 CHEMICAL NOMENCLATURE
BINARY COMPOUNDS OF METALS AND NONMETALS
Binary compounds are those formed between two elements.  If one element in a binary compound is a metal and the other is a nonmetal, the compound is usually made of ions.  Ionic compounds must be electrically neutral, but the number of ions in the formula is not given in the name, so you are expected to construct the simplest combination of ions that is neutral.  
We'll start with the simple ions (single atoms that bear a charge because they have lost or gained electrons).  They are pretty easy to learn, because mostly they are in families or indicate their charge with a Roman numeral in their names.  You must memorize the names and formulas (including charge) of these simple ions:
CATIONS (positive ions):
All group 1 metals (Li, Na, K, Rb, Cs) are +1 and all group 2 metals (Mg, Ca, Sr, Ba) are +2

	Name
	Symbol
	Name
	Symbol

	aluminum ion
	Al3+
	cobalt (III) ion
	Co3+

	zinc ion
	Zn2+
	copper (I) ion
	Cu1+

	silver ion
	Ag1+
	copper (II) ion
	Cu2+

	chromium (II) ion
	Cr2+
	mercury (I) ion
	Hg22+

	chromium (III) ion
	Cr3+
	mercury (II) ion
	Hg2+

	iron (II) ion
	Fe2+
	tin (II) ion
	Sn2+

	iron (III) ion
	Fe3+
	tin (IV) ion
	Sn4+

	cobalt (II) ion
	Co2+
	lead (II) ion
	Pb2+


ANIONS (negative ions):
	Name
	Symbol
	Name
	Symbol

	fluoride
	F1–
	hydride
	H1–

	chloride
	Cl1–
	oxide
	O2–

	bromide
	Br1–
	sulfide
	S2–

	iodide
	I1–
	nitride
	N3–


You should be able to predict that silver bromide is AgBr, calcium fluoride is CaF2, and aluminum oxide is Al2O3, the simplest neutral combination of Al3+ and O2–. 

POLYATOMIC IONS
Polyatomic ions consist of two or more atoms bound together by covalent bonds, with a charge on the entire unit.  Many polyatomic anions contain oxygen, and are called oxoanions.  You must memorize the names and formulas (including charges) of these polyatomic ions:
	Name
	Symbol
	Name
	Symbol

	ammonium ion
	NH41+ 
	hydroxide ion
	OH1– 

	hydronium ion

	H3O1+ 
	nitrate ion
	NO31– 

	acetate ion
	C2H3O21–  (or CH3COO1– )
	nitrite ion
	NO21– 

	carbonate ion
	CO32– 
	oxalate ion
	C2O42– 

	hydrogen carbonate ion

(aka bicarbonate ion)
	HCO31– 
	permanganate ion
	MnO41– 

	hypochlorite ion*
	ClO1– 
	phosphate ion
	PO43– 

	chlorite ion
	ClO21– 
	hydrogen phosphate ion
	HPO42– 

	chlorate ion
	ClO31– 
	dihydrogen phosphate ion
	H2PO41– 

	perchlorate ion
	ClO41– 
	sulfate ion
	SO42– 

	chromate ion
	CrO42– 
	hydrogen sulfate ion (aka bisulfate ion)
	HSO41– 

	dichromate ion
	Cr2O72– 
	sulfite ion
	SO32– 

	cyanate ion
	OCN1– 
	hydrogen sulfite ion (aka bisulfite ion)
	HSO31– 

	thiocyanate ion
	SCN1– 
	thiosulfate ion
	S2O32– 

	cyanide ion
	CN1–
	
	


*The same set of ions occurs for Br and I:  hypobromite, bromite, bromate, perbromate and hypoiodite, iodite, iodate, periodate.  The set does NOT exist for F.

Try to find some patterns in the names, to help you memorize them.  You should be able to predict that sodium sulfate is Na2SO4, potassium hydrogen carbonate is KHCO3, magnesium hydroxide is Mg(OH)2, ammonium phosphate is (NH4)3PO4, and iron (III) nitrate is Fe(NO3)3.

ACIDS
Once you know the ions, it is easier to master acid nomenclature, because the names are related and the formulas derive from the ion charges.

An acid is a substance that produces H1+ ions in aqueous solution.  Acids fall into two categories, binary acids and oxoacids.

A salt is an ionic compound in which an acid H is replaced by another positive ion (keeping the formula electrically neutral, of course).  Thus NaCl is a salt of HCl, and KHSO4 and K2SO4 are salts of H2SO4.

BINARY ACIDS
A binary acid is a compound of H with another nonmetal, with the H written first to emphasize the acidic nature of the compound.  These compounds are named as molecular compounds when pure, but as acids when in aqueous solution.  You must memorize the important binary acids listed below:
	Formula
	Molecular name
	Acid name

	HF
	hydrogen fluoride
	hydrofluoric acid

	HCl
	hydrogen chloride
	hydrochloric acid

	HBr
	hydrogen bromide
	hydrobromic acid

	HI
	hydrogen iodide
	hydroiodic acid

	H2S
	hydrogen sulfide
	hydrosulfuric acid

	HCN
	hydrogen cyanide
	hydrocyanic acid


HCN is not really binary, but it's not an oxoacid so it's usually included with the binaries.

OXOACIDS
Most acids are ternary compounds:  that is, they are made of three elements, hydrogen, oxygen, and another nonmetal.  These acids are called oxoacids.  In oxoacids, the H is always bound to the oxygen, never to the other nonmetal.  You must memorize these important oxoacids:
	Acid formula
	Acid name
	Acid formula
	Acid name

	H2CO3
	carbonic acid
	H3PO4
	phosphoric acid

	HNO3
	nitric acid
	HClO
	hypochlorous acid

	HNO2
	nitrous acid
	HClO2
	chlorous acid

	H2SO4
	sulfuric acid
	HClO3
	chloric acid

	H2SO3
	sulfurous acid
	HClO4
	perchloric acid


You should notice a correlation between the names of the oxoacids and the names of the oxoanions:

•  In general, oxoacids ending in "–ic" contain oxoanions ending in "–ate":


nitric acid, HNO3 and nitrate ion, NO31–

sulfuric acid, H2SO4 and hydrogen sulfate ion, HSO41– and sulfate ion, SO42– 

•  Oxo acids ending in "–ous" contain oxoanions ending in "–ite":


nitrous acid, HNO2 and nitrite ion, NO21– 


hypochlorous acid, HClO and hypochlorite ion, ClO1– 

As above, sets of acids using Br or I instead of Cl also exists:  hypobromous acid, bromous acid, bromic acid, perbromic acid; hypoiodous acid, iodous acid, iodic acid, periodic acid.

Whew!  Ionic nomenclature is really the worst of it.  What's left is relatively simple.

BINARY COMPOUNDS OF TWO NONMETALS
Binary compounds are those formed between two elements.  If both elements are nonmetals, the compound is molecular.  Because the same two non-metallic elements may form several different binary compounds, show the number of atoms of each element in the formula by attaching a prefix to the element name.  Memorize these prefixes if you don't already know them:

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	mono
	di
	tri
	tetra
	penta
	hexa
	hepta
	octa
	nona
	deca


Thus, sulfur dioxide is SO2 and dichlorine heptoxide is Cl2O7.

Sometimes the oxidation number is used instead of a prefix:  for example, P2O5 may be called phosphorus (V) oxide instead of diphosphorus pentoxide.  In this case, treat it like an ionic compound and construct a "neutral" formula.  Phosphorus is +5 (given by the Roman numeral), and you know that oxide is –2, so you can see that the simplest combination must be P2O5.

SIMPLE ORGANIC NOMENCLATURE
Organic molecules are based on carbon chains to which are attached hydrogens and sometimes other atoms.  The names of organic compounds consist of the chain name, which indicates the number of carbons in the main or parent chain, and a suffix which indicates the functional group of the molecule.  Memorize these chain names and functional group suffixes:

	Number of carbons
	Chain
	
	Suffix
	Functional group

	1
	methane
	
	-ane
	all C–C bonds in chain are single  =  ALKANE

	2
	ethane
	
	-ene
	a C=C double bond in chain  =  ALKENE

	3
	propane
	
	-yne
	a CC triple bond in chain  =  ALKYNE

	4
	butane
	
	-ol
	–OH attached to C in chain  =  ALCOHOL

	5
	pentane
	
	-oxy
	–O– in chain  =  ETHER (name is R-oxy-R')

	6
	hexane
	
	-amine
	–NH2 attached to C in chain  =  AMINE

	7
	heptane
	
	-al
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  at end of chain  =  ALDEHYDE

	8
	octane
	
	-one
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 in chain (not at end)  =  KETONE

	9
	nonane
	
	-oic acid
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  at end of chain  =  ACID

	10
	decane
	
	
	


Make a skeleton structure first, then attach enough Hs to give each carbon 4 bonds.  Thus,

•  ethane is C – C  or  CH3 – CH3 or C2H6
•  ethene is C = C  or  CH2 = CH2 or C2H4 

•  ethyne is C  C  or  CHCH or C2H2  (common name acetylene)
•  ethanol is CH3 – CH2 – OH or C2H5OH, aka ethyl alcohol

•  methoxymethane is CH3 – O – CH3 or (CH3)2O

•  ethylamine is CH3 – CH2 – NH2 or C2H5NH2 

Another possiblity:   chloroethane (replace a hydrogen with a chlorine to make CH2Cl – CH3)

Adding the prefix cyclo- makes the chain into a ring, with 2 fewer hydrogens than the straight chain:
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cyclohexane, C6H12 

cyclohexene, C6H10 

benzene, C6H6 (benzene is special)

Notice subtle differences like -ane, -ene, or -yne, but don't be too concerned if you miss some details within the name (ethamine or ethanamine or ethylamine?) or can't spell, because on the AP exam you are always expected to write the formula from the name, so if you recognize the structure of the name, you'll be fine.  Also, AP usually stays fairly small, no more than 6 carbons in a chain.

Here are examples of functional groups added to the propane chain.  Can you see how to modify a chain like butane or pentane for each functional group?

	Name
	Skeleton structure
	Formula
	Notes

	propane
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	C3H8 
	Add enough Hs to give each carbon a total of 4 bonds

	propene
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	C3H6 
	

	propyne
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	C3H4 
	

	1-propanol
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	C3H7OH
	The "1" means the hydroxyl functional group is on the first carbon (either end)

	methoxyethane
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	CH3–O–C2H5 
	

	2-propylamine
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	C3H7NH2 
	The "2" means the amine functional group is on the 2nd carbon from the end

	propanal
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	C2H5CHO
	"prop-" means 3 carbons total, including the CHO

	propanone
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	CH3COCH3 
	aka dimethylketone (methyl group on each side of the carbonyl functional group); the common name of propanone is acetone

	propanoic acid
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	HC3H5O2 

(also C2H5COOH

    or C2H5CO2H)
	The H in the carboxyl functional group is the acid H, written at the front as is usual for acids.


Study Guide Nomenclature

We will be studying nomenclature, which is the system of names and formulas for inorganic chemicals.

I. Monatomic Ions(single ion present)

A.  Ions: metals lose valence electrons to form positive ions, called cations.   While nonmetals gain electrons to form negatively charged anions.

B.  The names of simple positive ions are derived from the parent element by the addition of the word ion.  It matters not the number of electrons lost.  Table 9.1 and 9.2 (pg 254-255)shows a list of common cations, notice that some can more than one ion state, such as iron.  Fe2+, Fe3+
Ex. Sodium ion = Na+
C.  The names of simple negative nonmetals are derived from the parent element by simply adding the ending –ide to the end of the word and the addition of the word ion same as with the positive ions.

Ex.  A fluorine atom becomes a fluoride ion if it has a charge of –1.   Table 9.1 (p. 254) shows a long list of negatively charged ions.

D.  There is a periodic relationship among many of the simple ions, such as group IA exhibiting a +1 charge in the ionic state and group IIA exhibiting an ionic state of +2.  (* group IIIA with Al has a +3 charge) This extends across the periodic table to the nonmetals.   See figure 9.1 (p. 254) for further illustration. However, with the nonmetals group VA has a –3, group VIA has –2, and group VIIA –1charge.

Memorize: H+, Li+, Na+, K+, Mg+2, Ca+2, Sr+2, Ba+2, Al+3, Zn+2, Cd+2, Ag+1.
E.  Transition elements can have more than one ionic state.  The stock system of naming is a newer naming system for simple cations where more than one ionic state can exist, a roman numeral is placed behind the parent elements name that coincides with the charge on the ion.

Ex. Iron(II) = Fe2+, this replaced the older system where the ending –ous was used for the lower positive charge and the –ic was used for the larger positive charge. 

Memorize both for copper and iron

Fe2+ 
Iron (II)
ferrous

Fe3+
Iron (III)
ferric

Cu1+
copper (I)
cuprous 

Cu2+
copper (II)
cupric

II. Polyatomic ions are those that involve a cluster of two or more atoms having an overall charge, this charge is for the entire compound.
List of polyatomic ions

Memorize:
NH4+
ammonium




CN- 
cynanide

OH-
hydroxide

NO2-
nitrite

NO3-
nitrate

MnO4-
permanganate

CO32-
carbonate

SO32-
sulfite

SO42-
sulfate

S2O32-  thiosulfate

PO43-
phosphate





ClO3-   chlorate

III. Naming of ionic compounds 

A.  When writing the name of an ionic compound when the formula is given simply write the name of the positive ion first and then write the name of the negative ion, these appear as two separate words.

NaCl
Sodium chloride

Ba(NO3)2
Barium nitrate

B.  If one of the two has a variable charge:  Such as iron the name must explicitly describe and identify which species of ion is present.

FeSO4
Iron (II) sulfate

Fe2(SO4)3
Iron (III) sulfate

Name the following compounds.

1. KCl

2. LiF

3. Na2S

4. Rb2O3
5. Ca3N2
6. MgO

7. SrBr

8. AlCl3
9. BaF2
10. KI

Name the following compounds that have transition metals.  Put the charge of the metal in parenthesis

Example:

FeS


Iron (II) sulfide

11. FeBr3
12. FeBr2
13. CrO3
14. CrO4
15. CrO5
Name the following compounds that have polyatomic ions

16. Fe(NO3)2
17. Zn(NO2)2
18. CaCO3
19. KOH

20. HCO3
21. NH4Cl

22. NaCN

23. LiSO4
24. HSO3
25. KMnO4
26. H3PO4
27. Sr(ClO4)2
28. Al2(SO3)2
Given the names what are the formulas of the following compounds.

29. Cesium hydroxide

30. Iron (II) sulfite

31. Sodium carbonate

32. Europium (II) nitrate

33. Lithium cyanide

34. Titanium (II) carbonate

Study Guide Nomenclature of Acids

A. Acids:

1. Special rules come into play when the compounds include an H+ ion instead of a metal ion or a positive polyatomic ion.  These compounds have different properties in their gaseous state than their liquid (aqueous) state.

2. For our purposes, an acid is a compound that gives up a H+ in an aqueous solution.

3. Binary acids:

a) In the gaseous form, the binary compounds are named as hydrogen derivatives.

Examples:  
HCl 
=
hydrogen chloride.

HBr
=
hydrogen bromide.

b) In the aqueous form, the prefix “hydro-” and the “-ide” ending is replaced by “-ic acid”.

Example:
HCl
=
hydrochloric acid.







HBr
=
hydrobromic acid.



4.
Ternary acids:

a) In the aqueous form: the word “hydrogen” is replaced with the prefix “-per” or “-hypo” is used and the suffixes“-ate” or “-ite” replaced with “-ic acid” or “-ous acid” respectively.

Example:

Polyatomic Formula
Polyatomic Name
Acid formula

Acid Name

BrO4

Perbromate

HBrO4


Perbromic acid



ClO

hypohlorite

HClO


Hypochlorous acid


ClO2

chlorite


HClO2


Chlorous acid



ClO3

chlorate


HClO3


Chloric acid



ClO3

perchlorate

HClO4


Perchloric acid



b) In addition, aqueous ternary acids involved phosphorus, the “or” is reinserted in the acid name.  The same applies for the “ur” in sulfur.

Example:
H3PO4
=
Hydrogen phosphate
(gas)









Phosphoric acid
(aq)

This is also an example of a polyprotic acid, since it has more than one H+ that it can give up

What are the names of the following binary acids in their aqueous forms?

1. HCl

2. HF
3. HBr
4. HI
5. H2S
6. H2Se
7. H3N
8. H3P
What are the names of the following tertiary acids?

9. HClO3
10. HNO3
11. HNO2
12. H2CO3
13. H3PO4
14. H2SO4
15. H2SO3
What are the formulas for the following acids?

16. Hydrochloric acid

17. Hydrosulfuric acid

18. Hydroiodic acid

19. Hydrobromic acid

20. Hydrofluoric acid

21. Phosphoric acid

22. Chloric acid

23. Chlorous acid

24. Nitric acid

25. Nitrous acid

26. Sulfuric acid

27. Sulfurous acid
Study Guide Nomenclature

 Of Covalent Compounds

I. Binary compounds containing two non-metals

A. Compounds containing two elements.

B. The ending of the second element is “-ide”.

C. When both elements are non-metals, the number of atoms of each element is indicated with the name using prefixes.  (mono (1) , di (2), tri (3), tetra (4), penta (5), hexa (6), hepta (7), octa (8), nana (9), deca (10) etc.)

· The prefix mono is not always used.
· It is assumed to be one if no prefix is used.
1. N2O5
2. IF7
3. SiBr4
4. P2F3
5. As3N2
6. Se2O

7. S2Br5
8. CCl6
9. CF5
10. N3O8
11. Te4F7
Name the following compounds that have transition metals.  Put the charge of the metal in parenthesis

Example:

FeS


Iron (II) sulfide

12. CdF3
13. Fe2O3
14. FeO2
15. NiCl3
16. ScI2
17. MnS2
18. ZrCl3
Name the following compounds as Acids

19. H2CO3
20. HCl

21. HClO3
22. HClO2
23. H2Se

24. H2S

25. H2SO4
26. H2SO3
Name the following compounds.

27. W(NO3)3
28. V(SO3)2
29. NaOH

30. Ca3(PO4)2
31. NH4NO3
32. KCN

33. CuCl2
34. CoSO4
35. KNO3
36. H3PO4
37. CsF

38. SCl6
39. P2F5
Given the names what are the formulas of the following compounds.

40. Potassium tetrachloride

41. Iron (II) sulfate

42. Phosphoric acid

43. Dinitrogen pentaoxide

44. Lithium cyanide

45. Sulfur hexafluoride

Titration and Molarity Problems

1. What is the molarity of a sodium hydroxide solution if 9 mL of the solution is titrated to the end point with 10mL of 0.20M Hydrochloric acid?

NaOH + HCl ( H2O + NaCl

2. What is the molarity of a sodium hydroxide solution if 4.5 mL of the solution is titrated to the end point with 5mL of 0.083M acetic acid?

NaOH + HC2H3O2 ( H2O + NaC2H3O2
3. What is the molarity of a sodium hydroxide solution if 38 mL of the solution is titrated to the end point with 14mL of 0.75M sulfuric acid?

2NaOH + H2SO4 ( 2H2O + Na2SO4
4. If 24.6mL of a Ca(OH)2 solution is needed to neutralize 14.2 mL of 0.014M HC2H3O2, what is the concentration of the calcium hydroxide solution?

Ca(OH)2 + 2HC2H3O2 ( 2H2O + Ca(C2H3O2)2
5. A 12.4 mL solution of H2SO4 is completely neutralized by 19.8 mL of 0.01M Ca(OH)2. What is the concentration of the H2SO4 solution?

Ca(OH)2 + H2SO4 ( 2H2O + Ca2SO4
6. What volume of 0.12M Ba(OH)3 is needed to neutralize 12.2 mL of 0.25M HCl?

Ba(OH)3 + 3HCl ( 3H2O + BaCl3
7. A 55.0 mg sample of Al(OH)3 is reacted with 0.200M HCl. How many milliliters of the acid are needed to neutralize the Al(OH)3?

Al(OH)3 + 3HCl ( 3H2O + AlCl3
8. What is the molarity of a solution made with 25 g of NaOH dissolved in 1.5L?

9. What is the molarity of a solution made by dissolving 10g of KCl in 500mL of water?

10. If you made 2 liters of a 6 M solution of NaCl how much NaCl would you need to use?

11. If you need to make 500mL of a 2 M solution of Ca(OH)2, how much Ca(OH)2  would you need to use?

12. What is the molarity of a solution made by dissolving 3 moles of solute into 6 liters of solvent.

13. What is a solute_______________________________________

14. What is a solvent_______________________________________

Determining the Empirical Formula

The Empirical formula is the simplest formula for a compound.  The Molecular formula is a multiple of empirical formula.

1. Determine the empirical formula of the following. To solve first determine the number of moles of each element, then divide all the moles by the smallest number of moles.  This gives the subscripts for the empirical formula.

a. 1.651g Ag and 0.1224 g O

b. 0.672g Co, 0.569g As, 0.486g O

c. 1.443g Se, 5.841g Br

2. Determine the empirical formula for the following compound.  To solve pretend you have a 100g sample, this means your percentages convert directly into grams and solve from there.

a. Nicotine C=74.03%, H=8.70%, N=17.27%

b. Caffeine C=49.48%, H=5.19%, N=28.85%, O=16.48%

c. Methyl butyrate  C=58.80%, H=9.87%, O=31.33%

3. What is the empirical formula of a compound that has 0.7549 g sample of a compound is burned it the presence of O2 gas to produce 1.9061 g of CO2 and 0.3370g of H2O.

a. How many moles of C and H are in the sample?

b. How many grams of C and H are in the sample?

c. The remaining mass comes from the oxygen, what is the mass of O?

d. Determine the moles of O?

e. Divide all the moles by the smallest number of moles to determine the empirical formula.

4. Fructose is a sugar found in fruit. Elemental analysis determines the percent composition to be C=40.00%, H=6.72%, O=53.23%

a. How many grams of C, H, and O are in the sample?

b. How many moles of C, H, and O are in the sample?

c. What is the empirical formula?

Practice Problems Equilibrium
1. Write the equilibrium expression for the oxidation of hydrogen to form water vapor.

2H2(g) + O2(g) ( 2H2O(g)
2. Write the equilibrium expression for the formation of nitrosyl bromide.

2NO(g) + Br2(g) ( 2NOBr(g)
3. Write the equilibrium expression for the following reaction.

NO(g) + O3(g) ( O2(g) + NO2(g)
4. Write the equilibrium expression for the following reaction.

CH4(g) + Cl2(g) ( CH3Cl(g) + HCl(g)
5. Write the equilibrium expression for the following reaction.

CH4(g) + H2O(g) ( CO(g) + 3H2(g)
6. Write the equilibrium expression for the following reaction.

CO(g) + 2H2(g) ( CH3OH(g)
7. Write the equilibrium expression for the combustion of ethane at high temperature.

2C2H6(g) + 7O2(g) ( 4CO2(g) + 6H2O(g)
8. Write the equilibrium expression for the decomposition of ethane.

C2H6(g) ( C2H4(g) + H2(g)
For Questions 9-16, solve the following equilibrium expressions and determine whether the reaction will favor products or reactants.

9. Hg=1.0M, I2=2.0M and HgI2=4.0M

Hg(g) + I2(g) ( HgI2(g)
10. CO2=2.0M and CO=2.0M

SnO2(s) + 2CO(g) ( Sn(s) + 2CO2(g)
11. CO2=2.0M and CO=4.0M

C(s) + CO2(g) ( 2CO(g)
12. CO2=1.0M and CO=0.50M

FeO(s) + CO(g) ( Fe(s) + CO2(g)
13. K=9.0M

KCl(l) + Na(l) ( NaCl(l) + K(g)
14. HCl= 3.0M

           NaCl(s) + H2SO4(l) ( HCl(g) + NaHSO4(s)
15. NO= 2.0M and N2= 2.0M 

P4(s) + 6NO(g) ( P4O6(s) + 3N2(g)
16. NO= 3.0M, H2= 2.0M and N2=3.0M

2NO(g) + 2H2(g) ( N2(g) + 2H2O(l)
Memorize – name, formula and charge.








