Chemistry 112

Chapter 2 Class Notes

Classifying Elements
In ancient times the same symbols were used to represent the elements and celestial bodies. John Dalton symbols included both drawings and letters. Compounds such as lime, soda and potash were classified as elements (they could not e decomposed by heat)

In 1814, Jons Jacob Berzelius suggested using letters only. He decided on a single capital letter or a capital letter followed by a lower case letter prominent in the English or Latin name.

Example – hydrogen (H), chlorine (Cl), silver (Ag) French – argentums

Today the names of elements are different in different languages but the symbols are international. There are four traits that all scientific communication must have: 

1. international

2. precise

3. logical

4. simple

There is a governing body for the scientific communication called “the International union of Pure and Applied Chemistry” – IUPAC. It specifies the rules for chemical naming and symbols.

Artificial or synthetic elements (man made) beyond atomic number 103, have IUPAC temporary names and symbols. They are derived by combining (in order) the element roots for the atomic number and adding the suffix –“ium”. The symbol of these elements consist of three letters each being the first letter of the three element root names corresponding to the atomic number

The root names are found in table 2.2 page 56 in text

Example:  new atom with the atomic number 144  


     Temporary name = (1) un (4) quad (4) quad  (suffix) ium       unquadquanium   


      Symbol = “Uqq”

Metals and Nonmetals

For the sake of accuracy and consistency, IUPAC has come up with standard conditions known as SATP “standard ambient temperature and pressure” where the temperature is understood to be 25°C and the pressure is 100 kPa. If the scientific community has these standards it is easier for them to share information on a common playing ground

Most elements can be classified into two categories:



Characteristics of Metals and Nonmetals

	Metals 
	Nonmetals

	· Shiny (luster)
· Bendable (malleable)

· Ductile

· Good conductors or heat and electricity

· All solids at SATP except mercury 


	· Not shiny
· Not bendable (brittle)

· Not ductile

· Poor conductors or heat and electricity

· Most are gases at SATP 


There are some elements that will not fit into these categories. (Eg. carbon and silicon)
They are known as METALLOIDS and are found near the staircase line. They have a blend of metallic and nonmetallic characteristics.

The article “Metals in the Human Body” on page 60 is interesting to read and be able to list the 3 most abundant elements in the human body (oxygen, carbon and hydrogen)

The Periodic Table

As more and more elements were discovered in the early 1800’s scientist searched for a classification scheme. The invention of accurate instruments allowed scientist to make quantitative measurements of elements such as mass, volume and pressures. 

Example: relative atomic mass


Carbon (12 times heavier than H)


Oxygen (16 time heavier than H)


Hydrogen (the lightest element) – given the mass unit of 1

The first man to work with the PT was John Alexander Newlands (1864). He arranged all elements in increasing atomic mass and noticed that certain physical and chemical properties reoccurred in regular patterns.
Example: 

Look at group 1 - Sodium, potassium, lithium (all are soft, silvery-white metals that are highly reactive. They form similar compounds with Cl) rubidium and cesium show a strong “family” resemblance.

Periodic Law:  When elements are arranged in order of increasing order of atomic mass, chemical and physical properties form patterns that repeat at regular intervals.
The “Father” of the modern periodic table is known as Dmitri Mendeleyev.  He created a new table in 1872, placing all the elements in vertical columns or families using increasing atomic numbers. This table contained blanks where no known element fit. He made predictions of existing elements not found yet.

Modern Periodic Table:

The size was inconvenient so they pulled out two rows (lathanides and actinides)

Families or groups – vertical columns of elements in the PT which have similar physical and chemical properties

Periods – horizontal rows of elements whose properties gradually change from metals to 
Nonmetals

Figure 2.10 on page 66 in the text give you a key for each element of the PT and lets you know what all the numbers mean in each individual box

Common names of some groups:

	Group Name 
	Characteristics

	Alkali Metals – group 1
	Soft, silver-colored metals that react violently with water

	Alkaline Earth Metals – group 2
	Light, reactive metals

	Halogens – group 17
	Extremely reactive. (F is the most reactive).

All halogens form acids when reacted with hydrogen

	Noble Gases  - group 18
	Extremely non reactive

	Transition Elements –groups 3-12
	Exhibit a wide range of chemical and physical properties

	Representative elements  -groups 1,2 13-18
	Theses elements best follow the periodic law

	Lanthanides – atomic numbers 58-71
	Include the rare earth metals

	Actinides – atomic numbers 90-103
	Includes synthetic elements


Limitations of the Periodic Table:

1. Many properties such as melting and boiling points and atomic size do not vary smoothly within a family of period
2. Hydrogen sometimes behaves like group 1 elements and sometimes like a group 17 element. It will also behave in its own unique way 

Atomic Theories

Earlier theories of matter:

· 5th Century BC – Greeks believed that all substances were composed of small indivisible particles called ATOMS. They were in constant motion and there was empty space between them

· Aristotle (385-322 BC) – He did not agree with the Greeks but stated that matter consisted of 4 basic elements: earth, air, water, and fire. When experimentation gain notability, his ideas were disproved…….2000 years later

· Dalton’s Atomic Theory  (19th C)  His atomic theory stated:

1. all matter is composed of tiny indivisible particles called atoms

2. atoms of an element have identical properties

3. atoms of different elements have different properties

4. atoms of two or more elements can combine in constant ratios to form new substances (compounds)

Important Developments in the Modern Atomic Theory:

· JJ Thompson – discovered negatively charged particles in the atom and called theses particles ELECTRONS

· H. Nagaoka (1904) – he stated that electrons were in energy rings

· E. Rutherford (1898-1907) - During his studies at McGill University in Montreal, he hypothesized that atoms contained a tiny, positively charged core called the NUCLEUS surrounded by electrons. The nucleus contains most of the atoms mass but only 1/1000th of the total size of the atom. The positively charged particle was named PROTON in 1914

· Moseley – discovered that the positive charge in the nucleus (protons) increased by one unit when moving from one element to the next in the periodic table. This measurement was called the ATOMIC NUMBER and is defined as the number of protons in the nucleus of an atom
· J Chadwick (1932) – demonstrated that the atomic nuclei must contain heavy neutral particles, as well as the protons, called NEUTRONS. 

Therefore there are three subatomic inside an atom: electrons, protons and neutrons

[image: image1.jpg]Example: phosphorus

31

P

15

@s\

# of Protons = atomic #
# of Protons =15

# of Neutrons = mass # - atomic #
# of Neutrons =31 - 15
# of Neutrons = 16





Isotopes:

Isotopes are a form of an element in which the atoms have the same number of protons but different numbers of neutrons. The mass of isotopes will vary due to the uneven number of neutrons.
Isotopes of Carbon and Hydrogen:
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:
Carbon -14 does not last as long as Carbon -12 and eventually looses the two neutrons. This is called radioactive decay and takes up to 2000 years.

 Standard Atom Notation: a format used to indicate the mass # and atomic # of an atom

Mass # - number of protons and neutrons in an atom

Atomic # - number of protons in an atom

This format is used for the symbols of isotopes.
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There are two problems with Rutherford’s atomic model, two questions that he could not answer:

1. Why is there no repulsion between the protons in the nucleus (they all have a similar charge)?


(Rutherford’s answer – some magical nuclear force)

2. Why is there no attraction between the electrons and protons causing that atom to collapse? 


(Rutherford did not have an answer…..Neils Bohr answered this with his idea of      
energy rings.)

Energy Level Diagrams
The diagrams are an extension of the Bohr diagrams done in grade 9 and 10.  We use these diagrams to show how many electrons are in each energy ring and how atoms become charged ions.

An atom is most stable when its outer most energy ring is full (usually 8 electrons) this is called the octet rule. The noble gases have 8 electrons in their outer energy level naturally and that is why they are un-reactive. The reason atoms enter into chemical reactions is in an attempt to lose or gain electrons and get a full outer ring.
 Example:  Na and Cl helping each other out to gain a full outer ring
Energy level diagram: 
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      Na atom             Cl atom


     Na ion (Na+)        Cl ion (Cl-)
** In the before situation both atoms are unstable because their outer rings are not full. If the Na atom transfers 1 electron to chlorine, the situation changes and now both atoms are stable. Na lost one electron so it now has an ionic charge of 1+. Cl gained an electron so it now has a charge of 1-.

Monatomic ion – is a single atom that has gained or lost an electron

Cations – positively charged ions (atoms have lost electrons and now have a higher number of protons)

Anions – negatively charged ions (atoms have gained electrons and now have a higher number of electrons)

Naming Ions:
Cations have the same name as their atom (sodium atoms and also sodium ion, even after it loses an electron). Anions change the ending of their name to –ide. (chlorine atom is called the chloride ion when it gains an electron)

Families often have the same monatomic charge: red (+1), orange (+2), yellow (+3), green (no charge), light blue (-3), turquoise (-2), dark blue (-1), and purple (no charge)

The white elements have charges that vary.
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