QUANTUM CHEMISTRY

Model 1: Light and Waves

The picture below shows a light wave. The wavelemgthe distance between peaks (or the distance
between troughs). The amplitude is the height efwiave.

We cannot see these waves. Instead, our
eyes detect thmtensity of the light which
is given by thesquare of the wave.

Squaring means multiplying the wave at
each point by itself, remembering that
positive x positive and negative x negative
are both positive.

Critical thinking questions

1. Label the diagram showing how the wavelengdrafd the amplitudedj of the wave can be

measured.
2. Put an asterisk (**”) to mark the positions wééne wave is zero. These are ‘nodes’.
3. Peaks are where the wave is positive. Troughsvaere the wave is negative. Labels these with “+”

and *-* signs respectivelyLightly shade the+" areas.
4. On top of the picture, draw a sketch of ithensity of the light.
Model 2: Electron Waves

The picture below is a lobe representation of an2edsional wave for an electron. The line encapssla
90% of the electron density. We cannot see or nmedke wave. Instead, the electron density can be
measured and this is given by dgeiare of the wave.

Critical thinking questions

5. Mark the position of the node alghtly shade the~" area.

6. Draw a sketch of theectron density for this electron.

Model 3: Atomic Orbitals and Quantum Numbers
The wave functions for electrons in atoms are gihenspecial name ‘atomic orbitals’.

As explored in worksheet 1, the energy levels afrbgen-like (one-electron) atoms are determined by
single quantum numbenm, For other atoms, more quantities are involvedatermining the shape and
orientation of the atomic orbitals, these areahgular momentum quantum numbegrndmagnetic
guantum number,



Name Characterizes symbol Allowed values

o Size _ . o
Principal Energ) n n=1, 2,75 ... (to infinity)
Angular Shap

9 Energy in muli-electron atoms I 1=0,1, 2,...n-1
Momentum
| planar node

Magnetic Orientatior m m =4, 1,...0... I-1, H

Orbitals are labelled with theirvalue anca letter to represent theralue:l = 0, 1, 2 and 3 corresponds,
p, d andf respectively.

For example, fon = 2:
* | hasvalues from 0 to— 1.Whenn=2,n—-1=1 and sb= 0 and 1 onl\
* m can have values fror to +l.
0 Whenl =0,m =0 only There is only one orbital with=2 and = 0. It is labelled s.
0 Whenl =1,m =-1, 0 and + only. There are three orbitals with= 2 andl = 1. They are
called the P orbitals.
* To distinguishthe individual orbitals, a subscript is added vgithes an indication of thorientation
of the orbitals in space. The threp orbitals are calledi, 2p, and 2, as they point along trx, y
andz axes respectively.

Vi =/
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Critical thinking questions
1. What are the characteristic shapes, p, andd orbitals?

2. Which quantumrmumber identifies the shape of an orl?



3. Foreachvalue af =1, 2, and 3, what are the possible values$, fand what labels correspond to these
orbitals?.

n Possiblel values Orbital labels

4. For each value df=0, 1, 2, what are the possible valuesnfigrand what are the labels for the orbitals
with this set oim values?

| Possiblem, values Number of orbitals in the set

5. Which orbitals have a plane where the probabilitiiraling the electron is zero (eodal plang?

6. What is the relationship between the value of tigudar momentum quantum number and the number
of suchnodal plane8

Model 4: Electronic Configurations in Atoms

Critical thinking questions

7. Look up definitions for the following and writeown your own definition in one or two sentences.

(@) The Aufbau Principle

(b) Pauli Exclusion Principle

(c) Hund’s Rule

Possible sources: http://en.wikipedia.org/wiki/Aadb principle, http://en.wikipedia.org/wiki/Hund'sil&
and http://en.wikipedia.org/wiki/Pauli_exclusionirmiple



8. Fill in the ground state electronic configuratior a carbon atom on the diagram below.
/NE

2p

2s

1s

(@)  Why is the electron configuration of carbust 1s* 2s° 2p*?

(b)  Why is the configurationot 1s* 25* 2p,?



