Applying)
dii of orbits. (Understanding)
of electron in a given orbit of

Summarize Bohr's atomic theory. (

Use Bohr's model for calculating ra
Use Bohr's atomic model for calculating energy

hydrogen atom.

Relate energy equation (for electron) to frequency, wavelength and wawe
number of radiation emitted or absorbed by electron.

Explain production, properties, types and uses of X — rays. (Understanding)
Define photon as aunit of radiation energy. (Remembering)

Describe the concept of orbitals. (Understanding)
Explain the significance of quantized energies of electrons. (Applying)
Distinguish among principal energy levels, energy sub levels and atomic

orbitals. (Understanding)

Describe the general shapes of s, p andd orbitals. (Understanding)

Relate the discrete — line spectrum of hydrogen to energy levels of electronsin
the hydrogen atom. (Applying)
Describe the hydrogen atom using the Quantu
Use the Aufbau principle, the Pauli Exclusion Princip
the electronic configuration of the elements. (Applying)

Describe the orbitals of hydrogen atom in order of incre
(Understanding)

Explain the sequence of filling of electrons in many electron atoms. (Applying)
Write electron configuration of atoms. (Applying)

m Theory. (Understanding)
le and Hund's rule to writé

asing energy:

-

Teaching Assessment |Weightage %
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Later JJ. Thomson and other scientists made further investigations on
cathode rays and its properties which ultimately lead to the discovery of electron
which were by then called cathode rays.

Note: Crookes used cold cathode at his time in this system. The gas particles
inside the tube were ionized at anode and became positively charged particles which
were attracted towards cathode due to its negative charge and collided with it with
high speed which resulted in emission of electrons from cathode. These electrons
then rushed towards anode. In modern cathode ray tube, hot cathode is used. Due to
high temperature the electrons are energized and expelled from the cathode due to
attraction of anode and move with high speed towards anode. However, in addition
to thermionic effect, the phenomenon of ionization of gas (as in the case of cold

cathode) cannot be ignored in this case.

2.1.1 Characteristics of Cathode Rays

Later on, a number of experiments, perfor
that the cathode rays have the following characteristics.
I. These rays travel in straight lines perpendicular to the cathode surface and
away from the cathode.
i.  They produce a sharp shadow i
as shown in figure 2.2.
ii. These rays produce fluorescence (@ag

discharge tube.
iv.  These rays heat up the metal on which they fall.
v.  These rays can move a small pin wheel placed in their path as shown in

figure 2.3, as these rays are bunch of moving particles with definite mass

and kinetic energy.
vi.  These rays produce X-rays when they strike
vii. These rays can ionize the gases.
viii. These rays can cause a chemical
they have reducing effect.
ix.  These rays can penetrate metallic s
X. Cathode rays are negatively charg
through an electric field, they are

plate/ electrode as shown in figure 2.4.
xi.  These rays are also deflected by magnetic field as shown in figure 2.5.

xii. The charge to mass ratio (e/m) of cathode rays (electron) s

1.7588x10"C/kg.
xiii. Charge (e) on cathode rays (ele

med by various scientists, showed

f an opaque object is placed in their path

low) when they strike the wall of the

heavy metal anode.

change in a material on which they fall, as

heets like Aluminum and Gold.
ed particles as when these rays are
deflected towards positively charge

ctron) is 1.6022x10™°C.

Scanned with CamScanner



I ; Shadow of the

Fig 2.2 Cathode Rays Casting Shadows

Effect of Electric Field on Cathode Rays

! Figure 2.4 Cathode rays, deflecting in an electric  Figure 2.5 Cathode rays, deflecting
| magnetic field

' field
On the basis of the above characteristics, it was concluded that

cathode rays were in fact negatively charged particles. G. J. Stoney gave

particles the name “electrons”.
2.1.2 Mass of the Electron i
A9,
The e/m ratio of electron is 1.7588x 10"'C/kg and the charge is 1 6022x10°C
use of these two values the mass of electron “m” can be calculated as, |

The charge to mass ratio, %=1.7588x 10"'C/kg 2 |

The charge on an electron, e = 1.6022x10™°C

|

Putting the value of ‘e’, in equation (2.1), you get,
16022x10 ——M
. €_ 17588x10"C/kg :
By cross multiplication, Whatis 2 gatshe
: 1 tube? Write
m x 17588x10""C/kg = 1.6022¢x10™C | conditions 12" |
_ 1.6022x107°C necessary 00" ¥
1.7588x10"C kg™* prOdUctionof |
or M =9.1069x10%kg @

m= 9.1069 x 10‘239

L honustny o

.....
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| He bombarded the nuc.:leus of lighter atoms such as, Beryllium (Be) with
a- pa'rtl'cles produced from Polonium (Po). He observed that some highly penetrating
radiations were produced. These radiations were neutral to the charge detector

and were called neutrons. Examples of nuclear reactions (artificial Radioactivity)
taking place are,

:Be+ He (a- particle) — 5 2C + }n (neutron)
JAl+ JHe (a- particle) —— 2P + ;n (neutron)
2.1.7 Characteristics of Neutron

Neutrons have the following characteristics.

i. Neutrons are highly penetrating particles. '_W

ii.  These particles carry no charge and are not deflected by
electric or magnetic fields. Write an equation,

iii. These particles can knock out high-speed protons from which shows the
substances like paraffin, water, cellulose etc. production of

iv. Neutron has mass 1.6749x10*'kg and is 1842 times as neutron from the

heavy as electron. lighter atoms.
W e PN

Table 2.1 Characteristics of the Three Fundamental Particles

Particles Mass Charge Unit Relative Atomic
= | (l_(g) el ’(S)‘WMVCharge Mass (amu)
Electron | 9.1069 x 103 | 16x10™ | -1 0.00055
Proton 16726 x10%7 | +16x10™ | +1 | 1.0073
Neuton | T6749%107] 0 | 0 [ 10087

Bohr's Model of Hydrogen Atom

Rutherford atomic model set the foundation for the structure of an atom.
According to the classical laws of Physics, an electron revolving around the nucleus,
will lose energy continuously and will fall down into the nucleus. Thus, Rutherford

model failed to explain why electrons did not do so.
In 1913, Neils Bohr proposed a new model of an atom based on the Quantum
theory of energy and rectified the defects in Rutherford atomic model. With his

model, he tried to explain why a revolving electron did not fall down into the nucleus.

»
A e~
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i. Line Absorption Spectrum e |
The spectrum produced from the radiations from which tha _

particular wavelength are absorbed after passing through the ahcon.
substance. The spectrum obtained consists of a series of dark lines in 5 brig
background, is called atomic absorption spectrum.

397 4100 4340 4861 656.2 nm

Figure 2.13 Hydrogen Absorption Spectrum
ii. Line Emission Spectrum

The line spectrum produced from the radiations emitted by a substance &

called the emission spectrum. The spectrum of emitted radiations produc
bright lines with dark background.

II ‘!4! 486.1 ‘ ‘

656.2nm
Wavelength ——

Figure 2.14 Hydrogen Line Emission Spectrum
Spectrum of Hydrogen Atom

Bohr proeosed that the energy, which is emitted or absorbed by an atoft
must have specific values, The change in energy when an electron moves ¥

::ng';e)r or lower energy levels is not continuous, rather, it is discrete (ene®
ulse).
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reinside the tubeis reduced to 0.001 mm of Hg, The voltan.

olts. The cathode is a heated filament and due to high; kq
d anode, electrons are emitted from M"‘H

trikes with high speed. Due to some g, 3
tted from the anode. g

The pressu
30,000 to 50,000 v
difference between the cathode a.n
travel towards the anode where it s ‘
transition, high energy X-ray photons are em |
The cathode is concave shaped with its focus on the anode. The e

emitted from cathode are focused on small portion of anode and X - s
emitted from that small portion of anode.

il

Figure 2.19 X - Rays Production by Roentgen Method

Properties of X-Rays =

X-rays are electromagnetic radiations and have very h{Q .n"geqx" ‘ﬁ;

(shorter wavelengths). The wavelength of the radiations constitut! e
g are

ranges from 10°A to 10°*A (0.001 nm to 10nm). The followin
properties of X —rays.
1. These rays travel in straight line.

2. These rays are not deflected by electric and magnetic ﬁeld'-
3. They are neutral in nature. ShET depfe"d’ v
4. They have the ability to ionize the gases. The ionizing power

the intensity of the X — rays beam. ' o glasse
5. They can produce fluorescence in substances like NaCl sats 9
6. These rays can be reflected and refracted. | v
; These rays can be diffracted by crystalline substances: Their P¢ ,

These rays can penetrate through many substances:
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power is different in different substances.

9. These rays can blacken the photographic plate.

Uses of X~Ray5

Following are the main uses of X-rays.

1. X-rays are used in the field of medicine due to
through the flesh and bones of the body.

2. X-rays are used in the XRD analysis (X-rays diffraction analysis) for
measuring space between the ionic layers of a crystalline substance.

3. X-rays are used for the ionization of gases

4. X-rays were used by Watson and Crick to identify the double helix
structure of DNA.

24.2 Types of X-Rays
There are two types of X-ray spectra

1. Continuous 2. Characteristic
1. Continuous X-rays

The continuous X-rays spectrum appears when an electron previously
accelerated by a high potential difference is deflected by the nucleus of target
atom of anode. This deflection results in loss of energy of the incoming electrons,
which is released as X-ray photons. Thus, the maximum X-rays frequency possible
emitted is equal to the maximum energy of the incoming electrons.

2. Characteristic i(-rays
The second type of X-rays spectrum arises when an incoming electron has
enough energy to remove an electron of target a't_om from its inner shell. The
other electrons of atom will rearrange to fill the missing space and a set of X-rays
lines will be emitted corresponding to these electron transitions from outer shells
10 inner shells. _ s | TY S

This Xérays spectrum has definite .._series named as K-series, L-series etc.
The production of these series is described as follow. :

Supposes K-shell electron is knocked out from an atom creating a vacancy
In the K-shell. Then electron from either, L, M, or N shell will quickly jump down
In order to fill the vacancy in the K-shell, emitting the excess energy in the form
of X-rays photon. An X-rays photon emitted due to transition of L-shell to the
Yacant space in the K-shell is called Ka characteristics X-rays. The transition from
M and N-shells to K-shell gives rise to KB and K7 characteristics X-rays,

ively. These X-rays are of high energy. Similarly L, M, and N series
characteristics X—‘rays. relatively of low energy, are produced due to the ejection

different penetrating power
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