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          EDUCATORS INSTRUCTIONS   

An integral part of instruction to high school chemistry one students is teaching chemical naming and the formulas that go with the names.  Students are expected to give a correct chemical formula given a chemical name whether it is a prefix name or a stock name.  A challenging part of this is for students to learn a select group of poly atomic ions.  Many students find this unique and challenging because they need to memorize groups of atoms with a charge that they have never seen before and often will relate to nothing they have ever seen before.  

 A student that is not motivated or feels they can’t learn poly atomic ions will be left behind as they are part of vocabulary that once introduced usually in November of a school year will be used for the remainder of the course and be a fundamental building block for students continuing to build their knowledge in chemistry.
 This module utilizes research in sequence learning to make it easier to memorize polyatomic ions.  We hope this results in a more successful and rewarding experience for high school chemistry students as they will understand the terminology as the school year progresses  it is hoped sequence learning can help chemistry students succeed on the state exams they will face in chemistry such as Massachusetts MCAS and New York Regents.

 All the various levels of high school chemistry one classes include learning nomenclature and this module is meant for use for students in all level chemistry one classes.  The time allowed for this module should be no more than three or four school days and should include a weekend that students can use to practice adding poly atomic ions to their long term memories.  No materials other than a pen and paper and a list of ions are needed.
POLY ATOMIC ION MEMORIZATION :  

I.  Some very important vocabulary terms in the language of Chemistry are poly atomic ions.  Our knowledge of poly atomic ions will enable us to name chemicals when given the formula and give the formula when presented with a name.  Knowledge of poly ions is also necessary for determining quantity ratios of chemicals in reactions called stoichiometry, finding percent composition, finding simplest formulas and actual formulas.  We will be learning all these things as the school year progresses.
            In short, you will be using poly atomic ions for much of the time you will      spend in chemistry class and its importance can be compared to learning the vocabulary words in a foreign language.

II. Each poly atomic ion is a group of atoms that are covalently bonded that have an extra electron(s) or are missing electron(s) .  This gives the group a charge which is called its oxidation.  Poly ions with extra electron(s) give them a negative charge and they are called anions, while poly ions that are missing electron(s) are called cat ions. There are some poly atomic ions that contain only one kind of element, but most have a few atoms of different elements covalently bound together.
There are some techniques that can make memorizing poly atomic ions easier.  To do so let’s go over some steps  that are called sequence learning that will make things easier.  We will also go over some nomenclature that will help you remember poly ions.  Lastly two methods of memorization will be suggested some of which are preferred by different people.  Choose what works best for you.
Now let’s see the list of poly atomic ions……

             +cat ions                     -1 anions                    -2 anions                   -3 anion

______________________________________________________________

 NH4+1                        OH-1                        O2-2                           PO4-3       
                    Ammonium                 hydroxide              per oxide                    phosphate

                                                    CN-1                               CO3-2                               PO3-3 
                                                 Cyanide                 carbonate                    phosphite

                                                  CH3COO-1               C2 O4-2                         AsO4-3
                                                  Acetate                   oxalate                     arsenate
                                                  NH2-1                      S2O3-2                                   
                                                                       Amide                    thiosulfate

                                                 HCO3-1                   SiO3-2
                                                      Hydrogen carbonate         silicate
                                                HSO4-1                       CrO4-2
                                    Hydrogen sulfate               chromate

                                              NO2-1                         Cr2O7-2
                                            Nitrite                        di chromate

                                              NO3-1                            SO3-2

                                            Nitrate                         sulfite

                                              ClO2-1                          SO4-2

                                            Chlorite                       Sulfate

More -1 anions:    

ClO3-1                                       ClO4-1                           IO‑1                        IO3-1

Chlorate                    per chlorate                hypo iodate                iodate 

Before one thinks that this may be difficult to memorize, let’s consider some tools that will help a person remember. Using this method, you will commit groups of ions to your long term memory at a time using a method called chunking.
1. Memorize the -1 anions first.  These ions all have their -1 oxidation in common and in remembering them together you will be using a tool called chunking.  Chunking allows you to enter some information in your short term memory called working memory.  In this way you will work  with ions that have an association one and other by their -1 oxidation.  It is easier to remember things in chunks.  This is especially so when there is an association you can make between the things.  It will be the charge ions have in this case.  You may find it easier to learn the ions at the beginning of the list and the end of the list, and more difficult to remember the middle.  This is called primacy and recency.  Our memory works this way.
2. There are two methods of memorizing this kind of information that are commonly used. 
a.  One is to make flash cards with the elements and charge on one side and the ion name on the other.  Some people prefer this method and they will repeatedly look at the cards until they have converted all the -1 anions to long term memory from working memory. The process of making your own flash cards helps you to remember.

         Working memory is a limited amount of material that one can hold in    their mind for a short period of time.  Flash cards will put these ions in your working memory.  The amount of material you can keep in your working memory is called your span.  You may want to work on the number of ions that you can comfortably keep in your span, working to commit them to your long term memory.    We want these poly atomic ions in your long term memory which is memory that will be available to you during the course of the year that you are taking chemistry.  
b. An other accepted way to remember this material is to write the list of -1 anions and the  name of the ions repeatedly on paper.  Often if a person writes them fifteen times, they will not need to look at them to do it the sixteenth time!  What do you have the sixteenth time!  All the -1 anions committed to long term memory!

3. With your achievement on -1 anions you have about half of the poly atomic ions in your long term memory which will prove very valuable as the school year progresses.  Now we can use the same technique for the -2 anions.  You will notice there are fewer -2 anions to convert from your working memory to your long term memory and it will probably not take as long.
4. Now you are ready to do the -3 anions and there are only three of them.  Once this is done there is only one poly atomic ion left,  the +1 cat ion, ammonium.

5. There are some other techniques you can use that can help you recall information from the past: 

a. Get enough sleep!  A well rested mind performs better.

b. Take a break!  Sitting for too long memorizing will reduce your span and make your studying less efficient.
c. Recognize what your span is and work on that amount of ions at any particular time.  Your span may change during the day.
d. The Nomenclature can help!!  Certain prefixes and suffixes can help you to remember what the ions are.

Poly atomic Ion Nomenclature
Prefixes:  per –means the most amount of oxygen  , hypo-means the least amount of oxygen 
Suffixes:  ite-means less oxygen  , ate-means more oxygen
Poly atomic Ion Nomenclature (revisited)
Hypo + xxxxx + ite  -means the least amount of oxygen present

 xxxxx + ite  -means less oxygen is present

 xxxxx + ate  -means more oxygen is present

Per + xxxxx + ate  -means the most oxygen is present
6. Now it time to put your learning to the test.  Nothing needs to be explained by the student.  Given the formula of a poly atomic ion , students will provide its name and given the name of a poly atomic ion, students will provide the formula and charge(oxidation).
Assessment A(negative one anions with answers completed)
ION NAME                                                CHEMICAL FORMULA AND CHARGE

HYDROXIDE ION                                                         (OH)-1

PERCHLORATE ION                                                    (ClO4)-1
ACETATE  ION                                                        (CH3COO)-1

HYDROGEN CARBONATE ION                            (HCO3)-1
AMIDE ION                                                                   (NH2)-1

CYANIDE ION                                                               (CN)-1

HYPO IODATE ION                                                       (IO)-1

NITRATE  ION                                                                (NO3)-1

NITRITE  ION                                                                 (NO2)-1
IODATE ION                                                                   (IO3)-1
ASSESSMENT B(negative two ions with answers completed)
OXALATE  ION                                                         (C2O4)-2

CARBONATE  ION                                                    (CO3)-2

CHROMATE ION                                                       (CrO4)-2

DICHROMATE  ION                                                   (Cr2O7)-2
SULFATE  ION                                                            (SO4)-2

SULFITE  ION                                                              (SO3)-2
THIOSULFATE  ION                                                  (S2O3)-2
PEROXIDE  ION                                                           (O2)-2

ASSESSMENT C(mixed poly atomic ions with answers completed)
AMMONIUM  ION                                                            (NH4)+1
 PHOSPHATE  ION                                                            (PO4)-3
PHOSPHITE  ION                                                              (PO3)-3
ARSENATE  ION                                                               (AsO4)-3

SILICATE  ION                                                                  (SiO3)-2
CARBONATE  ION                                                           (CO3)-2
DICHROMATE  ION                                                         (C2O7)-2

NITRATE  ION                                                                   (NO3)-1

CHLORATE  ION                                                               (ClO3)-1
THIOSULFATE  ION                                                         (S2O3)-2

HYDROGEN SULFATE  ION                                           (HSO4)-1

HYDROXIDE  ION                                                            (OH)-1
PERCHLORATE  ION                                                       (ClO4)-1                
