	Lewis Dot Structures Worksheet 1 of 5

	atoms
	Draw only outer electrons that fill in the A groups. Maximize the number of unpaired electrons. Examples 



	simple ions
	Atoms gain or lose electrons to reach a noble gas configuration. Thus, there are no dots in these structures. Examples (note that the questions and answers are the same): 

The dot structure of Na+1 is Na+1 . The dot structure of O-2 is O-2.

Note that Na is in group 1 and should lose 1 electron while O is in group 6 and should gain 2 electrons.

	ionic compounds
	1. Make certain it's ionic: one atom must be from groups 1-3, the other from groups 4-7 (including H). Note that later in the course you will develop somewhat better rules for establishing how ionic the bond is. MgO and CaCl2 are ionic; N2O3 and ClF are not. 

2. Determine the charges on the ions from the group in the periodic table.

group

1

2

3

4

5

6

7

8

charge

+1

+2

+3

-4

-3

-2

-1

0

3. Make sure that the sum of the charges of all of the ions add up to zero.
In Al2O3, Al, in group 3, will be +3 while O, in group 6, will be -2. SUM = 2(+3) + 3(-2) = 0. 

4. Then write the structure according to the format below. 

formula

CaCl2
MgO

Mg3N2
Lewis dot structure

Ca+2 + 2 Cl-1
Mg+2 + O-2.
3 Mg+2 + 2 N-3. 


	practice
	atoms: N, C, Al, Mg, F, As
ions: Cs+1 , F-1 , Mg+2 , O-2 , P-3 , Si-4 , B+3 
ionic compounds: MgS, Ca3P2, NaCl, Na4Si, Fr2Se, Al2O3, Na3N


Ionic Forces Summary 



Here's a summary of what I want you to know about ionic forces. 

3.1 Ionic Forces = force between ions (duh!) 

1. Cations (positive ions) are made by tearing an electron off an atom: 

C --> C+ + e-     [image: image1.png]


E = IP 

2. Anions (negative ions) are made by adding an electron to an atom: 

A + e- --> A-     [image: image2.png]


E = EA 

3. The change in energy to make a cation is the ionization potential (IP) of the atom. The change in energy to make an anion is the electron affinity of an atom. (How can you remember that a positive ion is a cation? How about: a cat rubs up against your leg and leaves hairs behind. A cation is an atom which has left an electron behind.) 

4. You are expected to know which ions are most easily formed: those that are isoelectronic to noble gases. 

Examples: Li+  Be2+  N3-  O2-  F-. 

Hydrogen is a slight exception: it mostly forms H+ (zero valence electrons) but can also form H- (two valence electrons, like helium) in rare cases. 

5. A plot of the energy E of a pair of ions as a function of the distance r between them looks like this: [image: image25.png]



The red curve tells you that energy decreases when unlike ions approach. 

The blue curve tells you that energy decreases when like ions separate. 

Since you know that the natural tendency of any system is to decrease its energy (``Grayce's Rule Number 1: The Universe is Lazy''), this tells you that the natural tendency of unlike ions is to come together, and the natural tendency of like ions is to move apart. 

3.2 Ionic Compounds 

1. Ionic compounds result because certain special arrangements of ions have a natural tendency to stick together rather than fly apart. That means the energy of the ions when they are together must be less than the energy when the ions are far apart. 

2. Using our diagram above we can show this in simple cases. The general idea is that if a typical distance r+- between unlike ions in a certain arrangement is less than the typical distances r++ and r-- between like ions, than the arrangement is stable. 

For example, consider a two-dimensional crystal like this: 

[image: image3.png]



The interactions in this crystal are made up of very many repeating sets of interactions that look like these four: 

[image: image4.png]



We have two repulsions, between the like charges on opposite corners of this square, and two attractions, between the unlike charges on each side of the square. The distance between unlike charges is r++ or r-- (they are clearly the same distance). The distance between the like charges is r+-, and clearly 

r+- < r++ = r-- 

If we look at the graph above now we can find the decrease in energy associated with the unlike charges coming from very far away to get together into this close arrangement --- call this [image: image5.png]


E+-. We can also identify the increase in energy associated with the like charges coming from infinity to form this close arrangement -- call that [image: image6.png]


E++ and [image: image7.png]


E--: 

[image: image26.png]


Now when we add up the total energy of the compact arrangement of ions you can see from the graph that we will get: 

[image: image8.png]


E++ + [image: image9.png]


E-- - 2[image: image10.png]


E+- < 0 

So the total change in energy when all the ions come from far away to form this arrangement is negative. The energy decreases when the ions come together, and so we may conclude the formation of this crystal lattice is a natural tendency of these ions. 

3. You should now be able to explain in the same detail, and completely convincingly, why the natural tendency of the following crystal would be to simply fall apart: 
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3.3 Predicting Composition of Ionic Compounds 

1. The rules are: (1) Form the easiest ions (isoelectronic to noble gases), (2) balance the charge in the compound. 

Example: Li and F => easy ions to form are Li+ and F- => LiF is the empirical formula. 

Example: Mg and F => easy ions to form are Mg2+ and F- => MgF2 is the empirical formula. 

3.4 Ion size 

Three trends in ion size: 

0. size of anions > size of neutrals > cations 

Example: size of F- > size of F > size of F+ 

1. size of ions increases as you go down the Periodic Table. 

2. size of ions in an isoelectronic series decreases as you go up in atomic number. 

Example: These ions are isoelectronic: F-, O2-, Na+.
Na+ is the smallest, O2- the largest. 

3.6 Unit Cell 

3. A unit cell is the smallest unit of a crystal lattice which can be repeated over and over in a regular pattern to build up the entire latice. Think of the lattice as a brick sidewalk and each unit cell as a single brick. You can't define a unit cell to leave ``holes'' in the lattice, or where unit cells overlap, anymore than you could build a sidewalk and leave holes or have some bricks overlap. 

IONIC BONDING

Bonding between atoms, which occurs because the resulting molecule or

compound has a lower energy than its constituent atoms, is achieved by

redistributing the valence (or bonding) electrons. In ionic bonding,

this redistribution occurs by the atoms transferring one or more 

electrons. The term ionic bond describes the electrostatic attraction 

of two oppositely charged ions in a crystalline lattice.


The Mechanism of Ionic Bonding
Formally, the ionic compound sodium fluoride - which contains Na1+ and

F1- ions, each with an octet of electrons - results from the transfer

of one valence electron from a sodium atom to a fluorine atom; i.e.,

          Na atom + F atom ——————————® Na1+ion + F1-ion

           2,8,1     2,7                  2,8     2,8

Despite the attractiveness of such a simple summary, one needs to peer

into the mechanism of ionic bonding in order to prevent misconceptions.

The formation of solid sodium fluoride, NaF(s), from solid sodium and

gaseous difluorine, can be divided into five ergonic processes; i.e.,

                     Na(s) ——————————> Na(g)            H1
                     Na(g) ——————————> Na1+(g) + 1e-     H2
                     F2(g) ——————————> 2F(g)            H3
                F(g) + 1e- ——————————> F1-(g)            H4
           Na1+(g) + F1-(g) ——————————> Na1+(s)F1-(s)     HL
Experiments show that formation of these gaseous ions is endothermic;

i.e., HI, the value of H1 + H2 + H3 + H4, is positive. In sharp

contrast, formation of the solid from these gaseous ions is exothermic;

i.e., the value of HL, known as the lattice energy, is negative. Solid

sodium fluoride forms because the value of H, HL - HI, is negative;

so, the 'driving force behind' the formation of sodium fluoride is the

overwhelmimg exothermicity of the attractions of the oppositely charged

ions for each other (... and not the formation of ions with an octet).

Furthermore, because experiments have shown that, for every combination

of metallic and non-metallic element, the corresponding value of HI
is positive, the formation of an ionic compound is determined largely

by the value of HL (the lattice energy).


This ('long-winded') approach above allows a qualitative understanding

of some apparent anomalies; two illustrative examples are given here.

Firstly, Na2O, MgO, Al2O3, NaCl, and MgCl2 are all ionic compounds in

which the ions have an octet: but, although aluminium and chlorine

can readily form ions with an octet, aluminium chloride is a covalent

compound. *  The explanation is as follows: HL - HI is negative in

each of the first five compounds, but HL - HI is positive for the

hypothetical ionic compound Al3+(s)3Cl1-(s)
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*  When gaseous aluminium chloride is cooled, discrete AlCl3 molecules

dimerize to form Al2Cl6 (see the electron-structure diagram above).


And secondly, NaCl and MgCl2 are both ionic compounds in which the ions

have an octet: but, although transition elements do not form ions with

an octet, CuCl2 and FeCl2 are also ionic. The explanation is as before;

thus, HL - HI is negative in each of these four compounds.

In the absence of either experimental or calculated data, the student

will ask (or even demand) to know how one predicts the type of bonding

in any given compound. Although there is no predictive method which is

foolproof, two rules of thumb are useful: first, the bonding between

non-metallic elements is normally covalent; and second, the bonding

between metallic and non-metallic elements is commonly ionic. 


The Structures and Physical Properties of Ionic Compounds
The diagram below shows the structure of NaCl; the oppositely charged

ions are arranged in a symmetrical pattern within a crystal lattice.
[image: image13.png]The sizes of the
ions are in the
correct ratio:
Nalt c11-

. O

The lines between the
ions are included to

emphasise the lattice
structure: they do not
represent ionic honds.




The electrostatic attractions between the oppositely charged ions in

the crystal lattices of ionic compounds are strong and omnidirectional:

and so, such compounds show several characteristic physical properties; 

however, only three of these will be considered here.

First, they tend to have high melting points; a large amount of thermal

energy must be supplied to the crystal lattice before the ions vibrate 

vigorously enough to overcome the electrostatic forces of attraction.

Second, they do not conduct electricity in the solid state, because 

there are no free-moving ions to carry the current: contrastingly, they 

do conduct electricity in either the liquid state or when dissolved in 

water, because the ions are free to move.

And third, they tend to be insoluble in organic solvents and soluble in

water; the hydration energy released when ions are dissolved in water

is often similar to or greater than the lattice energy.


Not surprisingly, these characteristic physical properties are used as

evidence for ionic bonding: but there are at least three caveats. 

First, high melting points are also observed for covalent substances

with giant structures [e.g., carbon-graphite and silicon(IV) oxide]. 

Second, the measurement of electrical conductivity can be precluded

because the compound either thermally decomposes before melting or has

a low solubility in water [e.g., many carbonates and nitrates decompose

before melting, and most oxides and sulfides are insoluble in water].

And third, a wide variety of covalent compounds are also soluble in 

water [e.g., many alcohols and carbohydrates with small molar masses].
Binary Compounds of Metals with Fixed Charges

Given Name, Write the Formula



A binary compound is one made of two different elements. There can be one of each element such as in sodium bromide or potassium iodide. There can also be several of each element such as lithium oxide or aluminum bromide.

Please remember that all elements involved in this lesson have ONLY ONE charge. That includes BOTH the metal AND the nonmetal involved in the formula.

Points to remember about writing the formula from the name 

1. The order in a formula is first the cation, then the anion. 

2. You must know the charges associated with each cation and anion. 

3. The sum of the positive charge and the sum of the negative charges MUST add up to zero. 

4. You MAY NOT adjust the charges of the cations or anions to get a total charge of zero. 

5. You MAY adjust the subscripts to get a total charge of zero. 



This file, Charge-Crossing.html, shows a technique, slightly different from below, to figure out formulas.

This file, Least-Common-Multiple.html, shows still a different slant on how to figure out a formula.

I hope you're not too confused by the multiplicity of presentations. They are actually presenting the same thing different ways.



Example 1: Write the formula from the following name: sodium bromide
Step #1 - Write down the symbol and charge of the first word. Result = Na+
Step #2 - Write down the symbol and charge of the second word. Result = Br¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, only one Na+ and one Br¯ are required.

The resulting formula is NaBr.



Example 2: Write the formula from the following name: potassium chloride
Step #1 - Write down the symbol and charge of the first word. Result = K+
Step #2 - Write down the symbol and charge of the second word. Result = Cl¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, only one K+ and one Cl¯ are required.

The resulting formula is KCl.



Example 3: Write the formula from the following name: barium iodide
Step #1 - Write down the symbol and charge of the first word. Result = Ba2+
Step #2 - Write down the symbol and charge of the second word. Result = I¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, only one Ba2+ is required, but two I¯ are required.

Why? Answer - Two negative one charges are required because there is one postive two charge. Only in this way can the total charge of the formula be zero. 

The resulting formula is BaI2.



Example 4: Write the formula from the following name: aluminum chloride
Step #1 - Write down the symbol and charge of the first word. Result = Al3+
Step #2 - Write down the symbol and charge of the second word. Result = Cl¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, only one Al3+ is required, but three Cl¯ are required.

Why? Answer - Three negative one charges are required because there is one postive three charge. Only in this way can the total charge of the formula be zero. 

The resulting formula is AlCl3.



Example 5: Write the name of the following formula: magnesium oxide
Step #1 - Write down the symbol and charge of the first word. Result = Mg2+
Step #2 - Write down the symbol and charge of the second word. Result = O2¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, one Mg2+ is required, as well as one O2¯.

Why? Answer - One positive two charge is counterbalanced by one negative two charge. This gives a zero total charge for the formula. 

The resulting formula is MgO.



Example 6: Write the name of the following formula: aluminum oxide
Step #1 - Write down the symbol and charge of the first word. Result = Al3+
Step #2 - Write down the symbol and charge of the second word. Result = O2¯

Step #3 - Use the minimum number of cations and anions needed to make the sum of all charges in the formula equal zero. In this case, two Al3+ are required and three O2¯.

Why? Answer - This is the only possible way to get the positive and negative charges equal and keep the numbers to a minimum. Note that the positive charge is a +6 and the negative charge is a -6.

Also, keep in mind that you cannot change the charges to make a formula correct.

The resulting formula is Al2O3.

Warning: beware of the temptation to write the above formula as Al3O2. 



Practice Problems

Write the correct formula for:

1) magnesium oxide

2) lithium bromide

3) calcium nitride

4) aluminum sulfide

5) potassium iodide

6) strontium chloride

7) sodium sulfide

8) radium bromide

9) magnesium sulfide

10) aluminum nitride

Write the correct formula for:

11) cesium sulfide

12) potassium chloride

13) strontium phosphide

14) barium iodide

15) sodium fluoride

16) calcium bromide

17) beryllium oxide

18) strontium sulfide

19) boron fluoride

20) aluminum phosphide

Write the correct formula for:

21) rubidium oxide

22) calcium iodide

23) cesium oxide

24) magnesium iodide

25) lithium chloride

26) beryllium bromide

27) sodium oxide

28) calcium fluoride

29) boron phosphide

30) aluminum oxide

Binary Compounds of Cations with Variable Charges

Given Name, Write the Formula

The Stock System



A binary compound is one made of two different elements. There can be one of each element such as in CuCl or FeO. There can also be several of each element such as Fe2O3 or SnBr4.

This lesson shows you how to write the formula of a binary compound from the word name when a cation of variable charge is involved. The four formulas above are all examples of this type.

The cations involved in this lesson have AT LEAST TWO charges. The anions involved have only one charge.

Your teacher will hold you responsible for the cations you must learn. The ChemTeam holds their students responsible for: Cu, Fe, Hg, Pb, Sn, Mn, Co, Au, and Cr.

The type of naming you will learn about is called the Stock system or Stock's system. It was designed by Alfred Stock (1876-1946), a German chemist and first published in 1919. In his own words, he considered the system to be "simple, clear, immediately intelligible, capable of the most general application."

In 1924, a German commission recommended Stock's system be adopted with some changes. For example, FeCl2,which would have been named iron(2)-chloride according to Stock's original idea, became iron(II) chloride in the revised proposal. In 1934, Stock approved of the Roman numerals, but felt it better to keep the hyphen and drop the parenthesis. This suggestion has not been followed, but the Stock system remains in use world-wide.



Example #1 - Write the formula for: copper(II) chloride
Step #1 - the first word tells you the symbol of the cation. In this case it is Cu.

Step #2 - the Roman numeral WILL tell you the charge on the cation. In this case it is a positive two.

Step #3 - the anion symbol and charge comes from the second name. In this case, chloride means Cl¯.

Step #4 - remembering the rule that a formula must have zero total charge, you write the formula CuCl2.

On writing the formula from the ions, you may want to review Charge-Crossing.html or Least-Common-Multiple.html for more information.

This graphic summarizes example #1: [image: image14.png]copper(I1) chloride
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The ChemTeam is often asked by students, "But how do you know that chloride means Cl¯?" That type of question is usually answered with a question, as in "How do you know the name and face of your best friend?" That's right, you've spent time in their company, to the point where you have memorized the connection between name and face. Chloride is the name and Cl¯ is the face.



Example #2 - Write the formula for: copper(I) oxide
Step #1 - the first word tells you the symbol of the cation. It is Cu.

Step #2 - the Roman numeral WILL tell you the charge on the cation. It is a positive one.

Step #3 - the anion symbol and charge comes from the second name. Oxide means O2¯.

Step #4 - since a formula must have zero total charge, you write the formula Cu2O.

This graphic summarizes example #2: [image: image15.png]copper(l) oxide
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Example #3 - Write the formula for: iron(III) sulfide
Step #1 - the symbol of the cation is Fe.

Step #2 - the charge on the cation is a positive three. remember, that comes from the Roman numeral.

Step #3 - Sulfide (the anion) means S2¯.

Step #4 - since a formula must have zero total charge, you write the formula Fe2S3.

Look at Least-Common-Multiple.html if you're not sure about how the subscripts in iron(III) sulfide came to be.

This graphic summarizes example #3: [image: image16.png]iron(I11) sulfide
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Example #4 - Write the formula for: tin(IV) phosphide 

First symbol is Sn from the name tin.

The Roman numeral IV gives +4 as tin's charge.

Phosphide give P3¯.

This compound's formula is Sn3P4.

This graphic summarizes example #4: [image: image17.png]tin(IV) phosphide
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Here is an extra graphic for gold(III) bromide: [image: image18.png]gold(IT1) bromide
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Practice Problems

Write the correct formula for: 

1) iron(II) chloride

2) copper(I) sulfide

3) lead(IV) iodide

4) tin(II) fluoride

5) mercury(I) bromide

6) tin(II) oxide

7) chromium(III) oxide

8) gold(I) iodide

9) manganese(II) nitride

10) cobalt(III) phosphide

11) iron(III) chloride

12) copper(II) sulfide

13) lead(II) bromide

14) tin(IV) iodide

15) mercury(II) fluoride

16) tin(IV) oxide

17) manganese(III) chloride

18) chromium(II) nitride

19) gold(III) oxide

20) cobalt(II) phosphide

21) tin(II) sulfide

22) mercury(I) sulfide

23) gold(III) bromide

24) manganese(II) oxide

25) chromium(II) chloride

26) lead(IV) nitride

27) cobalt(III) oxide

28) copper(II) iodide

29) tin(IV) fluoride

30) iron(II) phosphide

Compounds Involving a Polyatomic Ion

Given Name, Write the Formula



These compounds to follow ARE NOT binary compounds. The contain three or more elements, as opposed to only two in a binary compound.

The Greek method WILL NOT be used. That naming technique is used only for binary compounds of two nonmetals. That means, if you see a formula like BaSO4, the name is not barium monosulfur tetraoxide. Many unaware ChemTeam students over the years have made this error and suffered for it.

Consequently, a warning: it is important that you learn to recognize the presence of a polyatomic ion in a name. Many ChemTeam students have made it their first priority to make a set of flashcards with the name on one side and the ion and its charge on the other. Then, carry them everywhere and use them.

The cations used will be a mix of fixed charges AND variable charges. You must know which are which.

Another warning: you must also know the formula and charge associated with each polyatomic ion' name. For example, NO3¯ is called nitrate and it has a minus one charge. The formula and charge are not inherent in the name.

Use of Parenthesis
When more than one polyatomic ion is required, parenthesis are used to enclose the ion with the subscript going outside the parenthesis. For example, the very first name used is copper(II) chlorate. The correct formula will require the use of parenthesis.

When you say a formula involving parenthesis out loud, you use the word "taken" as in the formula for ammonium sulfide, which is (NH4)2S. Out loud, you say "N H four taken twice S." OR with the formula for copper(II) nitrate, which is Cu(NO3)2. You say " Cu N O three taken twice."

On writing the formula from the ions, you may want to review Charge-Crossing.html or Least-Common-Multiple.html for more information.



Example #1 - write the formula for copper(II) chlorate
Step #1 - the first word tells you the symbol of the cation. In this case it is Cu.

Step #2 - the Roman numeral WILL tell you the charge on the cation. In this case it is a positive two.

Step #3 - the polyatomic formula and charge comes from the second name. In this case, chlorate means ClO3¯.

Step #4 - remembering the rule that a formula must have zero total charge, you write the formula Cu(ClO3)2.

This graphic summarizes example #1: [image: image19.png]copper(I1) chlorate
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Example #2 - write the formula for silver cyanide
Step #1 - the first word tells you the symbol of the cation. In this case it is Ag+.

Step #2 - silver has a constant charge of +1, it is not a cation with variable charge.

Step #3 - the polyatomic formula and charge comes from the second name. In this case, cyanide means CN¯.

Step #4 - remembering the rule that a formula must have zero total charge, you write the formula AgCN.

This graphic summarizes example #2: [image: image20.png]silver eyanide
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Usually, at this point, a cry is heard in the ChemTeam's classroom. "But how do you know that cyanide is CN¯?" is the plaintive wail. The stock ChemTeam answer is "Well, how do you know anything? How do you know your phone number? How do you know your best friend's name? In fact, how do you know your name?" There are three things you must memorize: the name (cyanide), the symbol (CN, not Cn, by the way) and the charge (minus one). You must put in the time to learn this nomenclature stuff. It does not come easy and the ChemTeam realizes you'd rather be spending the time doing more important things: going cool places with friends, spending time with members of the opposite sex, spending your parents' money, eating, etc. Maybe some other time. Right now, let's move on.



Example #3 - write the formula for plumbic hydroxide
Step #1 - the cation, Pb4+, does show a variable charge. The "-ic" ending means the higher of the two, for this cation that means +4.

Step#2 - hydroxide is recognized as OH¯.

The formula of this compound is Pb(OH)4. Notice that it is not PbOH4.

This graphic summarizes example #3: [image: image21.png]plumbic hydroxide
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You might want to read about a problem with hydroxide that many students suffer from. 



Example #4 - write the formula for sodium phosphate
Step #1 - the cation, sodium, is Na+, and it does not show a variable charge.

Step#2 - phosphate is PO43¯.

The formula of this compound is Na3PO4. Notice that no parenthesis are required since only one polyatomis is used.

This graphic summarizes example #4: [image: image22.png]sodium phosphate
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Example #5 - write the formula for mercurous nitrate
Step #1 - the cation, mercurous, does show a variable charge and its formula is unusual. It is Hg22+. The "-ous" ending indicates the lower of the two charges mercury shows and that is the +1 charge. Remember that, in this particular case, Hg+ is wrong.

Step#2 - nitrate is NO3¯.

The formula of this compound is Hg2(NO3)2. This formula is not reduced.

This graphic summarizes example #5: [image: image23.png]mercurous nitrate
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Example #6 - write the name for barium carbonate
Step #1 - the cation, barium, does not show a variable charge and its symbol is Ba2+.

Step#2 - carbonate is CO32¯.

The formula of this compound is BaCO3.

This graphic summarizes example #6: [image: image24.png]barium carbonate







Example #6 - write the name for mercury(I) phosphate
Step #1 - the cation, mercury(I), does show a variable charge and its symbol is Hg<SUB.2< sub>2+. Notice that there is a subscript of two and the charge is +2. Therefore, EACH Hg atom is +1, leading to the name mercury(I).

Step#2 - phosphate is PO43¯.

The formula of this compound is (Hg2)3(PO4)2.

Note the use of parenthesis around both parts (positive and negative) of the formula. It would be incorrect to write this formula: Hg6(PO4)2. We want the formula to show that mercury(I) comes in groups of two and that there are three of them. 



Practice Problems

The cations in this first set are all of fixed oxidation state, so no Roman numerals are needed. 

Write the correct formula for:

1) silver carbonate

2) potassium hydrogen phosphate

3) aluminum hydroxide

4) sodium hydrogen carbonate

5) calcium acetate

6) potassium permanaganate

7) calcium perchlorate

8) lithium carbonate

9) magnesium hydrogen sulfite

10) sodium hypochlorite

These formulas involve the use of a polyatomic ion. The cations are all of variable oxidation state, so Roman numerals are needed.

Write the correct formula for:

11) tin(IV) chlorite

12) mercury(II) phosphate

13) tin(II) carbonate

15) lead(II) chromate

16) copper(I) sulfite

18) iron(III) nitrate

Write the correct formula for:

21) potassium perchlorate

22) lead(IV) hydrogen phosphate

23) aluminum sulfate

24) iron(II) bicarbonate

25) barium iodate

26) tin(II) hydrogen sulfide

27) magnesium dihydrogen phosphate

29) silver phosphate

30) cobalt(III) nitrite

and two special additions:

31) ammonium sulfate

32) ammonium nitrate

Binary Compounds of Metals with Fixed Charges

Given Formula, Write the Name



A binary compound is one made of two different elements. There can be one of each element such as in NaCl or KF. There can also be several of each element such as Na2O or AlBr3.

Please remember that all elements involved in this lesson have ONLY ONE charge. That includes BOTH the cation AND the anion involved in the formula.

Points to remember about naming a compound from its formula 

1. The order for names in a binary compound is first the cation, then the anion. 

2. Use the name of cation with a fixed oxidation state directly from the periodic table. 

3. The name of the anion will be made from the root of the element's name plus the suffix "-ide." 



Example 1: Write the name of the following formula: H2S
Step #1 - Look at first element and name it. Result of this step = hydrogen.

Step #2 - Look at second element. Use root of its full name ( which is sulf-) plus the ending "-ide." Result of this step = sulfide.

These two steps give the full name of H2S. Notice that the presence of the subscript is ignored. There are other types of binary compounds where you must pay attention to the subscript. Those compounds involve cations with variable charges. Your teacher will tell you which ones you will be held responsible for.



Example 2: Write the name of the following formula: NaCl
Step #1 - Look at first element and name it. Result of this step = sodium.

Step #2 - Look at second element. Use root of its full name ( which is chlor-) plus the ending "-ide." Result of this step = chloride.



Example 3: Write the name of the following formula: MgBr2
Step #1 - Look at first element and name it. Result of this step = magnesium.

Step #2 - Look at second element. Use root of its full name ( which is brom-) plus the ending "-ide." Result of this step = bromide.

Note the presence of the subscript does not play a role in this name.



Example 4: Write the name of the following formula: KCl
The first part of the name comes from the first element symbol: potassium. The second part of the name comes from the root of the second symbol plus '-ide,' therefore chlor + ide = chloride.

This compound is named potassium chloride



Example 5: Write the name of the following formula: Na2S
First symbol is Na, so the first part of the name is sodium. (Note the presence of the subscript does not play a role in this name.) Second element is sulfur (from the symbol S), so the name is sulf + ide = sulfide.

This compound is named sodium sulfide.



Three possible mistakes to be aware of:

1) Often students forget to use the suffix "-ide." For example, BaS is named "barium sulfide." An unaware student might want to name it "barium sulfur."

2) Make sure that the second name is the root plus "-ide." An unaware student might want to name BaS as "barium sulfuride." NaBr is not named sodium bromineide, the corect answer is sodium bromide.

3) There is a set of binary compounds which are named using Roman numerals. Students often confuse the two sets of rules. For example, a student might want to name Na2S as sodium (I) sulfide. While it is never wrong to use the Roman numerals, your teacher will probably want you to only use Roman numerals on certain cations.

Here are examples of common roots:

	Cl: 
	chlor- 

	F: 
	fluor- 

	Br: 
	brom- 

	O: 
	ox- 

	I: 
	iod- 

	N: 
	nitr- 




Practice Problems

Write the correct name for:

1) MgS

2) KBr

3) Ba3N2
4) Al2O3
5) NaI

6) SrF2
7) Li2S

8) RaCl2
9) CaO

10) AlP

Write the correct name for:

11) K2S

12) LiBr

13) Sr3P2
14) BaCl2
15) NaBr

16) MgF2
17) Na2O

18) SrS

19) BN

20) AlN

Write the correct name for:

21) Cs2O

22) RbI

23) MgO

24) CaBr2
25) LiI

26) BeBr2
27) K2O

28) SrI2
29) BF3
30) Al2S3
Binary Compounds of Cations with Variable Charges

Given Formula, Write the Name

The Stock System



A binary compound is one made of two different elements. There can be one of each element such as in CuCl or FeO. There can also be several of each element such as Fe2O3 or SnBr4.

This lesson shows you how to name binary compounds from the formula when a cation of variable charge is involved. The four formulas above are all examples of this type.

The cations involved in this lesson have AT LEAST TWO charges. The anions involved have only one charge.

Your teacher will hold you responsible for the cations you must learn. The ChemTeam holds their students responsible for: Cu, Fe, Hg, Pb, Sn, Mn, Co, Au, and Cr.

The type of naming you will learn about is called the Stock system or Stock's system. It was designed by Alfred Stock (1876-1946), a German chemist and first published in 1919. In his own words, he considered the system to be "simple, clear, immediately intelligible, capable of the most general application."

In 1924, a German commission recommended Stock's system be adopted with some changes. For example, FeCl2,which would have been named iron(2)-chloride according to Stock's original idea, became iron(II) chloride in the revised proposal. In 1934, Stock approved of the Roman numerals, but felt it better to keep the hyphen and drop the parenthesis. This suggestion has not been followed, but the Stock system remains in use world-wide.



Example #1: Write the name for: FeCl2
Step #1 - the first part of the name is the unchanged name of the first element in the formula. In this example, it would be iron.

Step #2 - the result from step one WILL be followed by a Roman numeral. Here is how to determine its value:

1. multiply the charge of the anion (the Cl) by its subscript. Ignore the fact that it is negative. In this example it is one times two equals two. 

2. divide this result by the subscript of the cation (the Fe). This is the value of the Roman numeral to use. In this example, it is two divided by one equals two. 

3. The value of the Roman number equals the positive charge on the cation in this formula. 

Since the result of step #2 is 2, we then use iron(II) for the name. Notice that there is no space between the name and the parenthesis.

Step #3 - the anion is named in the usual manner of stem plus "ide."

The correct name of the example is iron(II) chloride.



Example #2: name this compound: CuCl2
In this example, I've explained it differently. Compare it to the one above. Example #4 is also explained this way.

· The first part of the name comes from the first element symbol: copper. 

· The Roman numeral is II, because 2 chlorides equal -2, so the Cu must be +2. (It must be +2 so that the total charge equals zero. 

· The second part of the name comes from the root of the second symbol plus 'ide,' therefore chlor + ide = chloride. 

This compound is named copper(II) chloride.



Example #3: Write the name for: Fe2O3
Step #1 - the first part of the name is the unchanged name of the first element in the formula. In this example, it would be iron.

Step #2 - the result from step one WILL be followed by a Roman numeral. Here is how to determine its value:

1. multiply the charge of the anion (the O) by its subscript. Ignore the fact that it is negative. In this example, it is two times three equals six. 

2. divide this result by the subscript of the cation (the Fe). This is the value of the Roman numeral to use. In this example, it is six divided by two equals three. 

3. Note: this value of the Roman number equals the positive charge on the cation. 

In this example, the result of step #2 is 3. That means that iron(III) will be used for the name. Notice that there is no space between the name and the parenthesis.

Step #3 - the anion is named in the usual manner of stem plus "ide."

The correct name of the example is iron(III) oxide.



Example #4: name this compound: SnO 

· First symbol is Sn, so the first part of the name is tin. 

· The Roman numeral is II, because one oxygen = -2, so the one tin equals +2. 

· Second element is oxygen (from the symbol O), so the name is ox + ide = oxide. 

This compound is named tin(II) oxide.



Practice Problems

Answer using the Stock system.

Write the correct name for: 

1) CuS

2) PbBr4
3) Pb3N2
4) Fe2O3
5) FeI2
6) Sn3P4
7) Cu2S

8) SnCl2
9) HgO

10) Hg2F2
11) CuCl2
12) CuBr

13) PbO

14) Fe2S3
15) PbCl2
16) SnO

17) Cu2O

18) PbO2
19) FeO

20) SnO2
21) Hg2O

22) Hg2I2
23) AuCl3
24) MnO

25) CrCl3
26) CoO

27) Mn2O3
28) Co2S3
29) AuF

30) CrBr2
Compounds Involving a Polyatomic Ion

Given Formula, Write the Name



These compounds to follow ARE NOT binary compounds. They contain three or more elements, as opposed to only two in a binary compound.

The Greek method WILL NOT be used. That naming technique is used only for binary compounds of two nonmetals. That means, if you see a formula like BaSO4, the name is not barium monosulfur tetraoxide. Many unaware ChemTeam students over the years have made this error and suffered for it.

Consequently, a warning: it is important that you learn to recognize the presence of a polyatomic ion in a formula. Many ChemTeam students have made it their first priority to make a set of flashcards with the name on one side and the ion and its charge on the other. Then, carry them everywhere and use them.

The cations used will be a mix of fixed charges AND variable charges. You must know which are which.

Another warning: you must also know the charges associated with each polyatomic ion. For example, NO3¯ is called nitrate and it has a minus one charge. Once again, many unaware ChemTeam students have thought this means nitrate has a minus three charge. IT DOES NOT.

Use of Parenthesis
When more than one polyatomic ion is required, parenthesis are used to enclose the ion with the subscript going outside the parenthesis. For example, the very first formula used is Fe(NO3)2. This means that two NO3¯ are involved in the compound. Without the parenthesis, the formula would be FeNO32, a far cry from the correct formula.

When you say a formula involving parenthesis out loud, you use the word "taken" as in the formula for ammonium sulfide, which is (NH4)2S. Out loud, you say "N H four taken twice S." OR with the formula for copper(II) chlorate, which is Cu(ClO3)2. You say " Cu Cl O three taken twice."



Example #1 - write the name for Fe(NO3)2
Step #1 - decide if the cation is one showing variable charge. If so, a Roman numeral will be needed. In this case, iron does show variable charge. 

If a variable charge cation is involved, you must determine the Roman numeral involved. You do this by computing the total charge contributed by the polyatomic ion. In this case, NO3¯ has a minus one charge and there are two of them, making a total of minus 2.

Therefore, the iron must be a positive two, in order to keep the total charge of the formula at zero.

Step #2 - determine the name of the polyatomic ion. Nitrate is the name of NO3¯.

The correct name is iron(II) nitrate. The common name would be ferrous nitrate.



Example #2 - write the name for NaOH
Step #1 - the cation, Na+, does not show a variable charge, so no Roman numeral is needed. The name is sodium.

Step#2 - OH¯ is recognized as the hydroxide ion.

The name of this compound is sodium hydroxide.



Usually, at this point, a cry is heard in the ChemTeam's classroom. "But how do you know that OH¯ is hydroxide?" is the plaintive wail. The stock ChemTeam answer is "Well, how do you know anything? How do you know your phone number? How do you know your best friend's name? In fact, how do you know your name?" There are three things you must memorize: the name (hydroxide), the symbol (OH) and the charge (minus one). You must put in the time to learn this nomenclature stuff. It does not come easy and the ChemTeam realizes you'd rather be spending the time doing more important things: going cool places with friends, spending time with members of the opposite sex, spending your parents' money, sleeping, etc. Maybe some other time. Right now, let's move on.



Example #3 - write the name for KMnO4
Step #1 - the cation, K+, does not show a variable charge, so no Roman numeral is needed. The name is potassium.

Step#2 - MnO4¯ is recognized as the permanganate ion.

The name of this compound is potassium permanganate.



Example #4 - write the name for Cu2SO4
Step #1 - decide if the cation is one showing variable charge. If so, a Roman numeral will be needed. In this case, copper does show variable charge. 

If a variable charge cation is involved, you must determine the Roman numeral involved. You do this by computing the total charge contributed by the polyatomic ion. In this case, SO42¯ has a minus two charge and there is only one, making a total of minus 2.

Therefore, the copper must be a positive one. Why? Well, there must be a positive two to go with the negative two in order to make zero. Since the formula shows two copper atoms involved, each must be a plus one charge.

Step #2 - determine the name of the polyatomic ion. Sulfate is the name of SO42¯.

The correct name is copper(I) sulfate. The common name would be cuprous sulfate.



Example #5 - write the name for Ca(ClO3)2
The first part of the name comes from the first element's name: calcium. You also determine that it is not a cation of variable charge.

The second part of the name comes from the name of the polyatomic ion: chlorate.

This compound is named calcium chlorate.



Example #6 - write the name for Fe(OH)3
Iron is an element with two possible oxidation states. The iron is a +3 charge because (1) there are three hydroxides, (2) hydroxide is a minus one charge, (3) this gives a total charge of negative three and (40 there is only one iron, so it must be a +3.

Therefore the first part of the name is iron(III).

The second part of the name is hydroxide, the name of the polyatomic ion.

The name of this compound is iron(III) hydroxide (or ferric hydroxide when using the common method).



Practice Problems

The cations in this first set are all of fixed oxidation state, so no Roman numerals are needed. 

Write the correct name for:

1) AlPO4
2) KNO2
3) NaHCO3
4) CaCO3
5) Mg(OH)2
6) Na2CrO4
7) Ba(CN)2
8) K2SO4
9) NaH2PO4
10) NH4NO3
These formulas involve the use of a polyatomic ion. The cations are all of variable oxidation state, so Roman numerals are needed.

Write the correct name for:

11) Sn(NO3)2
12) FePO4 

13) Cu2SO4
14) Ni(C2H3O2)2
15) HgCO3
16) Pb(OH)4
17) Cu2Cr2O7
18) Cu(ClO3)2
19) FeSO4
20) Hg2(ClO4)2
Write the correct name for:

21) KClO3
22) SnSO4
23) Al(MnO4)3
24) Pb(NO3)2
25) Mg3(PO4)2
26) CuH2PO4
27) CaHPO4
28) Fe(HCO3)3
29) Na2CO3
30) MnSO4
