Atoms, Bonding and the Periodic Table

What Determines an Element's Chemistry?
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What Determines an Element's Chemistry?

The number of protons and electrons is the
same in a neutral atom.

Electrons of an atom are found in different
energy levels.




Valence Electrons
Electrons with the highest energy
They are involved in chemical bonding

The number of valence electrons in an atom determines the
chemical properties of that element.
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Oxygen = 8 electrons Neon = 10 electrons
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Valence Electrons of Oxygen and Neon




Electron Dot Diagrams

Each atom of an element has a certain amount
of valence electrons.

Different elements have numbers 1 to 8.
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Bonding
Atoms are stable if they have 8 valence electrons.

When atoms bond valence electrons transfer from one
atom to another. They can also be shared.

A chemical bond is the force of attraction that holds atoms
together. This is due to the rearrangement of electrons
between them. Qrometonofions  ERomacieihiryes”  Bliome ampound

lonic Bonding o @ Sediumatom Sodium ion (Na”)

Chlorine atom Chloride ion (CI7) Sodium chloride (NaCl)
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Applying the Periodic Table

Valence Electrons in Each
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Take notes on the different groups (valence
electrons and how they react with different

groups):
Noble Gases .
Metals

Nonmetals . “ @
Metalloids @. @.

Hydrogen




Review

What Determines an Element's Chemistry?
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Tonic Bonds
How Do Ions Form?

How Are the Formulas and Names of Ionic
Compounds Written?

What Are Properties of Ionic Compounds?
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A sodium A chloride A sodium A chloride
atom atom cation anion
Na + Cl Na* + CI-

Copyright 1938 by John Wiley and Sons, Inc. All rights reserved



Ion

An ion is an atom or group of atoms that has an
electric charge.

chemical
: \

reaction

® 2007 Encyclopzdia Britannica, Inc.



How Do Ions Form?

s 3 | + »
When a neutral atom | il
loses a valence i ot v i
electron, it loses a P
negative charge. It 50’ ) e £
becomes a positive ion. i PR 5
When neutral atom
gains an electron, it
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charge. It becomes a
negative ion.



Common lons

Positive lons (Cations)

Common lon Chart

Negative lons (Anions)

Aluminum A%
Ammonium NH, *
Barium Ba ™
Cadmium cd®
Cakium Ca®
Chromium (I1) cr®
Chromium (I1T) ™
Cobalt (IT) Co*
Copper (I) Cn*
Copper (I1) Cu®
Hydrogen H*
Hydronium HO*
Iron (IT) Fe*
Iron (11T Fe*
Lead (1) Pb
Lead (1V) Pb+
Lithium Li*
Magnesium Mg*
Manganese (1) Mn*
Mercury (1) Hg*?
Mercury (11) Heg**
Potassium K*
Silver Ag*
Strontium Sr*?
Sodium Na*
Tin (II) Sn*
Tin (IV) Sn*
Zinc Zn*
1 = mono 5~ penta 9 - nona

2-di 6~ hexa 10 = deca

3-ui 7 hepta

4 - tetra 8- octa

Acetate C:H;0; /CH;COO
Bromide Br
Carbonate co;*?
Hydrogen Carbonate lon / Bicarbonate HCO;
Chlorate ClO;
Chloride Cl
Chlorite ClO»
Chromate O
Cyanide CN
Dichromate Cr0;
Fluoride F
Hydride H
Hydroxide OH
Hypochlorite Clo
lodate 105
lodide I
Nitrate NO;
Nitride N
Nitrite NO;
Oxakite Cio ™
Oxide o?
Hydrogen Oxalate lon HC20;4
Perchlorate Cl0,
Permangamate MnO,
Peroxide lon 0z
Phosphate PO,
Monohydrogen Phosphate HPO, *
Dihydrogen Phosphate H:PO,
Silicate sioy*
Sulfate S0, *
Hydrogen Sulfate lon/ Bisulfate HSO,
Thiosulfate $:0;7F
Sulfide -
Hydrogen Sulfide lon/ Bisulfide HS
Sulfite 80,
Hydrogen Sulfite lon/ Bisulfite HSO;



Polyatomic lons

Polyatomic Formula lonic Charge
lon Formula

Ammonium NHa4 [NH4]* 1+
Hydroxide OH [OH]- 1-
Nitrate NOs3 [NO3] 1-
Sulfate SO4 [SO4]* l
Carbonate COs (CO3]% 2-
Phosphate POa (PO4]% 3-

Ions made of more than one atom

Have an overall positive or negative charge




Tonic Bond

The attraction between two oppositely charged
ions.

Usually form when a metal combines with a
nonmetal.
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Ionic Compound

A compound made up of positive and negative
charged ions. -




Chemical Formula

A group of symbols that show the ratio of
elements in a compound.

One suMur atom

Subscripts tell the ratio of elements in a
compound.



How Are the Formulas and Names of Ionic
Compounds Written?

To write the formula for an ionic compound,
write the symbol of the positive ion and the
symbol of the negative ion. Add the subscripts
that are needed to balance the charges.

Al” O"— Al 6. — Al,0,

1. Write symbols 3. Drop +/- sign 5. Reduce if possible
2. Write valence 4. Crisscross (can't here)

https://www.youtube.com/watch?v=tz5SAGQZDj8



Naming Ionic Compounds

For an ionic compound the name of the positive
ion comes first, followed by the name of the
negative ion.

formula systematic name
CucCl copper(l) chloride
CuCl, copper(1l) chloride
Hg,Cl, mercury(l) chloride
HgO mercury(Il) oxide
FeS iron(II) sulfide

Fe,;S4 iron(III) sulfide



Review
How Do Ions Form?

How Are the Formulas and Names of Ionic Compounds
Written?

What Are Properties of Ionic Compounds?

Na atom Na*ion

(Net charge +1) A
Electron charge T P
F u— — \
15

\b 1 - @ “Electron transfer

41+

R
1,
1+ ’ Molecular /
hydrogen (H,)
‘ (Net charge 0)

H atoms Clatom Cl-ion Solid sodium chloride, NaCl
(Net charge —1) (Net charge 0)

(a) Covalent bonding (b) lonic bonding



Covalent Bonds

How Are Atoms Held Together in a Covalent
Bond?

What Are Properties of Molecular Compounds?

How Do Bonded Atoms Become Partially
Charged? oxygen carbon oxygen

carbon dioxide




Covalent Bonds

The chemical bond formed when 2 atoms share
an electron.

Usually form between nonmetal atoms.

Usually form when a metal combines with a
nonmetal P >
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Water
molecule



Nonmetals bond to other nonmetals by sharing
electrons.

Atoms of some nonmetals can bond with each

other. m

®Electron from hydrogen
®Electron from carbon



The attractions between the shared electrons and
the protons in the nucleus of each atom hold the
atoms together in a covalent bond.

Hydrogen
Hydrogen

Covalent bond O Covalent bond

X A

Lone pair Oxygen Lone pair



Molecules are neutral groups of atoms joined by
covalent bonds.

-
S e Covalent Bonding
% Weak intermolecular E ) )
Strong covalent Y ), “ i
intramolecular U - v v



Bonds

Single, double and triple bonds.

H H ethylene (ethene) & 0=0
HIC:CHH " >=<J Q9
H H HC : CH Single bond Double bond
ethane H . . H -
o0
HCCH Triple bond

acetylene (ethyne)



Molecular Compound

A compound made out of molecules.

Compound

I

J J

J

Trimethylamine




Unlike ionic compounds, molecular compounds
usually do not conduct electric current when
melted or dissolved in water.

Compared to ionic compounds, molecular
compounds generally have lower melting points
and boiling points.
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water mm
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Atoms of some elements pull more strongly on
the shared electrons of a covalent bond than do
atoms of other elements.




Unequal sharing of electrons causes covalently
bonded atoms to have slight electric charges.

Slight positive charge at this end

Slight negative charge at this end



Nonpolar Bonds - covalent bonds which
electrons are shared equally.

Polar Bonds - covalent bond which electrons are
shared unequally.

Polar covalent bond Nonpolar covalent bond Nonpolar covalent bond
O * B0
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https://www.youtube.com/watch?v=_ MO9khs87xQ8




Review

How Are Atoms Held Together in a Covalent
Bond?

What Are Properties of Molecular
Compounds?

How Do Bonded Atoms Become Partially
Charged?



Bonding in Metals
What Is the Structure of a Metal Crystal?

What Are Properties of Metals?




A metal crystal is composed of closely packed,
positively charged metal ions. The valence
electrons drift among the ions.

Each metal ion is held in the crystal by a
metallic bond (attraction between a positive
metal ion and the surrounding electrons).
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Luster

Luster of a metal is due to its valence electrons.
When light strikes these electrons, they absorb
the light and re-emit the light.




Malleability and Ductility

Metals act this way because the positive metal
ions are attracted to the loose electrons all
around rather than to other metal ions.

q»a » JJ
e:a 9 "eaw
e @e° @

P°0°@ L T

(a) Group 1 metal (b) Group 2 metal



Thermal Conductivity

Metals conduct heat easily because the valence
electrons within a metal are free to move.

Free Electrons from outer
shell of metal atoms

Metal ions



Electrical Conductivity

Metals conduct electrical current easily because
the valence electrons in a metal can move freely
among atoms.

Free Electrons from outer
shell of metal atoms

Metal ions



Alloys

Mixture made up of two or more elements, one

of which is a metal.



Review
What Is the Structure of a Metal Crystal?

What Are Properties of Metals?







