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Atomic Structure

Topics:
1. Bohr’s model and its limitations
2. The dual nature of matter and light, de Broglie’s relationship

3. Heisenberg uncertainty principle

4. Schrodinger wave equation (elementary idea only)

5. Concept of orbitals, quantum numbers, shapes of s, p and d orbitals

6. Rules for filling electrons in orbitals: Aufbau principle, Pauli exclusion principle and Hund’s rule
7. Exchange energy, electronic configuration of atom, stability of half-filled, completely filled orbitals
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Bohr’s model for hydrogen atom (H-like Atoms)

Postulates:

e 1. The electrons in an atom revolve around the nucleus only in certain selected circular paths which have a fixed

value of radius and energy. These paths are called orbits.
e 2. The energy of an electron in an orbit does not change with time, these orbits are known as stationary orbit.

3. Only those orbits are permitted in which the angular momentum of the electron is a whole number multiple of

h/27 (where h is Planck’s constant)

i.e., mvr=nh/2r wheren=1,2,3 .....

e 4. The energy is emitted or absorbed only when the electrons jump from one energy level to another. the
difference (E, — E,) may be expressed in terms of energy of photon as
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Successes of Bohr’s Model

1. Bohr’s atomic model explained the stability of an atom.

« 2. Bohr’s concept of atom explained successfully the atomic spectrum of

hydrogen atom (Lyman, Balmer, Paschen, Brackett, Pfund series).

« 3. Bohr’s theory helped in calculating the energy of the electron in a particular

orbit of hydrogen atom.
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Limitations of Bohr’s Atomic Theory

e 1. Bohr’s model of an atom could not account for the finer details (doublet, two closely spaced lines) of the

hydrogen spectrum observed using sophisticated spectroscopic techniques.

2. Bohr’s model of an atom could not explain the line spectra of atoms containing more than one electron called

multielectron atoms.

3. It failed to explain the effect of magnetic field on the spectra of atoms or ions (known as Zeeman effect).

4. Bohr’s theory also could not explain the effect of electric field (known as Stark effect) on the spectra of atoms.

5. Bohr’s theory does not provide any clue to explain the shapes of molecules arising out of the directional bonding

between atoms.

« 6. The new principles namely dual nature of matter and uncertainty principle states that the path of the motion of
the electron cannot be well-defined. Thus, these principles overruled the Bohr’s idea of well defined circular

paths.
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Radius of H-atom & velocity of an electron

* Bohr radius
We can also calculate the radius of each circular orbit. According to Bohr’s model, radius of n'" orbit is
r,=n*h*/(4x*me’Z)
r, = ayn? [For H atom (Z = 1)], where a, = 52.9 pm (or 0.0529 nm or 0.529 A). * {in cgs unit}
Similarly, for H like ions, r, = a, (n*/Z) [in SI unit, r, = n’h?*/(4n *me’kZ) ; k=1/4n g, |
« Velocity of electron in any orbit
The velocity of electron in any orbit is given by the expression v=2re’Z/mh
or,v=(2.19x10¢)Z/n mS!
« The velocities of the electrons in different orbits may be given as :
vV, =V, X (Z/n)

« where v, is the velocity of the electron in the first orbit of hydrogen atom and v, =2.19 x 10° ms™!.

No. of revolutions =(2 77 mvZe’/n’h?) ( velocity/ circumference of orbit)
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Energy of an electron in n" orbit

« Energy of an electron is given by
E =-Qz*mZ2e*/n’h?)
or, E = -(272me?/ n’ h?) x (Z2) [Z=1]

n
Now,E, —E, =-Q2=n me4/n 22h2) — {-(27t 2me?/n 12h2)} [AE= hv = hc/\ ]

AE= hy = h¢/h = (27 *me?/h?) (1/n 12— 1/n22) «—[ L.P. of H atom = 13.54 eV; by this equation]
1/A = (27 2me#/ch) ( l/nlz— 1/n22) [1erg=6.24 x 101 eV];(1 eV = 1.6022 x 10-19J)
1/A=R(1/n 12— 1/n 22) where, Rydberg constant, R = 109677 cm! (in cgs)

In case of 11;5:)?‘5:'[011 spectrum, “ = o Series Region nl 1"2
the term [%—%] becomes positive so that AE iaschenBraCkeu ::;::Z::'I LFI'IIE‘]JJ Vi Olat 1 2,3, 4,5..
is positive'a;ld h;n_ce energy is absorbed. (nrrared) n =2 Leshell Balmer Visible 2 3,4,5 6 ..
In CE!..SG of {:}1111.'-39,101i:tl sze;::rum, ? ramer, Prschen Btrase] 3 4.5.6,7 ..
the term [%—%] becomes negative so that AE is Brackett Infra-red 4 5,6,7, 8 ..
negative an:;i en!:;;'gy is released. (Ul ety Wavelength——» R Lo Pfund Infra-red o 6,7,8 9 ..
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Dual Nature of Matter

» de Broglie Wave Equation:

According to de Broglie, e or electron like particles have dual nature like light, one is particle nature and
another is wave nature. So, the mass of e and wavelength of e-wave must be associated to each other.

The wavelength of e-wave is inversely proportional to its momentum.

i.e., A oc 1/mv [ E=mc2; E= hv; v=c¢/A]

A =h/mv [ note: A=2ma,; a,1s Bohr radius]

- Heisenberg’s Uncertainty Principle:

The position and momentum of a moving particle like electron can not be simultaneously determine
accurately. According to Heisenberg’s,

Ax x m(Av) > h/drn [Ap = mAV]
or Ax x Av 2 h/4tm [note: AE x AT > h/4xn ; T=time and E= energy]
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Schrodinger wave equation (elementary idea)

The Schrodinger wave equation is,

~2 2 =2 2
¢ ‘421+O 12“+O lg+Sﬂ:zm(E—V)w:0
Cx cy oz h

where y is the amplitude of the wave, x, y and 7 are the coordinates of the position of electron, E is the
total energy of the electron, V is the potential energy, m is the mass of the electron and h is the Planck’s

constant. & y/dx? represents second differential derivative of v w.r.t. x.

* y Indicates the probability of finding electron around the nucleus in space. But yZ indicates the
maximum probability of finding electron around the nucleus in space.

* Characteristics of vy

a) W must be single valued. b) w must be continuous. c) y must be finite. d) w must be normalised.
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Concept of atomic orbital

« The solution of Schrodinger wave equation led to the concept
of most probable regions in place of well-defined circular
paths proposed by Bohr.

 Definition: An orbital may be defined as a region in space
around the nucleus where the probability of finding the
electron is maximum.

(a) Orbital (b) Orbit

Fig. 29. (a) Electron cloud reprezentation of an
orbital () Bohr’s orbit.
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Orbit is a well-defined
circular path around
the nucleus in which an
electron revolves.

It represents the
planar motion of an
electron.

Orbit gives a definite
path of an electron and
this concept is not in
accordance with the
uncertainty principle.

All orbits are circular.

Orbits do not have
directional characte-
ristics.

An orbit can
accommodate electrons
equal to 2n? where n
represents the
principal gquantum
number.

It represents the region in
space around the nucleus
in which the probability of
finding the electron is
maximum.

It represents the three-
dimensional motion of an
electron around the
nucleus.

Orbital does not specify
definite path and accor-
ding to this concept,
electron may be any-where
in this region. This concept
is in accordance with the
uncertainty principle.

Orbitals have different
shapes. For example,
s-orbital is spherical,
while p-orbital is dumb

bell shaped.

Except s-orbitals, all other

orbitals have
directional characte-
ristics.

An orbital cannot
accommodate more than
two electrons.




Quantum Numbers

« 1o describe each electron in an atom in different orbitals, we need a set of
four quantum numbers- n, [, m, and m . These are discussed below

1. Principal quantum number (n). This quantum number determines the
main energy shell or level in which the electron is present. It is denoted by n. It
can have whole number values starting from 1 such as

n=1,2,3,4...

This quantum number also identifies as shell. The shell with n = 1 is called
the first shell. The shell with n = 2 is called the second shell and so on. The
various shells are also called K, L, M, N.

2. Azimuthal quantum number (1). This quantum number determines the
angular momentum of the electron (and also known as orbital angular
momentum or subsidiary quantum number).

The value of | gives the subshell or sublevel in a given principal energy shell
to which an electron belongs. It can have positive integer values ranging from
zero to (n —1) where n is the principal quantum number. That is,

[=0,1,2,3...(n-1)
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Angular momentum = ,/l (I+1)n

The use of 7 is a shorthand way of writing 4/2x and is
extensively used in Quantum mechanics.

¢ It may be noted that angular momentum depends only on

the value of  and not on the value of n. This means that 1s,
2s, 3s, ete. electrons will have same angular momentum.
Similarly, all p-electrons or d-electrons or f-electrons will
have same angular momentum.

Subshell No. of subshells
n l designation in a shell
1 0] 1s One
2 0 2s
1 op } Two
3 0 3s
1 3p } Three
2 3d
4 0 4s
1 4p
o 4 d} Four
3 af
Subshell S p d f

No. of orbitals 1 3 5 7




e 3. Magnetic quantum number (m). We know that the movement of Value Value Value Subshell No. of

electrical charge is always associated with magnetic field. Since the ofn ofl of m, orbitals
_ S 1 0 0 1s 1
revolving electron possesses angular momentum, it will give rise to a
A 0 0 2s 1
very small magnetic field which will interact with the external magnetic 1 1.0 41 % 3 (= 4
field of the earth. Under the influence of external magnetic field, the 3 0 0 s 1
electrons in a given subshell orient themselves in certain preferred 1 -1,0,+1 3p 3)=9

(]
() |

: : : -2, — .
regions of space around the nucleus. These are called orbitals. Thus, this AUy

quantum number gives the number of orbitals in a given subshell. The

|
allowed values of m; depends upon the value of I. For a given value of |, Q
T/

m can have values — [ through 0 to + [. That is

ml = — loccoo 0..... + l ; [ m= (21 + 1) ] AntI-CIOCKWIse CIOCKWISE
Fig. 30. Two possible orientations of the spin of an

electron m, = +%% and m_= 15

e 4. Spin quantum number(m,). It is observed that the electron in an atom

. ) ) o . Name Symbol Information Permitted
is not only revolving around the nucleus but is also spinning around its provided values
own axis. The spin quantum number values are :+ % or — 7. Principal n shell 1,2,3,4..
Azimuthal [ subshell 0,1,2,3..(n-1)
. h Magneti bital —1..0...+1
Spin angular momentum = +/s(s+1) o agnetic i T
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Shapes of atomic orbitals or boundary surface diagrams

o Boundary surface diagrams or orbitals: The most probable regions where
finding of electron is maximum (~ 90—95%) are called boundary surface

diagrams or orbitals.

« Radial Wave Functions: The shapes of orbitals are obtained from the
variation of wave function ¥ as a function of r (distance from the
nucleus). This is also called radial dependence or radial wave

function.

It has been found that ns orbitals have (n — 1) nodes. Similarly, np orbitals have
(n — 2) nodes and so on. For example, the radial wave function for 2p-orbital

has no node as shown in Fig. 32.

« Probability Density (\Y?) Graphs: The plots of v against r for Is-, 2s- and
2p orbitals are shown in Figure ahead. These diagrams look similar to Fig.32
except that these become positive throughout. These graphs are called

probability density graphs.
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1s orbital
(n=1,1=0)

2s orbital

- Node

(n=2,1=0)

2p orbital
n=2,1=1)

r—->
(c)

Fig. 32. Plots of wave function (‘%) with distance from

the nucleus for

(a) ls-orbital (b) 2s-orbital (¢) 2p-orbital

1s orbital

2s orbital

Node

@ r—»

2p orbital

(b) r—»

r—




Shapes of Orbitals

Shapes of s-orbitals: s-orbitals are non-directional and spherically
symmetrical. This means that the probability of finding the electron is

same in all directions at a particular distance from the nucleus.

Shapes of p-orbitals: For p-orbitals (I = 1), there are three possible
orientations corresponding to m; = — 1, 0, + 1 values. This means that
there are three p-orbitals in each p-subshell. These are designated as p,,

p,and p, for example, 2p,, 2p, and 2p..

Shapes of d-orbitals: For d-orbital (I = 2), there are five possible
orientations corresponding to m; = — 2, — 1, 0, + 1, + 2. This means that
there are five orbitals in each d-subshell. For 3d-subshell, these are

designated as 3d,,, 3d,,

3d,, 3d,2 _ z2and 3d 2. These five orbitals are

equal in energy but differ in their orientations.

* (No. of radial nodes = n-I-1)
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Aufbau Principle

The Aufbau principle states that
in the ground state of the atoms, the orbitals are filled in order of

their increasing energies

The following sequence is observed for orbitals in the increasing order

of energy: : o
Fig. 43. Schematic diagram to remember sequence of
1s<2s< 2p <3s< 3p <4s<3d< 4p <Ss<4d < Sp <6s filling atomic orbitals.

Table 5. Arrangement of orbitals with increasing energy on the basis of (n + 1) rule

Orbitals fill in the order of increasing value Orbital  Value _ Value of Value of
. f l (n+1)
of n +1, e.g., 3s-orbital (n +1=3 + 0 =3) ki -
1s 1 0 1+0=1
will be filled before 4s (n +1 =4+ 0 = 4) 2s 2 0 2+0=2
9 9 1 914 } 2p (n = 2) has lower energy
. . . p = -
orbital. Similarly, out of 3d and 4s, the 4s 3 3 0 i.6-d ) thendsin=S)
3p 3 1 314 3p (n = 3) has lower energy
(n +1 =4+ 0 = 4) orbital will be filled 0 4 0 4+0o4q ) thands(n=4)
_ _ . 9_r 3d (n = 3) has lower energy
before 3d (n + 1= 3 + 2 =5) orbital. i}‘f 2 ? i:izg } T o
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Pauli’s exclusion principle.

According to this principle, an orbital can accommodate maximum of 1S'5>n=1,/=0,m/=0, ms = +1/2

two electrons and these must have opposite spins. 182> n=1,/=0,m/=0, ms =-1/2

Hund’s Multiplicity Rule

Electron pairing will not take place in orbitals of same energy (same subshell) until each orbital is singly filled

1s 2s 2p, 2p,2p,
N:(Z=7)1s22s22p 1 2p 12p ? or T4 T4 el
1s 2s 2p 2py 2p_
O:(Z=8)1s>2s*2p ?2p ' 2p? or T4 Td N T[T
1s 2s sz 2py sz
F:(Z=9)1s%2s%2p 22p 22p ! or T4 Td N TT
1s 2s 2px Zpy 2pz
Ne : (Z =10) 1s* 2s* 2p * 2p *2p_? or ™4 T4 NN
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Electronic Configurations

Scandium (Z = 21) to zinc (Z = 30). With scandium (Z = 21), 3d-subshell comes into use and from
scandium to zinc, this subshell is gradually filled up. The electronic configurations of the elements from scandium

(Z = 21) to zinc (Z = 30) are given below :

Scandium, Sc(Z=21) [Ar] 3d! 452

Titanium, Ti(Z=22) [Ar] 3d? 452

Vanadium, V (Z=23) [Ar] 3d? 452

Chromium,Cr (Z = 24) [Ar] 3d° 4s!
Manganese, Mn (Z = 25) [Ar] 3d> 452
Iron, Fe (Z = 26) [Ar] 3d® 452
Cobalt, Co (Z =27) [Ar] 3d7 452
Nickel, Ni (Z = 28) [Ar] 3d® 452
Copper, Cu(Z=29) : [Ar]3d'4s!

Zinc, Zn (Z = 30) [Ar] 3d10 452

or

or

or

or

or

or

or

or

or

or

3d 4s
i ™
A N
TT|7T N
i | e e )
i B e e & N
NIT T[T ™
NI T |11 N
NINN|T T ™
NN YT i
NN N NN N
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Electronic Configurations (ions)

21
22
23
24
25
26
27
28
29
30

Scandium
Titanium
Vanadium
Chromium
Manganese
Iron

Cobalt
Nickel
Copper

Zinc

Sc
Ti
v
Cr
Mn
Fe
Co
Ni
Cu
Zn

21
22
23
24
25
26
27
28
29
30

Studychem.in

Is?, 2s% 2p°®, 3s?3pf3d!, 4s?
1s2, 2s? 2p°, 3s?3p®3d?, 4s?
152, 2s% 2p°, 3s?3p®3d°, 4s?
1s?, 2s% 2p®, 3s?3p°®3d°, 4s!
1s2, 2s? 2p°, 352 3p°3d°, 4s?
Is?, 28 2p°, 35?2 3p°®3dS, 45
1s2, 2s% 2p®, 3s?3p®3d’, 45’
1s?, 2s% 2p°®, 3s%3p®3d°®, 4s?
1s?, 2s% 2p°, 3s?3p°3d!?, 4s!
Is?, 28 2p°, 352 3p®3d'?, 4s?




Half filled & Full filled Stability

(i) Stability due to exchange energy. The half-filled and completely-filled electronic configurations are

also stable due to large exchange of energy of stabilization.
The exchange means the shifting of electrons from one orbital to another in the same subshell. This can be

easily illustrated by considering the example of chromium.
If the electronic configuration of Cr is 3d* 4s2, then the electron in d-subshell can exchange in the following ways :
3d 4s

Cr(Z =24) Tl =] | ™

: 1 2 3 <

(i) The first electron (number 1) can exchange its positions with electrons numbered 2, 3 and 4 i.e., in 3 ways.

(zz) The second electron (number 2) can exchange its positions in fwo ways with electrons 3 and 4 only
because the exchange of position between 1 and 2 has already been considered in step (7).
(zzi) The electron (number 3) can exchange only in one way i.e. with electron 4.

.@. A N\ P
<= 1 e B = | | T - ] I A I 2] I
1 2 3

Thus. in 3d* arrangement, electrons can exchange in 3 + 2 + 1 = 6 ways or there are six possible arrangements
with parallel spins in 3d* configuration.
On the other hand. in 3d® configuration, the electron can exchange in 10 ways as shown below :

Tl | F| T| F ¢ o I il O O o I
1 2
A~ N\ s
[ |l | Al el el e [
3 4
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Practice

a

Example 58

The quantum numbers of six elements are given
below. Arrange them in order of increasing
energies. If any of these combinations has/have
the same energies, list them.

PR SN T
@ n=3 1=2 m=1 m=-
B n=4, I=1, my= 0, ms=.+%
W n=l U= w3, m=i

(6) n=4, l=1, ml=0’ m = +—

IN.C.E.R.T|

Solution : 5(3p)<2(3d)=4(3d) <6 (4p)
=3 (4p) <1 (4d)

Example 59

Indicate the number of unpaired electrons in

@) P G Si (i) Cr (iv) Fe
IN.C.E.R.T

Solution:
(@) P(Z=15) [Ne] 3s2 3p2
unpaired electrons = 3
(ii) Si(Z =16) [Ne] 3s23p2
unpaired electrons = 2
(iii) Cr(Z =24) [Ar] 3d® 45!
unpaired electrons = 6
(iv) Fe(Z =26) [Ar] 3d%4s?

unpaired electrons = 4

Example 61

An atom has 2 electrons in the first (K) shell, 8
electrons in the second (L) shell and
2electrons in the third (M) shell. Give its electronic
configuration and find out the following :

(a) Atomic number

(b) Total number of principal quantum numbers

(c) Total number of sublevels

(d) Total number of s-orbitals

(e) Total number of p-electrons.

Solution : The electronic configuration of the atom is :
152 252 2p6 352

(@) Atomicnumber=2+2+6+2=12

(6) Number of principal quantum numbers = 3

(¢) Number of sub-levels = 4 (1s, 2s, 2p, 3s)

(d) Number of s-orbitals = 3 (1s, 2s, 3s)

(e) Total number of p-electrons = 6.

Example 62

What is the maximum number of unpaired
electrons in Cu (Z = 29), Br- (Z = 35) and
K+ (Z=19)7?

Solution:

Cul(Z=29) 1s2 252 2p6 352 3p8 3410 451
Unpaired electrons =1

Br (Z = 35) 152 252 2p0 352 3p6 3d10 452 4p>

Br—(36e) : 152252 2p% 352 3p6 3d10 452 4p6
Unpaired electrons =0

K(Z=19) . 152252 2p6 352 3p6 451

K*(18e) : 152 2s?2p% 352 3pS

Unpaired electrons =0
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Numerical Problems

d Example 36.

An electron is moving with a kinetic energy of
2.275 x 107 J. Calculate its de-Broglie wavelength. (Mass
ofelectron=9.1x 103 kg, h=6.6 x 107** J s)

Solution :

1
—mv2 -

2
or 1?2 =

m =

92
v-

v

Now, A

Kinetic energy of electron,
2.275 x 10-25 J or = 2.275 x 1022 kg m?2 52

2% 92.275x 10725

m
9.1x 1031 kg
2x2.275x 10 kg m? s>

9.1x 1031kg
0.707 x 103 m s}

e

mv

=05x10°m?2s2

6.6 x 10_34kg m2s~!
T (9.1x 103 kg) x (0.707 x 10> ms™1)
= 1.026 x 105 m = 1026 nm

Studychem.in

Example 39

The mass of an electron is 9.1 x 107! kg. If its

kinetic energy is 3.0 x 107%° J, calculate its

wavelength. IN.C.E.R.T}|
1

Solution : Kinetic energy, K.E. = 2 mv*

1
§mv2 =3.0x10%J=3.0x 10" kg m? s

s 2x3.0x 10"25kg m? s

0= (J =kgm? s?)
m
_ 2x3.0x10®kgm? 572
9.1 x 103 kg
. &
2x3.0x107 )"
or v= [ gx13 O xlt)(i‘o’l ] ms’=812ms™
o X

" h

NO“’,}L; = -

6.626 x10°%Js
(9.1 x 10‘31kg) x (812 ms™)

= 8967 x 10-° m = 8967 A




Numerical Problems

O Example 42

On the basis of Heisenberg uncertainty principle,
show that electron cannot exist within the atomic
nucleus of radius 107 °m.

Solution : The radius of the atomic nucleus is 10~1%m.
Now, if the electron were to exist within the nucleus,

then the maximum uncertainty in its position would
have been 1015 m.

or Ax = 10Pm
Now according to uncertainty principle,
Ax x Ap > i
4n
or Ax xmAv > L
4n
- h
or N > —
4dnmAx

Mass of electron, m = 9.1 x 1021 kg,
A = Ix310Ym

6.6x10734
Av = 31 ~16
4%x3.14%x9.1x10 x1x10

=5.77 x 10" m s,

The value of uncertainty in velocity, Av is much higher
than the velocity of light (3.0 x 10° m s7) and therefore,
it is not possible. Hence an electron cannot be found
within the atomie nucleus.

0 Example 44.

An electron has a speed of 500 m s with
uncertainty of 0.02%. What is the uncertainty in
locating its position ?

Solution : Velocity of electron = 500 m s-1
Uncertainty in velocity, Av = 500 x 0.02%

500 x 0.02

100
= 0.1m s
Mass of electron, m = 9.1x103 kg
h = 6.6x1034kgm?s-!

According to uncertainty principle, Ax x Ap > e

47
h
or AxxmAv > —
4n
or Ax > h
AmmAv
6.6 x 10‘34kg m2s~1

>
4X¥x9.1x 1021x0.1

>5.77x 104 m
Uncertainty in position =5.77 x 10~ m.
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Numerical Problems

. Pr?blem I:' Energy of an electron in hydrogen atom ' 22me?) 2i2met
is given as: . Ey = 0-|- Zn2 | B2
g o _2rme’  1312x10° ;o 400
nT n?p? n? E -0 [ 2n’me* (2) ] 8n’me*
He* = Y7 =
(z) Calculate the ionisation energy of H-atom. : 1°h* h*
(z1) Compare the shortest wavelength emitted by (Z =2 for He™ ion)
hydrogen atom and He™ ion. EHe+ 82me? 52
— He” = — X —5— =4
Solution Eq4 h 2n“me
(z) Ionisation energy of H-atom corresponds to he he
h : Now, E = hv=— or A= 4%
energy change when electron is removed from /8 E
n = 1.t0n2=oo6 . _'hc
1.312x10 T
E = —meol“l,Em=0 'EH
AE = Ionisation energy of H-atom )~H9+ = =
E +
= Em = El He
= 0-(-1.312 x 105) = 1.312 x 106 J ” E .
H_ = EHQ =4 or Ax=4A .,
(zz) The shortest wavelength corresponds to electron }”Heﬂ‘ = ‘
]:ump from ny =  to ny = 1 for H-atom and He* Wavelength emitted by H-atom is four times that
190 of He* ion.
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Numerical Problems

Problem Calculate the value of Rydberg constant,
R if for He* ions the difference between the longest
wavelength line of Balmer series and Lyman series is

133.8 nm.

Solution | For He* ion spectrum
| (1 1)
1 Sl il
o bz Lnlz ng‘J

where R is Rydberg constant and Z = 2 (for He* ion)

For longest wavelength line in Balmer series,
=2 n,=3
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or

92 32
R(1_1)_4Rx5
R (179 36
9
5R

For longest wavelength line in Lyman series,

=1 ny,=2,

— = R(22

9

hy,
or Ay,
Now Ag=Aip
133.8 x 109

or 133.8 x 10-°

R

1 1
12 22
'(’1_1’}_4Rx3

4R(777)7 1
1
3R
1338 x 10 % m
9 1
5R 3R

1(11)-&(27—5)
R\5 3/ R\ 15

1 22

e

R 15

22
15x133.8x107°

=1.0961%x10" m™!




Not Finish Yet
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