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Topic 2 – Atoms, Molecules, and Ions

ATOMIC THEORY OF MATTER


A. Dalton’s atomic theory

1. An element is composed of atoms.

2. Atoms of a given element same chemical properties

3. Atoms of different elements different properties

4. No atom disappears or is changed into another element

5. Compounds when atoms combine

6. Given compound, the relative numbers and kinds of atoms are

   definite and constant

7. Can be expressed as integers or simple fractions

B. Atomic theory explains the three basic laws of chemistry.

1. The law of conservation of mass

2. The law of constant composition

3. The law of multiple proportions

HISTORY OF THE STRUCTURE OF THE ATOM

A. Early atomic theory



Democritus ( about 400 B.C.




Uncutable (a-tomeo) particles called “atoms”.


B. Modern atomic theory ( “Hard Sphere” model



Dalton 1808 A.D.

C. “Plum Pudding” model


      
Thomson 1904

Cathode ray tube experiment



1897 ( J. J. Thomson  discovered he electron.



1909 ( Millikan determined the mass of the electron.

D. Nuclear atom ( “Solar System” model



Rutherford 1911

Gold foil experiment

1919 ( Rutherford discovered the proton.

1932 ( Chadwick discovered the neutron.

E. Bohr model



Bohr 1913



Based on two anomalies:

A charged particle moving in an electric field should lose energy and rapidly spiral into the nucleus – but it did not.

The light given out when atoms were heated always had specific amounts of energy, not the wide variety Rutherford’s model suggested.

F. Quantum mechanical model



Schroedinger 1926



Based on two new discoveries




1921 Louis de Broglie

Wave/Particle Duality

1923 Werner Heisenberg





Uncertainty Principle

COMPONENTS OF THE ATOM

A. Electron

1. Location: outside nucleus

2. Relative charge: (1

3. Mass:  0.00055 amu

B. Proton

1. Location:  nucleus

2. Relative charge:  +1

3. Mass:  1.00728 amu

C. Neutron



1. Location: nucleus

2. Relative charge:  0

3. Mass:  1.00866 amu

D. Differences in the numbers of components



1. Different number of protons




Different element

2. Different number of electrons 




Ion

3. Different number of neutrons




Isotope

E. Key terms related to components of atoms

1. Atomic number

a. Definition of atomic number

The number of protons in the nucleus

b. Symbol for atomic number

“Z”

2. Element




a. Definition of element

Atoms all have the same atomic number

b. Symbol for an element





An upper case letter followed by a lower case letter

3. Mass number




a. Definition of mass number

The total number of protons and neutrons in the nucleus




b. Symbol for mass number

“A”

4. Definition of isotope

Same number of protons but different numbers of neutrons, same atomic number (Z) but a different mass number (A)

5. Nuclide 




a. Definition of nuclide

An atom of a specific isotope, with characterized 

by a definite atomic number and mass number

b. Nuclide symbol


AZX

c. Writing nuclide symbols

(1) Z = # protons

(2) A = (# protons) +  (# neutrons)

(3) The larger number goes on top.

(4) Examples:

Write the nuclide symbol for the isotope of hydrogen with 1 proton and 2 neutrons.


A = 1 + 2 = 3


Z = 1

31H

Write the nuclide symbol for an atom with 6 protons and 8 neutrons.


A = 6 + 8 = 14


Z = 6

The element with an atomic number of 6 is carbon whose symbol is “C”.

146C

Write the nuclide symbol for an atom of uranium ( 238.


A = 238

Z = 92 because uranium is element   

      92


The symbol for uranium is “U”

23892U

Write the nuclide symbol for a species with twelve protons, twelve neutrons, and ten electrons.


A = 12 + 12 = 44


Z = 12


charge = 12(+1) + 10(–1)

                   = +2

2412Mg2+



d. Analyzing nuclide symbols





(1) Procedure






(a) Number of protons from the atomic

                                                                  number






(b) Number of neutrons from the difference

                                                                 of the mass number and the atomic 

                                                                 number






(c) Number of electrons from the difference 

                                                                 of the atomic number and the charge





(2) Examples






How many protons, neutrons, 

and electrons are in 
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82

Br

-

?

# protons = 35

# neutrons = 82 – 35 = 47

# electrons = 35 – (–1) = 36

How many protons, neutrons, and electrons 

are in the calcium – 47 ion?

# protons = 20

# neutrons = 47 – 20 = 27

# electrons

Note: Group II A elements form cations with a 2+ charge.

 # electrons = 20 – (+2) = 18

ATOMIC MASSES (sometimes called “atomic weights”)

A. History of atomic mass

1. Dalton ( compared the mass of an atom to the mass of 

    a hydrogen atom (=1)

2. Replaced by a scale based on oxygen (=16)



    
A lot of elements form oxides



3. 1961 ( the present carbon ( 12 scale was adopted

B. Determined by mass spectrometry

C. Key terms



1. Atomic mass unit  (amu)

One amu is exactly one-twelfth the mass of a carbon ( 12 atom.

2. Percent abundance

The percent of the total number of atoms that are a specific 

isotope

3. Fractional abundance

The decimal fraction of the total number of atoms that are a 

specific isotope

4. Atomic mass for an element

A weighted average of the masses of the isotopes of an element

     
D.  Calculating atomic masses



1. Example using fractional abundance

	Isotope
	Mass 

(amu)
	Fractional Abundance

	Rb ( 85
	84.9118
	0.7215

	Rb ( 87
	86.9092
	0.2785


When you do sequential operations carry an unwarranted significant digit.

(84.9118 amu)(0.7215) = 61.264 amu

(86.9092 amu)(0.2785) = 24.204 amu





                  85.468 amu







=  85.47 amu

2. Example using percent

	Isotope
	Mass

(amu)
	Percent

Abundance

	S ( 32
	31.972
	95.00

	S ( 33
	32.971
	               0.76

	S ( 34
	33.967
	               4.22

	S ( 36
	35.967
	               0.014


Divide % abundance by 100 to get the fractional abundance.

(31.972)(0.9500)  = 30.373 amu
(32.971)(0.0076)  =   0.250 amu
(33.967)(0.0422)  =   1.433 amu
(35.967)(0.00014) =  0.00500 amu
                                 32.0610 amu 

     = 32.06 amu

PERIODIC TABLE


A. History of its development
1. Doebereiner ( “triads”  1817

a. One of the earliest attempts at classifying elements

b. Ca, Sr, and Ba had very similar chemical properties

c. 1817 Doebereiner called these three elements a “triad”

d. He later found two other triads

(1) Cl, Br, I

(2) S, Se, Te

2. Newlands ( “Law of Octaves”  1864

a. First to arrange elements in a table

b. Order of increasing atomic mass in seven horizontal 

    rows of seven elements each ( the eighth element in a 

    sequence had properties very much like the first in the 

    sequence

c. The “Law of Octaves”



d. The Chemical Society in London refused to publish his 

    paper and he was ridiculed.

3. Mendeleev ( “Periodic Table”  1869




a. Order of increasing atomic mass

b. He put seven elements each in his first two rows, but put 

    seventeen in each of the next two rows.

c. Elements beyond Ca would align properly only if some 

    empty spaces were left.

d. Predicted that the missing elements would be found to

    fill those spaces

e. His theory allowed him to make detailed predictions of 

    the physical and chemical properties of each missing 

    element.

f. By 1886 all of the predicted elements had been found: 

Sc, Ga, and Ge.

4. Moseley ( the “Atomic Number Periodic Table”  1913




a. Systematic relationship between atomic numbers  

                                        and the spectra of X-rays emitted.

b. Based on his work, the periodic table was revised.

c. There were very few changes ( only a few pairs of  

    elements did not fit the pattern of atomic mass increasing 

    with atomic number: 

Te and I,  

Co and Ni,

                                                     and Ar and K.

B. The modern periodic table



1. The periodic law

”The properties of the chemical elements are a periodic function of atomic number.”

2. An arrangement of the elements in rows and columns according 

    to the similar properties in order of increasing atomic number.

3. Periods and Groups




a. Periods ( the horizontal rows

b. Groups

(1) Definition of group






A column of elements





(2) groUP “runs UP and down”





(3) Also called families

4. Important parts of the periodic table




a. Group names

(1) Group I A ( “alkali metals”  

     
(comes from the Arabic word for “ashes”)

(2) Group II A ( “alkaline earth metals”  

(comes from their origin in mineral ores 

called “earths”)
(3) Group VI A ( “chalcogens”  

(Latin for “chalk formers”)
(4) Group VII A ( “halogens” 

(Latin for “salt formers”)

(5) Group VIII A ( “noble gases”  

(used to be called “inert gases” but XeF4 and others)

b. Representative elements and transition elements





(1) Representative elements

“A” groups






Found in the two “towers” of the castle of

the periodic table

(2) Transition elements

“B” groups






(a) Transition metals







Found in the “wall” of the castle of 

the periodic table

(b) Inner transition metals







Found in the “moat” of the castle of 






the periodic table

c. Metals, nonmetals, and metalloids





(1) Metals






(a) Left of the “staircase”

Note: Al and Po are metals

(b) Properties







[1] High luster







[2] Good conductors 

[3] Malleable

[4] Ductile

[5] Solids ( except for 

Hg (m.p. = ( 38.9 °C)


and

            ??  Fr (m.p. = 27 °C)

??  Cs (m.p. = 28.4 °C)

??  Ga (m.p. = 29.8 °C) 






(2) Nonmetals






(a) Upper right of the “staircase”







Note: At is a nonmetal

(b) Properties







[1] Nonlustrous







[2] Poor conductors

[3] Brittle (if solid)

[4] Most are gases

[5] Br is the only liquid

(m.p. = ( 7.2 °C)

(b.p.  =  58.8 °C)

(3) Metalloids  (or “semimetals”)






(a) On the “staircase”

(b) Listing:  

B, Si, Ge, As, Sb, and Te

(c) Properties fall between those of metals 

     and nonmetals

CHEMICAL FORMULAS


A. Show the kinds of atoms using atomic symbols


B. Show the number of atoms of using a numerical subscript

MOLECULAR SUBSTANCES


A. Molecules 



1. The smallest representative unit of a molecular substance



2. Neutrally charged, chemically bonded group of atoms that acts 

                            as a unit.


B. Formulas for molecular substances



1. Molecular formula

Gives the actual number and kinds of atoms present in a 

molecule of a compound



2. Structural formula

Also shows the arrangement of those atoms

IONIC SUBSTANCES


A. Definition

An electrically neutrally charged collection of cations and anions


B. Ions



1. Definition

An atom or a chemically bonded group of atoms that has a charge created by adding or removing electrons



2. Can be categorized by the number of atoms that formed the ion




a. Monoatomic ions are formed from a single atom.




b. Polyatomic ions are formed from two or more atoms 

                                        chemically bonded together.



3. Can be categorized by their charge.




a. Anions 





(1) Negatively charged






“ANegativeION”





(2) Formed by gaining one or more electrons





(3) Tend to form from nonmetals




b. Cations 





(1) Positively charged





“ca(ion”





(2) Formed by losing one or more electrons





(3) Tend to form from metals


C. Formula units



1. Lowest whole number ratio of ions in an ionic compound



2. Do not exist as an actual particle ( unlike atoms and molecules



3. Are electrically neutral

PREDICTING THE CHARGES ON MONOATOMIC IONS

A. Metals in Groups I A, II A, and III A

These form cations with a positive charge equal to their group number with the exception of Tl  (which may be Tl+ or Tl3+).


B. Nonmetals in Groups V A, VI A, and VII A



These form anions with a charge equal to their group number 

minus eight.


C. Group B metals



These form cations with a charge that must be memorized.


D. Group IV A metals



These form cations with a charge that must be memorized.


E. Group IV A nonmetals and the noble gases



These tend not to form ions.

NAMING IONS

A. Monoatomic ions



1. Anions




a. Procedure





(1) Find the root of the element’s name

(2) Add “ide”

(3) Add the word “ion”.

b. Examples:





(1) Cl(
“chlorine”






The root is ‘chlor-’

Adding “-ide” and the word “ion” we get “chloride ion”

(2) O2(





“ox - ygen”






“oxide ion”

2. Cations




a. Elements that form only one type of cation:

Group A metals

Except for Pb, Sn, and Tl






Plus Ag, Cd, and Zn

(1) Procedure






(a) Determine the name of the element

(b) Add the word “ion”.





(2) Examples:






(a) Na+

“sodium”







Adding the word “ion” we get 

“sodium ion”.






(b) Al3+

“aluminum”.







Adding the word “ion” we get 

“aluminum ion”

b. Elements that form more than one type of cation:




   
Most but NOT all Group B elements 




    

plus Pb, Sn, and Tl 


   





The exceptions to the rule of Group B elements 




forming ions of more than one charge are 

Ag, Cd, and Zn.

Remember: “If you have enough silver to buy a brand-new cadmium you don’t have to clean your own zinc”.
The exceptions to the rule of Group A elements forming ions of only one charge are 

Pb, Sn, and Tl.

Remember: “Caesar lead tin legions to victory at the Battle of Thallium.”




(1) Procedure






(a) Determine the name of the element






(b) Determine the charge from the

                                                                 superscript






(c) Write the name of the metal followed by 

                                                                 a Roman numeral in parentheses 






      that is equivalent to the charge.






(d) Add the word “ion”.

(2) Examples:






(a) Fe3+
The name is “iron”.

The charge is “three plus” and is represented as (III).

Adding the word “ion” we get “iron (III) ion”.






(b) Cu+










“copper (I) ion”.


B. Polyatomic anions



1. Oxyanions

a. Definition

An oxyanion is an anion containing one or more oxygen atoms bonded to a central atom

b. Writing the formulas for the oxyanions using the 

    “Innie” and “Outie” system.


(1) “Innies” and “Outies” to know

(a) There are five “Innies” to know.

P, S, As, Se, Te

(b) There are seven “Outies” to know





B, C, N, F, Cl, Br, I

	
	
	
	
	
	Outies

	5

B
	6

C
	7

N
	8

O
	9

F
	

	
	
	15

P
	16

S
	17

Cl
	

	
	
	33

As
	34

Se
	35

Br
	

	
	Innies
	
	52

Te
	53

I
	


(2) Each of the “Innies” and “ Outies” forms an  

     oxyanion whose name ends with “-ate”.

(3) “Innies” and “Outies” and the number of 

      oxygens
(a) “Innies” form an oxyanion with

       4 oxygens.

(b) “Outies” form an oxyanion with

      3 oxygens.

(4) “Innies” and “Outies” and their charge

Polyatomic Poem for Innies and Outies 

PO’s, BO’s, and AsO’s are –3.

SO’s, CO’s, and CrO’s are –2; SeO’s and TeO’s are, too.

All others are –1.





(5) Writing the formulas for the “-ate’s” of “Innies” 

                                                      and “Outies” 






(a) Procedure

[1] Determine the element from 

      which the “-ate” came.

[2] Determine the number of 

      oxygens from its location  

     on the periodic table.

[3] Determine its charge from 

      the poem.






(b) Example

Write the formula for borate.

Borate comes from boron.








Boron is an “Outie”, so its 

“-ate” has 3 oxygens.

Borate is a “BO”, so its charge is “–3”.








Borate is BO33(
c.  Naming the oxyanions from the “-ate” form.

(1) Rules for naming oxyanions






(a) When the central atom can have two 

      different numbers of oxygen atoms 

      bonded to it







[1] The suffix “-ate” is used in the 

      name of the oxyanion with the 

      greater number of oxygen 

      atoms.







[2] The suffix “-ite” is used in the 

      name of the oxyanion with the 

      lesser number of oxygen atoms.






[3] Example







ClO3( is chlorate.

ClO2( is chlorite.

(b) When the central atom can have more 

      than two oxygen atoms bonded to it:







[1] The prefix “per-” is used in the







      name of the oxyanion with the 

      greatest number of oxygen 

      atoms along with the suffix 

      “-ate”







[2] The prefix “hypo-” is used in the







      name of the oxyanion with the 

      least number of oxygen atoms 

      along with the suffix “-ite”.







[3] Examples





ClO4(
perchlorate




ClO3(
chlorate




ClO2(
chlorite




ClO(
hypochlorite



2. Other polyatomic anions must be memorized.

WRITING IONIC FORMULAS

A. When given the ionic symbols



1. Procedure




a. Write the ionic symbols placing the cation first.




b. Put parentheses around any polyatomic ion.




c. “Crisscross” the charges dropping the positive and                 

                                        negative signs, and putting the numbers outside the  

                                        parentheses ( if there are any.




d. Reduce the ratio of the ions to lowest terms.




e. Remove any “1”s and any unnecessary parentheses.

2. Examples:




a. Write the formula for the ionic compound formed from

                                         Ca2+ and Cl(.





Ca2+  Cl(




Ca1 Cl2




CaCl2



b. Write the formula for the ionic compound formed from 

                                        NH4+ and SO42(




NH4+  SO42(




(NH4+)  (SO42()





(NH4)2(SO4)1




(NH4)2SO4
B. When given the names of the ions



1. Procedure




a. The procedure is the same except that now you must 

                                        write the correct ionic symbol from the name.




b. Remember that the name of the cation will be given first.



2. Examples




a. Write the formula for silver bromide.




  
 “silver”  is Ag+  and “ bromide” is Br(




Ag+  Br(




Ag1Br1




AgBr




b. Write the formula for iron (III) oxide.

                          

“iron (III)” is Fe3+ and “oxide” is O2(




Fe3+  O2(




Fe2O3

NAMING IONIC COMPOUNDS FROM THE FORMULA

A. Procedure



1. When the element from which the cation formed can only form 

                            one ion




a. Procedure





Dropping the word “ion” from the names, write the 

name of the cation followed by the name of the

anion.




b. Example





Give the name for  AlN






“aluminum nitride”



2. When the element from which the cation formed can form more 

                            than one ion




a. Procedure





(1) Determine the charge on the cation.






(a) You can work some of these by undoing 

                                                                  the “crisscross” to determine the charge 

                                                                  on the cation.






(b) It is safer to determine the charge on the 

                                                                  cation by using the fact that the sum of 

                                                                  the positive charges in the formula unit

                                                                  must equal the sum of the negative 

                                                                  charges in the formula unit.



[1] This double checks undoing

                              crisscross.



[2] This will be necessary when the 

                              formula is the result of reducing

                              subscripts.





(2) Dropping the word “ion” from the names, write 

                                                     the name of the cation with its charge expressed 

                                                     as a Roman numeral in parentheses, followed by

                                                     the name of the anion.




b. Examples





(1) Give the name for SnCl4






Undoing the crisscross gives:






Sn4+  Cl(





Double checking:






(1( +4) + (4( (1) = 0






“tin (IV) chloride”




(2) Give the name for SnO2
Undoing the crisscross seems to give:







Sn2+  O( ??

But remember that oxide always has a (2() charge.

So if oxide is (2(), then the charge on the tin cannot be (2+) in this formula.

We have to use the rule of the sum of the charges equaling zero.







( 1( x) + (2( (2) = 0







x +((4) = 0






x = + 4 !!
Therefore the charge on the tin was actually 4+

Sn4+  O2(





Sn2O4 was reduced to lowest terms.






“tin (IV) oxide”
BINARY COMPOUNDS


A. Definition



A compound composed of only two elements


B. Two types of binary compounds



1. Ionic




a. Composition                                                             




Usually a metal and a nonmetal




b. Order of elements in the formula:





Metal then nonmetal



2. Covalent ( also called “binary molecular compounds”




a. Composition





(1) Two nonmetals





(2) A metalloid and a nonmetal





(3) Two metalloids (occasionally)




b. Order of elements in the formula





(1) Rule of Thumb:






Up each column in order from left to right





(2) Exceptions:






H and O

WRITING THE FORMULAS FOR BINARY MOLECULAR COMPOUNDS


A. Procedure



1. Determine the symbol for both elements in the name



2. Determine the correct subscript from the prefix attached to the 

                            name of both elements.

See Table 2.6 on page 67 or the handout “Prefixes Used To Indicate Number In Chemical Names”


B. Examples



1. Write the formula for sulfur dioxide




There is no prefix on sulfur and it is not one of the 

exceptions so there is one sulfur atom in the formula.




The prefix “di-” means that there are two oxygens in 

the formula




SO2



2. Write the formula for dinitrogen tetraoxide

The prefix “di-” means that there are two nitrogens and the prefix “tetra” means that there are four oxygens in the formula.




N2O4

NAMING BINARY MOLECULAR COMPOUNDS

A. Procedure



1. The name of the compound will have the elements in the same 

                            order as in the formula.



2. The name of the elements is determined from their symbol.

3. When the name of the element begins with a vowel and the 

    prefix causes two vowels to be next to each other, the vowel in 

     the prefix (“a” or “o”) is usually dropped. 



4. For the first element




a. Determine the correct prefix from the subscript for that

                                       element in the formula.




b. The prefix “mono-” is usually not used with the first 

                                        element.




c. Combine the prefix and the first element’s name into 

                                       one word.



5. For the second element




a. Determine the correct prefix from the subscript for that

                                       element in the formula.




b. Determine the root of the second element’s name and 

                                        add the suffix “-ide” to it.




c. Combine the prefix with the new name and suffix into 

                                       one word.



6. Write the new form of the name of the first element followed 

                            by the new form of the name of the second element (step 4 



     + step 5) as two separate words.


B. There are exceptions



1. HX, where X is a halogen, omits the prefix “mono-” from both 

                            names:




HF is “hydrogen fluoride”



2. Common names may be informally substituted.




H2S is “hydrogen sulfide”




H2O is “water”


C. Examples



1. Give the name for PCl5.




The first part of the name is “phosphorus” (“mono-” is 


usually not used with the first name.




The second part of the name 

Uses the prefix “penta-” for  “five”








Is based on the element name “chlorine” whose root 

is “chlor-”





Adds the suffix “-ide” to the root





Forming “pentachloride”

The whole name is 

“phosphorus pentachloride”.



2. Give the name for N2O5
The first part of the name is “dinitrogen”.




The second part of the name is “pentaoxide”.




The whole name is 

“dinitrogen pentaoxide”.

NAMING ACIDS

A. Binary acids of the form HaX     

(where X is a halogen or other electronegative element so that it forms aH+ + Xa( in water solution)



1. Procedure




a. Determine if the substance HaX is dissolved in water.





 If it is not then it will be named as a binary

molecular compound.




b. Determine the root of the name of the element X.




c. Add the prefix “hydro-” to the root.




d. Add the suffix “-ic” to the root.




e. Add the word “acid” to the first word.



2. Examples




a. Give the name for HCl when it is dissolved in water.





X is “chlorine” whose root is “chlor-”.





Adding the prefix “hydro-” to the root gives

“hydrochlor-”.





Adding the suffix “-ic” and the word “acid” gives

“hydrochloric acid”.




b. Give the name for H2S when it is dissolved in water.





X is “sulfur” whose root is “sulfur”.





Adding the prefix “hydro-”, the suffix “-ic” and 

the word ‘acid” we get “hydrosulfuric acid”.





The prefix “hydro-” is critically important to

distinguish this from “sulfuric acid”.


B. Oxyacids 



1. Key points




a. These are compounds in which one or more OH groups, 

    and possibly additional oxygen atoms, are bonded to a 

    central atom.




b. An oxyacid forms the corresponding oxyanion in 

                                        aqueous (water) solution.



2. Procedure




a. Determine the name of the corresponding oxyanion.




b. Change the anion suffix to the acid suffix.

	Anion Suffix
	(becomes(
	Acid

Suffix

	“-ite”
	((
	“-ous”

	“-ate”
	((
	“-ic”


Remember:  “I ATE it and it tasted IC.”  


        “That’s funny, it tasted alrITE to OUS.”




c. Add the word “acid”.



3. Examples




a. Give the name for the oxyacid 

H2SO4.





The corresponding oxyanion is SO42( which is 

called “sulfate”.

Changing the anion suffix “-ate” to the acid suffix “-ic” gives “sulfuric”.

Adding the word “acid” gives “sulfuric acid”.




b. Give the name for the oxyacid HClO4.





The corresponding oxyanion is “perchlorate”.





Changing the anion suffix to the acid suffix gives

“perchloric”.





Adding the word “acid” gives “perchloric acid”.




c. Give the name for the oxyacid HClO.





The corresponding oxyanion is “hypochlorite”.





Changing the anion suffix to the acid gives 

“hypochlorous” and adding the word “acid” 

gives “hypochlorous acid”.

HYDRATES


A. Definition

A hydrate is a solid compound, usually ionic in nature, which 

contains a specific number of a water molecules bound in its

crystalline lattice.


B. Naming a hydrate



1. Name the ionic compound.

2. Use the correct prefix to indicate the correct number of waters 

   of hydration.

3. Example


CuSO4(5H2O


“copper (II) sulfate pentahydrate”

WRITING CHEMICAL EQUATIONS


A. Definitions



1. Chemical equation

A representation of a chemical reaction using the chemical formulas of the reactants and products



2. Reactant




A starting substance in a chemical reaction; it appears to 

the left of the arrow



3. Product




A substance produced in a chemical reaction; it appears to 

the right of the arrow



4. Subscript




A number appearing to the lower right of a symbol or 

parenthesis



5. Coefficient




The number in front of each formula in a balanced equation


B. Procedure



1. By experiment, identify those substances that are reactants and 

                            those that are products.

2. Determine the correct formula for each reactant and product.

3. Write the reactants to the left of the arrow, separating each with

   a “+” sign.

4. Write the products to the right of the arrow separating each with

    a “+” sign.

5. It is often useful, and sometimes necessary, to indicate the state 

   of each substance:

(g) = gas

(l) = liquid

(s) = solid

(aq) = in aqueous solution (dissolved in water)



6. Indicate the conditions of the reaction with a symbol above the 

                            arrow, or with symbols above and below the arrow:
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[image: image3.wmf]heat

¾

®

¾

¾

       heat supplied to the reaction 
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       electricity supplied to the reaction
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[image: image7.wmf]Pt

D

¾

®

¾

       both heat and Pt catalyst used


C. Example



Manganese dioxide is used as a catalyst to speed up the 

decomposition of aqueous dihydrogen dioxide into liquid 

water and oxygen gas.


2 H2O2 (aq) 
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 2 H2O(l) + O2(g)
BALANCING CHEMICAL EQUATIONS


A. Rules



1. A balanced equation must have equal numbers of each atom on 

                            both sides of the arrow.



2. Equations may be balanced by adjusting coefficients never by 

                            changing subscripts.

3. Coefficients will be whole numbers.


B. Techniques for balancing equations by inspection



1. Start with the element that appears in only one species on each 

                            side of the equation.



2. Balance the simplest substance last.

3. A polyatomic ion appearing unchanged on both sides of the

    equation can be treated as a single unit.

4. When oxygen gas appears in a reaction, a temporary fractional 

    coefficient may prove useful – but don’t forget to convert 

    fractional coefficients to integers at the end.

5. Fractional coefficients may also prove useful in difficult to

    balance reactions.


C. Examples



1. Techniques 1 and 2




              Fe3O4 +  H2  (   Fe +  H2O

1st  Fe
Fe3O4 +  H2  (  3 Fe +  H2O

2nd  O
Fe3O4 +  H2  (  3 Fe + 4 H2O




last H
Fe3O4 + 4 H2  (  3 Fe + 4 H2O



2. Technique 3  (plus 1&2)




Al +  CuSO4  (  Al2(SO4)3 +  Cu

1st  SO42(   
Al + 3 CuSO4  (  Al2(SO4)3 +  Cu

2nd  Al
         2 Al + 3 CuSO4  (  Al2(SO4)3 +  Cu

last
         2 Al + 3 CuSO4  (  Al2(SO4)3 + 3 Cu



3. Technique 4 (plus 2)



            C2H6 +    O2  (   CO2 +  H2O

1st   C
 
C2H6 +    O2  (  2 CO2 +  H2O

2nd  H
 
C2H6 +    O2  (  2 CO2 + 3 H2O

3rd  O
          C2H6 + 
[image: image9.wmf]7

2

 O2  (  2 CO2 + 3 H2O

remove


fractions   2 C2H6 +   7 O2  (  4 CO2 + 6 H2O
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