C3 Quantitative Chemistry
Combined Higher

Chemical formulae

Uncertainty in measurements

In a chemical formula, each new symbol starts with a capital letter.
The number after each symbol shows how many of that element are
in the chemical. No number after the symbol means there is one.
Brackets are used to group elements - the number after the brackets
shows how many of that group there are in the chemical.

Example: Calcium nitrate (has two lots of NO,)

OMO,
Og - go
Ca(NO,), contains:

3 elements - Ca, Nand O
9 atoms -1 Ca, 2 Ns and 6 Os

L§—3 x2=6x0O (oxygen)
"1 x2=2xN (nitrogen) *
1 x Ca (calcium) .

Conservation of mass

Keywords
chemical Represents chemicals with symbols and
formula numbers
atom The smallest particle of an element
element A type of atom found on the periodic table
Ca(NO,),
mole Used to represent the number of particles. One !
mole is 6.02 x 102 particles.
limiting The reactant that is completely used up during
reactant a reaction — this limits the amount of product.
More of a chemical than you need for a
excess )
reaction.
mean The average of a set of numbers
range The highest minus the lowest number
. How close the highest and lowest numbers are
uncertainty
to the mean

The law of conservation of c + 0, — €O
mass states that no atoms
are lost or made during a
chemical reaction. Therefore:

3g 8¢9 2

mass of

= somassof _
reactants — n g n g

products

mass of the products = mass of the reactants

When we repeat an experiment, we can
use the results to tell us how reliable the
experiment was.

Example: A beaker containing 100 cm3
water was heated by 20 °C. The experiment
was repeated, and the times taken in
seconds were 90, 100, 93, 95.

1. Calculate the mean

(add numbers then divide by number of numbers)

90+100+93+95=¥=94.5s

2. Calculate the range (highest — lowest)
100 —90=10s
3. Calculate the uncertainty (range + 2)
O 5s
5 =

4. Result is mean * uncertainty=94.5+5s

Concentrations of solutions

The concentration is the mass of the solute in 1 dm3 (1
litre) of solution. If more solute is added, the
concentration of the solution will increase. If there is
less solvent, the
concentration of

solute
solvent

L]

. . *o® O |doune| ¢ half
a solution will e e % T |e e * |The
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also increase. T, e . v . Ry
2 g/dm® 1 g/dm? 2 g/dm?

Also M, products = M, reactants
Example: 2Mg  + 0, 2 MgO
M, x balanci
e 9x24 1x32 2 40
f
M, of - M, of _
reo?:fcmts =80 pro(:juds =80

Relative formula mass (M,)

Example: Find the concentration of the solution
formed when 2 g of HCl is dissolved in 400 cm? of H,0.

+ 1000
cm? dm?

x 1000

ﬂ mass (g)

m_ 2 [ x v\

— — — 3
C= ; - ﬁ - 5 g/dm comceg:’adris;]w volume [dm?)

Step 1: Convertcm?3 to dm3

Step 2: Use equation

In an open system, the mass can change during an experiment
involving gases as the gas can be ‘added’ or ‘escape’.

* If areactantis a gas, the mass increases (eg. 2 Ca + O, - 2 Ca0).
* If a product is a gas, the mass decreases (eg. ZnCO; - ZnO + CO,)

The M, is the mass of one mole of a
chemical in grams. It is found by adding the
mass numbers of each atom in a chemical:

MQC03 numlbers CO(N03)2 numlbers
L3x16:4§ —6x16 =96
1x12=12 : 2x14 =28
1x24:274 1 x 40 =40
84 186

Masses and moles

The mole (mol)

A mole represents the number of particles in a reaction. These
particles can be ions, electrons, atoms, molecules etc. The number of
particles in one mole is the same as Avogadro’s constant — 6.02 x 1023,
Examples: 1 mole of He contains 6.02 x10” atoms

1 mole of H,O contains 6.02 x10”> molecules

1 mole of NaBr contains 6.02 10> Na* ions

As the M. is the mass of one mole of a
chemical, the number of moles can be
found using the following equation:

mass (g)
mass

VAT

number of relative formula
moles (mol) mass {g/mol)

moles =




C3 Quantitative Chemistry
Combined Higher

Finding the mass of one chemical from the mass of another (mole calculations!)

Balanced chemical equations

The ‘balancing number’ before each chemical
shows the ratio of the number of moles of each
chemical that reacts. No number before the
chemical means there is only one mole reacting.

Na
I Na reocrs with 02 producing

Na,0

Balancing numbers

Nai,O

By calculating the number of moles of one chemical, we can use the mole ratio from the balanced
chemical equation to calculate the number of moles of another chemical. From this we can find
the mass we need or would expect to produce. These calculations have three steps:

1 - Find the moles. 2 - Use mole ratios. 3 - Answer the question.

Note — it is useful to keep track of the moles by writing them under the balanced equation

ﬂ mass (g)

number of relative formula
moles (mol) mass {g/mol)

The mole ratios from a balanced chemical
equation can be used to find the moles of one
chemical from the moles of another.
1
2

Example: N, -|-@)|-|2
1@

moles = 1.5 :
Q|

If 1.5 moles H, react with excess N, how many

moles of NH; are formed?

Mole ratios

moles NH; = 13—5 x2=1mol

The mass can be used to find the mole ratio and
write a balanced chemical equation

Example: 36 g Mg reacts with 24 g of O, producing
60 g of MgO. Find the balanced chemical equation
for this reaction.

3. Answer the
question

126 g of magnesium carbonate thermally decomposed
forming magnesium oxide and carbon dioxide. What
mass of magnesium oxide was produced?

MgCO; - MgO + CO,

moles MgC0O53 = g = 1.5 mol

ratio MgCO5;: MgO0=1:1

moles MgCO; = 1.5 mol
(Omgco,
1.5

moles =

mass = moles x M,
M, of MgO =24 + 16 =40

mass=1.5x40=60g

69 g of sodium was reacted with chlorine gas to
make sodium chloride. What mass of chlorine gas
was needed for the reaction?

2 Na +Cl, > 2 NaCl

mass

moles = M, of Na = 23

r

ratioNa:Cl,=2:1

moles Cl, = 1.5 mol

2 NaCl

mass = moles x M,
M, of Cl,=2x35.5=71

mass=15x71=142g

Mg + 0, — MgO
1. Write mass : 36 24 60
2.Findmo\e5§n:;—j_72271.5 7,:%:%:0_75 n:;:—'_:%:
3. + smallest number L5 =2 E =1 L5
e 075 0075 T 075
4. Balanced equation | 2 Mg + O, — 2 MgO

Masses to balanced equations

Always check the equation is balanced!

Excess and limiting reactants

Chemists often use an excess of one reactant to make sure

that all of the other reactant is used up. The reactant which is

used up is called the limiting reactant as this limits the
amount of product formed in the reaction.

We have to use the moles of the limiting reactant to calculate

the moles of product that we could make.

c + o,

co,

Room full of
oxygen

Small amount

moles produced
of carbon

depends on the
limiti moles of the limiting
imiing reactant (carben)

reactant excess

remaining oxygen
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n
oxyge! carbon

- |

carbon ,,-/

dioxide




