
Teaching Tools
• http://archi745.wixsite.com/chimicadiarchi - sito docente

• https://moodle2.unime.it/enrol/index.php?id= 49496 –

UNIVERSITY PLATFORM MOODLE

• https://moodle2.unime.it/course/view.php?id=49496

• ESSE3 – UNIME PLATFORM (Programs, exams, in-itinere …….)

• FACEBOOK «Corsi di chimica generale BIOMORF»

• Chimica: Ed. 2019 a colori (Archimede e Enrico Rotondo)

available in Italian



Textbooks and Material

• General Chemistry – Raymond Chang

• Inorganic Chemistry – Atkins and Shriver

• Chemistry – Bruce Mahan

• Chemistry, a molecular approach – N. Tro

• Chimica – A. Rotondo in italian- not yet available in english

• Many tests and excercises are available in the teams 
repositories as well as these slides



Definitions
• Chemistry concerns matter and its 

transformations

• Matter is whatever occupies room the three 
states of aggregation

• Substances are matter of the same type (simple 
substances and complex substances)

• Several substances constitute mixtures that 
can be homogeneous or heterogeneous 
systems

• Matter properties are physical (without 
breakage or transformation of substances) or 
chemical (evidenced only after bond cleavages 
and arrangements caused by other substances)



Beginning of the
MODERN CHEMISTRY

• Law of Definite Proportions (Prust) –same
atomic proportion or weight ratio

• Law of Multiple Proportions, Dalton Atomic
Theory (1806)

• Conservation of mass (Lavoisier 1789)



The Laws

Mass conservation: if substances react, they give
rise to products where weight is identical to that
of the reacting matter

Constant composition: H2O substance, comes
from oxygen and hydrogen always in the weight
ratio of 16 to 2, i.e. 89% O and 11% H

Multiple proportions: the combination of
hydrogen and oxygen lead to H2O or H2O2 with
H:O weights of 2:16 and 2:32, i.e. multiples of
each other



Dalton's Atomic Hypothesis (1804)

1. Matter is made by atoms: small and indivisible
(Greek word) particles.

2. Atoms of a certain element are the identical,
whereas atoms of different elements are
distinguished by their mass (later understood
as internal charge).

3. A compound is a combination of atoms of one or
more elements that occurs in integer numbers.

4. In a chemical reaction, atoms are neither
created nor destroyed, but change their
relative arrangement to form new substances.



It's like playing with legos



Formulas and Molecules

• The general formula: Defines the number and type of

atoms present in the molecule. It can be empirical or

molecular.

• The empirical formula: Defines the minimum ratio

between/among the elements within a molecule (HO).

• The molecular formula: Reports the exact number of

atoms present in the molecule through a subscript

placed to the right of the element (H2O2).

• The structural formula: Tell us about topology and

connectivity, how atoms are bound together, and

sometimes space arrangement (3D). It can be implicit

(implying some links) or explicit (all links are made

explicit)



Chemical analysis

• A sample is a representative part of matter

• Mixtures can be homogeneous or
heterogeneous if portions of space with
different characteristics (physical, chemical,
to what extent?) are distinguishable or not.

• There are methods of separation of phases
and substances, used for the analysis and
dosage of different substances.



Distillation



Chromatography



Filtration



Sample Treatment



Summary (definitions)

• Chemistry studies matter and how is it transformed

• Matter is anything that occupies a space and is in one of the
three states of aggregation, it enjoys physical (without breaking
bonds) and chemical properties (with breaking bonds that
transform matter itself). Usually the matter is made up of
several substances in a mixture that can be homogeneous or
heterogeneous depending on whether different phases are
distinguished or not

• A (pure) substance is all matter of the same type, therefore it
contains the same type of molecules, which are the smallest part
of matter, which retains the same chemical properties.

• From atomic theory it can be inferred that substances can
consist of only one type of atom and are called elementary
substances or elements (O2, N2, S8, Cl2, Cu, Fe, Zn, Ti, C, Si), or of
different types of atoms and will be called compound
substances or compounds (H2O, CO2, C2H6O, CH4, NH3)



General Scheme



7 FUNDAMENTAL QUANTITIES and 
units

Quantity Unit (SI) Symbol

Mass Kilograms Kg

Length Meters m

Time Seconds s

Temperature Kelvin degrees K

Number of Particles Mole mol

Current intensity Ampere A

Lunminous Intensity Candela cd



Derived quantities

v = s/t (m∙sec-1); a = s/t2 (m∙sec-2); E = m∙a∙l
(kg∙m2∙sec-2)

V = l3(m3) SI but beware of conversion 1 m3 = 
106 cm3 SI conversion 



Multiple and submultiples



Properties of matter

• Physical (reversibly measurable)

• Chemical (observable only after a
transformation)

•

• Extensive (depending on the amount of
matter and following the additivity: V, m, E)

• Intensive (intrinsic of a sample: T, dens.)





The mole
• It is not possible to measure a particle weight,

or an atom weight; It is therefore necessary
to relate objects on a molecular scale to the
macroscopic world. The conversion factor is N.

• The mole is: 1)Number of particles equal to N =
6.022∙1023; 2) Quantity in grams equal to the
mass number or molecular weight of an atom,
molecule, or particle, ion

• How big mole is? Just think that 10 moles of
oranges make the entire mass of earth



Structure of matter
and atoms

The main findings



Atomic Structure

• How an atom is made

• How electrons are arranged

• Atomic Models 

• Rutherford

• Bohr (quantum mechanics)

• Schrodinger (De Broglie, Eisenberg) 
(wave mechanics)

• Atomic orbitals



Subatomic particles
The studies on radioactivity by Bequerel and M. Curie

(1896) showed the existence of three types of

radiation:

Alpha: Positively Charged

Beta: Negatively Charged

Gamma: No charge. 

(alpha and beta are patially contained in atoms)

Animazione

02M07AN1.MOV
02M07AN1.MOV
02M07AN1.MOV


Cathode rays (electrons)

The electron: Thompson in 1897, studying negatively
charged cathode rays, was able to measure the
charge/mass ratio of particles called electrons.
Millikan, studying oil droplets, measured the charge
of the electron.

Its mass is 9.109389∙10-28 grams

His charge is 1.60217733∙10-19 Coulomb



Modified Thomson device



The proton

• Rutheford, analyzing the channel rays (positive), 
showed that the mass/charge ratio differed with 
the type of gas used (as opposed to the constant 
cathode rays). The highest ratio (lower mass) was 
obtained with hydrogen. The particle, called 
proton, has a charge equal to, but opposite to, that 

of the electron and a mass of:

1,672623 x 10-24 g



Atomic Particles



Subatomic particles

and Genesis of the Universe



Universe Evolution



Nuclei
• Thompson proposed that the electrons 

were diffused into a positively 
charged gel-like substance. (figure)

• Rutherford bombarded a thin sheet of 
gold with alpha particles (helium atoms 
without electrons) and observed that a 
small fraction of these was deflected 
by more than 90°. They hit something 
very small and hard: the NUCLEUS. 
(video)

• He proposed the atomic model in 
which all the positive charge and mass 
of an atom are concentrated in the 
atomic nucleus, and electrons orbit 
around it.

• The nucleus radius is about 1/10,000 
of the atomic radius.

Modello di 
Thompson



Rutherford
image



Atomic structure

•Atoms consist of a positive nucleus and 
negative electrons.
•
•The core has a radius of about 10-5 
Å.
•
•The radius of an atom is about 1 Å 
(1Å=10-10m)

Proportion: 100 m vs 1 mm



Core-mantle size analogy



The atom
• The nucleus is made up of Protons and Neutrons

(Nucleons)
• Electrons orbit the nucleus
• In an electrically neutral atom, the number of

protons must be equal to the number of electrons.
• All atoms of an element have the same number of

protons: atomic number, Z.
• The mass of an atom is measured in Atomic Mass

Units (amu or uma). The 12C has a mass of 12 uma
• The mass number (A) is the number of nucleons

(Protons + Neutrons). It gives a fairly accurate
estimate of the mass in um.

• Each element has a name and a symbol (e.g. Sodium
= Na, Z=11, A=23 for the most common isotope).



Atomic Masses

• Atomic masses (A) or moleculal masses (MM-FW) are
measured with the mass spectrometer. Atoms or molecules
are injected into the ionization chamber where they are then
exposed to a high-speed electron beam. These extract
electrons from atoms thus forming positive "ions".

• Ions are accelerated by a high electrostatic potential:
lighter ions reach higher speeds than heavier ones, and their
mass is calculated by the speed reached.

• One isotope is described: neon-20, neon-21 and neon-22:
20Ne, 21Ne and 22Ne.

• The atomic masses are all very small, between 10-24 and 10-22

g. They are expressed in "atomic mass units" (6 x 1023amu = 1
g). (Dalton=amu)

• amu is 1/12 part of the mass of the atom of 12C
• An ion is an atom or group of atoms with an electric charge.



Rutherford's planetary model
And Bohr's problem

+

According to the 
Electromagnetism laws, when 
a charge
undergoes a
Acceleration loses energy

-

As the electron moves in 
the orbit, it would lose 
energy 
Approaching Kinetics 
progressively to the nucleus

-



Plank's equation.
• Heated objects emit light (radiation) whose wavelength

depends on the temperature
• Plank (1900): Energy exists in small aliquots (quanta).
• The radiation energy is proportional to the frequency

E = h .  = h . c/

The energy of the radiation increases with frequency but
decreases with wavelength

E

Plank’s constant
6.6 x 10-34 J. s

frequency

wavelength

Light-speed in vacum = 3x108 m/s



Electromagnetic radiation

• In 1864 James Maxwell developed a theory to 
describe radiation: oscillating waves of the electric 
and magnetic fields, perpendicular to each other.

• Wavelength  (la lettera greca lambda)
– Amplitude
– Speed of Light  c (3·108 m/s)
– Frequency  (nu, misurata in Hz = cicli/Sec)

 • = c



Wavelength  = space-span corresponding to the 
entire cycle of values

Frequency  = number of times per second that the 
vector takes on the entire cycle of values

 (Hz)= c(m s-1)/(m)



The Dark Side of the Moon



Diffraction of visible light by a prism 
and light-spectrum.



Electromagnetic radiation spectrum



Postulates of Bohr's atomic model

There are stationary orbits that allow the 
electron to spin around the nucleus without 

emitting energy

-The angular momentum of orbiting electrons
(mvr) is quantized

mvr=n·(h/2) 

But the quantization of angular momentum also
quantizes the radius
R = n2·53pm
E = 2.18 10-18 1/n2 J







Quantum N°(n) 
Level

Radius (pm) Total Energy (J)

1 53 E1 = -RH /1 = -2.18 • 10
-18

2 212 E2 = -RH /4 = -0.545 • 10-18

3 477 E3 = -RH /9 = -0.24 • 10-18

4 848 E4 = -RH /16 = -0.14 • 10-18

Energy and radius of the first stationary 
orbits hypothesized by Bohr



Centripetal force = 

Centrifugal force = 

Under equilibrium conditions, the centripetal force is equal to the 

centrifuge:

=

from which : r =    ROOTSQUARE              

I continue on the blackboard.........



LIMITATIONS

It is not "orthodox"; it starts from traditional

mechanics (Newtonian) and arrives at a discontinuous

physical model by introducing unproven assumptions.

SUCCESS

The model provides an explanation of the 

spectroscopic properties of the hydrogen atom but is 

not sufficiently robust to interpret the energy 

spectra of other polyelectronic elements.



Atomic spectral lines

Spettro di emissione

Spettro di assorbimento

Hydrogen 
gas

The light emitted by a substance can be analysed (emission
spectrum)
Each element (substance) produces lines of different
wavelengths
Balmer (1885) and Rydberg found equations describing the
wavelengths emitted by hydrogen

= R (1/nf
2 - 1/ni

2)   
(nf = (1), 2, 3, 4...     ni = nf +1, nf +2 …)

atomic absorption spectrum

Atomic Emission Spectrum



Emission and
Absorption

atomic line emission spectra



Emission

= R (1/nf
2 - 1/ni

2)   
(L, nf = 1; B, nf = 2; P, nf = 3)

RH = 2.18∙10-18 J; experimental value exactly fitting Bohr's 
calculations



Emission spectrum

E = hc/

n = 5 = 3 = 2 = 1= 4

This transition
It's not possible

Bohr's atomic model

• Excited elements emit specific “quanta”
of energy (light) so electrons can only
occupy specific orbits around the
nucleus, and each orbit has quantized
energy.



It refers to the spectra that display the specific wavelengths
of light emitted by atoms of an element when electrons
transition from an excited energy state to a lower one,
releasing energy in the form of photons. Each chemical
element has a unique set of spectral lines, characteristic of its
electronic structure undergoing the specific electric field
excerted by Z





Why doesn't the atom 
collapse?

• Electrons in the atom have to move
• The nucleus attracts the electrons, which should accelerate toward it

• If the electrons are moving
• Movement emits electromagnetic radiation

• This causes loss of energy, the atom collapses.

• Why doesn't it collapse?
• Classical physics doesn't explain it

• Electrons behave as waves/particles



De Broglie's Wave-Particle Duality 
Hypothesis (1924)

• All moving objects can be assigned a

wavelength

•The smaller the object, the greater the

associated wavelength (and therefore its

wave-like behaviour will be more noticeable)



Devisson and Germer 
diffraction



Heisenberg's uncertainty principle

Coupled properties of an electron such as position and
momentum, or energy and residence time in a given volume
they cannot be determined simultaneously with infinite
precision.

Insurmountable limit to the simultaneous knowledge of the
momentum and position of an object

 is the variation of 
error in the 

determination

p= mv



Non-commuting observables correspond to 

physical quantities whose simultaneous values 

are subject to the limitations imposed by 

Heisenberg's uncertainty principle



Heisenberg’s Uncertainty Principle

Macroscopic phenomena:

No practical 
consequences

Atomic Size:

It is not possible to define the 
trajectory of an electron around 
the nucleus

We can only talk about the 
position of the electron in 
probabilistic terms: it will be in 
a region of space with a certain 
probability.



Compton effect



Electromagnetic Radiation Energy

• Radiation carries energy
• Work to change the electromagnetic field

• The transmitter loses energy, the receiver gains it

• In classic waves
• The energy is related to the amplitude of the wave

• The brighter light should bear more energy...

• Photoelectric Effect:
• The intensity has no effect on the kinetic energy of the emitted 

electron (more photons, more electrons)

• Red light doesn't emit electrons, blue light does

• So: light is made from photons, more light = 
more photons.

• E = h·



Photoelectric effect
A. Einstein, 1905 (Nobel Prize 1921)



Sommerfeld
The improvement of spectrometric
precision highlighted the limits of Bohr's
theory. The German physicist proposed
elliptical orbits, i.e. flattening of orbits
that were not always circular, and this
increased the number of hypothetical
orbits and electron jumps, maintaining the
concept of quantization.



Zeeman



Quantum numbers

• Principal quantum number n (1, 2, 3, 4, ...)

• Secondary or azimuthal quantum number (l = 0, ...,
n-1) [orbital angular momentum quantum
number]

• Magnetic quantum number (ml = -l, ...,0, ...,+l)

• Spin quantum number (ms =±1/2)



Aufbau – Electronic build-up



Aufbau and Segesta Theater

1s

2s

3s

4s

5s

2p

3p

4p

5p

2p

3p

4p

5p

3d

4d

5d

3d

4d

5d

4f

5f

4f

5f

6s



Build-up rules

• the level with the lowest n is occupied first;

•

• within the same level, the sublevel defined by the
lowest azimuthal quantum number l is first
occupied (Hund's rule I);

•

• degenerate orbitals (with the same energy) fill up
according to the principle of maximum multiplicity
(Hund's rule);

•

• the filling takes place in compliance with the Pauli
exclusion principle.



Rules of Nature...

123



The "quantum-mechanical" atom

• The electrons in the atom have quantized energies

• Electron wavefunctions are three-dimensional, so defined
by three spatial coordinates

• The wave function that describes an electron in an atom
is the atomic orbital

• The energies and mathematical shapes of the orbitals are
calculated using the Shrodinger equation

• Each electron adds 3 variables (x, y, and z) to the
equation.

• The energy level differences calculated with the equation
are in agreement with those calculated from the atomic
spectra

• Each orbital is defined by three quantum numbers, plus a
fourth that differentiates it from the other particle with
which it shares the orbital



Orbital

• A wave function which is
eigenfunction of the Schrö equation
dependent on three quantum numbers
and associated with specific energy,
orientation and mean distance

• Portion of space (volume) within which
there is a 90% chance of finding the
electron or particle to which it is
associated



Shells, sublevels, and 
orbitals

Orbitals are also classified:

Level (Shell) (n): 1 to 7.  The greater the number, the 
greater the distance from the nucleus 

Sublayer (subshell) (l): A group of orbitals within a layer. 
Identified by the letters s, p, d, f. The number of 
sublevels is equal to n (principal quantum number)

Single orbitals: These are identified by their spatial 
direction using Cartesian coordinates (m). The number of 
orbitals depends on the sublevel, it is odd: 1 in s, 3 in p, 5 
in d, 7 in f.



Shells and subshells



Electron Filling roles

• Hund’s rule states that electrons occupy separate orbitals in the same subshell 
with parallel (i.e., identical) spins. 



n l ml

orbital

name
Number of 

orbitals

1 0 0 1s 1

2 0 0 2s 1

2 1 -1, 0, 1 2p 3

3 0 0 3s 1

3 1 -1, 0, 1 3p 3

3 2 -2,-1,0,1,2 3d 5

4 0 0 4s 1

4 1 -1,0,1 4p 3

4 2 -2,-1,0,1,2 4d 5

4 3 -3, -2, -1, 0, 
1, 2, 3

4f 7



n = x, l = 0 …. (x-1), m = -l … +l

n = 1
l = 0, m= 0 1s

n = 2
l = 0, m= 0

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

2s

2p

n = 3
l = 1, m= +1, 0, -1

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

n = 3
l = 0, m= 0 3s

3p

3d



n = 4
l = 0, m= 0

n = 4
l = 1, m= +1, 0, -1

n = 4
l = 2, m= +2, +1, 0, -1, -2

n = 4
l = 3, m= +3, +2, +1, 0, -1, -2, -3

4s

4p

4d

4f



Orbitals in the first three levels
and boundary surfaces



Summary

• The nucleus is the mass of the 
atom

• Electrons define the size

• Electrons occupy areas around 
the nucleus, called orbitals 

• These have definite shapes and 
energies

• Different atoms have different 
nuclear charges and therefore 
number of electrons





Schrödinger equation

Ĥ = 

•Unknowns are both E and y (wave function).

• infinite  each of  which is associated with an energy value E.

•It can be solved exactly for the hydrogen atom and 

approximately for polyelectron atoms.

Equation of  State

 2 V: accounts for the probability that a particle
described by the function is in the infinitesimal

volume V around a point of x, y, z coordinates.



Atomic orbital

- A region of space around the nucleus bounded
by a surface within which there is a 99%
probability of finding the electron (boundary
surface).

- Wavefunctions  obtained from the solution of
the Schroedinger equation

the probability of finding 
an electron within a 

certain area, d, is given 
by the value of 2 d.



Spherical Volume Elements 

Function



Wave Functions 
and derivatives



Density Probability function



5s-2D



Orbitals 2s 3s 



Probability Density





Nodes

• Wherever  = 0, 2 = 0 too, and guess… 
density probability = 0; these space 
elements are nodes (respect to a specific 
orbital).

• radial nodes (R = 0) are always n-l-1

• Any orbital bears the core node

• Gli orbitali possono avere superifici nodali o 
nodi angolari



Penetration



Z* e Z

The nuclear charge Z is not the effective
nuclear charge Z* that is actually felt by
the electron in the last layer.

In fact, the inner (core) electrons shield
the charge felt by the

Slater set up an empirical
parameterization of the electron
shielding of the lower layers and of the
same level occupied by the outermost
electron



Calculations..... For the first 
atoms

Be : Z*= 4-(2x0,85) - (1x0,35) = +1.95;

B : Z*= 5-(2x0,85) - (2x0,35) = +2,60;

C : Z*= 6-(2x0,85) - (3x0,35) = +3,25;

N : Z*= 7-(2x0,85) - (4x0,35) = +3,90;

O : Z*= 8-(2x0,85) - (5x0,35) = +4,55;

F : Z*= 9-(2x0,85) - (6x0,35) = +5,20;



Atomic Properties

• They depend mainly on the effective 
nuclear charge Z* (or Zeff)

• Atomic radius (van der Waals)

• Ionization potential

• Electron Affinity

• Electronegativity



Atomic Radii



Trends



How to remind such things

• Little Naughty Kids Rub Cats Fur

• Bees Make Candy Sold By Raccoons

• Boys Always Grab Ice-T

• CaSe - GeStaPo

• Notorious Poets Assume Sonnets Biases 

• Over Samples Search The Powder

• Frog Climbing Bridges Instantly Able

• He Never Argues; Krazy Xenophobic Rats



Electronic Affinity

EA = -H(electron addition)



Ionization Energy

IE = H (electron ejection)
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