Inorganic Chemical
Nomenclature

(Naming the common compounds)

@ Prerequisite skills for learning nomenclature of inorganic compounds:

Elements §1. When given the chemical symbol, from memory, write the correctly spelled names
of the first twenty elements (H to Ca), and Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, KT, Sr,
Mo, Ag, Cd, Sn, Sb, ], Xe, Ba, W, Pt, Au, Hg, Pb, Bi, Rn, Ra, U, Pu, " E

2. Identify the correct chemical Symbols when given the names.
3. Beable to quickly locate these elements on a periodic table.

to know
on web-
site

Objectives:
After reading and answering the questions in this set of handout notes, you should be able to:
(while using a Perlodlic Table, using the elements listed above)

1. Write from memory, the formulas and trivial names of methane, ammonla, and water.
2. Distingulsh inorganic compounds from organic compounds when given their formulas (or their names),
3. Be able to distinguish metals from non-metals (and metalloids) by thelr position in the periodic table
or by their names.
4. Label compounds as lonic or covalent, glven their formulas.
5. For any of these elements, list thelr possible valences in compounds (charges in ionic
compounds or number of bonds formed in covalent compounds)
6. Given its name, write the formula of any binary (le. two-element) ionic compound composed of
representative elements (U.S. Group A). eg. magnesium chloride MgCly
7. Name any binary lonic compound when given its name. eg. NaS =- sodium sulfide
. From memory, write the names and formulas of any of these twelve polyatomic ions:
NO371, NOz, 50472, 8032, CO3°Z, HCO31, PO4-3, OH-1, CN-1, NH,+1, MnO41, Crog2 ¢%
9. Write the formulas and names of compounds containing any of those 12 polyatomic ions.
eg. (NH4)3PO4 « ammonium phosphate
10. Given their formulas, use the Stock system for naming compounds containing ions of variable charge.
eg. Fe(OH)3 = iron(Il) hydroxide -
11. Given their names, determine the formulas of compounds containing 'metal lons of variable charge.
eg. tn(IV) sulfate Sn(S04)2 )
OMIT EZ Given name of any compound having metals of variable charge that have been named by the

Ions to
know on
website

®

Nb\-:‘@ asumoninm

old -ous, -ic system, find the formula and the modern Stock system name, eg. ferrous sulfate = FeSOg4

and  (ron(T) sutfate

13. Know the Greek numerical prefixes from one to ten.

14. Name the covalent compound (ie. compounds made from two non-metals) given their formulas
and find the formula when given any such name. eg. N2Os5 < dinitrogen pentoxide

15. write the names and formulas of the common acdds and bases: HCI, HNO3, H2S04, H3PO4, NaOH, KOH, Ca(OH)2
Kl & hpdrodnleric aud
"oy sulfaric adéd

"16. Identify the elements that occur as diatomic molecules under normal conditions:
They are hydrogen, nitrogen, oxygen, fluorine, chlorine, bromine, and iodine

Mnemonics: 1.) All the elements that end in -gen or -Ine suffixes, 2.) FONCIBrIH (pronounce: fonklebree),

3.) These elements are located in an (up-side-down) L-shaped pattern in the periodic table,
17. When provided with the names and symbols of elements that you did not have to memorize in the

lists above (Prerequisite skills 1 & 2), use the periodic table to generalize and assign names or formulas.

eg. rubldium selenide < Rb+ like Na+ and Se?- like $2-, so Rb3Se is the formula.
eg. Cs3AsO4 < cesium ion, Cs* like Na* and AsO43- like PO43-, so cesium arsenate is the name.

18. Be able to assign names and/or formulas in a general mixture of compounds that fit into any of
the three naming systems.
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modlfied from notes of

A.) Prerequisite skills and Objectives
Dr. Marlene Kolz and Dr. David Parrish

B.) What is nomenclature? (assignment of names)
C.) Trivlal names (non-systematic names; methane, ammonia, water)

D.) Systematic names
1.) Simple Binary compounds (use no prefixes or Roman numerals)
a.) Identifying metal, non-metal, and metalloid elements
b.) Finding lonlc charge of an element In a compound from periodic table patterns
2.) Pseudo-binary compounds from presence of polyatomic ions
3.) Binary compounds having a positive ion that has a variable valence
a.) Stock system for compounds of metals having variable charge (use Roman numerals)
b.) old system using -ous and -ic for lower and higher oxidation states
4.) Covalent compounds (use Greek numerical prefixes)

5.) Acids and bases
Oxo-aclds and trends in formulas across the periodic table

E.) Overview and Flowchart

In andent Rome, a nomenclator was the person who stood at the door of gatherings, such as
the Roman Senate, and announced the names of guests as they arrived. (Etymology of nomendlature)
Today, chemical nomenclature is name assignment (and understanding of names and formulas).

The word nemenclature Is itself apparently difficult, if one may judge by the different ways

of mispronouncing it. I have atended seminars of visiting chemists, sometimes famous chemists,

who pronounced this word as ndm' men ki3’ cher, n8m men* K1 cher, n3 menk' k' cher,

nd' men clét cher, and others. Mispronunciations are a sign of a self-taught person, one who

learned only from reading, Bur, If usage Is the judge, then [ do not know who is correctly pronouncing
nomenclature. According to my two dictionaries, na' men ki3 cher is the correct pronunciation;

with the first o, as 2 long o as in go, the first e pronounced as in agent, the a , a long a as in ape,

and the -ture ending pronounced as cher with this e sound pronounced as In agent.

How would Chemical Abstracts handle it
If you just called it “an ooky mess’’?
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@ Trivial names (Common names, non-systematic names) g

When chemistry (and alchemy) was a new science, a relatively small number of
substances were known. It was possible to memorize all their names.
So, new substances were named haphazardly as were the elements.
Some were named for their appearance (milk of lime, Venetian red, fool's gold).
Some were named for their chemical propertles (caustic soda, aqua fortis, fixed air)’
Some were named for other properties (magnetite, laughing gas) or their
origin (Chilean saltpeter) or their use (baking soda, washing soda) or for
their discoverer {Zeise's salt) or other incidentals.
{See page 12 at the end of these notes.) -

Trivial names are sometimes used like nicknames, for brevity and familiarity.
Chemists still use trivial names for some types of compounds, such as these non-metal hydrides.

CH4 is methane NH3 1s ammonla H20 Is water
Sitl4 is sllane PH3 is phosphine

GeHy4 is germane AsH3 is arsine

SnHy4 is stannane SbH3 s stibine

Exercise #1 Write the name for these three formulas.
H20 - NH3 CH4

It would be a hopeless task to learn the names of all the millions of known compounds if they

" had all been named by trivial names assigned by the caprice of those who discovered or first
described each compound.
The goal of systematic chemical nomenclature is to describe COMPOSITION, unambiguously,

butbrefly:  Element Compound
use a symbol (one or two letters) use a formula
example: Mg example: MgSO4.

use a two-word name
example: magnesium sulfate

use a one-word name
example: magnesium

elements are mostly solids
(often gray metals)

inorganic compounds are
usually white solids
(often powders or colorless crystals)

Both an element and a compound are pure substances (l.e., chemicals).
See "Classification of Matter" notes for definitions.

Our modern inorganic chemical nomenclature uses two names to describe the two parts of
most compounds. A first name describes the positively charged part and a second name
describes the negatively charged part. The positlve part is usually a metal or hydrogen or
the less negative nonmetal. The negative part Is usually a nonmetal or an oxygen-containing
negatively-charged lon. . ’

Covalent compounds are described differently than ionic compounds, so we must be able to
distinguish between covalent and ionic to properly assign names. Ionic compounds have a
positive lon (cation) and a negative lon (anion). The positive ion is usually a metal ion, since’
metals tend to lose electrons to form cations. The negative jon is often a nonmetal anlon since
nonmetals tend to gain electrons to complete their outer-electron level. Some examples of ionic
compounds are NaCl, MgCl2, and FeCl3. :

Metals can be distinguished from nonmetals by their position in the periodic table.
For the purposes of nomenclature, metalloids (that is, the borderline elements
between metals and nonmetals) are classed with and named like the nonmetals.
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When a nonmetal forms a compound with another nonmetal, they share electrons to form a covalent
compound, Below we separate the compounds by an arbitrary division, this is necessary because the
compounds actually grade continuously from ionic to covalent.

Metal - nonmetal compound

(eg. NaCl, or CaBr2)

has lonic bonds (cations attract anions)
(metal loses e~ to form cation, and

the nonmetal gains e~ to form anion

Nonmetal - nonmetal compound
(eg. CCly, or H20)

has covalent bonds

(electrons are shared between atoms

that have similar attraction for electrons
le. similar electronegativity)

Use an -1de suffix for the ions that have gained enough electrons to reach a noble-gas configuration.

c+ N3- oz F- ( H- )
carbide nitride oxide fluoride hydride
/‘ like a Mlide
’ p3 sz Cl-
Mf_ H phosphide sulfide chloride These are the common states for
Ca® s non-metallic elements when only
91‘;'1_‘:\‘4 As3- Se2- Br one non-metal constitutes the
) arsenide selenide  bromide  negative part of the compound.
So, -ide indicates one negative
Te2- I element. Compare this to -ite or
telluride fodide -ate which indicate the presence
of additional oxygen.
halides

Periodic Table and Ions (Oxidation Number)
(a simplified periodic table, omitting the transition metals)
-4

1 42 +3 +4 -3 -2 -1 o coniREa st
IA 1IIA I1IA IVA VA VIA VIIA VITIA <« Grey sl er
1 iz |
idos | Hs
3 4 s e |17 [} ] 10
Li | Be BlICINI|O Ne
8.04 | 0.01 ';_E-l 12.04 | 14.01 | t8.CO | 1.0 20.2
0 2 : | s T &g é’: %)
Na Mg Al ESi | P S | | Ar
23.0 | 24. 27.0 § 201 3.0 | a2zl 353 | 399
1] 20 3l 33 34 s ae
Ca Ga | Ge JAs | Se | Br | Kr
39) 401 807 |72.86 1749 100 | 799 | 8ag
a7 38 49 50 E] 32 53 54
Rb | Sr In | Sn | Sb{Te | | | Xe
LES ] 818 1.9 1187 | 121.0 §i27.8 | 1269 | 133
[1.3 38 L) (.} 83 84 1.} a8
Cs|Ba| "|TH i | Po Rn
132.9 | 1373 IJ@A 2072 (2090 ; 209 {210 | to22)
87 88 | The positive and negatlve numbers written at the top of each column Indicate the
r electrical charges these atoms usually have (formally) when they lose or gain
{223) | (228) ! elecrons to become lons. Thls occurs when ionlc compounds form.

lonic bonding occurs when the bonded partners come from opposlte ends of the perlodic table,
such as when potasslum, a left-winger, bonds with fluorine, a right-wing reactionary.

Ilere is a mnemonic device from politics: the far-left are liberal at giving away electrons.

The far-right are conservatlve and collect things (old flags in the auic?). The extreme far-

right (noble gases) are Isolationists and aristocrats. The melalloids are undecided, Independent.
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There are several exercises found throughout this set of notes. For each exercise, a

dashed line separates the problem from the answer. To get the most benefit from
these exercises, caver up the answers with a piece of paper. Write down your answers @ Simple Binary Ionic Compounds (from Whitten, Gailey, & Davis)
in the space provided, and compare your answers with those given.
Metal Nonmetal General Formula Example Melting %
Exerclse #4 Label each of these compounds as ionic or covalent. General symbol, M General symbol, X of Compound Point
. : ' _(2ad the lons present) Temperature
CaCl2 NiBrz SOz dF3 Nal B203 M (GroupJA)*  + X (Group VIIA) —  MX (MY, X) LiBr 547°C
-------------------------------------------------------------------- M GroupIIA) + X(GroupVIIA) —+ M) (M2+,2X) MgBr 708°C
ionic ionic covalent covalent ionic covalent M (Group HL:) + X (Group VIIA) — HX3 (M3+,2X) GaF3 800°C
tal al  metal ! ! i i | mewl ! ! M (GroupIA)”  + X (Group VIA) — M2X (MY, X2) L0 1750°C
3 M (GroupITA)  + X (GroupVIA) —+ MY (M2%,X2) Ca0 2580°C
Exercise #5a For each formula listed below, write the charge on each ion, the. M (Group IlTA) + X (Group VIA) — M2Xy (2M3+, 3 X27) AlL03 2045°C
total positive charge, the total negatlve charge, and the net charge on the compound. M (Group IA)*  + X (Group VA) — M3 GuYX3) LisN 840°C
The first two have been done for you as examples. | M(GroupTIA) + X (Group VA) N Mgy (GMZ, 2139 CazPs S—
Compound lons Net Charge M (Group IIA) + X (Group VA) —  MX (9, x3) AlP very high
NaCl Na +1 clr -1 1] * Hydrogen Is considered a nanmetal, and ali binary compounds are covalent except
) 0 = 1(e2) + 2> the metal hydrides such as NaH and CaHj.
+ - =i -
MgBr, : Mg 2 Wr -2 i Naming a Binary Compound (l.e., a compound having only two elements.)
ALT T ar A.) Binary compounds in which there is a metal having only one possible charge.
3 . {eg. Group IA metal lons, Group IIA metal ions, Zn2+, Cd2*, or A13+)
Li0 2Li o] The name of a binary (ie. two-element) compound consists of two parts;
1.) the name of the first element {(usually a metal or the more positive atom), and
Al,0, 2nL 30 P 2.) the stem name of the second (more negative) element with an -ide suffix.
[Stem names are listed in the tables on the right side of this page.]
Li N i N
Na,C aa = C — 4% Compounds formed from fons having a higher charge (M+278¢ wich X-1228) will have a stronger

attractive force and thus higher melting point temperature. [See Coulomb's law of .
T R B T B Y N I gy s electrostatic attraction (Physlcs) which states that the attractive force Is dlrectly proponjonal
The positive and negative parts must combine in a ratio so as to make a neutral compound, to the size of the two charges.]
so in all cases the total positive charges should equal the total negative charge, since the
net charge on any compound is zero.

3+ - =0 + O2- =0
AP*, 3T Netcharge of All3 = 0; 218, 0% Net charge of 1120 = 0; Calcium chloride, CaCl3, is a binary compound composed of one atom of calcium for
2 Al3+,3 0% Netcharge of Al;03 =0; 3 Ui+, N3 Netcharge of Ui3N =0 every two atoms of chlorine, The name of the positive element, “Ca" , is written first i
The fact that compounds are neutral helps us to correctly write the formulas of and is not modified. The name of the negative element, "Cl", is derived from the stem, "Chlor-",
most ionic compounds when given only the charges of their constituent ions. by adding the ending "-ide"; so, it s named “chloride”". The compound"name Is “calcium c}:lorlde".
For example, the compound sodlum oxide consists of Na*1 ions and 02- fons. In order for i?scaus'e. calclum Is always +2 In all of its compounds, we do not write "calclum(lI) chloride".
1 2. 0, since calcium is a metal, we do not write "calcium dichloride".
the compound to be neutral, there must be two Na*! ions for every one 04~ ion.
Therefore, the formula of sodium oxide Is Na20. Examples of binary compounds where the metal has only one possible oxidation state.
By convention we write the metal (or positive ion) first. Formula Name
Thus, we vYnte Na20, not ONa2 (and Na(l, never CINa) MgBrz Magnesium bromide
Exercise #5b Write the formula of the simplest compound formed between: Na20 Sodium oxide
potassium and fluorine NaH Sodium hydride
calcium and oxygen KaP Potassium phosphide
magnesium and fodine CaS Calclum sulfide
aluminum and bromine AlzSe3 Aluminum selenlde
sodium and sulfur Mg3N2 Magnesium nitride
aluminum and sulfur ZnCl Zinc chloride
Ici d nitr ; ; .
EENP = = aue ‘ Ordering of elements in formula of binary compounds (gen-
hydrogen and oxygen _
.................................................................... erally follows electronegativity) - see CH1,2 lecture notes
i m[GA0n WiELy Ry NEZS SRy i B SiC SbArPN H TeSeS IBrCl O F
Note the order of the ions in the formulas you have just finished writing.
Group # 1II v \% VI VIl

Which ion is first? [ posltive? or negative?] (Clrcle one.)
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A part of a word Is called an affix, such as a preflx, suffix, or inflx (ie. stém).
: (“beginnings, endings, and middles")

The table below lists the stems for the non-metallic elements that become
negative. So these stems are the foundation for the second name in the binary compound.

Symbol Element Stem (le. infix) Binary name ending
B boron bor- boride
Br bromine brom- bromide
[} carbon carb- (or carbon-) carbide
Cl chlorine chloro- chloride
F fluorine fluoro- fluoride
H hydrogen hydr- hydride
1 iodine fod- iodide ‘ .
N nitrogen nitr- nitride sulfwiic acid
o} oxygen ox- oxide but sulfake
P phosphorus phosph- (or phosphor-)  phosphide Gt suiurate §)
S sulfur sulf- (or sulfur-) sulfide hedtever, we use

Carbon; :
Below these stem names are reorganized by thelr elements’ positlons in =~ ———o¢ & add

the periodic table. asd, Carbopae.
Gr.g;lup-h HIA IVA VA VIA VIIA
\';_::ﬁt B bor C carblon) N nitr 0 ox F fluor
St silic P phosph(or) S sulf(ur)  Cl chlor
As arsen Se selen Br brom
Sb antdmon Te tellur I iod

Exercise #7a Name the seven compounds listed below (from Exercise #5a)
NaCl
MgBraz
All3
Li,0
Al203
LizN
NayC

sodium chloride, magnesium bromide, aluminum iodide, lithium oxide,
aluminum oxide, lithlum nitride, sodlum carbide

Exercise #7b Name the eight compounds Hsted below (from Exercise #35b)
KF
CaOo
Mgl
AlBr3
Na3S
AlpS3
Ca3Np
Hz0

potassium fluoride, calcium oxide, magnesium iodide, aluminum bromide,
sodium sulfide, aluminum sulfide, calcium nitride, hydrogen oxide (water!)

“p.-4

Formulas of binary hydrogen, oxygen, and chloride compounds of Group A elements
(i.e., representative elements) showing periodic patterns in valence.

Group in the periodic table: [A oA IIIA IVA VA VIA VIA
Hydrogen compound : NaH CaH, AlH; CH,4 NH; H,S HC1
Oxygen compound : Na;0 Ca0 Al; O3 CO, N,Os5 SO3 Cl,04
Chlorine compound : NaCl CaCl; AlCl3 CCl, NCl; SCl, Cl,

(see Table on p.3, too)
Polyatom.lé ions

Certain combinations of atoms behave like ions during compound formation.
They are called polyatomic ions. Each consists of more than one atom and

each has a net electrostatic charge. For example, NO3~ is the nitrate ion.
Exercise #8a What is the formula of sodium nitrate?
What Is the formula of calcium nitrate?

What is the formula of alumlnum nltrate?

NaNQ3, Ca(NQO3)2, Al(NO3)3 [We describe this last compound by saying "Ai{gitrale)taken three times"]

"O-Yheaed
Note parentheses are required when there {s more than one polyatomic ion in the compound.
However, no parentheses are used when there is only one polyatomic ion In the compound.
For example, we do not write Na(OH) but NaOH. Also, note that parentheses are never used
for a single element, For example, we never write (Na)2504, but rather NazSO4.
As a general rule, do not use parentheses unless they are needed to make the
formula unambiguous,

Here is a list of the most common polyatomic ions. These ions are used so much
in chemistry, that chemistry students must MEMORIZE the NAMES, FORMLULAS,
and CHARGES of each of these twelve polyatomic ions. Jf&

OH-  hydroxide S042- sulfate PO43- phosphate
CN- cyanide $032- sulfite NH4* ammonium
NQ3~ nitrate C032- carbonate MnOg4" permanganate

NOy~ nitrite ClO3~ chlorate CrO42- chromate

Note that -ate and -ite suffixes are used to indicate the presence of OXygen as
a third element in the compound (with greater or lesser amounts of oxygen
Mnemonic: Think of -ite as having a mite less oxygen.). Contrast the -ide suffix
which indicates only one element in the negative portion of the compound.

Exercise #8b Wrlte out form memory the names, charges, and formulas of
these twelve polyatomic ions.

ammonium, NH4*; carbonate, CO327; chlorate, C103~ chromate, CrO42~ etc.

* And all ions in IONS TO KNOW on website
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Exercise #8b Write out form memory the names, charges, and formulas of
these twelve polyatomic lons.

Here is another set of six polyatomic lons which are not quite as frequently used
as the twelve above, but these will be used many times in this coming year's class.
Some of these you will learn later.

022 peroxide ClO4~ perchlorate C2H3072™ acetate

Cr072-  dichromate $2032- thiosulfate HCO3" hydrogen carbonate

(bicarbonate)

This list has the less common polyatomic ions.
Use this for reference, do not memorize. "
(The oxidation number of the central, main element Is in parentheses.)

AsO43-  arsenate (V) Cloy- chlorite (III) C2042- oxalate
As033-  arsenite (II) Fe(CN)g3- ferricyanlde (II1) |-|Po3?"'a' phosphite
N3 azide Fe(CN)g# ferrocyanide (II) PO+ phosphoryl
BiO3" bismuthate (V) Cto- hypochlorite (I) SCN- thlocyanate
BiO+ bismuthyl (IT) Hgp2+ mercury (I) I3~ trijodide
BO33-  borate (III) Mo0O42"  molybdate (VI) U0o2+  uranyl (IV)
Cy2- carbide (acetylide) NO+ nitrosy! (IIN) VO2+  vanadyl
OCN- Cyanate NOo+ nitryl (V) WO4 2 tungstate

The rules for naming compounds having polyatomic ions are the same as
for naming binary ionic compounds, except you must use the name of the
polyatomic ion whether it occurs first or second in the formula. Its name is-
flrst if the polyatomic ion is a positive lon (cation), and lts name s second
if the polyatomic lon is a negative ion (anion). Examples are:

NH4Cl ammonium chioride
NaHCO3 sodium hydrogen carbonate [old name: sodlum blcarbonate]
Mg3(PO4)2  magnesium phosphate

Exercise #9a Name these pseudo-binary compounds:
NaOH
CaCO3
Al(CI103)3
143804
KCN
(NH4)3PO4
ZnSO4

sodium hydroxide, calcium carbonate, aluminum chlorate, lithium sulfate,
potassium cyanide, ammonium phosphate, zinc sulfate,

To write formulas involving polyatomic lons, you must remember that all

compounds are neutral; therefore the net charge of all of the ions in the

compound must be zero. For example, aluminum carbonate is composed of

Al3+* jons and CO#- ions. The lowest common multiple of 3 and 2 is 6.

So, In order to have a neutral compound, there must be 6 positive charges

and 6 negative charges. This is accomplished by two Al3+ ions and

three CO32- lons. Thus the formula of alumlnum carbonate must be Al2(CO3)3

Exercise 9b Determine the formula of each of these compounds.
caldum hydroxide
potasstum phosphate
aluminum nitrate
potassium permanganate
caldum phosphate
ammontum iodlde
hydrogen cyanide
sodium chromate
ammonium phosphate

ammonia

Ca(OH)2, K3PO4, Al(NO3)3, KMnO4, Ca3(PO4)z, NH4l, HCN, NaCrOa,
NH3 [Note that the compound ammonia (NH3) and the ammonium lon (NH4*) are
often confused by beginners.}

Ions that have Varlable Charge

Several elements, especially In the transition metals, can form more than one
type of positive lon. For example, copper lons may have a charge of +1 or +2.
The officlally approved system used for naming compounds containing such ions is
known as the Stock System#. In this system the positive charge of an lon 1s
designated by a Roman numeral In parentheses written immediately after the
name of that metallic element. Some of the elements that have more than one
possible lon are:

Fe2+ iron(1l) Fe3+  iron(I)
Cu*t  copper(l) Cu?+ copper(Il)
Hg22* mercury(l) * Hg2+ mercury(Il)
Sn2+  dn(M) Sn4+  dn(Iv)

* Mercury(I) fons have a covalent bond between two Hg*, so they make the

polyatomic ion: Hga2+

Here are examples of compounds contalning such lons (and the names of those compounds):
FeCl3 iron(Il) chloride [Read as “iron-three chloride"]

Hg(NO3)2 mercury(Il) nitrate

CuO copper(ll) oxide

From the formula, the charge of the positive lon can be determlned by calculating the
total charge of the negative ions and remembering that any compound must be neutral.
For example, in Fe(l3, the three chloride ions have a total charge of -3;

therefore, the iron ion must have a charge of +3.

Make note of this pitfall (a common mistake on examlnations by beginners):
Lead(ll) means Pb2+ In the compound, NOt Pbz . . . The Roman numeral Is not the subscript.

# The Stock System is named after Alfred Stock (1876-1946). He was a German
chemlst who researched the synthesis and properties of boron, beryllium,

and silicon compounds. He was also the first sdentst to realize the dangers

of mercury poisoning (toxicity of mercury compounds).



All metals have variable valence except Group I, Group II, Al(+3), Zn(+2),
Cd(+2) - we will treat silver as having one valence (+1)

-
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Many’elements form only one type of ion
when they react to form compounds.
Examples of such elements are in

Group I A and Group HIA. -

But some elements have more than one
possible ion (variable valence). :
You must know which elements have
variable valence and you must know

the possible ions of the fewelements
listed in this table. 7))

[ § - Valence - 3 4321 0
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R | -4ty
Na!My) M(Si|P|S./a|Av
+- Y 43 ‘-af V| o
K |Ca) G [ Ma| Fe[Co| Ni|Cu[¥n As|Se| B¢ K
|+ 13313333 3+ =X eA| o
RbySe Mo Rglcd| [Sm[sb| [T/Xe
+ {ad + | b A @
Cs [8a W l pr | Aw|Hy Pb/ B Y[Ry
+ peag 32 - -l | O
Fr| Ra
+ | ¥
Roman numerals You must know I to VI for this this course.
[ ||v s| x w|L so c 100 | D 500 M 1000
1 o1|u 2lur 3liv o4lv s |vi s|lva 7|vin 8|ix  9|x 10

XX 20| XXX 30|XL 40|L SO[LX 60|LXX 70|LXXX80|XC 9|IC 99|C 100
CC 200 | CCC 300 |CD 400 | D 500 [DC 600 | DCC 700 |DCCC 800| CM 900 | XM 990 | M 1000

MCDXCVI 1496 MDCCCLXXXIII 1883 MCMIL 1949 MCMLXXIV 1974

Exercise #10: Name these compounds using the Stock system.
FeO
Fe303
Cu0
Hga804
Sn0»
Hg(NO3)2
CuS
FePO4
FeBr
MgBr2

iron(1l) oxide, iron(1ll) oxide, copper(l) oxide, mercury(l) sulfate,
tin(IV) oxide, mercury(Il) nitrate, copper(1l) sulfide, iron(IlI) phosphate,
iron(1l) bromide, magnesium bromide [Note that magnesium jons can
have only have a charge of +2; therefore Roman numerals are not used.]

Exercise #11: Write the formula of each compound:
iron(HI) sulfide
copper(Il) oxide
mercury(ll) carbonate
tin(I) fluoride

FezS3, CuO, HgCO3, SnFz

ﬁre You Wondering . . .

Why we don’t use names such as sodium(l} chloride for NaCl and mag-
resium(ll) chloride for MgCl,? Each proposed name does clearly indicate the
compound in question, but as a general rule chemists always write the simplest
name possible. The metals of periodic table Group 1A (including Na) and
Group 2A (including Mg) have only one ionic form, one oxidation state. Roman

numerals designating these oxidation states are superfluous. ¥

* The same is true for Al - +3
/n - +2
Cd - +2
Ag - +1
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All metals have variable valence except Group I, Group II, Al(+3), Zn(+2),
Cd(+2) - we will treat silver as having one valence (+1)
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*  The same is true for Al   -   +3
                                     Zn   -   +2
                                     Cd   -   +2
                                     Ag   -   +1
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‘]a 3
: (64) Covalent Compounds

An older system of nomenclature indicates the charge of these variable ions by

the use of suffixes: -ous for the lower charge and -ic for the higher charge. Covalent compounds generally are formed when atoms share electrons. This occurs when

For five of the seven ancient metals whose chemical symbols came from Latin, both elements in the binary compound are non-metals or when one element is a

e tin namesTorthelalaments aretasealintco mbIation Withithe=ous, or™le sulfixes. metalloid and the other is a non-metal. Remember, we treat metalloids as non-metals for
the purposes of nomenclature, Some palrs of elements can combine in many different

Examples: ferrous chloride - FeClz ferric chloride - FeCl3 ways, For example, nitrogen and oxygen can form the compounds Nz0, NO, NOj, N203,
stannous oxide - SnO stannic oxide - SnO; NOz, N204, N20s, 2nd NO3. To name these compounds, we do not pretend that they are lonic,
cuprous bromide - CuBr cupizbraniide - Gabrs instead the Greek numerical prefixes are used.

mono-=1 di-=2 tri-=3 tetra- = 4 penta- =5
hexa- =6 hepta-=7 octa-= 8 nona- =9 deca-= 10
Metals with Variable Oxidation States
TABLE i e NUMERICAL PREFIXES
Stock Classical Stock Classical
3 Greek Latin (f rison;
Metal Method Method Metal Méthod Method ree o e )
A e - — one mono- uni-
thallium thallium(l) thallous lead lead(il) plumbous two di- bi-
thallium(ill) thallic lead(1V) plumbic ;hree tri- tri- * Elect tivity:
iron iron(tl) ferrous tin tin(il) stannous OuT; tetra- quad-, quadra- ectronegativity:
. . e . five penta- quinque-, quint-
iron(lll) ferric | tin(1V) stannic skx hexa- SEX-, SeXa-
chromium chromium(ll)  _ chromous copper copper(l) cuprous seven hepta- septl-. septa- N O
chromium(lil) chromic copper(ll) cupric eight octa- octa-
cobalt cobalt(ll) cobaltous gold gold(l) aurous nine nona- (ennea-)  nona- I < Br < Cl < F
cobalt(Ill) cobaltic gold(llt) auric en decaspdekas decl- ,
' 100 hecto- centum (know this)
1000 kilo- mille
This system has lost favor with chemists for three reasons: . .
1.) Several elements have more than two possible charges, so two suffixes are many poly- multi-
insufficient to name the possible variations, The first element is usually the one of which there are fewer atoms.
2.) The suffixes do not indlcate the number of the charge of the lon, but merely %* The second element in the chemical name is almost always the ) .
that two different states occur and which is higher. *\more electronegative of the two elements. see page 3 for ordering
So, while ferrous on has a charge of +2, cuprous ion has a charge of +1. . The prefix mono- is generally omitted unless there is a similar compound
Also, cupric Is +2, ferric is +3, and stannic Is +4. (no simple pattern). which must be distinguished.

3+ 4+
3) Ir\:vtit:xrl,:tset.;' s:$::::;%:ﬁ::: glﬁit:;%uiig?s Téx_id HanlGfonTi=g Examples: NO nitrogen dioxide (instead of mononitrogen dioxide)

This obviously produces confuslon. NO nitrogen monoxide N203 dinitrogen trioxide

Nonmetal-nonmetal compounds (covalent compounds):
The more electronegative element is placed in the second word of the name.

We shall try not to use this system. As a student in this class, you need never ;
write these names yourself. : e e B aF chlorine monofluoride Exercise #13a. Exercise #13b.
SClp sulfur dichloride What numbers do these WrifEe the( Cr’mmke)ricald
refixes stand for? prelixes (Greek) use
Pl3 phosphorus trilodide E . for these numbers.
SiBr4  silicon tetrabromide e a1 T
AsBrs arsenic pentabromide nona- —— 2
. mono-  _______
Exercise #12 What is the formula and modern (Stock) name for: SeFg  selenium hexafluoride - 3 .
Formula Madern name (Stock system) IF7 lodine heptafluoride 4 - 4 L
eca-
stannous fluoride co carbon monoxide penta- s
cupric sulfate BSes  diboron triselenide e 6 =
---------------------------------------------------- CS2  carbon disulfide Beo: - T
SnFy, tin(ll) fluoride; CuSO4, copper(1l) sulfate N20s dinitrogen pentoxide o - 8 o
etra-
SO3 sulfur trioxide > B
octa- R 10

Cl207 dichlorine heptoxide

XeQ4 ., xenon tetroxide
- (explosive; XeOg4 -> Xe + 2 02)
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Exercise #13c What is the Greek prefix meaning four? (Circle one)
a.) petra- b.) tentra- c.) mega- d.) tetra-  e.) hexa-

Answer; d.) tetra-

Exerclse #14a. Write the systematic name for these compounds
N20
N204
P20s
NO3
COz
Co

'di‘xintro.gé’r{ mohé:xide, dinitrogen tetroxide, diphosphorus pentoxide,
nitrogen trioxide, carbon dioxide, carbon monoxide

In order to tell when to use numerical prefixes, you must categorize
the elements as metals, metalloids, or non-metals. Review the

periodic tables on page 2 of this set of notes. Notice the zig-zag

(or stair-step) shaped line. This line separates the metals (to the left)
from the non-metals (to the right of the line). Compounds requiring
numerical prefixes have two non-metals, such as NO2, or one metalloid
and one non-metal, such as GeCl4. Binary lonic compounds are formed
from a metallic element and a non-metallic element; these compounds
require NO numerical prefixes.

Exercise #4b (review of Goal 4): Circle the compounds that require
numerical prefixes in their names.
Al>03 As20s KF NBr3 SFg CuS04 S2F10

As?0s, NBr3, SFg, S2F10 (These compounds have two non-metals.)

Exercise #14b Write formulas for these compounds:
tetraphosphorus hexoxide
disulfur triaxide
carbon tetrachloride
phosphorus trichloride

Write names for these polyatomic jons and compounds:
(These formulas are often confused.)

$032- SO3
NOy- NO2

P4030, S203, CCly, PCl3, sulfite, sulfur trioxide,
nitrite, nitrogen dioxide

g
Acids and Bases 13

When dissolved in water, certain hydrogen compounds form solutions that have addic

properties, Because these acidic solutions are so common and important, they have been

given names as acids, For example, HCl is called hydrogen chloride, but its water solution

(i.e., aqueous solution) is known as "hydrochloric acid®. Other examples follow.

You must learn the formulas and names that are starred. and binary acids and oxyacids in lecture notes.

Formula Name (substance by ltself) Name (in aqueous solution)
HCL * hydrogen chloride * hydrochloric acdd *

HNO3 * hydrogen nitrate nitric acid *

H2S04 * hydrogen sulfate sulfuric add *

H3PO4 * hydrogen phosphate phosphoric acid *

HC2H302 hydrogen acetate acetic acid

Exercise #15a Name these compounds as gases and as their aqueous solutons,
HF (g) HF (aq)
H3CO3 (g) H2CO3 (aq)

hydrogen fluoride, hydrofluoric acld, hydrogen carbonate, carbonic acid

Inorganic bases contain the hydroxide ion, OH-, in combination with a positive ion.
They have the same name when alone or when dissolved in a water solution.
For example, the substance NaOH is named “sodium hydroxide". When NaOH is
dissolved in water the resuldng solution is called a "sodium hydroxide” soluton.
Exerdse #15b Name these bases:
Ca(OH)2
KOH
NH40H
Al{OH)3
Fe(OH)3
Hg(OH)2
caldum hydroxide. potassium hydroxide, ammonium hydroxide, aluminum hydroxide,
iron(lll) hydroxide, mercury(Il) hydroxide

Diatomic Elements

The atoms of several elements combine naturally to form pairs. Consequently these
elements usnally exist as dlatomic molecules (molecules made of two atoms).
The following seven elements are the most common examples:

Hz - hydrogen Pollern of thase elemme st in pordien
N2 - nitogen in the  periodic -bilel

0z - oosen TNENEN

F2 - fluorine ’ cly

Cl - chlorine o

Brp - bromine = ]

I - lodine 1

Note that these are the elements whose names end in -ine or -gen suffixes.
When the name of any of these seven elements is given, it is understood that
the element is in its diatomic state (its most stable state at normal conditlons).

Exerdse #16 Locate the seven listed elements on the periodic table on page 2
of this notes.
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ANSWERS
{F) The following problems are intended to help you practise appl; these rules )
D of chemical nomenclature, These problems are ge?ue:al and unysio?rgted 1. potassium sulfate 14. nitrogen dioxide 27, carbon disulfide
When you finish with the problems below, you will find the answers on the ris"t >
naxt page. If you feel you need more practise, you can use those answers as 2. calcium carbonate  915. ammonium chloride 28. sodium nitride
a second list of K
cond list of compounds and work backwards. 3. calcium chloride 16. godium carbonate 29. mercury (I) nitrate
- y [ A ) ' -
General Chemistry - Nomenclature Practise Problems (b Kat) 4. sodium nitrate 17. diphosphorus pentoxide 30. mercury (II) nitrate
5. t d
NAME THE FOLLOWING COMPOUNDS AND ELEMENTS: . h}::.« FexiSEN SIE BIiminun Exide &L Shigeogsm Beucage
1. K,50, 11. cu0 21, Fe,0, 31.1,50, 6. magnesium sulfide  19. carbon tetrachloride 32. calcium carbide
2. caco, 12. cuo 22, B0 32, ca,c’ e i dmonir) pge S9§ 'EdErogen monox{gE
1, CaCI‘z 13. AgBr 23, H-2°2 33. No 8. magnesium fluoride 21, iron (III) oxide 34, copper (II) carbcnate
4. NaNo, 14. No, 24. NH,OH 34. cuco, 9. calcium phosphste  22. water 35. copper (I) carbonate
5. Xou 1s. NH‘Cl 25, HCL 35, Cu2C03 10. scdium bicarbonate 23, hydrogen peroxide 36. nitrogen trichloride
6. Mgs 16. Na2C03 26. Mg(OH)z 3. Nc13 11. copper(I) oxide 24, ammonium hydroxide 37. silicon tetrafluoride
1. Lizo 17. P,0; 27. CSZ 7. Bil“\ 12. copper (II) oxida 25. hydrogen chloride 38, iodine
8. MgF, 18. AL,0; 28, NagN . 1, 13. silver bromide 26. magnesium hydroxide 39. sulfur dioxide
‘ ‘ 40, sulfur trioxide
9, Ca:g,(;>o“)2 19, CC1‘ 29, HgNO, 39, 502 .
10. Nasco; . 20. FeO 30. Bg(NOg),  40. 803 e e e e e e e e e e R e e e e e m e e e e e e e — e e mm -
‘ 1. Na¥ 11, (NH4)3PO4 21, K2C03 31. cc1
WRITE FORMULAS FOR THE FOLLOWING COMPOUNDS OR ELEMENTS 4
( : e, 2, Ca (OH)2 12, NH, 22, Fes 32, Br
1. sodium fluoride 11, ammonium phosphate 21. potassium carbonate 2
= ‘ ‘ : 3. K2504 13, P013 23, Sn()2 33. Mg, C
2. calcium hydfoxide 12. ammonis 22, iron (II) sulfide 2
‘ - 4. (NHy),5 14, FeCl, 24, LiF 34. Na,ro
3. potassium sulfate 13, phosphorus trichoride 23. tin (IV) oxide 374
_ . 5. MgCo, 15. o, 25. Fe,0, 35. H,50,
4. ammopium sulfide 14, iron (III) chloride 24, lithium fluoride
I ' 6, LiI 16. Hgo 26. (NH4)2504 36, AgNO,
5. magnesium carbonate 15, oxygen 25, iron (IXI) oxide
7. Ca(NO3), 17. HyPO, 27.,Ca,(Po,), 37. Co
6. lithium iodide 16. mercury (II) oxide 26. ammonium sulfate .
[°] Cu(NO3)2 18, N203 28. Cu2504 38. co
7. calcium nitrate 17. hydrogen phosphate 27, calcium phosphate 2
9. CuNO, 19. Mg4(PO,), 29, NaNo, 39. N0
8. copper (II) nitrate 18. dinitrogen trioxide 28. copper (I) sulfate 2
10, NaOH 20, A1253 30, A1203 40. Al(HCOa)
9. copper (I) nitrate 19, magnesium phosphate 29, sodium nitrate 3
10. sodium hydroxide 20. aluminum sulfide 30, aluminum oxide

(more practice) common hame

31. carbon tetrachloride 35. dinitrogen monoxide
36.

37.

hydrogen sulfate

N20 dinitrogen monoxide nitrous oxide

aluminum bicarbonate

32. bromine silver nitrate

NO nitrogen monoxide nitric oxide

33. magnesium carbide carbon monoxide

34. sodium phosphate 38, carbon dioxide
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OXO'aCidS and thEiI' SaltS (Valence patterns classified by periodic table position)
(ortho-acids)

Periodic table Group I v v VI v
H3BO3 H2CO3 HNO3
boric acid carbonic actd nitric acid
BO3 - CO3 2- NO2 -
Na3BO3 Na2CO03 NaNO3
sodlum borate sodlum carbonate sodium nitrate

Note that the pattern changes between the first and second long perlods of the periodlc table.
This pattern change is due to the size increase of the central atom which allows more oxygen atoms to bind.

H4Si04 H3PO4 H2S04 HCIO3 -
silicic acld phosphoric acid sulfuric acid chlorlc acid
Si04 4- PO4 3- S04 2- ClO3 -
Na4SiO4 Na3PO4 Na2S04 NaClO3
sodium sillcate sodlum phosphate sodium sulfate sodium chlorate
GeO4 4-
H4GeO4 H3AsOa H7Se04 HBrO3
germanic acid arsenic acid selenic acid bromic acid
SnO4 4- AsO4 3- Se04 2- BrO3 -
H4SnO4 Na3AsO4 NazSeO4 - . - Na®O3
stannic acid sodium arsenate sodium selenate sodium bromate
PbO4 4- SbO4 3- TeO4 2-
H4PbO4 H3SbO4 H2TeO4
plumbic acid (unstable)  antimonic acid telluric acid
NOy (rare) ClO4
pernitrate chlorate
NOy ClOy
nitrate chlorate
NOy ClOy
nitrite chlorite
N,0,% (2NO") ClO-
hyponitrite hypochlorite

Valence patterns in 0X0-anions (polyatomic ions containing oxygen):

Periodic table Group VA VA VIA VI A
S1044 PO43- S042- Clog4
silicate phosphate sulfate perchlorate
) |
GeO4 4- AsQ43- Se04Z- 1 BrO4-
germanate arsenate selenate perbromate
SnO4 4- SbO4 3- Te0q2 104 XeO4
stannate antimonate tellurate periodate xenon
tetroxide
Periodic table Group I B IVB VB VIB VIIB
Sc03 3- TiO3 2- VO43- Cr042- MnOg-
scandate titanate vanadate chromate permanganate
2103 2- NbO3 - Mo042- TcO4
zirconate niobate molybdate pertechnetate
HfO3 2- TaO3 - W042- ReO4" 0s04
) hafnate tantallate tungstate perrhenate osmium
Red line denotes where oxyanion tetroxide

composition differs between the
A and B series.
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telluric acid

audreydh
Typewritten Text
H3SbO4
antimonic acid

audreydh
Typewritten Text
TeO4 2-

audreydh
Typewritten Text
SbO4 3-

audreydh
Rectangle

audreydh
Rectangle

audreydh
Typewritten Text
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germanic acid
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plumbic acid (unstable)
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GeO4 4-
germanate
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SbO4 3-
antimonate
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niobate
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audreydh
Rectangle

audreydh
Typewritten Text
III B  

audreydh
Rectangle

audreydh
Rectangle

audreydh
Rectangle

audreydh
Typewritten Text
TiO3 2-
titanate
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ZrO3 2-
zirconate
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hafnate
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scandate
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Red line denotes where oxyanion
composition differs between the
A and B series.


The old trivial names (pre-systematic nomenclature) sometimes describe characteristic properties of the substance.

Although they sometimes are evocative and have interesting patterns, do not memorize these old names.

Exercise #18: Write systematic names for these compounds from their modern formulas.

Aclds
aqua fortis, HNO3

(Latin means "strong water")
oil of vitriol, H2SO4

(or vitriollc acld, from vitreous, meaning glassy in appearance)
Today, vitriolic means extremely biting or caustic, from acid propertles.

muriatic acid, HCL

prussic add, HCN

vinegar, HC2H302

sulfuretted hydrogen, H2S (g)
(also called rotten egg gas)

aqua regia, HNO3 and HCl

and

Salts
baking soda, NaHCO3 .

washing soda, NapCO3

(or soda ash)

potash, K2CO3
saltpeter, KNO3

(nitre)
Chilean saltpeter, NaNO3

(also called Bollvian saltpeter or cubic nitre)
brine, NaCl (aq)

muriate of potash, KCl

sal ammoniac, NH4Cl

sal volatile, (NH4)2CO3

sal soda, NaCO3

green vitriol, FeSO4
blue vitriol, CuSO4

white vitriol, ZnSO4

plaster of parls, (CaSO4)2¢H20

Glauber's salt, Na2SO4¢10 H20

(also called sal mirabile)
Epsom salt, MgSO4e7 H20

sugar of lead, Pb(C2E302)2

' carbonic oxide, CO

(extract of Saturn)
bleaching powder, Ca(OCl)2

calomel, Hg2Cl2
corrosive sublimate, HgCl2

Bases
lime, CaO (le., quicklime)

VP.H

limestone, CaCO3

slaked lime, Ca(OH)2 (s)

limewater, Ca(OH)2 (aq)
(milk of lime)

magnesia, Mg(OH)2

(magnesia alba)
milk of magnesia, Mg(OH)?

spirits of hartshorn, NH4OH

(spirits volatills, or ammonia water)
caustic soda, NaOH

(also called lye)
caustic potash, KOH

Minerals

fluorite (fluorspar), CaF2

litharge, PbO
corundum, Al203

(alumina, or emery when Impure)
carborundum, SiC

pyrite (fool's gold), FeS2
hematite, Fe203

(Venetian red, rust, rouge)
magnetite, Fe304

galena, PbS

calamine, ZnCO3

marble, CaCO3

(imestone, pearl, chalk, are less pure)
titania, TiO2

silica (quartz or sand), S$102

pyrolusite, MnO2

Gases

fixed air, CO2

fire damp (marsh gas), CH4

laughing gas, N2O

(nitrous oxide)
nitric oxide, NO

marine acid air, HCl

Elements
brimstone, S

quicksilver, Hg

diamond, C

dephlogisticated air, Oz
mephitic air, N2

lampblack (soot), C






