> Chapter 5

Chemical Compounds

"l
a b Elements, Compounds,
a and Mixtures

» « Element: A substance that cannot be
P chemically converted into simpler substances; a
b substance in which all of the atoms have the
same number of protons and therefore the same
chemical characteristics.

+ Compound: A substance that contains two or
more elements, the atoms of these elements
always combining in the same whole-number
ratio.

» Mixture: A sample of matter that contains two
or more pure substances (elements and
compounds) and has variable composition.

Classification of Matter

Marter

Does it have a constant composition?

Can it be described with a chemical formula?

Yes l 1 No

Pure Substance Mixture

Can it be described with a single symbol?

Yes No

Element Compound S
coffee with
cream and sugar

hydrogen, Hy

water, H0

Elements and Compounds
ELEMENTS
Hydrogen is composed

of molecules with Neon is composed Silver exists as an
2 hydrogen atoms. of independent atoms assembly of

O
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H, molecule Neon atom Silver atom
COMPOUNDS
Water is composed of molecules Sodium chloride exists as an
that contain one oxygen atom assembly of sodium and chloride
and two hydrogen atoms. fons, always in a one-to-one ratio.

mohullc H,0 —

< A x/.\‘mu..m jon
,)9<( “hloride ion

Exhaust - a Mixture

Unburned

gasoline Nitrogen oxides,
/j\ NO and NO,
Water, H,O i

CO,

Carbon dioxide,

Covalent Bond Formation

Hydrogen nuclei
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Two hydrogm atoms interact to form one hydrogen molecule
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A ) Covalent Bond

-

* Alink between atoms due to the
sharing of two electrons.

=— * In compounds this bond forms
between atoms of two or more
nonmetallic elements.

Unburned

gasoline — r— Nitrogen oxides,
///:\ P NO and NO,
) Water, O
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A ) Covalent Bond

b, —Ifone atom in the bond attracts
\ electrons more than the other
2 atom, the electron negative charge
g shifts to that atom giving it a partial
negative charge.

The other atom loses negative

N charge giving it a partial positive

{ charge. The bond is called a polar
covalent bond.

Polar Covalent Bond

Electrons shift toward the chlorine atom,

forming partial plus and minus charges.

o+ o
Hydrogen attracts clectrons less. @ Chlorine actracts clectrons more.

"l
;:b .b lonic Bond

a
2+ The attraction between cation and anion.

» Atoms of nonmetallic elements often attract
electrons so much more strongly than
atoms of metallic elements that one or
more electrons are transferred from the
metallic atom (forming a positively charged
particle or cation), to the nonmetallic atom
(forming a negatively charged particle or
anion).

For example, an uncharged chlorine atom
can pull one electron from an uncharged
sodium atom, yielding CI~ and Na™.

lonic Bond Formation

N
Sodiuh acorh, Na M.....c
metallic element % Leallic element
Chlorine gas, Ch, & v 4 ]
< Each Na atom Each Cliarom:
= Joses one clectron

gains one electron
and gets smaller and gess Lier

Sodium metal, Na "

=X Sodium ion, Na'— _'-(,'hlnrmc ion, CI”

metallic cation nonmetallic anion

lonic bond, an attraction

between a cation and an anion




Sodium Chloride,
NaCl, Structure

Each chloride anion
is surrounded by

6 cations.

Each sodium cation

is surrounded by

\\\f;ﬁﬁ ;

Ball-and-stick model Space-filling model

Salt (sodium chloridc)

B o n d Nonpolar Covalent Bond

Equal sharing of clectrons

Types

Polar Covalent Bond

Unequal sharing

Pantial positive charge —®

electrons.

Partial negative charge

Tonic Bond

Strong artraction between positive and negative charges.

Thi
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3 & Types of Compounds

-

A

> . < All nonmetallic atoms usually leads
to all covalent bonds, which from
molecules. These compounds are
called molecular compounds.

» Metal-nonmetal combinations

usually lead to ionic bonds and ionic
compounds.

Classification of Compounds

Molecular compound

Tonic compound
Hydrogen chloride, HCI, gas L

Sodium chloride, NaCl, solid

HCl molecule . _—" Nonmetallic

?{J \ anions
\  Merallic
T" ( Nonmetal Nonmetal

‘1 cations
‘/‘ ] \ \/J/ /
( ) Covalent bond

'Yl

a @ Summary

) , * Nonmetal-nonmetal combinations
~ ' (e.g. HCI)
’ — Covalent bonds

— Molecules

— Molecular Compound
» Metal-nonmetal combinations (e.g.

NaCl)

— Probably ionic bonds

— Alternating cations and anions in
crystal structure

— lonic compound

The Making of an Anion

When a or when an or when an or when an it has the same
hydrogen atom in atom in atom number of
atom gains group 15 group 16 ingroup 17 electrons as an
lelectron, gains gains gains atom of the

3 electrons, 2 electrons, 1 electron, nearest noble gas.
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The Making of a Cation

it has the same
number of

Monatomic lons

When an or when an clectrons as an
atom in atom atom of the
sroiip ] i o2 or when an nearest noble gas.
foses loses aluminum 18
electron, 2 electrons, or when an atom . 8A
atom loses 3 1 2 = 13 14 15 16 17
in group 3 electrons, 1A 24 H 3A_4A SA GAT7A
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- * Monatomic Cations
— (name of metal)
» Groups 1, 2, and 3 metals
. A|3+v an+’ Cdz*, Ag+
— (name of metal)(Roman numeral)
« All metallic cations not mentioned above
* Monatomic Anions
— (root of nonmetal name)ide

fluoride F-
chloride CI-
bromide Br-
iodide I-

- Hydride H-
Nitride N3-
Phosphide P3-
Oxide 02-
Sulfide S%-

selenide Se?-

Sodium Chloride,
NaCl, Structure

Each chloride anion

" e
is surrounded by
6 cations.

Each sodium cation

( N pi ] is surrounded by
\ : y
Y =
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Ball-and-stick model Space-filling model

Salt (sodium chloride)

CsCl and NH,CI structure

/"'“/7 T ' '
Each Cs* cation
& is surrounded by
| 8 CI~ anions.

Each CI- anion
is surrounded by
8 Cs* cations.

Cesium
chloride

Each NH4* cation
is surrounded by
8 CI~ anions.

Each CI~ anion
is surrounded by
8 NHy* cations.

Ammonium
chloride




Models - Advantages
and Disadvantages (1)

» They help us to
2 visualize, explain, and
2 predict chemical
m changes.

Models - Advantages
and Disadvantages (2)

models is that they
change with time.

Y J + One characteristic of
Y
2

Assumptions of the
Valence-Bond Model

- % } ¢ Only the highest energy
- N electrons participate in
2|

= bonding (Group number)

e 2 electrons make a bond.

Valence Electrons

* The valence electrons for each
atom are the most important
A electrons in the formation of
chemical bonds.

* The number of valence
electrons for the atoms of each
element is equal to the
element’s A-group number on
the periodic

Valence Electrons

: + Covalent bonds often form to
b pair electrons and give the

) atoms of the elements eight
5 valence electrons (an octet of
3  valence electrons).
.

"2+ Other than hydrogen and

P boron

Valence Electrons

» Valence electrons are the highest-energy
s and p electrons in an atom.

Ynevalence . .
('I L alence Number of valence
electron ilecerons datalsthe

electrons equals the 8A
A-group number peic B

1 2

H 3A° 4A S5A GA 7A | He
6 7 8 9 10

CINIOLFINel
15 16 17 18
P S Cl | Ar
33 34 35 36
[LAs | Se | Br | Kr
52 53 54

[Te ] 1 [Xe |
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Fluorine

Valence electrons

Electron-Dot Symbols
and Lewis Structures

e » Electron-dot symbols show
valence electrons.

[ L)
$Cle
(X J
» Nonbonding pairs of valence
electrons are called lone pairs.

Lewis Structures

» Lewis structures represent molecules using
element symbols, lines for bonds, and dots for
lone pairs.

Lone pairs Al Lone pairs
(nonbonding electrons) Cl—Cl: (nonbonding electrons)

covalent bond

H, Formation

* The unpaired electron on a hydrogen
atom makes the atom unstable.
H- s 1
» Two hydrogen atoms combine to form
one hydrogen molecule.

I—I'/\v *H — HH o H—H

)

Carbon - 4 bonds

H
H |

4He + +C+ —> H:CH  or H_(|:—H
H

Carbon - Multiple Bonds

4He + 2:C+ —> H:GHCIH o H—C=C—H
H H
H H

2H + 2:C+ — H:iCHC:H or H—C=C—H




Nitrogen - 3 bonds & 1 lone pair

3H + N — H:N:H or H—N—H

H \
H

Nitrogen - 4 bonds

H |

4H* + N+ —> H:N:H or |[H—N—H
. N |
H

Oxygen - 2 bonds & 2 lone pairs

2H + o —> :0:H o :O—H

Oxygen - 1 bond & 3 lone pairs

Carbon - 3 bonds & 1 lone pair
Oxygen - 3 bonds & 1 lone pair

C=0:s

Boron - 3 bonds

W —




Halogens — 1 bond & 3 lone pairs

He + Xt — HiX: or H—X: X=ECLBrorl

Most Common Bonding
Patterns for Nonmetals

Element # Bonds # lone pairs
H 1 0
© 4 0
N, P 3 1
O, S, Se 2 2
F, Cl, Br, | 1 S

Drawing Lewis
Structures

 This chapter describes a procedure
3 that allows you to draw Lewis
structures for many different
molecules.

« Many Lewis structures can be
drawn by attempting to give each
atom in a molecule its most
common bonding pattern.

Lewis Structure for
Methane, CH,

« Carbon atoms usually have 4
bonds and no lone pairs.

& * Hydrogen atoms have 1 bond and
2 no lone pairs.
1)

|
H—(I:—H
H

Lewis Structure for
Ammonia, NH,

ANS + Nitrogen atoms usually have 3
3 bonds and 1 lone pair.

2 2 . Hydrogen atoms have 1 bond and
2 no lone pairs.

;1 H-N-H

H

Lewis Structure for
Water, H,0

+ Oxygen atoms usually have 2
3 . bonds and 2 lone pairs.
2® . Hydrogen atoms have 1 bond and
7 2 no lone pairs.
"

3l

A

H-O-H




Drawing Lewis
Structures (1)

: i « Step 1: Determine the
2.2
total number of valence
» 2 electrons for the molecule
N or polyatomic ion.

Drawing Lewis
Structures (2)

» Step 2: Draw a
reasonable skeletal
structure, using single
bonds to join all the
atoms.

Drawing Lewis
Structures (3)

» Step 3: Subtract 2 electrons
from the total for each of the
single bonds (lines)
described in Step 2.

Drawing Lewis
Structures (4)

» Step 4: Try to distribute
the remaining electrons
as lone pairs to obtain a
total of eight electrons
around each atom except
hydrogen and boron.

Drawing Lewis
Structures (5)

» Step 5: Do one of the following.

A — Ifin Step 4 you were able to
obtain an octet of electrons
around each atom go to Step 6.

&
— If you do not have enough
) electrons to obtain octets of
2 electrons around each atom
A\ (other than hydrogen and boron),
. convert one lone pair into a
multiple bond for each two
electrons that you are short.

Drawing Lewis
Structures (6 & 7)

» Step 6: Check your structure to see if all
of the atoms have their most common
bonding pattern.

» Step 7: If necessary, try to rearrange
your structure to give each atom its most
common bonding pattern. One way to do
this is to return to Step 2 and try another
skeleton. (This step is unnecessary if all
of the atoms in your structure have their
most common bonding pattern.)




| 1 - Count total valence electrons

Lewis
Structure v
Dl'aWing [ 2 - Draw a provisional skeletal structure —
Summary
v
‘ 3 - Count remaining electrons |
v
|4 - Distribute r valence electrons |
v
5- Check for octets
(experiment with multiple bonds if necessary)

Resonance

< » We can view certain molecules and
> polyatomic ions as if they were able
@ to resonate—to switch back and
2 Y forth—between two or more
different structures. Each of these
2 structures is called a resonance
structure. The hypothetical

No switching from one resonance
16 - Check for common bonding patterns | > l 7 - Try again structure to another is called
VYCS resonance.
[ Done_|

To draw Resonance Forms

It is as if this ...pushing the electrons

lone pair forms in this bond off to form

a second bond... /a lone pair.
eil.B AP

Resonance Hybrid

“ + Toblend the resonance structures into a
b single resonance hybrid:
" — Step 1: Draw the skeletal structure, using
solid lines for the bonds that are found in all
of the resonance structures.

— Step 2: Where there is sometimes a bond
and sometimes not, draw a dotted line.

— Step 3: Draw only those lone pairs that are
found on every one of the resonance
structures. (Leave off the lone pairs that are
on one or more resonance structure but not
on all of them.)

Nitrate Resonance

o - :Z|3: il 0 |

.o -— o | .
‘O-N- O. O=N-0: tO-N=Q,

A bond found in at least one
but not all the resonance structures

A bond found in all

A lone pair found in
the resonance structures

all the resonance structures

H

Methane, CH, .-¢-v
|
H H

|

H““‘ \H

H

H

| g
H—C—H 0 N\109.5¢

| H

H

Lewis structure ~ Space-filling model  Ball-and-stick model ~ Geometric Sketch
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)
}y\N/\H
107°

Molecular geometry
(trigonal pyramid)

Electron group geometry
(tetrahedral)

Q L Qe

H' o7

Space-filling model Ball-and-stick model Geometric sketch

Water, H,0 Hg-H or ‘Si'H
H
Lone pairs ‘ T8
:0
..\H

Electron group geometry Molecular geometry

(tetrahedral) (bent)
\ H

| ™\105°
J\ Q.
\H

Space-filling model Ball-and-stick model Geometric Sketch

Trigonal Planar Geometry -
BF,

Ir ‘ 20
b o
Lewis structure  Space-filling model  Ball-and-stick model ~ Geometric Sketch

Ethene (ethylene)

Trigonal planar

geometry around

each carbon

\ I ’ o ~’ o /\

/
i o Y=o
H—C=C—H H/VJ]_O \H

Lewis structure ~ Space-filling model ~ Ball-and-stick model ~ Geometric Sketch

Ethyne (acetylene) , C;H,

Linear geometry

around cach carbon

/l\\(l
H e ‘ HCs5CYH
180

Lewis structure  Space-filling model  Ball-and-stick model  Geometric Sketch

Steps for Molecular
Geometry

» Step 1: To determine the name of the
3 electron group geometry around each
atom that is attached to two or more
atoms, count the number of electron
groups around each atom and apply the
guidelines found on Table 5.2.

» Step 2: Use one or more of the
geometric sketches shown on Table 5.2
for the geometric sketch of your
molecule.

11



Steps for Molecular
Geometry (cont.)

» Step 3: To determine the name of
the molecular geometry around
each atom that has two or more
atoms attached to it, count the
number of bond groups and lone
pairs, and then apply the guidelines
found on Table 5.2.
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