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Chemical formulas and
what they mean
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Gilbert Newton Lewis was an American chem :
who spent most of his life focused on his stude :
and his work. Most of his work was done in tt
fields of valence and thermodynamics. You w :
become familiar with some of his work today. t :
contributions were great and every important :
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laboratory surrounded by his beakers and test " i
in March of 1946. :
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¢ Writing chemical formulas and what they mean

Chemical Formulas

The formulas:

(NH,),CO;
CO,
SiH,

All represent compounds.

« This represents an ionic compound
containing 2 NH4" ions for every one
(NH4] 2C03 CO3™ iong.

« This represents a covalently bonded
Si H compound containing one silicon
. 4
atom for every four hydrogen atoms.

« This represents a covalently bonded
CO compound containing one carbon
“2 atom for every two oxygen atoms.

o lonic compounds

Identifying lonic Compounds
The Rules:
(A) Memorize a few important polyatomic ions.
(B) Use a periodic table to guess the charges on positive ions.
e.g. Na* because sodium is in column 1.

Then scrupulously  enforce charge balance.
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I You have to memorize a few polyatomic ions

Polyatomic  lons

Ammonium
Carbonate
Sulfate
Sulfite
Nitrate
Nitrite
Phosphate
Perchlorate

Bicarbonate

I Use periodic table to guess charges on
monatomic ions

Monatomic  Negative lons

Flouride
Chloride
Bromide
Iodide
Oxide
Sulfide

Hydride
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I Name ionic compounds

Examples:

Name the ionic compounds formed from:

(1) aluminum and chlorine

(2) barium and the phosphate ion
(3) sodium and oxygen

(4) magnesium and sulfur

Answers
(1)
AICI,

(2)
Ba,(PO,),

(3)
Na,O
(4)
MgS
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o Covalent compounds

We have to go deeper into the issue of covalent bonding.
All atoms are composed of protons, neutrons, and electrons.

These are arranged in "shells "--pathways where the electrons travel
around the nucleus.

For most atoms, the ideal number of electrons in the outermost shell is
8, and each atom does what is necessary to achieve this configuration.

This is called the octetrule ...there are exceptions to it, but we will
deal mainly with elements that follow this rule.

I Inert gases
Inert Gases - The "Anchor"
You can look at the inert gases as the most satisfied elements. Their
outer shells are complete. They all have 8 electrons. The other
elements try to emulate the inert gases by achieving the same
configuration.

The first inert gas, helium , has only 2 electrons . It is an exception to
the octet rule.

Hydrogen can gain an electron to form the hydride ion ( H ). In so
doing it attains the configuration of helium.

Lithium, which has three electrons, can lose one to become like
helium. That's why Lithium forms Li* ions.
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I Neon

Neon has 10 electrons . Two of them are in the first "shell" and 8 are
in the second. A schematic diagram of neon would look like this:

Fluorine has 9 electrons. To become like neon it can accept 1 electron
and form the fluoride ion ( F*).

Sodium has 11 electrons. To become like neon it can lose 1 electron
and form the sodium ion ( Na™).

I Electron shells
Shell Structure

These are the shell structures for the inert gases

He 2

Ne 2 8

Ar 2 8 8

Kr 2 8 18 8
Xe 2 8 18 18 8

Notice how there are always 8 electrons in the outermost shell (except
for He)

The inner electrons don't matter in chemical bonding...only the
outermost 8 make any difference.

6/Day &



I Lewis structures

Lewis Dot Diagrams
We sometimes write atomic symbols with dots representing the
electrons . This is done using only the outer shell electrons, an easy

task for the inert gases, which have always eight of them (except for
He).

‘Hes  Net Xe: :Kr:  :Ar:

If we do the same thing for the halogens and the alkali metals, it is
easy to see why they behave as they do.

Halogens F C[ Br l .
Alkali i Na . K. Rb. Cs.
The halogens have a "hole" which they can fill by accepting an electron
and becoming a negative ion. The alkalis can just drop an electron,
achieving a configuration like the next lowest inert gas and becoming a
+1 ion.
Write the Lewis Dot formulas for:
1.) Mg
2.) Ba
3.) Al
4.) C
5.)0

6.)S

7/Day &



Lewis Dot Answers

1.) -Mg-
2.) -Ba-
3.) Al
4) -C-
5.) 0
6.) °S:

e Covalent Bonding and Lewis Structures

Finally we are there!

A Fluorine atom by itself is "unhappy" because it only has 7 electrons.
However 2 fluorine atoms could conceivably share an electron so that,
while not deliriously happy, they might be content.

-

[ X

- ] »
- x X

X

]
]
k-

k]

X
¥
¥

X

F

If

That is a covalent bond

k9

+ The circles and squares are only there for clarity. They have no
other meaning.
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Practice

What about Oxygen?

:C-)- XE:): ae e
QO=0

Completely eguivalent

A double hond

+ Note how we can use a line to represent a bond made up by a
pair of electrons.

Nitrogen?
You try it!
Answer
| N | oo
N N:
™ b4
e X
™ e M e
™ N "N W N 4
Note

« People usually don't use X's and dots, they just use dots. So
nitrogen would look like this.
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o Dissimilar atoms

The name of this molecule is carbon tetrachloride, (CCl,).

:C:
Cl C Cl
Cl:
D 2-
B z

This is the carbonate ion, (CO3%).

Remember carbon has 4 outer shell electrons, and oxygen has 6.

4
I3Ix6=18

2 « 2 Extra electrons for -2 charge

24

You try
1. carbon dioxide

2. nitrate ion
3. sulfur dioxide
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0=C=0
75N
'.D/ 0.
0O
[
N
o o
N=35
30's=18
the minus = 1

24

Answers

carbon dioxide, (CO>)

sulfur dioxide, (S0O>)

Why is it bent? You will just have to wait for
chemistry 101!

nitrate ion, (NO3")
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¢ Translating nhames to formulas

Formulas to Names

Ionic compounds are named by putting the alkali, alkaline earth, and
aluminum metal followed by name of negative ion.

NaNOQO, sodium nitrate
BaCl, barium chloride

AlH, aluminum hydride

You try.

Na,S
BaO
AlPO,

The Answers

Na,S sodium sulfide
BaO barium oxide
AlPO, aluminium phosphate

o Naming Transition Metals

lonic Compounds
Transition Metals

You must state the charge as a roman numeral !

FeCl, Iron (III) Chloride
Cu,0 Copper (I) Oxide
PbCl, Lead (II) Chloride
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Here is where the transition metals are located on the periodic table.

H He
Li | Be B C N 1] F He
Na | Mg 5 | C1 | Ar
.'\r‘f‘.' ‘/".-\.-\/ :H.-\J":\ \J\a\.’\r _)",\,.\'/" \_.\_z"_-\_. J":\.-\J‘ \.-\J‘/‘.- i\.o"‘.-\.-‘ ".-\.-\.J":
R ST 0 Aot ooty St Aol Ao von AV OO A Br | kr
-'\- 7 W LY L Y LYY o h
BOBE
Rbv | Sr [ I Xe
.l\.f .-'".-
S R ) T
v LI RN LR LR
Cs | Ba [l il il A i s ANy At | Rn
s AT Eaoa ST Pl DI et St EO S )
Fr | Ra

Number of Bonds

Carbom 4
Nitrogen 3
Oxygen 2
Gulfur 2
Halogens 1
Hydrogen 1

You try it!

AgCl
SnCl,
FeSO,

Popular Oxidation States:

Alkali Metals +1
Alkaline Earths +2
Oxygen -2
Halogens -1
Hydrogen +1

Answers

“os Transition Metals

% Lanthanides (rare earths)

% Actinides

AgCl Silver Chloride

SnCl, Tin (IV) Chloride

FeSO, Iron (II) Sulfate
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Why not silver (I) chloride?

Beats me...everyone knows that silver only forms a +1 ion and so
everyone writes it this way, even thought it contradicts the "rules".

¢ Translating nhames to formulas

The Other Way (Name to Formula)

These are easier, but be careful of charge balance!!!

iron (III) sulfate FCE[S(L)

3
strontium ~
fluoride STFE

aluminum nitrate Al(NO_;)\

Now you try!

1.) copper (II) oxide
2.) cesium chloride
3.) magnesium perchlorate

The Answers
copper (II) oxide  CuO

cesium chloride Cs(Cl
magnesium ol € )
perchlorate Mb(("l()4 2

o Naming covalent compounds

Basically you use Greek prefixes to denote the number of atoms.
di 2
tri 3
tetra 4
penta 5
hexa 6
Etc.
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CS, carbon disulfide

&

CF, carbon tetrafluoride
HCl hydrogen chloride
Now you try!
1. PO;
| |
2 CcO
| |
3, CCl,
| |
4. H0
| |
Answers
P.O. Diphosphorous pentoxide (you will usually see it written
25 as phosphorous pentoxide).
CO carbon monoxide
CCl, carbon tetrachloride

Dihydrogen monoxide? Nobody ever calls it that...it is
H,0O just plain old water. Water is an example of a "trivial
name" and there are some you just must know.

More examples of compounds with trivial names

NH, ammonia

CH, methane
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¢ The mole

A mole is the amount of a substance that contains 6.02 x 1023 atoms
or molecules.

A mole of helium (He) contains 6.02 x 10%> helium atoms.
A mole of oxygen (0O3) contains 6.02 x 10%* oxygen molecules.
A mole of methane (CH4) contains 6.02 x 10*> methane molecules.

What about macromolecular substances where you can't specify a
precise molecule?

The answer is that you have 6.02 x 10?3 of the smallest identifiable
sub unit. Thus there are 6.02 x 102> NaCl pairs in a mole of NaCl.

Be careful though; in BaCl, there are 6.02 x 10%* BaCl, aggregations
but there are 6.02 x 10> Ba*? ions and 12.04 x 10**ClI ions.

o Atomic weight

1 mole of hydrogen (1) atoms weighs one gram.
1 mole of helium atoms weighs four grams.

In other words, if you know the mass number of a nucleus, you know
the atomic weight.

Thus, the atomic weight of Carbon is 12. What a lucky coincidence...or
is it?

Not really...we defined the size of a mole so it would work that way.

o Molecular weight

If you want to know the molecular weight, just add up the atomic
weights.

The molecular weight of hydrogen is 2 grams (because hydrogen
comes as H; molecules).

The molecular weight of water (H;0) is 18 grams.
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16+1+1= 18

The molecular weight of sodium fluoride (NaF) is 42 grams.

23+19= 42

Wait a minute (I hear you cry) NaF is not a molecule...well we talked
about this on the last page...if you prefer, you can call it the formula

weight of NaF...most people are happy to live with the term molecular
weight.

o Molecular weights of more complicated examples

(NH,),SO,

The ‘2’ outside the NH4 parentheses means that we have two of
everything inside the parentheses. Thus...

N=2e]4 =28
H=8¢1=28
S =132=32
O =4°+16=64
106 grams 5, -

One important point---

NaCl = 23g + 35.5g = 58.5¢

« Where did the .5 come from for the chlorine? You can't have 1/2
of a neutron in the nucleus!! The atomic weights found in books
and periodic tables are for mixtures of naturally occurring
isotopes and so they are usually fractional.
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Try Finding These Molecular  Weights
[.) BaCl,

2.) H,S0,
3.) CCl,
4.) CO,
5.) Na,S

Answers
[.) BaCl, 208.23 g/mol
2.) H,S0, 98.09 g/mol
3.) CCl, 153.8 g/mol
4.) CO, 44.0 g/mol
5.) Na,S 78.05 g/mol

o The two big guestions
I If I know the number of moles how do I find the
mass?

I If I know the mass how do I find the number of
moles?

Two Basic  Calculations
(1) Number of moles —sweight.

If I have 2.5 moles of CO; what is the mass?
The molecular weight of CO,is 12+2(10) = 44g/mol

(2%}(44 WLJ = 110 grams

(2) Weight —snumber of moles.
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Try running problem one in reverse. If I have 110 grams of CO,, how
many moles do I have? We know the molecular weight is 44 g/mole.

So...

| 10rgrams-
44 = :":;IIILJH'
Note how our dimensions help us.

= 2.5 moles

Try These
1.) 5 moles of H,O is equal to how many grams?
2.) 6.5 moles of Mgs(P0O4); is equal to how many grams?
3.) 2 Moles of CS; is equal to how many grams?
4.) 159 grams of CuO is equal to how many moles?
5.) 29.25 grams of NaCl is equal to how many moles?
6.) 5 grams of FeS0O, is equal to how many moles?

See the next page for the answers.

Answers
].)( ) MXlggg_gﬁgrams
2) {rvigj(PGu)2 | 6.5mel. Z(i—zn; = 1709 o
) (CS,) 2molx 28 =152
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4.) (CuO) 791233“; =2 mol

29.25¢.

5.) (NaCI] ﬁ:ﬁ.ﬁ moles

S grams
6.) (FESO4] m = 0.0329 moles

e Concentration

«..._ Number of moles
Molarity = =¥/ olume in liters

Three basic calculations:

_n
M_V
n=mMyV

—n
V_f'lff
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I Ifl know n and V | can calculate M

Molarity 1

How to calculate molarity ?

If I add 43.87 grams of NaCl to a flask and then dilute this with water
to 500 ml, what is the molarity?

500 ml = 1/2 liter.
43.87grams.

5 8 . S ° /moles

= (.75 moles of NaCl

_n _ 0.75 moles _
M=y = 0.5 liters > M

You try this one: If I dilute 81.10 grams of iron (III) chloride to 750
ml, what is the molarity?

Molarity 1  Answers

81.10 grams

n= =
162.20 =5,

= (.5 moles

V=075L

v 1 _ 0.5 moles _
M = V= 0751 - 0.67M
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I Ifl know M and V | can calculate n

Molarity 2
How many grams of Na,SO4 are in 5.5 liters of 0.1 Molar Solution?

Strategy: first use the molarity formula to calculate the number of moles,
and then use the result to find the humber of grams.

Ay A
;W—V

n=MyV = (0.1 M|(5.5 L)

n =0.55 moles

40s=16x4=064

The
molecular 1S=32%x1=32
weight of
Na,s0, 2 Na's=23x2=46
is... —
]4 \Er‘.m..-"'nmlc
sowe [ 142 erams -
hav\g... ( 1_11:% )[ . =78.1 grams

You try: How many grams of sodium sulfide will be needed to prepare
4 liters of 0.5 molar solution?

Molarity 2~ Answers

n=MV =(0.5M}(4.0 L) =2 moles

M.W. of (Na,S) S =32
Molecular -
weight of 2Na = 46
NaZS
78 g";llnult.‘
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The

number 78 -

f araims '

orams (“—)[?mel&] = 156.0 grams
of Na,S !
is...

I If 1 know n and M how can | calculate V

Molarity 3

To what volume should I dilute 3.09 g of KOH so that I will geta 0.1 M
solution?

n
M = Y
= I
V= Vi
_ 3.0%grams
N = S T = 0.055 moles

_ 0.055 moles _ .
V = 0T M = (0.55L or 550ml

You try: to what volume should I dilute 3 grams of sodium hydride
(NaH) to obtain a 0.5 M solution?
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Molarity 3~ Answer

3 grams

n= — =0.125 moles
24'9” e mole

0.125 moles g .
7
V = 0.5 M =0.25 L or 250ml

o How do | prepare a solution of known molarity

Dilution

We can make concentrated stock solution into a more dilute solution
by diluting with water.

Usually we have a final target in mind. "I want so many ml of such and
such molarity...how much of the concentrated stuff do I need?"

The key to understanding this is to recognize that the moles of solute
doesn't change during dilution.

If we take some of solution 1 (to gain a name) and dilute it...let us
denote the dilute solution by calling it solution 2.

Then...

n=M,xV,

n,=M,xV,
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Dilution B

N;1=N, because we have only added water...no solute...in diluting
solution 1. So...

M.V, =M,V,

Let's make this more concrete. I want to prepare 5 liters of 0.3 M HCI.
My starting material is stock, off-the-shelf, 12 M HCIl. What should I
do?

i.e. take 125 ml of 12 M HCI and dilute it to 5 liters.

V, =9 V,=5L

MV, =M,V,
2 M =12M  M,=03M

=0.125L

Dilution Example
You try this:
How much 5M KOH do I need to make 2 liters of 0.25 M KOH?

i.e. start with 100 ml of 5M KOH and dilute to 2 liters.
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Dilution answer
V,=? V,=2L

VLV, = M.V,
¥ =Ml M, =5M  M,=025M

I
S
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