UNIT 3: 
Elements & Compounds
Honors Introductory Chemistry Spring 2010
Honors Intro Chemistry 2010			Unit 3
As you learned in Unit 2, matter is composed of atoms that combine to form molecules, compounds, and mixtures. Before we can begin to define and describe how the combinations occur (i.e. chemical reactions), you must learn the “language of chemistry.” In this unit, you will learn to identify chemical elements by chemical symbols that are used to write chemical formulas that represent chemical compounds. 
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By the end of this unit, you should be able to demonstrate proficiency in the following:
Identify the elements in the main body of the Periodic Table when given the name or symbol.
Identify the major polyatomic ions when given their names or formulas.
Label and identify the groups, periods, and families of the Periodic Table.
Describe and distinguish between cations and anions. 
Recall the diatomic elements.
Determine the oxidation states of elements in a compound.
Name binary chemical compounds by using the correct method when given the chemical formula
Name binary chemical compounds with transition metals using the stock method when given the chemical formula.
Name acids when give the chemical formula.
Write the chemical formulas of compounds containing transition metals.
Write the chemical formulas of compounds with polyatomic ions.
Write the chemical formulas of simple compounds. 
) (
OBJECTIVES
)
3.1 	Elements
At the present time, 118 elements are known. These elements vary widely in their abundance. Only five elements account for over 90% of Earth’s crust: oxygen, silicon, aluminum, iron, and calcium. In contrast, just three elements account for over 90% of the mass of the human body: oxygen, carbon, and hydrogen. 

In the periodic table the elements are arranged in vertical columns so that closely related elements are grouped together. We will discuss this in detail in Unit 6. The symbol for each element consists of one or two letters, with the first letter capitalized. These symbols are often derived from the English name for the element, but sometimes they are derived from a foreign name instead. The symbols of some of the more common elements are listed in the Table 3.1 below. You will need to know these symbols and others as we encounter them. 

Exercise 3.1 Naming Elements
1. Look up & Fill in the names of all the elements on the blank periodic table provided to you.
2. Fill in & Memorize the table below with the names of the common elements according to their symbols.

	C
	
	Ca
	
	K
	

	F
	
	Cl
	
	Ag
	

	H
	
	He
	
	Na
	

	I
	
	Li
	
	Sn
	

	N
	
	Mg
	
	Al
	

	O
	
	Si
	
	Br
	

	P
	
	Cu
	
	Pb
	

	S
	
	Fe
	
	Hg
	



3.2	The Periodic Table of the Elements
The periodic table was developed in 1869 and is the most significant tool that chemists use for organizing and remembering chemical facts. You will learn a great deal about the periodic table in the following units. It is so important and useful, you should become acquainted with it now. You will quickly learn that it is your greatest resource in this course. 

The periodic table is shown on the following page, on the last page of this unit, on the inside cover of your textbook and on the walls of your classroom. As you may have noticed, there are slight variations between each of these periodic tables. These are simply matters of style and preference. In general, the atomic number and atomic symbol are given, along with the atomic weight and the name. 

 19	       atomic number
   K		atomic symbol
 39.0983		atomic weight	
	Potassium                atomic name 	

Elements in the periodic table are arranged in order of increasing atomic number, with elements having similar properties placed in vertical columns, known as groups. The way in which the groups are labeled is somewhat arbitrary, and three labeling schemes are in common use. For this course, we will use the two with A and B designations, combined with either roman numerals or numbers. Group 7B, for example, could also be VIIB. The horizontal rows of the periodic table are called periods. The first period consists of only two elements, hydrogen (H) and helium (He). The second and third periods, which begin with lithium (Li) and sodium (Na), respectively, consist of eight elements each. The fourth and fifth periods contain 18 elements. The sixth period has 32 elements, but in order for it to fit on a page, 14 of the elements (those with atomic numbers 57-70) appear at the bottom of the table. The seventh and last period is incomplete, but it also has 14 of its members placed in a row at the bottom of the table. 

Exercise 3.2 Periodic Trends
The following exercise has been designed to familiarize you with the periodic table. 
Obtain a set of colored pencils and color each area in the Blank periodic table provided.

Hydrogen is extremely unique. Do not color it in. 
The elements in Group IA (excluding H) are called alkali metals. Color these yellow.
The elements in Group IIA are called alkaline earth metals. Color these orange.  
All the elements from Group IIIA to IIB are transition metals. Color these red. 
The elements in Group VIIIB are noble gases and are not reactive. Color these purple.
The elements in Groups IIIB to VIIB are split starting between boron and aluminum as follows:
All elements to the right of the stairstep [image: ] are nonmetals. Color these blue.
Elements to the left of the stairstep [image: ] are poor metals. Color these green.
[image: 02_22]The rare earth metals are located in periods 6 and 7 and are shifted below the rest of the table. Color these aqua.



3.3	Ions and Oxidation States
Many atoms gain or lose electrons so as to end up with the same number of electrons as the noble gas closest to them in the periodic table. The elements in the noble gas family are chemically non-reactive due to the stability of their electron arrangements. Nearby elements can obtain these same stable arrangements by losing or gaining electrons. For example, loss of one electron from an atom of sodium leaves it with the same number of electrons as the neutral neon atom. We will use this simple observation to explain the formation of ions when we discuss chemical bonding. 

The periodic table is very useful for remembering the charges of ions, especially those of the elements on the left and right sides of the table. In general:

	All metals form positive ions, called cations, and have positive oxidation numbers.
	All nonmetals form negative ions, called anions, and have negative oxidation numbers.

Exercise 3.3 Oxidation Numbers
The following exercise has been designed to familiarize you with the general oxidation trends. Look again at the periodic table you used for Exercise 3.1.
Elements in Group IA, IIA, and IIIB all have positive oxidation numbers that match the group number 	they are under. At the top of your periodic table, label Group IA as +1, IIA as +2, IIIB as +3.
Elements above the stairstep in Groups VB through VIIB all have negative oxidation numbers that 	match the group number they are under. Label each of these groups accordingly.
Elements C and Si in group IVB can have a +/- 4 oxidation number. Label this group. 
The element Ag has a +1 oxidation number, Zn a +2, and Al a +3. Label these accordingly. 

The transition elements can have variable oxidation states. Those in Group VIIIA usually have a 2+ or 3+ oxidation number. Since the oxidation number of these elements cannot be simply memorized, it is necessary to deduce these from a known formula. When the oxidation number of one element is known, the rest can be determined. 

In addition to simple ions, such as Na+ and Cl-, there are polyatomic ions such as NO3-. Polyatomic means “many atoms.” Polyatomic ions are composed of two or three or even more different kinds of elements that act like a single ion. For this course, you will need to know the names and symbols for the polyatomic ions in the tables on the following page from memory. 

While the atom is the smallest form of an element, only the noble-gas elements are normally found in nature as individual atoms. Most elements interact with other elements to form compounds. A compound is a composed of two or more atoms tightly bound together. Many elements are found in nature as compounds. For example, oxygen (O) normally found in air is a molecule containing two oxygen atoms. This is represented by the chemical formula O2. The subscript tells us that two oxygen atoms are present in each molecule. 

There are seven common elements that exist as diatomic (meaning two of the same atoms) molecules at room temperature: Br2, I2, N2, Cl2, H2, O2, F2. If you look at the location of these elements on the periodic table, you will notice that six of them form an upside down L on the right side of the periodic table. Using a black pen, outline these seven elements on the periodic table you used for exercise 4.3. 
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3.4 	Determining Oxidation States
The charge of any given compound is zero. Therefore, the negative and positive charges of the elements in a compound must balance out to zero. For example, the oxidation number of oxygen is -2; thus in the formula SiO2, the two oxygen ions result in a total of 4 negative charges. In order for the compound to have an overall charge of zero, the Si ion must have a charge of +4. 

Exercise 3.4 Deducing Oxidation Numbers
Complete the following table by deducting oxidation numbers.
Follow the method used in the first two examples done for you.

		Known		Inferred				Known		Inferred
		Oxidation	Oxidation				Oxidation	Oxidation
Formula	Number	Number		Formula	Number	Number
P2O5		O  = -2		P  = +5		Al2O3
_________________________________________________________________________________
PCl3		Cl = -1		P  = +3		AuCl3
_________________________________________________________________________________
H2S							Cs2O
_________________________________________________________________________________
NaCl							K3P
_________________________________________________________________________________
FeS							SiO2
_________________________________________________________________________________
CaO							SiF4
_________________________________________________________________________________
NH3							RaF2



3.5	Naming Binary Chemical Compounds

I. Those compounds containing a cation and an anion are fairly easy to name. 

For Example, what would NaCl be called?
1) Look at the formula given to you: NaCl
2) Identify the name of each of the elements in the compound: sodium and chlorine
3) Put the name of the metal (cation) first and the nonmetal (anion) second: sodium chlorine
4) Change the ending of the anion to “ide”: sodium chloride 

Therefore, NaCl is called sodium chloride.

II. Those compounds containing a polyatomic ion are also fairly easy to name.

For Example, what would BaCO3 be called?
1) Look at the formula given to you: BaCO3
2) Identify the name of the cation in the compound: barium 
3) Identify the name of the polyatomic ion: carbonate
4) Put the two together so the polyatomic is second: barium carbonate

Therefore, BaCO3 is called barium carbonate. 

III. Naming various oxyanions/ polyatomics.

1) Look at the common polyatomic ion given to you in Table 2.5: ClO3-1 is chlorate
2) If an oxygen atom, O, is added, place the prefix “per” in front: ClO4-1 is perchlorate
3) If an oxygen atom, O, is removed, change the ending to “ite”: ClO2-1 is chlorite
4) If another oxygen atom, O, is removed, change the ending to “ite” AND add the prefix “hypo”: ClO1-1 is hypochlorite
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IV. Naming Acids
[image: 02_28]
For Example, what would HCl be called?
1) When an H is added to an anion:
i. change the ending to “ic”: chloric
ii. add the prefix “hydro”: hydrochloric
iii. add acid to the end: hydrochloric acid

For Example, what would H2SO4be called?
1) When an H is added to an polyatomic ion:
i. change the ending to “ic”: sulfuric
ii. add acid to the end: sulfuric acid

For Example, what would HClO be called?
1) When an H is added to a less common polyatomic ion:
i. change the ending to “ous”: hypochlorous
ii. add acid to the end: hypochlorous acid


Exercise 3.5 Naming Simple Compounds
This exercise is designed to familiarize you with naming binary compounds. 
Name the following compounds using the rules learned above. 

CaO								MgCl2						
LiF								BiCl2						
NaF								AlI3						
RbI								BaO						
BiPO4								Ba(OH)2					
SrCO3								NaMnO4					
CuSO4								H2SO4						
HNO3								Na2SO4					
H3PO4							H2O2						
KCr2O7							Mg(ClO)2 					

V. Naming Compounds Using the Stock Method 

As was mentioned earlier in this unit, many of the transition elements can form ions with different charges, also known as multiple oxidation states. If the positive element of a compound can have more than one oxidation number, the stock method is used to identify the oxidation state of the positive ion. When using the stock method, the name of the metal is followed by the roman numeral corresponding to the oxidation number. 

For Example, what would CuO be called?
1) Look at the formula given to you: CuO
2) Identify each of the elements in the compound: copper and oxygen
3) Change the name of the second element to end in “ide”: copper oxide
4) Identify the oxidation number of the negative ion: oxygen is -2
5) Deduce the oxidation number of the positive ion: in order for the overall charge to equal zero, copper must have a +2 charge (-2 + 2 = 0) 
6) Write the roman numeral after the name of the metal indicating the oxidation number: copper(II) oxide

Therefore, CuO is called copper(II) oxide.
			CuO	is copper(II) oxide, because the copper ion involved is Cu2+;
			Cu2O	is copper(I) oxide, because the copper ion involved is Cu1+;
			SnO2	is tin(IV) oxide, because the tin ion involved is Sn4+.
The Stock Number has NOTHING to do with how MANY metal ions you have,
but TELLS YOU THEIR CHARGE!!!

Exercise 3.6
Name the following compounds using the STOCK method:
		Hg2S						SnO2					
		CuS						SnCl2					
		FeCl2						HgO					
		FeCl3						Cu2O					

VI. Naming Nonmetals
When writing the name of a compound that consists only of nonmetallic elements, it is necessary to indicate the number of atoms of each element by using the Greek prefixes for that number. 

Greek prefixes for number of atoms: mono, di, tri, tetra, penta, hexa, hepta, octa, nona, deca

For Example, what would CCl4 be called?
1) Look at the formula given to you: CCl4
2) Identify each of the elements in the compound: carbon and chlorine
3) Change the name of the second element to end in “ide”: carbon chloride
4) Add the prefix indicating the number of atoms of each element: carbon tetrachloride

Therefore, CCl4 is called carbon tetrachloride

**Note that when there is only one of the first element, the prefix mono is not represented. 


Exercise 3.7 Naming Compounds
Name the following compounds using all of the rules learned in the previous sections.

SO2						NO							
PCl5						NO2							
SiF4						N2O3							
P2O4						N2O4							
SO3						N2O5							
HCl						(NH4)2CO3					
BaSO4						Na2CO3					
HClO3						Pb(ClO3)2					
HgS						NaCl						
As2O3						Hg3N2						
NaOH						H2SO4						
H2CO3					KNO3						
SO						NaClO3					
AgCl						SnCl4						
CsI						BeS							
SrS						RaO							
NaBr						LiI							
MgS						AgCl							
KOH						Na3PO4						
NaNO3					Pb(NO3)2						
Li2SO4						Ba(NO3)2						
ZnSO4						KMnO4						
H2CO3					Ag3PO4	__________________		


3.6 	Writing Chemical Formulas

I. Writing the chemical formulas of simple compounds. 

For Example, what is the chemical formula of magnesium oxide?
1) Write the symbol for each element named: Mg and O
2) Identify the oxidation state of each element: Mg+2 and O-2
3) Add the correct subscripts so that the number of positive and negative ions equals zero (note that the subscript “1” is never written): The +2 of Mg and -2 of O equal zero

Therefore, the chemical formula of magnesium oxide is MgO. 

II. Writing the chemical formulas of compounds with polyatomic ions.

For Example, what is the chemical formula of calcium hydroxide?
1) Write the symbol for each element and ion named: Ca and OH-1
2) Identify the oxidation state of each element and ion: Ca+2 and OH-1
3) Add the correct subscripts so that the number of positive and negative ions equals zero (note that the subscript “1” is never written): The +2 of Ca and -1 of OH does not equal zero, so there must be two OH-1 in order to balance. The polyatiomic ion is always surrounded by parenthesis and the subscript is placed on the outside: Ca(OH)2 

 The chemical formula of calcium hydroxide is Ca(OH)2. 

III. Writing the chemical formulas of compounds containing transition metals.

For Example, what is the chemical formula of iron(III) chloride?
1) Write the symbol for each element named: Fe and Cl
2) Identify the oxidation state of each element. (Recall: the stock number represent the charge of the metal, not how many): Since the stock number for iron is (III), the ion is Fe+3 and Cl-1 is known. 
3) Add the correct subscripts so that the number of positive and negative ions equals zero (note that the subscript “1” is never written): The +3 of Fe and -1 of Cl does not equal zero, so there must be three Cl-1 in order to balance: FeCl3

Therefore, the chemical formula of iron(III) chloride is FeCl3

IV. Writing the chemical formulas of compounds containing two nonmetals.

For Example, what is the chemical formula of sulfur trioxide?
5) Write the symbol for each element named: S and O
6) Identify the prefixes for each element (recall that the prefix mono is not written for the first element in a nonmetallic compound): sulfur is mono (1) and oxygen is tri (3)
7) Write the correct subscripts associated with each prefix: SO3

Therefore, the chemical formula of sulfur trioxide is SO3


Exercise 3.8 Writing Chemical Formulas
Write the chemical formula of each compound using all of the rules learned in section 4.8.

potassium bromide					silver sulfide				
magnesium oxide					sulfur dioxide				
aluminum chloride					cobalt(II) chloride			
calcium chloride					iron(III) sulfide			
sulfur dioxide						zinc oxide				
ammonium dichromate				calcium carbide				
calcium nitrate						iron(II) sulfide					
barium hydroxide					barium carbonate				
potassium phosphate					silver nitrate					
aluminum oxide					hydrogen sulfate				
chromium(II) nitrate					carbon dioxide					
xenon tetrafluoride					cobalt(II) nitrate				
hydrogen peroxide					gold(III) chloride				
aluminum hydroxide					copper(I) nitrate				
dinitrogen pentaoxide					sulfur trioxide					
sodium hydroxide					potassium permanganate			
aluminum phosphate					lithium sulfate				
ammonium carbonate					calcium phosphate				
silver chromate						zinc sulfate				
Iron(III) dichromate					copper(II) nitrate			
manganese(VII) chloride				aluminum carbonate				

1. 


 (
UNIT SELF TEST
)If you can answer these questions without having to look at your assignments or your book, then you probably understand the objectives well enough to take the quiz for this unit.

1. An independent structural unit consisting of two or more atoms that are chemically bound together is a
a. Element
b. Compound
c. Mixture
d. None of the Above

2. A group of two or more substances that are physically combined are called a
a. Element 
b. Compound
c. Mixture
d. None of the Above

3. Mixtures that are constant throughout are called
a. Pure substances
b. Homogeneous
c. Heterogeneous
d. None of the Above 

4. Ions that have a positive charge are called _______________ and negative ions are called __________.

5. Elements to the right of the stair step are ___________________ and to left are ______________.

6. Elements in Group IIA all have an oxidation number of ______.

7. Carbon has an oxidation number of ______.

8. Oxygen has an oxidation number of ______.

9. List the diatomic elements: ____________________________________________________________

10. Identify the following elements: 

	H						P					
	N						Cl					
	O						K					
	Pb						Ca					
	Na						Ag					
	Al						Br					
S						Zn					


11. Using the blank periodic table provided, memorize the names of the elements.

12. Write the symbol for each of the following elements:
	
Barium				Iodine				Neon			
	Manganese			Chlorine			Sulfur			
	Zinc				Mercury			Silicon			
	Magneseum			Gold				Boron			
	Silver				Iron				Sodium			
	Tin				Copper				Fluorine		

13. Write the names of the following polyatomic ions:
	PO4-3							CO3-2						
	ClO3-1							CrO4-2					
	SO4-2							OH-1						
	NO3-1							NH4+1					
	Cr2O7-2						MnO4-1					
	O2-2							ClO2-1						

14. Name the following compounds
KOH							Na3PO4						
NaNO3						Pb(NO3)2						
Li2SO4							Ba(NO3)2						
ZnSO4							KMnO4						

15. Write the chemical formula of the following compounds
	ammonium dichromate				calcium carbide				
	calcium nitrate						iron(II) sulfide					
	barium hydroxide					barium carbonate				
	potassium phosphate					silver nitrate					
	aluminum oxide					hydrogen sulfate				
	chromium(II) nitrate					carbon dioxide				
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TABLE 2.4 Common Cations*

Charge Formula Name Formula Name
1+ H* Hydrogen ion NH,* Ammonium ion
Li* Lithium ion Cu* Copper(I) or cuprous ion
Na*t Sodium ion
K* Potassium ion
Cs* Cesium ion
Ag* Silver ion
2+ Mgt Magnesium ion Co?* Cobalt(II) or cobaltous ion
Ca*t Calcium ion Cu?* Copper(I) or cupric ion
Sr2t Strontium ion Fe?* Iron(II) or ferrous ion
Ba®* Barium ion Mn?* Manganese(II) or manganous ion
Zn?* Zinc ion Hg,?* Mercury(I) or mercurous ion
Ccd? Cadmium ion Hg?* Mercury(II) or mercuric ion
Niz* Nickel(II) or nickelous ion
Pb2* Lead(II) or plumbous ion
Sn?* Tin(II) or stannous ion
3+ APt Aluminum ion crét Chromium(III) or chromic ion
Fe3* Iron(II) or ferric ion

*The most common ions are in boldface.

Copyright © 2006 Pearson Prentice Hall, Inc.
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TABLE 2.5 Common Anions*

Charge Formula Name Formula Name

1- H™ Hydride ion C,H;0,~  Acetate ion
F~ Fluoride ion ClO5™ Chlorate ion
Cl- Chloride ion ClO,~ Perchlorate ion
Br~ Bromide ion NO;~ Nitrate ion
I- Iodide ion MnOy~ Permanganate ion
CN™ Cyanide ion
OH™ Hydroxide ion

2— 0%~ Oxide ion CO,%" Carbonate ion
0,2 Peroxide ion CrO > Chromate ion
S%- Sulfide ion Cr,0,2~  Dichromate ion

SO,2~ Sulfate ion
3= N3~ Nitride ion PO, Phosphate ion

*The most common ions are in boldface.
Copyright © 2006 Pearson Prentice Hall, Inc.
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