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INTRODUCTION:
RUD

—Quantum mechanics

IS the foundation of al

| modern fields of sciences, including

chemistry, biology, and material sciences; it is the ONLY way

to TRULY understanc
= Structures and pro
= Nature of atoms, C

nerties of matters
nemical bonds, and molecules

= Intermolecular forces (hydrogen bonds and van der Waals

forces)

= Enzymology, protein omics, and genomics

= Nanoscience and material science

= Property of electromagnetic radiation (such as light)

= Matter interaction with external electromagnetic fields
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- Laws of classical mechanics: Relative to the

macroscopic behaviour of chemical substances

- Experimental evidence accumulated showing the
classical mechanism failed when it was applied to very
small particles.

- A new concept was discovered to describe the small
particles (microscopic) called quantum mechanics

- Quantum mechanics: describe the system which
contains atoms and molecules / or the mechanics of
atoms and of their combination in molecules
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Quantum chemistry is built up on the
principles of quantum mechanics, and
provides  further the  molecular
understanding on the structures and
properties of chemical compounds,
materials, and biological processes.

It 1s clear that there Is a relation
between the atoms and the quantum
chemistry, therefore we start to study
the Atomic Models.
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In 1897 JJ Thompson place a positively charges plate on one-
side of the tube and a negatively-charged plate on the other

side of the tube.
OThe beam was deflected away from the negative
plate toward the positive plate.

OThompson realized that the particles that made up
the beam must be negatively charged, since like
charges repel and opposite charges attract.

OBy balancing the deflections made by the magnet
with that made by the electrical field, Thompson was
able to calculate the

C/Kg
dThese particles were | @ == 1o
e B | |

later named E T

Fig. 4.1 Discovery of electrons
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== Ratio of e/m of electron

* Thomson subjected an electron beam to a magnetic and an
electric fields.

» Under a magnetic force: Beu (B= magnetic field strength,
e = electron charge & u = electron velocity), an electron

will start revolving in a circular path of radius r.

» The centrifugal force arising from this motion mu?/r is

balanced by the magnetic force.

e Beu=mw/r -~e/m =u/rB (1)



* An applied electric field E will induce an electric force

Ee.
* The magnetic and electric fields are equal
® Beu=Ee—u =E/B (2)

* From1 & 2: e/m =E/rBz

e e/m =1.75875 x 101 C.kg'!
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Millikan in 1906 measured the charge of an electron by

the pull of gravity on oil droplets with an
upward electrical force. i

e Knowing the charge-to-mass ratio that Ib_omson had
calculated, Millikan was ‘able to calculate the charge on
each droplet. e =1.4x6T

e He found that all droplets had a charge of L 60 X=10-19
coulombs or multiples of that charge.

e The conclusion was that this had to be the charge of an
electron

e Knowing Thompson’s work of charge to mass ratio
and the charge on an individual electron, it was
possible to calculate the

r

e il

e Thompson proposed that an atom was a blob of
positively charged matter in which electrons were
stuck like raisins in plum pudding. it
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Electron charge calculations

e o

* The air is ionized by an X-ray and the electron produced

due to that will attach to the oil droplet.
* The charged droplet will fall due to g'ra\)/itz and attains a

constant velocity [u] when the force of gravity (Mg) is

R :
balanced by the viscous resistance of the air.

* The charged droplet will enter a region between _two
.U"'J’V el
electric plates where a charge E will be applied. Thus the

force acting on the droplet will be (Mg - Ee) and its

N .
velocity will become@ - » 4 4_/_}3,,;. v
x v/
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T e u,/u,= o — Ee) ..... (1

* Falling under the acting of gravity only, the droplet
velocity will be given by Stokes law:

é..;u @=zgr2p/9n ............ (2) .
[r = radius of droplet, p = den51ty of droplet & n =
viscosity coefficient of air],,, Mo 2 1V

* Assuming spherical droplet,

_I can be obtained from (2 (2), if u, and u, are measured
by a travelling microscope. Then M can be calculated.
Substituting into (1) for different values of E, the
electron charge e was found to be: 1.6022x 10 2 C.

Using the e/m = 1.75875 x 10" C.kg ' , the mass of
electron was 9.109x103' kg
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Rutherford-Geiger-Marsden experiment (1909)
Rutherford going to put the Thompson model to the test. We're going to

see If this model makes sense or not. So he's got q/gold foﬂ now they
used different elements, but ultimately they used gold, because gold,
first of all*is noble and it doesn't oxide. So It's pure, even in
atmospheric_oxygen. And secondly, we've known since antiquit@'é
can physically deform gold and make it into something sub-paper thin.
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Rutherford-Geiger-Marsden experiment

RUTHERFORD'S EXPERIMENT
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(B) What Rutherford expected if Thomoson's model were correct




Observations
the alpha particles pammough the gold f€1/
Some of the alpha particles get deflected by very small amounts.

A very few get deflected greatly.
Even fewer get bounced of the foil and back to the left.

Conclusions
The atom is 99.99% empty space.
The nucleus contains a positive charge and most of the mass of the atom.
The nucleus is approximately 10,000 times smaller than the atom.
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o determined that there was a positively
charge nucleus associated with the atom, that was
surrounded by electrons. -

« Rutherford calculated that the radius of the nucleus
to be about 123 cm and the radius of the atom to be

about 19°% cm. g+ 25 aa

- Electrons therefore took up about 100,000 times the
radius of the nucleus.
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Bohr Model of the atom
/o 22394



Bohr Model @ —
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While the Rutherford model focused on describing the
nucleus, Niels Bohr turned his attention to describing
the electron. Prior to the Bohr Model, the accepted model
was one which depicted the el
planet. The flaw with the(p el
electron particle moving in a circular path would be
accelerating. An accelerating electron creates a changing
magnetic field. This changing magnetic field would carry
energy away from the electron, eventually slowing it down
and allowing it to be "captured” by the nucleus.
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Classical physics: atoms should collapse!

e
This means
Proton
an electron
should f
inta_the
v
§ ‘L nucleus.
Electron

Electron
—-(‘

Classical Electrodynamics: charged
particles radiate EM energy
(photons) when their velocity
vector changes (e.g. they
accelerate)
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Bohr theory T ——

1%@2atlon of angular momentum: For electrons, only those
orbits, or energy state that have certain values of angular

momentum are allowed. 22 Y PV L, s —
27T —\

Allowed orbits: angular momentum=nh/2m(n=1,2,3,..) °

2) As long as an electron stays in an allowed orbit it does not absorb
or emit energy

3) Emission or absorption occurs only during transitions between
allowed orbits. The emission and absorption are observed in

spectra. _o.?
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Figure 1 The Hydrogen Atom According to Bohr.




