at a frequency of
10¥? sec,

Answer. 4 x 10? Jmol

An electron in an atom drops to alower energy level with the release of 5.0 x 10™ sec™ radiations. What is
the loss of energy in Jmol™ ?

Answer. 2.0x 10° Jmol

Visiblelightisintherangeof 4.0 x 10% Hzto 7.5 x 10% Hz. Cal culate therange of visibleradiation in meters.
Answer. 4x 107" mto 7.5x 107 m

In hydrogen atom the energy of the electron in first Bohr's orbit is— 1312 x 10° Jmol~%. What is the energy
required for the excitation of second Bohr's orbit ?

Answer. 9.84 x 10° Jmol

Thekinetic energy of an electronis4.55x 1072 J. Calculateitswavelength (h= 6.6 x 10 kg m? sec; m
=9.1x 10 kg)

Answer. 7.2x 107m

The reaction |, %%, 2 | was brought about by light radiation. It was found that 151 kJ
mol of light was required to dissociate the molecul ar iodine. Assuming that one quantum of light energy was
required to dissociate one molecule of iodine, calculate the energy in Joulesin one quantum of light and the
wavelength of the light radiations in meters.

Answer. 251x 107 J: 7.92 x 10" m

Using Bohr theory, calculate the radius and velocity of the electron in tenth orbit of hydrogen atom.
Answer. 0.53x 10®cm; 21.9x 10’ cm sec™*

Calculate the frequency and energy associated with photons of radiations having a wavelength of 6000 A.
Planck's constant = 6.625 x 10727 erg sec.

Answer. 5x 10 cps; 3.312 x 10 erg

Calculate the range of frequencies of visiblelight (3800 A to 7600 A)

Answer. 3.948 x 10 cpsto 7.894 x 10 cps

Calculate the wave number of lines having frequency of 4.5 x 10° cps.

Answer. 1.5x 108 m?

Calculate the energy in kcal mol™ of photons of an electromagnetic radiations of wavelength 4000 A.
Answer. 71.47 keal mol

Electromagnetic radiation of wavelength 242 nm is just sufficient to ionize the sodium atom. Calculate the
ionization energy of sodiuminkJmol™; h = 6.6256 x 107 Joule sec.

Answer. 494.5 kJmol™

In a hydrogen atom, an electron jumps from 3rd orbit to first orbit. Find out the frequency and wavelength
of the spectral line.
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Answer. 1025.6 A

Calculate the wavelength and energy of radiations emitted for the electronic transition from infinity (<) to
stationary state of the hydrogen atom. (R = 1.09678 x 10’ m™ ; h = 6.625 x 10~ Joule sec and
€c=29979x 10® msec)

Answer. 911 x 10°m; 217.9x 102 kJ

Calculate the wavelength in A of the photon that is emitted when an electron in Bohr orbit n= 2 returns
to the orbit n = 1 in the hydrogen atom. The ionization potentia in the ground state of hydrogen atom is
2.17 x 107 erg per atom.

Answer. 1220 A

What transition in the hydrogen spectrum would have the same wavelength as the Balmer transition n =4 to
n =2 of He" transition ?

Answer.n=2ton=1

A line at 434 nmin Balmer series of spectrum corresponds to atransition of an electron from the nth to 2nd
Bohr orbit. What isthe value of n ?

Answer.n =5

The electron energy in hydrogen atomisgiven by E = —21.7 x 10°%/n? ergs. Cal cul ate the energy required to
remove an electron completely from the n = 2 orbit. What is the longest wavelength (in cm) of light that can
be used to cause this transition ?

Answer. —5.42x 10 % erg ; 3.67x 10°cm

The energy transition in hydrogen atom occurs from n = 3to n = 2 energy level. (R = 1.097 x 10" m™).
(i) Calculatethewavelength of the emitted electron (ii) Will thiselectron be visible ? (iii) Which spectrum
series does this photon belong to ?

Answer. 6564 A ; Yes: Bamer series

Calculate the energy emitted when electrons of 1.0 g of hydrogen undergo transition giving the spectral line
of lowest energy inthevisibleregion of itsatomic spectrum (R=1.1x 10’m™; ¢=3x 10°msec’}; h=6.62
x 107 J sec)

Answer. 182.5 kJ

The energy of the electron in the second and third Bohr orbits of the hydrogen atomis—5.42 x 102 erg and
—2.41 x 1072 erg respectively. Calculate the wavelength of the emitted radiation when the electron drops
from third to second orbit.

Answer. 6600 A

A doubly ionized lithium atom is hydrogen like with an atomic number 3. (i) Find the wavelength of the
radiation required to excite the electron in Li from thefirst to third Bohr orbit (Ionization energy of hydrogen
atom is 13.6 eV) (ii) How many spectra lines are observed in the emission spectrum of the above excited
system ?

Answer. (i) 113.7A (i) 3

An electron beam can undergo diffraction by crystals. Through what potential should abeam of electrons be
accelerated so that its wavel ength becomes equal to 1.54 A.

Answer. 8.0459]

With what velocity should an o - particle travel towards the nucleus of a copper atom so as to arrive at a
distance of 107 meter from the nucleus of the copper atom ?

Answer. 6.318 x 10°ms™



Structure of the Atom
—Wave Mechanics Approach

CHAPTER

KEY CONCEPTS AND EQUATIONS

WAVE MECHANICS

According to "Wave Mechanical Theory' light exhibits both a wave and a particle nature under
suitable conditions. This theory was further extended to matter i.e. electrons, protons and atoms. The
new guantum mechanics which takes into account the particul ate and wave nature of matter istermed
as wave mechanics.

DE BROGLIE EQUATION

deBrogliein 1924 proposed that matter (atoms, neutrons, protons, electrons, etc.) hasdual character
i.e. it isassociated with the properties of waves and their wavelengths A is given by the relation
h h

A= =
nmv momentum

where misthe mass, v, the velocity of the particle and h the Planck’s constant. de Broglie equation
has no significance for large objects.
HEISENBERG'S UNCERTAINTY PRINCIPLE

It is impossible to measure simultaneously both the position and velocity (or momentum) of a
microscopic particle with absolute accuracy or certainty. Mathematically,

h
AXXApP> I

h
or AXXMAV> ——
4t

where Ax isuncertainty in position and Ap the uncertainty in momentum or Av isthe uncertainty in
velocity and m the mass of the particle. It aso has no significance for large objects.

SCHRODINGER'S WAVE EQUATION
Schrédinger derived an equation based upon the idea of the electron as 'standing wave' around the
nucleus. This equation, known as Schrédinger's wave equation, is
dy iy dy  87m
+ + +
dx? dy? dz?

(E-PE)y =0

15
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where y is a mathematical function representing the amplitude of the wave, m the mass of the
particle, v, the velocity, E the total energy of the particle, PE., the potential energy and x,y,z arethree
space coordinates.

It may be noted that square of the wave function, y?, represents the probability of finding the
electron in different regions.

QUANTUM NUMBERS

According to modern theory of electronic structure an electron in an atom is specified in terms of
four quantum numbers which describe the probable location of the electron. The values of quantum
numbers govern its energy, orientation in space and its possible interaction with other electrons.

PRINCIPAL QUANTUM NUMBER
It denotes the principal shell to which the electron belongs. It also represents the average size of
electron cloud. The distance of the electron from the nucleus in hydrogen atom is given by

r . =0.529x n?A

where n is the principal quantum number. It can have integral values 1,2,3/4....... The maximum
number of electronsin the principal shell isequal to 2n%

AZIMUTHAL QUANTUM NUMBER

It describes the angular momentum of the electron and defines the shape of the orbital occupied by
the electron. It isdenoted by ' | " and it can have al integral values from 0 to n—1. The total number of
sublevelsin each principal level isnumerically equal to the principal quantum number of that level. For
example,

n=1 =0

n=2 | =0, =1

n=3 | =0, | =1, =2

n=4 | =0, | =1, =2, 1=3

The shape of the orbital isrelated to the azimuthal quantum number in the following manner :
=0 =1 =2 =3
s—subshell p—subshell d—subshell f—subshell
MAGNETIC QUANTUM NUMBER
It accounts for the splitting of the spectral line in a magnetic field (Zeeman effect). It gives the
orientation of the electron cloud and is denoted by m. For each value of |,m can have all integral values
between - to +| through zero. For example,

=0 m=0

=1 m=-1, m=0, m=+1

=2 m=-2, m=-1, m=0, m=+1, m=+2

=3 m=-3, m=-2, m=-1, m=0, m=+1, m=+2, m=+3

SPIN QUANTUM NUMBER

It accounts for the spin of the electron about its own axis. It is denoted by s and it can have either
+Y or -2 val ue depending upon whether the el ectron spin is clockwise or anticlockwise. The summary
of the four quantum numbersisgivenin Table 2.1.
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TABLE 2.1 THE QUANTUM NUMBERS AND THEIR PERMITTED VALUES.

Quantum Number Designation Permitted Values

Principal Quantum Number n
Azimuthal Quantum Number |
Magnetic Quantum Number m

s

Spin Quantum Number

+1/2 or -1/2

PAULI'S EXCLUSION PRINCIPLE

No two electronsin an atom can have the same set of all the four identical quantum numbers. This
meansif two electrons have the same valuesfor n,l and m, they must have different values of s. It helps
usto find out the number of electronsthat can be accommodated in an orbital or sublevel or principal
energy level. Thetotal number of electronsin first four energy shellsare givenin Table 2.2.

TABLE 2.2. MAXIMUM NUMBER OF ELECTRONS IN FIRST FOUR ENERGY LEVELS.

Principal Quantum Number of electrons in Total number of
Number s—subshell p-subshell d-subshell f-subshell electrons
1 2 - - - 2
2 2 6 - - 8
3 2 6 10 - 18
4 2 6 10 14 32
(n + /) RULE

The energy of the electronsincreases asthe sum (n+1) increases, i.e. lower thevalue of (n+1) for an
electron in an atom lower isits energy.
For two electrons with same (n+1) value, the one with lower value of n haslower energy.

AUFBAU PRINCIPLE
In the ground state of an atom, the electron enters the orbital of lowest energy first and subsegquent
electronsare added in the order of increasing energies. Fig. 2.1 showsthe energy level schemeof filling

up of electronsin various orbitals.

e

M Figure 2.1
Aufbau order of filling up of electrons in various orbitals.
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Theincreasing order of energy of various orbitalsis asfollows:
15< 25< 2p<35<3p<4s<3d<4p <5S....covvrerenne

HUND'S RULE OF MAXIMUM MULTIPLICITY
Electrons are distributed among the orbitals of asubshell in such away asto give maximum number
of unpaired electrons with the same direction of spin.

ADDITIONAL SOLVED PROBLEMS

" SOLVED PROBLEM 1. A neutral atom has 2K, 8L and 3M electrons. Predict from this (i) its
atomic number; (ii) total number of s-electrons; (iii) total number of p-electrons and (iv) total
number of d-electrons.

SOLUTION :
(i) Atomic number
Atomic number = No. of Protons = No. of electrons
=2+8+3
=13

(i) Total number of s-electrons

The electronic configuration of the atom with atomic number 13is
18* 28 2p° 3¢ 3pt

Total no. of s-electrons = 2+2+2 [18% 252, 397
= 6
(iii) Total no. of p-electrons
Total no. of p-electrons = 6+1 [2p5 3pY]
= 7
(iv) Total no. of d-electrons
Total no. of d-electrons = 0 [~ 3disvacant]

SOLVED PROBLEM 2. The velocity of a ball bowled by Kapil Dev is 25 m sect. Caculate
the wavelength of the matter wave associated with the ball (mass of the cricket ball is 158.5 g;
h=6.625x 10% erg sec).
SOLUTION :
Formulausd

mv
Quantitiesgiven

m=1585¢ v=25msec? =2500cmsec™ h=6.625x 10 erg sec
Substitution of values
_ 6.625 x10¥ erg sec

158.5gx 2500 cm sec™®

0.0000167 x 102" cm
1.67 x 10* cm

SOLVED PROBLEM 3. Give the orbital configuration and number of unpaired electrons in the
ground state for the following atoms :

0] Nitrogen (At. No. 7)
(i) Chlorine (At. No. 17)
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(iii) Manganese (At. No. 25)
(iv) Cadmium (At. No. 48)
SOLUTION : The electronic configurations and number of unpaired electrons are as follows :
No. of unpaired electrons
(i) Nitrogen (At. No.7)
(i) Chlorine (At. No. 17)
(iif) Manganese (At. No. 25)
_(iv) Cadmium (At. No. 48)

1s° 25” 2p! 2p)1( 2p!

18 2" 2p° 35" 3p’ 3p§ 3p!
182 282 2p° 3 3p° 4 3d® 5
1% 282 2p° 382 3p° 4<% 3dl° 42 4pP 55 4d° 0

1
= W

[ SOLVED PROBLEM 4. A particle having wavelength of 6.6 x 107 cm is moving with a velocity
of 10° cm sec™™. Find the mass of the particle. (Planck's constant = 6.62 x 107" erg sec)
SOLUTION :

Formulaused h
A= —
mv
or m= h
T VA
Quantitiesgiven
h=6.62x 10% erg sec v=10°cmsec A=6.6x10"cm
Substitution of values
6.62 x 10%" erg sec

6.6x 10* cmx 10°cm sec™
= 1.003x 102 g

B SOLVED PROBLEM 5. What is the wavelength associated with a particle of mass 0.1 g moving
with aspeed of 1 x 10° cm sec™? (h = 6.6 x 10 erg sec)

SOLUTION :
Formulausd
h
A=
mv
Quantitiesgiven
h=6.6x 107 erg sec m=0.1g v =1x10°cmsec?
Substitution of values
5 = _ 66X 10" erg sec
(0.1g) x (1x10°cmsec?)
= 66 x 1032g
| = 6.6x10°g

" SOLVED PROBLEM 6. Calculate the de Broglie wavelength for a ball of 200 g moving with a
velocity 3x 10 cm sec™ and an electron moving  with the same velocity. (Mass of electron = 9.109
x 102 g; h= 6.624 x 10 erg sec).

SOLUTION :

Formulausd
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Quantitiesgiven

(i) For theball
m=200g v=3x10"Ycmsec? h=6.624 x 102" erg sec
Substitution of values
_ 6.624x10 ergsec
~ 200gx3x10°cmsec?
= 1.04x10%cm

(ii) For theelectron
m=9.109x 10%g v=3x10%cmsec? h=6.624 x 102" erg sec
Substitution of values
6.624 x 102" erg sec
9.109x 102 gx 3x 10°cm sec™

0.24239% 10°cm
L 2.4239% 10 cm

B SOLVED PROBLEM 7. If an electron is accelerated by 100 volts, calculate the de Broglie
wavelength associated with it. Also calculate the velocity acquired by the electron. (Mass of
electron=9.1x 102 g; h=6.62 x 10 erg sec).

SOLUTION :
(i) Tocalculatewavelength
Formulaused
A= 150
V volts

Quantitiesgiven
V=100 volts
Substitution of values

= A 150 4
100
= /15 A

= 1.2247A
= 1.2247x10%cm
(if) Tocalculatethevelocity
Formulaused h
A= —
mv
h
or VEon

Quantitiesgiven
m=9.1x10%g h=6.62x 10% erg sec A=1.2247x 108 cm
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Substitution of values
6.62 x 10" erg sec

(9.1x 1028 g) x (1.2247x 108cm)

0.594 x 10°cm sec™
5.94 x 108 cm sec™

SOLVED PROBLEM 8. Calculate the wavelength of a particle of mass 1.5 g moving with a
velocity of 250 msec™.
SOLUTION :
Formulausd h

mv
Quantitiesgiven
h= 6.625x 102" erg sec m=15g v =250 m sec™t = 25000 cm sec™

Substitution of values
_ 6.625x10* ergsec

1.5gx 25000 cm sec™
0.1766x 102 3cm
0.1766 x 10 cm
= 1.766x 10°'cm

SOLVED PROBLEM 9. Calculate the wavelength of an electron of mass 9.1 x 108 g moving with
avelocity of 4.2x 106 cmsec? (h=6.62 x 107’ erg sec).
SOLUTION :
Formulaused

Quantitiesgiven

h=6.62x 10" erg sec m=9.1x10%g v=4.2x10°cmsect
Substitution of values

6.62 x 10%" erg sec
(9.1x10%g) x (4.2 x 10° cm sec™)

0.1732 x 1072"*%6¢m

0.1732x10°cm

1.732x10°cm

1.732x10%m

SOLVED PROBLEM 10. Calculate the momentum of a particle which has de Broglie's wavelength

of 0.10nm. (h = 6.6 x 10*kgm?sec™).
SOLUTION :
Formulausd

_h
M=oy

h
or momentum, mv = N
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Quantitiesgiven
h=6.6x 10 kgm?sec’? A=01x10°m
Substitution of values
6.6 x 10 kgm? sec?
0.1x10%m
= 6.6 x10*kgm sec?

Momentum =

SOLVED PROBLEM 11. An electronismoving with akinetic energy of 4.55 x 102° J. Calculate de
Broglie wavelength for it. (mass of the electron = 9.1 x 10! kg; h = 6.6 x 10 kg m? sec™?).
SOLUTION :
(i) Tocalculatethevelocity of theelectron

Formulaused
K.E= Yamv?
_ 2xKE.
o Vo= T
Quantitiesgiven
K.E. = 455 x10%J m=9.1x10"kg

Substitution of values
2 x 4.55x 102 kg m? sec

v o=
9.1x 10°kg

= 1 x10°m?sec?

or v = V1 x10°m?sec?

1x 10°msec™
(i) Tocalculatethewavelength of theelectron
Formulaused

Quantitiesgiven
h=6.6 x 10 kg m? sec? m= 9.1x 10" kg v=1x10msec?

Substitution of values
6.6 x 10 kg m? sec™?

9.1 x10™' kg x1 x 10°msec
0.7253 x 1034313 m

0.7253x 10°m

7.253 x 10'm

725.3nm

SOLVED PROBLEM 12. Calculate the de Broglie's wavelength of an electron travelling with a
speed of 20% of light.
SOLUTION :
Formulausd

Quantitiesgiven
h=6.625 x 10 kgm? sec? m= 9.1x 102 kg
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v = 20% of c= 29X3X10 et - 06 x 10Pmsec
Substitution of values 100
6.625 x 10 kgm?sec
"~ (9.1x10%kg) x (0.6x 10°msec™)
1.2133x 107338 m
= 1.2133 x 10"'m
12.133x 10" m
| = 12.133pm [ 1pm=10"m]

™ SOLVED PROBLEM 13. Compare the relative de Broglie wavelength of an atom of hydrogen and
an atom of oxygen both moving with the same velocity.
SOLUTION :

Formulaused

For hydrogen atom A, = . (i)

For oxygen atom A, =

2 [+ visthesamg] ... (ii)

3|-2|-2|=
< <

Dividing (i) by (ii), we have

~
>

A w2V
A, m, v h
_m
ml
A 16 m
or -~ = T [--at. massof O =16 x at. mass of H]
A, 1
_or A A, = 16:1

B SOLVED PROBLEM 14. A good baseball pitcher can throw a 130 g baseball at a speed of 92 km

hr. What is the de Broglie wavelength in meters produced by the moving baseball ?
SOLUTION :

Formulausd
h
A= —
mv
Quantitiesgiven
h = 6.625x 103 kgm?sec m = 130g =130 x 103kg
5
v =92kmhr?t =92 x = M sect [“1kmhr?t= =) m sec

Substitution of values

6625 x10¥ kgm?sec™

"~ (130x 107 kg) x (25.55 msec™)
0.001994 x 1033 m
0.001994 x 10°3'm
= 1.994x 10*m
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" SOLVED PROBLEM 15. Calculate the product of uncertainty of displacement and velocity of a
moving electron having amass of 9.1x 103'kg (h=6.6 x 107 kg m? sec™?).
SOLUTION :

Formulaused h
AXX MAV = 4—

or AXX AV =

4mm
Quantitiesgiven
h= 6.6 x 10 kgm?sec™ m = 9.1x 10 kg
Substitution of values
6.6 x 10 kg m? sec?
4% 9.1x 103 kgx 3.14

0.05774 x 1033 m? sect
5.774 x 10° m?sec™

AXX AV

SOLVED PROBLEM 16. Calculate the certainty in position of an electron if uncertainty in

velocity is5.7x 10° msec™. (h = 6.6 x 10 kgm? sec? ; mass of electron = 9.1 x 10! kg).
SOLUTION :

Formulaused
AXX mAv = n
4n
A = —
o ~ 4mmAv
Quantitiesgiven
h = 6.6x10% kgm?sec™ m = 9.1x 10 kg Av=57x10°msec™?
Substitution of values
6.6 x 10 kg m? sec™
AX = 31 —1
4x3.1x 9.1x 103 kg x 5.7 x 10° m sec
= 0.0103 x 107335 m
= 0.0103x10°m
= 1.03x 10°m

" SOLVED PROBLEM 17. What are the possible | and m quantum numbers for an electron n = 3
guantum level of an atom ?

SOLUTION :
Heren = 3
o | =0land2 [ 1=01... n-1]
and when | =0 m=0
=1 m=-1,0,+1

I
| =2 m=-2,-1,0,+1,+2



SOLUTION :

SOLUTION :

@
(b)
©
©)

SOLUTION :

The given eectron configuration is 18> 25> 2p°

or
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The last electronisin 2p, orbital
n=2, |=1,

For 2p, orbital

@
(b)
©
©)

N A~ A W S

3+2=5
4+0=4
4+1=5
2+1=3

Forn =3

When

s=+¥%or -%

2
0
1
1

m

[=0,1and?2
=0
=1

18° 2¢° 2p? 2py2 2p?

m=1

S

+2
—Y4
+2

Y4

(n+1) valuesin respect of above electrons are

Increasing order of energy is(d) <(b) <(a) <(c)

and

s=+Y% or
s=+Y% or
s=+Y¥% or
s=+Y¥% or
s=+Y¥% or
s=+Y¥% or
s=+Y¥% or
s=+Y¥% or

s=+% or

_SUI.VED PROBLEM 20. Deduce the possible set of four quantum number when n= 3

2
2
2
2
2
2
2
2

2

25

SOLVED PROBLEM 18. The electronic configuration of an atom in the ground stateis 1s? 252 2p°.
Give the four quantum numbers of the electron in last orbital.

_SUI.VED PROBLEM 19. Arrange the electrons in the following list in order of increasing energy.
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[ SOLVED PROBLEM 21. Arrange the electrons represented by the following sets of quantum
numbers in the decreasing order of energy.

€) n=4 |1=0 m=0 s=+%

(b) n=3 |I=1 m=0 s=-%

(© n=3 [I=2 m=0 s=+%

(d) n=3 |I=0 m=0 s=-%

SOLUTION :

The (n + 1) values of above electrons are asfollows :
€) n=4 =0 m=0 S=+Y n+l=4 (49)
(b) n=3 =1 m=0 s=-Y n+l =4 (3p)
(0 n=3 =2 m=0 S=+Y n+l=5 (3d)
(d) n=3 =0 m=0 s=1% n+1=3 (3

Thusthedecreasing order of energy is3d>4s>3p > 3s
SOLVED PROBLEM 22. Calculate the wavelength of a200 kg drum rolling at a speed of 30 km per
hour.

SOLUTION :
Formulausd
2= h
Quantitiesgiven mv
h=66x10*kgm’sec? m=200kg  v=30kmhrt= 30x10° msec™
60x60
= 833msec™

Substitution of values

6.6 x 10 kg m? sec?
200kgx 8.33msec™

3.96x 10 m

" SOLVED PROBLEM 23. Calculate the momentum of aparticlewhich has ade Broglie wavelength
of 110A.

SOLUTION :
Formulaused
h
A= —
myv
h
or mv = —
A

Quantitiesgiven

h=6.6x10%kgm’sec? 2 = 110A =110 x 10m
Substitution of values
6.6 x 10 kg m? sec™

110x 10°m

L = 6x 10%®kgmsec™?

mv =
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™ SOLVED PROBLEM 24. By applying de Broglie's equation, calculate wavelength associated
with the motion of the earth, aball and an electron. Following datais given:

Mass of earth = 6.0 x 10?*kg.
Massof ball =0.1 kg
Mass of electron=9.1x 103 kg
Velocity of orbital motion of the earth = 3 x 10*m sec™
Velocity of theball = 100 msec™
Velocity of the electron =1.0x 10°msec™
h=6.6x 10 kgm?sec?

In case of which of these three objects, will the wavelength be measurable ?

SOLUTION :
Formulaused
Qo
mv
(i) For earth

Quantitiesgiven
h=6.6x 10 kgm?sec? m=6.0x 10% kg v=3x10"msect
Substitution of values
6.6 x 10 kgm? sect
6.0x 10%kgx 3x 10* msec™

3.66x 10% m

(ii) For ball
Quantitiesgiven
h=6.6x 10> kg m? sec? m=0.1kg v=100msec?
Substitution of values
6.6 x 10 kg m? sec™?
0.1 kgx 100 msec
6.6x 10 m

(it) For electron
Quantitiesgiven
h=6.6x 10> kg m? sec m=91x10%kg v=1.0x10°msec?

Substitution of values

6.6 x 103 kg m? sec?
(9.1x 103 kg) x (L.0x 10° msec™)
7.25 x 10°m
|___Thusthewavelengthismeasurablein caseof electron only.
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ADDITIONAL PRACTICE PROBLEMS

1

10.

12.

13.

14.

15.

16.

Calculate the product of uncertainty of displacement and velocity of a moving electron.
(m=9.1x 103 kg).
Answer. 5.80 x 10! m? sec™?
Calculate the momentum of a particle which has a de Broglie's wavelength of 0.1 nm.
Answer. 6.6 x 1072 kg m? sec™®
Thekinetic energy of an electronis4.55 x 102° J. Calculateitswavelength (h = 6.6 x 10 kg m? sec™? ; mass
of electron = 9.1 x 107Lkg).
Answer. 7.25x 10t m
The kinetic energy of a subatomic particle is 5.60 x 1072 J. Calculate the frequency of the particle wave
(Planck's Constant h = 6.6 x 1034 kg m? sec™).
Answer. 1.696 x 10° sec™?
Calculate the wavelength associated with an electron moving with avelocity of 1 x 108 cm sec™. (mass of the
electron=9.1x 102 g).
Answer. 7.28 x 108 cm
Calculate the de Broglie wavelength of an electron moving with avelocity of 6 x 10° msec™
Answer. 1.456 x 10°m
Calculate the uncertainty in position of an electron if uncertainty in velocity is 5.7 x 10° m sec™. (h = 6.6 x
10 kgm? sec™ ; mass of electron = 9 x 103t kg)
Answer. 10°m
A body moving with aspeed of 100 m sec™ has awavelength of 5 x 10-% m. Calculate the mass of the body.
(h=6.6 x 10 kg m? sec’?).
Answer. 1.32 kg
Calculate the uncertainty in momentum of an electron if uncertainty inits position is approximately 100 pm.
(5.0 x 102 m).
Answer. 5.27 x 10 ® kg m sec™?
Calculate the uncertainty in the velocity of a bullet of mass 10 g whose position at time t is known with
uncertainty equal to 1.0 x 10° m.
Answer. 5.628 x 102 msec™
Calculate the uncertainty in the velocity of an eectron if the uncertainty in position is1 x 1079 m.
Answer. 5.76 x 10° m sec™
Calculate the uncertainty in the position of a particle when the uncertainty in the momentum is
(@ 1x 107" kgmsectand
(b) Zero
Answer. (a) 5.72 x 102 m; (b) o<
Calculate the uncertainty in the velocity of a bullet weighing 10 g whose position is known with an
accuracy of + 0.1 nm.
Answer. 0.527 x 10" msec™
Calculate the uncertainty in the velocity of awagon of mass 2000 kg whose position is known with an
accuracy of £ 10 m.
Answer. 5.25 x 103 m sec™?
Calculate the product of uncertainty of displacement and velocity of a moving electron having a mass of
9.1x 103 kg (h=6.6 x 10 kg m? sec™?).
Answer. 5.774 x 10° m? sec™
A body moving with a speed of 100 m sec™! has awavelength of 5x 107 m. Calculate the mass of the
body (h = 6.6 x 107 kg m? sec™?).
Answer. 1.32 kg



Isotopes, |sobars
and |sotones

CHAPTER

KEY CONCEPTS AND EQUATIONS

ISOTOPES
The atoms of an el ement which have the same atomic number but different atomic masses or

mass numbers are called |sotopes. They have the same number of protons (or electrons) and different
number of neutrons. They have same position in the periodic table. 1sotopes have similar chemical
properties as they have the same electronic configuration. However, they differ in respect of physical
properties which depend on their atomic masses. Examples of isotopes are

1 2 3
1H 1H 1H
Hydrogen Deuterium Tritium

12 13 14
6C 6C 6C

16 17 18
Ko 0 0

234 235 238
92U 92U 92U

DETERMINING ATOMIC MASSES FROM ISOTOPIC
MASSES AND FRACTIONAL ABUNDANCES
Multiply each of theisotopic masses by itsfractional abundance and then add. For exampleto

calculate the atomic mass of neon which has following isotopes in percentages as :

N e 2092
N et 026
Ne? 832

10

Thus we have
20x0.9092 = 18.18
21x0.0026 = 0.055
22x0.0882 = 1.94
20.175

The atomic massof Neonis20.175

29
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RATE OF DIFFUSION
Therate of diffusionisinversely proportional to the square root of its atomic mass (Graham's Law)

1
Rate of Diffusion o \/m

Thus when a mixture of two isotopes is allowed to diffuse through a porous partition, the lighter
isotopepassesthrough morerapidly than theheavier one.

DETERMINING THE NUMBER OF ELECTRONS, PROTONS AND NEUTRONS

The isotopes of an element are characterised by different number of neutrons in the nucleus. The
number of neutronsin the nucleusis equal to the difference between mass number (A) and the atomic
number (2)i.e.

i.e

Number of neutrons = Mass number — Atomic number
A-Z

WHAT ARE ISOBARS ?

The atomswhich have the same mass number but different atomic numbersare called Isobars. They
have different number of protons (or electrons) and neutrons but the sum of protonsand neutronsis
thesame. Examplesare:

lgA r 40 ng 40 20C a40
No. of Protons 18 19 20
No. of Neutrons 22 21 20
Sum of Protons and Neutrons 40 40 40

WHAT ARE ISOTONES ?
Atoms which have different atomic numbers and diffrent atomic masses but the same number of
neutronsare called | sotones. Examplesare:

6C 14 . N 15 80 16
No. of Protons 6 7 8
No. of Neutrons 8 8 8
Sum of Protons and Neutrons 14 15 16

I sotones have different physical and chemical properties.

COMPARISON OF ISOTOPES, ISOBARS AND ISOTONES
The comparison of Isotopes, |sobars and Isotones is given in the Table 3.1.

TABLE 3.1. COMPARISON OF ISOTOPES, ISOBARS AND ISOTONES

Name Mass number| Atomic number No. of neutrons Examples
(A) (Z) (A- 2)
Isotopes | Different Same Different .C? LC» c*
; ; 40 40 40
Isobars Same Different Different AT KT, . Ca
Isotones | Different Different Same LS% P S?
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ADDITIONAL SOLVED PROBLEMS

SOLVED PROBLEM 1. Calculate the relative atomic mass of an element which consists of the
following isotopes with the indicated relative abundance.

| sotope | sotopic mass Natural abundance
1 2 20
2 2 5.0
3 D 30

SOLUTION :

The atomic mass of an ordinary isotopic mixture is the average of the determined atomic masses
of individual isotopes. Thus

28x092 = 25.76
29x005 = 145
30003 = 090

Total E

Thustheatomicmassis28.11 amu

SOLVED PROBLEM 2. Chromium, Cr, has following isotopic masses and fractional abundances :

MassNumber Mass(amu) Fractional abundance
0 49,9461 00435
2 519405 08379
53 52.9407 00950
54 539389 0.0236
SOLUTION :
Multiplying each isotope by its fractional abundance, we have
49.9461 amu < 0.0435 = 2.17amu
51.9405amux0.8379 = 4352 amu
52.9407 amux 0.0950 = 5.03amu
53.9389 amux 0.0236 = 1.27amu

Totd 51.99amu
Thustheatomic massof chromiumis51.99 amu

SOLVED PROBLEM 3. Calculate the atomic mass of boron, B, from the following data :

| sotope Atomicmass(amu) Fractional abundance
B 10 10013 01978
B 1 11.009 0.8022
SOLUTION :

Multiplying each isotope by its fractional abundance, we have
10.013amux0.1978 = 1.9806amu
11.009 amux 0.8022 = 8.8314amu
Total 10.8120amu

Thustheatomic massof Boron is10.8120 amu
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SOLVED PROBLEM 3. Naturally occuring boron consists of two isotopes whose atomic masses
are10.01 and 11.01. The atomic mass of naturally occuring boronis 10.81. Calcul ate the percentage of
each isotope in natural boron.

SOLUTION :
L et the percentage of isotope with atomic mass 10.01 be A.
.. the percentage of isotope with atomic mass 11.01 = 100 — A

Ax 10.01 + (100 — A) x 11.01

Now the atomic mass =

100
10.81 = 10.01A+1101-11.01A
100
or 11.01A-10.01A = 1101-1081
or A =20
Hencetheper centage of isotopewith atomic mass 1001 = 20
and theper centage of isotopewith atomic mass 11.01 = 80
ADDITIONAL PRACTICE PROBLEMS
1. Magnesium has naturally occuring isotopes with the following masses and abundances.
| sotope Atomic mass (amu) Fractional abundance
24
12M625 23.985 0.7870
12MG26 24.986 0.1013
12MG 25.983 0.1117

Calculate the atomic mass of magnesium.
Answer. 24.31 amu
2. Silver hastwo naturally occuring isotopes with atomic masses 106.91 and 108.90 amu. The atomic mass of

silver is 107.87 amu. Calculate the fractional abundances for these two isotopes.
Answer. 0.518 ; 0.482

3. Cdculate the fractional abundances for the two naturally occuring isotopes of copper. The masses of the
isotopes are 62.9298 and 64.9278 amu. The atomic mass of copper is 63.546 amu.
Answer. 0.692 ; 0.308]
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