PERIODICITY AND NOMENCLATURE

Chapter 3

"...I have tried to base a system on the magnitudes of the atomic weights of the elements. My first attempt in this respect was the
following: I chose the smallest atomic weights and arranged them according to the sizes of their atomic weights. This showed
that there existed a periodicity in the properties of these simple substances and that even according to their atomicity [valence] the
Dimitri Ivanovich Mendeleyev

elements followed one another in the arithmetical sequence of their atomic weights."

(Mendeleev), 1869

"The periodicity in the properties of the elements is connected with the continuing build up and completion of the various elec-
tron groups that takes place with increasing atomic number." Niels Henrik David Bohr, 1923 (Nobel Prize in Physics in 1922
"for his services in the investigation of the structure of atoms and of the radiation emanating from them".)
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Lanthanides | La | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm [ Yb
138.91 | 140.12 | 140.91 | 144.24 | (145) | 15036 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04
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Nomenclature of Typical Ions

fluoride F hydroxide OH™
chloride Cr hydride H™
bromide Br~ sulfide §%
iodide I nitride N~
oxide ok azide N3
peroxide 05 cyanide CN™
superoxide 0O,

carbonate co% sulfate SO;”
hydrogen carbonate HCO;3 hydrogen sulfate HSOy
nitrite NO, thiocyanate SCN™
nitrate NO; chromate Cro%
phosphate POy~ dichromate Cr, 07"
hydrogen phosphate HPO%‘ permanganate MnOj
dihydrogen phosphate H,PO; hypochlorite ClO™
arsenate AsOy~ chlorite ClO;
sulfite so% chlorate Cl03
hydrogen sulfite HSO3 perchlorate ClOz
hydronium H;0" mercury(I) Hg%Jr
ammonium NH;
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Positive Tons (Cations)’

Monatomic

Only One Ion
Possible

More Than One
Ton Possible

Polyatomic

Rule:
Name of element + "ion".

| The number of positive
charges is not indicated in
the name because it is not
necessary, e.g., Group I
elements (1+) and Group II
elements (2+).

Rule:

Fe2+
‘ F63+

(a) Newer rule: positive
charges indicated by a

element + "ous" for the
lesser charge and + "ic"
for the greater charge.
(We will use newer rule.)

Examples:

Rule:

Examples: roman numeral, Examples:
Na* sodium ion NH;j ammonium ion
Mg? magnesium ion Examples: H,0* hydronium ion
H* hydrogen ion Fe* iron(IT) ion Hg2* mercury(I) ion
AP* alyminum ion Fe’t iron(III) ion
Agt silver ion Cu* copper(I) ion Comment;:
Zn** zinc ion Cu? copper(Il) ion | Hg2" is Hg" — Hg' but Hg*
ca*t cadmium ion does not exist, therefore

(b) Older rule (but still mercury(I) fon is Hg3".
Comment: used): Latin stem for the (Hg2+is mercury(II) ion, but

ferrous ion
ferric ion

Special cases.

that is a monatomic ion.)

Negative Ions (Anions)’

Monatomic Oxoanions Others and Oxoanions
(Containing Oxygen) Exceptions Containing Hydrogen
Rule: Rule: Rule: Rule:
Stem of the least oxygen: hypo_ite ion | These items do not H- oxoanion: "hydrogen”
element name less oxygen: _ite ion | follow any rules: they + name of oxoanion
+ "ide". more oxygen: _ate ion | must be memorized. or "bi" + oxoanion
most oxygen: per_ate ion H, - oxoanion: "dihydrogen"
Examples: Examples: + name of oxoanion
H™ hydride ion | Examples: OH™  hydroxide ion
F~  fluoride ion | C10™ hypochlorite ion | 0%~ peroxide ion Examples:
0* oxideion |ClO; chlorite ion 0, superoxide ion HCO3  hydrogen carbonate
N> nitride ion ClO3 chlorate ion CN~ cyanide ion (or bicarbonate) ion
Cl0; perchlorate ion | N3 azide ion HSOy hydrogen sulfate
SO3” sulfite ion SCN™ thiocyanate ion (or bisulfate) ion
So¥ sulfate ion AsOy~ arsenate ion HPO;~  hydrogen phosphate
MnQ, permanganate ion [ H,PO;  dihydrogen phos-
Comment: CrO;” chromate ion phate ion
Halogens (except F) form all CrZO%” dichromate ion
four ions. When only two of Comment:

the four ions exist, they are the
-ite and the -ate ions.

H,CO; is not named according
to this rule because it is a com-
pound and not an ion.

ladapted from Gerhard Lind, Journal of Chemical Education, 69, 613 (1992)
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Compounds (Metalloid Can Be Substituted for Nonmetal)'

Tonic
(Cation-Anion)

Compounds Containing

Covalent

(Nonmetal-Nonmetal)

to combine to form a com-
pound.

H,Se hydroselenic acid

Comment:
(a) These H-containing
compounds are named as

|if they were ionic. (b)

Often the (ag) in the
formulas of the acids is
omitted when it is obvi-
ous from the context that
they are acids.

HCIO,
HCIO,
HCIO,
HNO,
HNO,
H,S0;
H,S0,
H,PO,

chlorous acid
chloric acid
perchloric acid
nitrous acid
nitric acid
sulfurous acid
sulfuric acid
phosphoric acid

Comment:
The (aq) is usvally omitted.

Hydrogen
H-Metal H-Nonmetal H-Oxoanion

Rule: Rule 1: Rule 1: Rule:
Name of cation + name of |(without the presence of |(without the presence of (a) Less electronegative ele-
anion (word "ion" dropped). |H,O) H,0) ment first? (exceptions: when

hydrogen _ide like ionic compounds: one of the elements is hydro-
Examples: cation + anion gen).
ZnSO, zinc sulfate Examples: hydrogen hypo_ite (b) Greekprefixes specify
NaNQ, sodium nitrite HCl hydrogen chloride | hydrogen _ite number of atoms of each kind.
CaCl, calcium chloride |HF  hydrogen fluoride | hydrogen _ate (c) Prefix mono at beginning
Fe;N,  iron(II) nitride H,S hydrogen sulfide hydrogen per_ate is dropped.
Li,CO4 lithium carbonate |H,Se hydrogen selenide
NH,I ammonium iodide Rule 2: (HO acids) Prefixes:
Cu(I03), copper(Il) iodate |Rule 2: (H acids) (when dissolved in H,0) |1 =mono 6 = hexa
BaH, barium hydride |(when dissolved in H,O) | hypo_ous acid |2=di 7 = hepta

hydro_ic acid _ous acid 3=tri 8 = octa
Comment: _ic acid 4 = tetra 9 =nona
The name does not indicate | Examples: per_ic acid 5 = penta 10 = deca
the numbers of cations and |HCl hydrochloric acid
anions because there is only |[HF  hydrofluoric acid [Examples: Examples:
one possibility for the ions |H,S hydrosulfuric acid [HCIO hypochlorous acid |SCls  sulfur hexachloride

N,0, dinitrogen tetroxide
CO carbon monoxide
CO, carbon dioxide

NO, nitrogen dioxide
N,0O  dinitrogen monoxide
Comment:

Tetraoxide becomes tetroxide,
monooxide becomes mon-
oxide, etc., so that the name
sounds better.

Yadapted from Gerhard Lind, Journal of Chemical Education, 69, 613 (1992)

2ordering of elements in formula of binary molecular compounds: order according to Group number, bottom to top,

H, O need to be memorized:

B

Group #: 3A

Si C
4A

Sb As P N
SA

H Te Se S

6A

I Br Cl
TA
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