Chapter 10:  Atomic Structure and the Periodic Table


Students: Please copy these notes for inclusion in your notebook. You don't have to write down sections where I have indicated the class should discuss something, but you certainly may if you wish. You need to have a textbook open for class discussion.
10.1 - Chemical Symbols

Chemical Symbols are used to abbreviate the name of each element. 

Chemical symbols consist of 1 capital letter or 1 capital letter plus 1 or 2 small letters.

For some elements, the chemical symbol is the 1st letter of the element name. For others, it is the 1st letter plus another letter in the name. Some symbols come from the Latin name for the element.

Copy the following table (partial list from Table 10-1) and place a star by the symbols that might come from Latin.

Symbols of Some Elements

Element

Symbol

Element

Symbol

Aluminum

Al


Iron 


Fe

Carbon

C


Magnesium
Mg

Mercury

Hg


Copper

Cu

Nitrogen

N


Fluorine

F

Gold


Au


Potassium
K

Helium

He


Sodium

Na

Matter and Atoms

Greek thinkers over 2400 years ago defined atoms as the smallest parts of matter.

Atoms consist of a nucleus – the positively (+) charged center, surrounded by electrons – negatively (-) charged particles.

The 2 major kinds of particles in the nucleus are protons and neutrons. Together these are referred to as nucleons.

The nucleus contains most of the mass of the atom. The mass (amount of matter) of a proton is roughly the same as the mass of a neutron. The mass of an electron is about 1/2000 the mass of a proton - so small that it is considered negligible (or too small to count) when finding the mass of an atom.

A neutron has a neutral charge (neither + nor -). A proton is positive (+). That makes the net (overall) charge of the nucleus positive (+). The amount of positive charge on a proton is equal to (the same as) the amount of negative charge on an electron.

(Copy the following table (Table 10-2) and put a box or big stars around it! MEMORIZE IT!)

Comparison of Particles in an Atom
Particle
Relative Mass
Charge
Location in Atom
Proton

1

   1+

Part of nucleus

Neutron

1

  none
Part of nucleus

Electron

0

   1-

Moves around nucleus

Counting in Atoms

The atomic number of an atom is the number of protons in its nucleus.  Every atom of the same element has the same number of protons. 

Examples - Every Carbon atom has 6 protons so it has the atomic number 6. Every oxygen atom has 8 protons.

The number of electrons in a neutral atom (an atom with an overall charge that is 0) is equal to the number of protons.

Look at the periodic table on our wall. Discuss the following:

Where is the symbol for each element located? 

Where is the element's name located?

Where is the atomic number located for each element?

Copy and complete the following table for neutral atoms:





# of

Atomic
# of

     net


Element
Symbol
protons
Number
electrons
    charge

Carbon
C

6

6

6

    0

Oxygen

Hydrogen

Gold

Sodium

Uranium

Models of the Atom
(We will be doing and in-class project on Atomic Models together, so we only need to take a few notes on these models today.)

First, remember and discuss briefly what a model is. Then read the last paragraph on page 271 aloud.

Democratis (about 2000 years ago)
Matter can be divided into atoms

The word Atom from the Greek word Atomos meaning not to be cut.

Dalton (1800's)

Elements are composed of atoms. Atoms are indivisible and indestructible particles.

Atoms of the same element are exactly alike.

Atoms of different elements are different.

Compounds are formed by joining atoms of 2 or more elements.

Thomson model (1897)

The atom is made of a pudding-like positively charged material with negative electrons scattered through-out, like plums in pudding.

Rutherford (1908)

All of an atom's positively charged particles are contained in the nucleus. The negatively charged electrons are scattered outside the nucleus around the atom's edge.
Bohr model (1913)
Developed by Niels Bohr. Bohr pictured the atom as having a central nucleus with electrons moving around it in well-defined paths or orbits.

Electron Cloud model
In 1926, scientists developed a better model of the atom. Electrons are depicted moving about in a region called an electron cloud. The cloud surrounds the nucleus of the atom. The diameter of the electron cloud is about 100,000 times the diameter of the nucleus.

Please investigate the internet sites linked to my web page for additional help on atomic models.
(Read the last paragraph on page 272 together.)

A Probability Model

(Look at figure 10-3. Read the first paragraph on page 273 together.)

Discuss the following:

How is the Electron Cloud model a probability model?

How might an electric fan that is turned on be used as a model of an atom? How is the fan unlike an atom?

10.2 Smaller particles of Matter

Scientists hypothesize that electrons are not made of any smaller particles.

Protons and neutrons are made up of smaller particles call quarks. So far, scientists have confirmed the existence of six uniquely different quarks.

A particular arrangement of 3 quarks held together with a strong nuclear force produces a proton.

(Discuss figure 10-5 together. We will discuss Fermilab and the Jefferson Lab in more detail in another class.)

10.3 Masses of Atoms

Atomic Mass - The unit of measurement of atoms is the atomic mass unit (u).

The mass of a proton or a neutron is almost equal to 1 u.

The atomic mass unit is defined as 1/12th the mass of a Carbon atom containing 6 protons and 6 neutrons.

Mass Number - The mass number of an atom is the sum of the number of protons and the number of neutrons. The mass number of an atom is almost equal to the mass of the most common form of the atom, expressed in atomic mass units.

If you know the mass number and the atomic number of an atom, you can calculate the number of neutrons:

Number of neutrons = mass number – atomic number

Isotopes - Not all the atoms of an element have the same number of neutrons. Atoms of the same element with different numbers of neutrons are called isotopes. Naturally occurring atoms of Boron (B) can contain have mass numbers of 10 or 11, which means Boron can have either 5 or 6 neutrons. Look at 10-4. How many neutrons do you think Carbon, Oxygen, Sodium and Copper might have?

Identifying isotopes You use the name of the element followed by the mass number of the isotope to identify the isotope: boron-10 and boron-11 are examples.

The average atomic mass of an element is the average mass of the mixture of its isotopes.

Find the average mass of Carbon on the periodic table.

10.4 Periodic Table

Structure

Periodic – repeating pattern


Late 1800's – Dmitri Mendeleev 

– arranged all elements known then in increasing atomic masses

- discovered pattern

- chemical properties in lighter elements repeat in heavier elements

Early periodic table – Figure 10-10 p 284

- Mendeleev's periodic table had blank spaces

- predicted missing data from elements around these blanks

- later discoveries such as germanium (Figure 10-11) showed his predictions to be true

Counting Protons
Mendeleev's table good – needed some changes

Modern Periodic Table – pages 286-287

Henry G.J. Moseley (1913) – elements arranged based on properties and atomic numbers instead of masses

Table contains:


Element Name


Atomic Number

Symbol


Atomic Mass

Groups of Elements
Vertical Columns are called groups or families
Groups are numbered 1-18

Elements in each group have similar properties

Example: Cu Ag Au -  all shiny metal and a good conductor of electricity and heat

Atoms of different elements 

- have different numbers of electrons

- may have the same number of electrons in the outer energy levels

- the electrons in the outer energy levels determine the chemical properties of the element

Different elements with the same number of electrons in the outer energy levels have similar chemical properties

Dot diagram use the symbol of the element and dots to represent the electrons in the outer energy level

Family Traits
Group 17 - Halogens (Fig 10-14)

7 electrons in the outer energy level

similar chemical property 

form compounds with elements in Group 1

Group 18 – Noble Gases (Fig 10-15) 

All except He have 8 electrons in the outer energy level

do not usually form compounds

stable

unreactive

Identifying A New Element

Recipe for an Element
Chemical elements only change their number of protons through a nuclear reaction

Theory – stable elements we have now may have been part of heavy elements that split apart

Test – bring existing elements together with energy to form superheavy atoms

Example: Lawrencium (atomic number 103) formed by colliding boron (5) and californium (98); 98 + 5 = 103

A New Member of the Family
Element 110 – synthesized by colliding particle

- unstable – fell apart in about 270 seconds

Periods of Elements

Horizontal Rows are called Periods
Stairstep line on right side of tables

Elements to left (except Hydrogen) are metals
- most metals are solids at room temperature

- shiny

-  are good conductors

- example Fe, Cu, Zn, Ga

Elements to right are nonmetals

- most nonmetals are gases and some are brittle solids at room temperature

- do not conductor heat and electricity well

- ex O, N, C

Elements next to the stairstep line are metalloids
- have properties of metals and nonmetals

- ex: B and Si

Groups 3 through 12 – transition elements

- are metals but have properties not found in elements of other groups

Ex: Cu, Fe
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