
When were some of the first elements discovered?

Ten elements were discovered before recorded history; 
therefore there is no historical record of their discovery

These elements were generally the relatively unreactive
metals such gold, silver, mercury, and lead and the non-metal 
sulfur. These materials are often found in nature 
uncombined.

Twenty four were known at the time of the American 
revolution

The Elements



2HgO =  2Hg + O2

Joseph Priestley (1733–1804)

cinnabar



Carbon

Two allotropic forms of carbon



buckyballs

Carbon nanotubes

Two other allotropic forms of carbon

Allotropic forms of an element are materials that have the same 
chemical composition but different structures 
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Names of Some Common Elements and Their Symbols
Aluminum Al Chlorine Cl Manganese Mn Copper (cuprium ) Cu

Argon Ar Fluorine F Nitrogen N Iron (ferrum ) Fe

Barium Ba Helium He Oxygen O Lead (plumbum ) Pb

Boron B Hydrogen H Phosphorus P Mercury (hydrargyrum ) Hg

Bromine Br Iodine I Silicon Si Potassium (kalium ) K

Calcium Ca Lithium Li Sulfur S Silver (argentum ) Ag

Carbon C Magnesium Mg Zinc Zn Sodium (natrium ) Na
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• Metals:
• Found on left side of periodic table.

• Nonmetals:
• Found on the right side of periodic table.

• Semimetals:
• Form a zigzag line at the boundary between metals 
and nonmetals. 





Metals are shiny and ductile; are good conductors of heat and electricity

Nonmetals are dull, brittle, and poor conductors of heat and electricity;are good 
insulators

Metalloids are better conductors than nonmetals, but not as good as metals; are used 
as semiconductors and insulators





Composition of the Atom

β rays = electron;  α radiation = helium nucleus
the helium nucleus was later found to be made up small particles



Atomic Structure
electrons negatively charge particles
protons positively charged particles
neutrons neutral particles



The Structure of the Atom

Historically, the currently accepted picture of the atom evolved
over a period of time. The fundamental particles of interest 
include the electrons, and in the nucleus, the protons and the 
neutrons. The results of a few experiments are described as 
follows:

1. Electrons:

charge/mass

Thomson’s cathode ray tube experiments





The cathode ray tube is described as a beam of charged particles, 
which we call electrons, traversing a vacuum toward a positive 
electrode. The electrons are defined as negatively charged; they are 
deflected by a magnetic field in the manner shown in the previous 
slide. They can also be attracted or repelled by an electric field.



Factors influencing the defection:

1. The strength of the defecting field (magnetic, electric)

2. The magnitude of the charge on the particle (electron);  
charges of particles are measured in Coulombs (C)

3. The mass of the particle (electron)

4. The charge to mass ratio of an electron was found to be : 
1.758*108 C/g



Historically, the currently accepted picture of the atom evolved over 
a period of time. The fundamental particles of interest to us 
include the electrons, and in the nucleus, the protons and the 
neutrons. The results of a few experiments are described as 
follows:

1. Electrons:

charge/mass

Thomson’s cathode ray tube experiments

2. charge of an electron

Millikan’s oil drop experiment



MFch2



The falling oil droplets are given a negative charge by the 
radiation, which makes it possible for them to be suspended 
between two electrically charged plates.

At different voltages, different drops where observed to be 
suspended. 

Examining the voltages that caused the particles to be suspended
revealed that the voltages were multiple values of a given 
value, V.

Arguing that some oil drops had captured more that one electron,
this explained why multiple values of the voltage resulted in 
suspending the various droplets. This resulted in determination 
of the charge of an electron, e. The currently accepted value is
e = 1.602*10-19 C

From the e/m =1.758*108 C/g evaluated previously and e = 
1.602*10-19 C, m can be calculated as : 9.1*10-28 g.



Historically, the currently accepted picture of the atom evolved over a 
period of time. The fundamental particles of interest include the 
electrons, and in the nucleus, the protons and the neutrons. The
results of a few experiments are described as follows:

1. Electrons:

charge/mass

Thomson’s cathode ray tube experiments

2. charge of an electron

Millikan’s oil drop experiment

3. structure of the atom

Rutherford’s experiment



The Structure of the Atom

When a beam of alpha particles is directed at a thin gold foil, most particles pass 
through the foil undeflected, but a small number are deflected at large angles and a 
few bounce back toward the particle source. But what is an alpha particle?

Rutherford 
Experiment



Alpha (α) particle 
is two protons and two neutrons, a helium nucleus and is +2

Beta (β) particle is a high-energy electron    

neutron

Gamma (γ ) ray high-energy ray released from a nucleus in the 
form of electromagnetic radiation

Radiation Measurement



The picture of the atom that slowly evolved is that it is mostly of 
empty space with electrons distributed about the a nucleus that is 
very small and massive compared to the mass of an electron. 



A Summary of Subatomic Particles



Atomic Number: The number of protons in the nucleus



Atomic Number: The number of protons in the nucleus

Atomic Weight:  A sum of the number of protons and 
neutrons in the nucleus



Atomic Number: The number of protons in the nucleus

Atomic Weight:  A sum of the number of protons and 
neutrons in the nucleus

atomic weightXatomic number

The atomic number identifies the element

atomic numberXatomic weight



Identify the following nuclei:

We can find different elements with different number of electrons. Elements may by 
positively charged overall, neutral or negatively charged. 

Positively charged species are called cations and some end in ium

Negatively charged species are called anions and end in ide

Positive and negative charged species are always found combined





Isotope A element with the same atomic

number but different atomic weights

1H1
2H1

3H1

Why are these all called isotopes of hydrogen?



The isotopes of hydrogen are called hydrogen because chemically 
they all react in the same way. Their behavior gives us insight into 
the factors that affect chemical properties.  H2O, D2O; T2O

Tritium is a radioactive isotope 



In neutral elements, the number of protons = the number of 
electrons. Since the chemical properties of isotopes are the same, 
we conclude that the atomic number, not the atomic mass is the 
factor that determines the major differences in the chemical 
properties of different elements.

The existence of isotopes which are generally not easily separable, 
however, causes us a problem. How do we define the atomic 
weight of an element if an element contains isotopes? 

Isotopes have the same atomic number

Define an Average Atomic Weight: f1AW1 +f2AW2+…

Where f1= fraction of isotope with AW1

Where f2= fraction of isotope with AW2

and f1 + f2 =  1.0



This is what is found on a periodic table for Cl

How was an atomic weight value of 35.45 arrived at?

Since in a “handful” of Cl there is a mixture of two isotopes 
in the abundances shown on the left, the atomic weight has 
been defined as an average

Average Atomic Weight Cl = 0.7576(Cl35) + 0.2434(Cl37)

=  0.7576(35)   + 0.2434(37)

=    35.45

Since most elements in the periodic table have stable isotopes, 
most atomic weights are not whole numbers but rather averages 
of the atomic weights of their isotopes adjusted for their natural 
abundances

An exception is 9F19 which consists of only one isotope

Atomic 
weight



Lets postpone the reason why is it 
necessary to define atomic weight 
as an average for the moment.



Consider the element: hydrogen. What is the mass of an atom of 
hydrogen?

1.67x10-24 g + 9.11 x 10-28 g ≈ 1.67x10-24 g 

Lets now define a “chemist’s dozen” as 6.02x1023 and call this 
number a mol



• What is the mass of a mol of 1H atoms?
• 1.67x10-24 g/atom x 6.02 x 1023 atoms = 10x10-1g
• The mass of a mol of hydrogen atoms is 1 g

• What is the mass of a 35Cl atom?
• 35Cl = 17p+18n ≈ 17(1.67x10-24g) + 18(1.67x10-24g)
• 35Cl ≈ 35(1.67x10-24g) = 58.5 x 10-24g

• What is the mass of a mol of 35Cl atoms?
• 35Cl ≈ 35(1.67x10-24g) x 6.02x 1023 = 35g

• What is the mass of a 37Cl atom?
• 37Cl = 17p+20n ≈ 17(1.67x10-24g) + 20(1.67x10-24g)
• 37Cl ≈ 37(1.67x10-24g) = 61.8 x 10-24g

• What is the mass of a mol of 37Cl atoms?
• 37Cl ≈ 37(1.67x10-24g) x 6.02x 1023 = 37g

• Previously we defined: Atomic Weight as the sum of the number of protons and neutrons in 
the nucleus

• Let us now define the Gram Atomic Weight as the weight in grams of a mol of an element



• Since the mass of a neutron and proton are nearly identical 
and since each element of the perioic table differs only in the 
number of protons and neutrons in the nucleus, an element 
with X number of neutrons and Y protons in the nuclues will 
have an atomic weight of X+Y, and 

• a mol of the element will consist of X+Y grams since:
• X+Y (1.67x10-24 g x 6.02 x 1023 atoms/mol) = X+Yg

• Atomic Weight is defined as X+Y
• Gram Atomic Weight is defined as (X+Y)g.

Why is it necessary to define atomic weight and gram 

atomic weight as averages?



If you were to “weight out” 35.45 g of chlorine, since 75% of the Cl
would be 35Cl17 and 25% would be 37Cl17, 35.45 g this would 
correspond to exactly 1 mol or 6.02*1023 atoms. 

Since the element chlorine actually exists as a diatomic species, in 
35.45 g of chlorine gas we would actually have 6.02 *10 23 atoms but 
only 3.005 *10 23 molecules. 

Summary:
Atomic Weight: sum of the number of protons and neutrons
Gram Atomic Weight: Mass in grams of 6.01 *1023 atoms
Numerically they are the same number

The number 6.01*1023 is called a mol.

Cl2





Atomic mass units: amu
1 amu = mass of a carbon atom/12

When neutrons and protons are combined to form an element, energy is 
released and some mass is “transformed” into energy according to E = 
mc2 where c is the speed of light and m is the mass transformed. Since 
different amounts of energy are released depending on the element or 
isotope formed relative to 12C6, this makes each element have a slightly 
different mass than just the exact sum of the individual protons and 
neutrons. Thus boron 10 has an isotopic mass of 10.0129 amu and 
boron 11 has an isotopic mass of 11.00931 amu. 
For our purposes, the mass of 10B = 10.0 amu  and 11B = 11.0 amu; the 
gram atomic weight is also 10.0 and 11.0 g/mol, respectively.



Radioactivity
Some nuclei are relatively unstable and under spontaneous nuclear reactions. The graph below 
indicated the relative stability of the different nuclei. Most nuclei are not radioactive. The 
binding energy is the energy released when the nucleus is formed.  E = mc2 where m is the mass 
discrepancy from simple addition of the mass of each proton and neutron 

The atomic number of the nucleus



Note that the sum of the atomic masses and atomic numbers in the reactant (U) 
equals the sum in the products (Th and He) 



Radioactivity

Radioactive isotopes that are naturally occurring tend to have long half-lives;
those used in nuclear medicine have short half-lives



The half-life of a radioisotope is the time for the radiation level to decrease (decay) to 
one-half of the original value.

Half-Life of a Radioisotope

t1/2 (I2) = 8 days

thyroid scan



Remember that the mass of an electron is very small compared to neutrons and protons and that 
a neutron can be thought of as a proton and electron combined



Exposure to radiation occurs from:

naturally occurring radioisotopes
medical and dental procedures
air travel, radon, smoking 
cigarettes, and eating


	Atomic Structure

