	# correct
	

	Total #?’s
	

	GRADE
	


Name:______________________________________
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The table below contains information about several elements. Use this table to review the con-
cepts of atomic number, mass number, numbers of subatomic particles, isotopes. and charged and
uncharged atoms. In each case, enough information has been provided for you to fill in all the
blanks.

E—
Isotope,
Atomic | Mass | Numberof | Number of | Number ot lon, or
Element Symbol | Number | Number | Protons Neutrons ' Electrons | Neutral Atom
IR S
Aluminum Al 27 13 13
Bromine 35 80 45 36
|
Uranium v} 82 146 92
Helium [ He 2
—
Helium He 2 5 2
Lithium 3 7 2
——— N —
Tungsten w 184 110 74
—1
| Neutral
Xenon 79 54 atom
Positive 2
Magnesium Mg 24 ion
Neutral
Carbon 6 6 atom
Carbon [} 14 ] 8
hebinduteol f—
Nitrogen 7 14






History of Atomic Structure

The idea of atoms was first suggested by Democritus of Abdera, an ancient Greek who lived in the fourth century BC.  Democritus said that the smallest particle of matter that retained all the properties of said matter was called an atom.  He experimented by cutting a rod in half, then cutting the half in half.  And so forth until it could not be cut any more. This theory prevailed even though it was not useful in explaining chemical phenomena.

It was not until the late 1700s that chemists were able to relate chemical changes to events at the level of individual atoms.  At that time the English chemist and physicist John Dalton first stated his atomic theory.  Dalton’s atomic theory included the following ideas.

1. All elements are composed of tiny indivisible particles called atoms.

2. Atoms of the same element are identical.  The atoms of any one element are different from those of any other element

3. Atoms of different elements can combine with one another in simple whole number ratios to form compounds.
4. Chemical reactions occur when atoms are separated, joined, or rearranged.  However, atoms of one element are not changed into atoms of another by a chemical reaction.

Two thousand years of error and oversight ended with Dalton’s proposal of an atomic theory to explain chemical behavior.  Dalton was only twelve years old when he took his first job as a school teacher in his own village in England.  Throughout his life he earned his living as a teacher, first in high schools, later in a college, and finally as a private tutor.  His real love and his real genius, however, were for science.  During his lifetime he studied many different topics, including aurora borealis, the tradewinds, and color blindness.

Most of Dalton’s atomic theory is still accepted.  One revision concerns his idea that atoms are indivisible.  This belief was held until about a century ago.  Today we know that matter can be broken down into particles more fundamental than atoms.  With the help of increasingly powerful atom smashers, physicists have found dozens of subatomic particles.  The three main parts of the atom remain the electrons, protons, and neutrons.
Electrons are negatively charged subatomic particles.  The English physicist Sir Joseph J. Thomson (1856-1940) experimented with cathode rays.  In 1897 he found that cathode rays could be deflected either by magnets or by electrically charged plates.  Thomson showed that a cathode ray is a collection of very small negatively charged particles moving at high speed.  He named these particles electrons.  

In 1911 Ernest Rutherford (1871-1937) decided to test the prevailing theory of atomic structure.  In the process of doing so, he and his co workers were able to develop a more refined picture of the atom.  The current theory was that the protons and electrons were evenly distributed throughout the volume of an atom.  To test this theory, they directed a beam of particles at a very thin sheet of gold.  The expectation was that the particles would pass through the thin sheet of gold unhindered.  

To everyone’s surprise, a very small fraction of the particles bounced back.  From these results, Rutherford proposed that the mass of the atom and the positive charged proton are concentrated in a small region.   He called this region the nucleus.  He though of the rest of the atom as more or less empty space.  The electrons were in that area, but they were so small that they did not interfere with the movement of the particles.
In 1913, Niels Bohr (1885-1962) a young Danish physicist and a student of Rutherford’s, came up with a new model.  He proposed that electrons are arranged in concentric circular paths, or orbits, around the nucleus.  This model was pattered after the motions of the planets around the sun and is often referred to as the planetary model.  Bohr answered in a novel way the question of what prevents electrons from falling into the nucleus.  He proposed that the electrons in a particular path have a fixed energy.  Thus they do not lose energy and fall into the nucleus. The energy level of an electron is the region around the nucleus where it is likely to be moving.

Early Models of the Atom

Use the History of Atoms reading to answer the following questions.
1. The smallest particle of an element that has the properties of that element is called a (n) _________________________________________________________________.

_________________________________________________________________

2. Why do scientists need a model of the atom? ____________________________

_________________________________________________________________
_________________________________________________________________

3. Write each scientist’s major contribution to the study of atoms.

a. Democritus __________________________________________________

_______________________________________________________________

b. Dalton ______________________________________________________

______________________________________________________________

c. Thompson __________________________________________________

______________________________________________________________

d. Rutherford __________________________________________________

______________________________________________________________

e. Bohr ______________________________________________________

_____________________________________________________________

4. List the main points of John Dalton’s atomic theory.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
 Subatomic Particles


When Thomson performed his experiments, he was hoping to find a single particle smaller than an atom.  If Thomson were alive today, he certainly would be surprised to learn that scientist know about the existence of at least two hundred different kinds of such particles!  Because these particles are smaller than an atom, they are called subatomic particles.


You need to know about only there of these subatomic particles.   The three main subatomic particles are the proton, neutron, and electron.

The Nucleus


The nucleus is the center of the atom.  It accounts for 99.9% of the mass of the atom.  Two different kinds of subatomic particles are found in the nucleus.  


One of the particles that make up the nucleus is the proton. A proton is a positively charged particle.  All protons are identical, regardless of the element in which they are found.  The mass of a subatomic particle is very small.  Scientists use a special unit to measure the mass.  The unit is an atomic mass unit, or amu.  A proton has a mass of 1 amu.

The other particle that masses up the nucleus is the neutron.  A neutron is an electrically neutral particle.  It has no charge.  Like protons, all neutrons are identical.  A neutron has slight more mass than a proton.  But the mass of a neutron is still considered to be 1 amu.

Atomic Number


What determines what an element is?  The answer is that the number of protons in a nucleus determines what the element is.  The number of protons in the nucleus of an atom is called the atomic number of an element.  The atomic number identifies the element.  

Isotopes


The atomic number of an element never changes.  This means the number of protons in the nucleus of every atom of the element is always the same.  This is not the case with the number of neutrons.  Atoms of the same element can have different number of neutrons.


Atoms of the same element that have the same number of protons but different number of neutrons are called isotopes.
Mass Number and Atomic Mass


All atoms have a mass number.  The mass number of an atom is the sum of the protons and neutrons in its nucleus.  The mass number of the carbon isotope with 6 neutrons is 6 (protons) + 6 (neutrons), or 12. The mass number of the carbon isotope with 8 neutrons is 6 (protons) + 8 (neutrons), or 14.  To distinguish one isotope from another, the mass number is given along with the element’s name.


Since the mass number is equal to the number of protons plus the number of neutrons, the number of neutrons can easily be determined.  The number of neutrons is determined by subtracting the atomic number from the mass number.  


Any sample of an element as it occurs in nature will contain a mixture of isotopes.  As a result, the atomic mass of the element will be the average of the masses of all the atoms in the sample.  The atomic mass of an element refers to the average mass of all the isotopes of that element as they occur in nature.  For this reason, the atomic mass of an element is not usually a whole number.

Electrons


Whirling around outside the nucleus are particles called electrons.  An electron has a mass of 1/1836 amu and a negative charge.  In a neutral atom, the number of negatively charged electrons is equal to the number of positively charged protons.  


Electrons do not move in fixed paths about the nucleus.  In fact, the exact location of an electron cannot be known.  Only the probability or likelihood, of finding an electron in a particular region in an atom can be determined.  The space in which electrons are likely to found is called the electron cloud.  Sometimes the electrons are near the nucleus.  Sometimes they are farther away from it.

Although electrons whirl about the nucleus bi8llions of times in one second, they do not do so in a random way.  Each electron seems to be located in a certain area in the electron cloud.  The location of an electron in the cloud depends upon how much energy the electron has.

According to modern atomic theory, electrons are arranged in energy levels.  An energy level represents the most likely location in the electron clouds in which the electron can be found.  Electrons with the lowest energy are found in the energy level closest to the nucleus.  Electrons with the higher energy are found in energy levels farther from the nucleus.


Each energy level within an atom can hold only a limited number of electrons.  The energy level closest to the nucleus can never hold more than 2 electrons.  The second and third energy levels can each hold 8 electrons. The fourth level holds 18 electrons.  The chemical properties of different elements depend on how many electrons are in the various energy levels of its atoms, or the electron arrangement of its atoms.

According to the modern atomic theory, electrons can move form one energy level to another.  Such a move involves either the gain or loss of energy.  In order to move to a higher energy level father from the nucleus, an electron must absorb a specific amount on energy.  When an electron has absorbed the amount of energy required to move to a higher energy level, the electron is said to be excited.

An electron also can lose energy and move to a lower energy level closer to the nucleus.  Here again the electron must lose a specific amount of energy.  In additional, an electron can move to a lower energy level only if that level is not filled.


Can the atom be “cut”?  The existence of protons, neutrons, and electrons proves it can.  In fact, protons and neutrons can be separated into even smaller particles.  It is now believed that a new kind of particle makes up all the other known particles in the nucleus.  This particle is called the quark.  There are a number of different kinds of quarks.  All nuclear particles are though to be a combinations of there quarks.  One group of three quarks will produce a neutron.  Another group of three quarks will produce a proton.  If protons are accelerated so that they collide with other particles, different groups of three quarks may form.  Each different group will produce a different subatomic particle. 
The Structure of the Atom
1. In the electron cloud model, ________________________________ are moving very fast in the areas of space around the ______________________________________.

2. Fill in the missing parts in the table 

	Particle
	Charge



	
	Positive


	Electron

	

	Neutron

	


3. Why are neutral atoms' positive and negative charges balanced?
4. The particles that the nucleus contains are ________________________ and ____________________________.  The particles found outside the nucleus are ___________________________________.

5. Label the electrons, protons, and neutrons in the atom diagram

[image: image1.png]


How Atoms Differ

1. The atomic number of an element is the number of ________ in the nucleus of the atom.

2. A ___________ atom has the same number of protons as electrons.

3. What is the mass number of an atom?

4. Write the formula for finding out the number of neutrons in an atom.

5. Define one atomic mass unit.

6. Why must scientist consider the concept of probability in describing the location of electrons?
7. Complete the Table below

	Energy Level
	Number of Electrons in Level



	1


	

	2


	

	3


	

	4


	


[image: image4.png]Atomic Structure

You can become more familiar with the atomic structure of some common substances by complet-
ing the chart below. For each substance, you have been given enough information to fill in all the
blanks.

| H
Number of | Number of ;| Number ot
Protons Neutrons | Electrons

|

Substance Symbol

——

Helium

He

Magnesium

Bromine Br 80 35

1 Aluminum Al

| 13 14
47 61

Silver Ag






[image: image5.png]Counting Atoms

The formula for a compound indicates the elements that make up the compound and the number
of atoms of each element present in the compound. These numbers of atoms are indicated by the
use of small numbers called subscripts. Sometimes groups of atoms act as a single atom. Such a
group of atoms is called a polvatomic ion. If a polyatomic ion is used in a formula more than once, it
is put in parentheses and the subscript appears outside the parentheses. When a subscript appears
outside the parentheses, it indicates that a// the elements inside the parentheses should be muylti-
plied by that subscript. For example, the formula FetQH), indicates the combination of one atom of
iron, Fe, three atoms of oxygen, O, and three atoms of hydrogen, H.

In the following examples, list each element in the compound and the number of atoms of each
element present. The first example has been done for you. You may already be familiar with some
of the compounds.

Atoms in Formula

Calcium carbonate Limestone

Pain reliever

Magnesium Found in milk of
hydroxide magnesia

Paradichlorobenzene Moth crystais

Acetic acid Found in vinegar

e
Calcium dihydrogen Fertilizer
phosphate

Fool's goid





[image: image6.png]Identifying Substances

Complete the chart by first identifying each of the substances by name. Then describe each
substance by placing a check in the appropriate box.
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Counting Atoms

Calculate how many atoms of each element are present in the following compounds.

1. NaHCO3
2. C2H4O2
3. Mg(OH)2
4. 3H3PO4
5. 2H2SO4
6. (NH4)3PO4
7. C6H12O6
8. 4CaCO3
[image: image8.png]PERIODIC TABLE CROSSWORD
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The periodic table, Table 13-1, lists each of the elements in order of their atomic
numbers. An atomic number is the number of protons in the nucleus of an
element. Because the number of electrons in an atom is equal to the number of
protons, the atomic number also tells you the number of electrons around the
nucleus in each atom.

Elements are grouped as metals, nonmetals, and metalloids—elements that have
properties of both metals and nonunetals. Those elements toward the left on the
periodic table are metals. Those toward the right are nonmetals. Elements gradu-
ally lose metallic characteristics as you move from left to right across the table.

Elements with similar physical and chemical properties fall into vertical
columns on the periodic table, called groups. Horizontal rows are called periods.
The number of electrons in the outermost energy level of an atom helps determine
which group an element is in.

The elements in Group 1 are called the alkali metals. They are highly reactive.
Reactive elements tend to combine with other elements to increase their stability.
Group 2 elements are the reactive alkaline-earth metals. The elements in groups 3
through 12 are the transition elements. They are all considered metals, but they
have fewer metallic characteristics as you move across the period from left to right.

The elements in Group 17 are called halogens. They are nonmetals that easily
react with metals to form salts. The nonmetal elements in Group 18 are known as
the noble gases. These gases are the least reactive elements of all.

The two series shown at the bottom of the chart, the lanthanide series and the
actinide series, actually belong to periods 6 and 7 and are wedged in between
groups 3 and 4. Many of these elements are radioactive—elements that have an
unstable arrangement of protons and neutrons in the nucleus.

Poriodic Table of the Elements
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The Periodic Table

1. How are the elements arranged in the modern Periodic Table? ___________________________________________________________.

2. Elements that have similar chemical properties are called ____________. Elements are in the __________________ columns.

3. Why do elements in any one group usually behave alike chemical?

4. All elements in Group 1, including lithium and potassium are called __________________________________.
5. Neon and argon are in Group 18 and are called ___________________________.

6. Elements that have the same number of energy levels but a different number of outer electrons belong to the same ________________________ of elements and are in the __________________rows. 

7. Complete the chart below

	Atomic Number
	Symbol
	Group


	Period



	1


	
	
	

	4


	
	
	

	6


	
	
	

	11


	
	
	

	17


	
	
	


Elements and Their Symbols

Write the symbols for the following elements.

1.  oxygen




11.  magnesium 

2. hydrogen




12.  manganese

3. chlorine




13.  neon

4. sodium




14.  bromine

5.  fluorine




15.  phosphorus

6.  carbon




16.  silver

7.  helium




17.  lead

8.  nitrogen




18.  iron

9.  copper




19.  calcium

10. sulfur




20. potassium

Write the name of the element that corresponds to each of the following symbols.
21.  Cu





31.  Ca

22. K





32. Ag

23.  C





33. P
24.  Au





34. O

25. Zn





35. I

26. Pb





36. Sn

27. Fe





37.  H

28. Na





38. F

29. S





39. Ni

30. Al





40. Hg

[image: image9.png]Atomic Structure

Use the information provided for each eiement to complete the diagrams. Draw the electrons in
their proper shelis. and place the correct numbers in the nucleus to indicate the number of protons

and the number of neutrons.

1. Sulfur: atomic number 16 4. Sodium: atomic number 11
atomic mass 32 atomic mass 23

2. Beryllium: atomic number 4 5. Potassium: atomic number 19
atomic mass 9 atomic mass

6. Argon: atomic number 18
atomic mass 40

3. Nitrogen: atomic number 7
atomic mass 14








Coloring the Periodic Table of Elements
Ask your teacher for a blank periodic table.

Use map pencils to color the periodic table of elements.  Use the color code listed.

Alkali Metals: Pink


# 3, 11, 19, 37, 55, 87

Alkali Earth Metals:  Brown


# 4, 12, 20, 38, 56, 88

Transition Elements:  Red


# 21, 22, 23, 24, 25, 26, 27, 28, 29, 30


# 39, 40, 41, 42, 43, 44, 45, 46, 47, 48


# 57, 72, 73, 74, 75, 76, 77, 78, 79, 80


# 89, 104, 105, 106, 107, 108, 109, 110

Inner Transition Elements:  Orange

# 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71


# 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103

Other Metals:  Blue


# 13, 31, 49, 50, 81, 82, 83, 

Metalloids (Semiconductors):  Green


# 5, 14, 32, 33, 51, 52, 84, 85

Non-Metals:  Yellow


# 1, 6, 7, 8, 9, 15, 16, 17, 34, 35, 53

Halogens:  Out line box in Red


# 9, 17, 35, 53, 85

Noble Gases:
Purple

# 2, 10, 18, 36, 54, 86

Using the Periodic Table

Use the Periodic Table of Elements to complete the Data Tables

	ELECTRONS
	PROTONS


	SYMBOL
	PERIOD
	GROUP

	14
	
	
	
	

	
	50
	
	
	

	
	
	Ba
	
	

	
	
	
	5
	Halogen

	
	
	
	3
	Alkali

	
	19
	
	
	

	
	
	
	4
	Alkaline earth


	NEUTRONS
	PROTONS
	SYMBOL
	ATOMIC MASS
	ATOMIC NUMBER



	
	30


	
	
	

	
	
	P


	
	

	
	
	
	
	29



	8


	
	
	
	

	
	
	
	127


	


Families of Elements

1. Classify each of the following elements as an alkali metal, alkaline-earth metal, transition metal, or semiconductor based on its position in the periodic table.

____________________________________ a. rubidium, Rb



____________________________________ b. silicón, Si



____________________________________ c. silver, Ag



____________________________________ d. barium, Ba



____________________________________ e. titanium, Ti



____________________________________ f. germanium, Ge

2. Classify each of the following elements as a halogen, noble gas, or other nonmetal based on its position in the periodic table.



_________________________________ a. carbon, C



_________________________________ b. chlorine, Cl



_________________________________ c. radon, Rn



_________________________________ d. phosphorus, P



_________________________________ e. xenon, Xe



_________________________________ f. iodine, I

3. Explain why chlorine, Cl, is very reactive, while argon, Ar, is unreactive.

4. Analyze the following pairs of elements, and determine whether each pair has similar or different reactivity.



____________________________ a. potassium, K, and rubidium, Rb



____________________________ b. calcium, Ca, and barium Ba



____________________________ c. sodium, Na, and chlorine, Cl



____________________________ d. helium, He, and krypton, Kr



____________________________ e. hydrogen, H, and oxygen, O

5. Predict which of the following ions would be likely to form:


_______________ a. Na2+

_____________________ d. Br-


_______________ b. Cl+

_____________________ e. Ne-

_______________ c. Ca2+

_____________________ f. Ne+
Bohr Model Project
I.  Atomic Drawing

· Complete Atomic Drawings for the first 20 elements on the periodic table. 
· Include the number of protons, neutrons, and electrons.  Place each in the correct location.

· Each model has four energy levels.  When you place electrons in the energy levels, some energy levels will be empty.  
· You are to make complete models by placing solid circles in pairs on model for each electron.  If there are an odd number of electrons one electron will be shown by itself.  
· To indicate protons write the number of protons with a capital P in the nucleus.  To show neutrons write the number with a capital N in the Nucleus. 
· Fill in the blank for the element group or family, period, name, atomic number, atomic mass, number of electrons in each energy level, and number of valance electrons.

II.   Model

1. You will make one mode of an atom from one of the first 20 elements. 
2. This model must show the electrons, protons, and neutrons correctly. 
3. Each model must have a key to identify the electrons, protons, and neutrons.  Included in the key will be the elements name, symbol, atomic number and atomic mass.

4. The element’s complexity will multiply your final score

H and He  x 1

Li  x 2.1

Be x 2.2.

B  x 2.3

C  x 2.4

N  x 2.5
O  x 2.6

F  x 2.7

Ne x 2.8

Na x 3.1

Mg x 3.2

Al x 3.3

Si x 3.4

P x 3.5

S  x 3.6

Cl x 3.7

Ar x 3.8

K and Ca x 4

Rubric for Grading
	
	Possible Points
	Points Earned



	Complete Atomic Drawings
	3 pt each  x 20 = 60


	

	Model
	2


	

	Includes protons, neutrons, electrons identified on Key


	4
	

	Key including element:

Name

Symbol

Atomic number

Mass number


	4
	

	Complexity Factor 

	Up to X 4 (see instructions)

	

	Totals
	100


	


Atomic Drawing
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Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______





Number of Valance Electrons: ________________





Element Name:___________________________





Element Symbol __________________________





Group: __________________________________





Period __________________________________





Atomic Number: __________________________





Mass Number: ____________________________





Number of Electrons in each energy level:





1st __________, 2nd _________ 3 rd _________, 4th ______
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