[bookmark: _Hlk112880173]Quantitative Chemistry
Moles and Stoichiometry 
What is mole? Mole is the unit (just like g or s or cm) of amount of a substance. It is one of the seven SI standard physical units. Chemical amounts are measured in moles. The symbol for the unit mole is mol. A mole is defined as
The relative formula mass of a substance, in grams, that contains exactly 6.02x1023 particles/atoms/molecules/ions, is known as one mole of that substance.
Ar relative formula mass the av mass of the isotopes of an element compared to 1/12th of the mass of an atom of carbon- 12.
Mr or relative molecular mass = the sum of relative atomic masses of individual elements.
A mole contains 6.02x1023 particles, this number is known as Avogadro’s constant. 
One lithium or magnesium atoms has ^^ moles but we don’t deal with singular atoms. We deal with compounds and mixtures.
Review: what is Ar and Mr?
The mass of one mole of a substance in grams is numerically equal to its relative formula mass. (e.g., the Ar of iron is 56, so one mole of iron weighs 56g or the Mr of nitrogen gas, N2, is 28 (2 x 14), so one mole is 28g).
Moles can be calculated using either mass of the substance, volume of gas, or concentration of the liquid solution.
Use of amount of substance in relation to masses of pure substances 
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You can convert between moles and grams by using this triangle (you may have to rearrange it).
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Mole = mass of a substance/ molecular mass of a substance (Mr)
This equation shows that more the mass of the substance more the moles and the more the Mr the lesser the moles
[image: ]
Grams C-12
QS. What are the molecular weights of the following compounds
A) NaOH   B) H2O   C) Mn2Se7    D) (NH4)2SO4
QS. 
How many moles are there in 22 grams of argon? 22/40 = 0.55
How many grams in 88.1 moles of magnesium? 
How many moles in 2.3 grams of phosphorus?
How many grams in 11.9 moles of chromium?
How many moles in 68 grams of copper (II) hydroxide, Cu (OH)2? 
How many grams in 0.02 moles of beryllium iodide, BeI2?
Be careful about significant figures!

Use of amount of substance in relation to volumes of gases
Equal amounts (in mol.) of gases occupy the same volume under the same conditions of temperature and pressure (RTP) Avogadro’s law 
Volume of 1 mol. of any gas at RTP (room temperature and pressure: 20 degrees C and 1 atmosphere pressure) is 24dm3
This sets up the equation: Volume of gas (dm3) at RTP (24) or STP (22.4) (standard temperature and pressure)
Volume = Moles x 24 
Moles = Volume of gas in cm3 /24000
Moles = Volume of gas in dm3 / 24
Using this equation, we conclude that more the volume of a gaseous substance more the moles and vice-versa (e.g., if you produce 5 moles of hydrogen, you produce 24 x 5 = 120 dm3) mole and vol are directly related
3 sf
24 dm3 = 24000 cm3
QS.
Calculate the volume of 3 moles of SO2 sulfur dioxide at r.t.p 72
Calculate the volume of 0.55 moles of ammonia NH4 at r.t.p 13.2
Calculate the volume of 0.045 moles of water vapors of at r.t.p
How many moles are there in 700 cm3 of hydrogen sulfide? 0.0292
How many moles are present in 2500 cm3 of N2 gas?
How many moles are there in 0.5 dm3 of sulfur trioxide S03?
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425/38=11.18 mol
11.18 x 24 = 268.42
F2

Using concentrations of solutions in mol/dm3
Concentration of the solution is defined as the number of moles of substance present in 1 dm3 of solution or 1000 cm3 solution. The units are mol/dm3. (Used in titration exp)
Concentration = moles of a substance / 1000 cm3 of solution mol/1 dm
Moles = (Volume of solution x Concentration of solution) / 1000 
Is mass of a solute related to concentration? How?
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Concentration of a solution can be measured in mass per given volume of solution e.g., grams per dm3 (g/dm3) 
To calculate mass of solute in a given volume of a known concentration use mass = conc x vol i.e., 
g = g/dm3 x dm3 
a smaller volume or larger mass of solute gives a higher concentration 
a larger volume or smaller mass of solute gives a lower concentration
[image: ]
QS. 
Calculate the moles of NaOH in 30 cm3 of 0.05 mol/ dm3 of NaOH solution. 1.67 mol
Calculate the moles of KOH in 15.6 cm3 of 0.6 mol/ dm3 of KOH solution. 38.5 mol
Calculate the volume of 0.05 mol/ dm3 solution that contains exactly 0.04 moles of NaOH solution.
Calculate the volume of 0.1 mol/ dm3 CaCl2 solution that contains exactly 0.04 moles CaCl2 solution.
Find the volume needed to contain exactly 0.006 moles of CuCl2 if the concentration of the solution is 0.004 mol/ dm3.
25 grams FeSO4 is dissolved to form a solution that contains 100 cm3 of FeSO4. 
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0.114 Concentration x 1000 cm3 of solution = moles of a substance x Mr
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What is stoichiometry?
The relationship between the relative quantities of substances taking part in reaction or forming a compound typically a ratio. 
Mole stoichiometry relates the ratios of two chemical substances in an equation 
Formulas for a hypothetical equation
xA + yB --------> zC
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Balancing equations
Masses of reactants & products can be calculated from balanced symbol equations
Chemical equations can be interpreted in terms of moles. E.g., Mg + 2HCl -> MgCl2 + H2 shows that 1 mol Mg reacts with 2 mol HCl to produce 1 mol MgCl2 and 1 mol H2 
Total moles of one element must be the same on both sides of the equation
Balance the following eq 
H2 + Cl –--- > HCl
N2 + H2 ----- > NH3 
a) What mass of nitrogen is needed to produce 45.0 grams of ammonia 2x 45
b) What volume of hydrogen gas can be used if 800 cm3 of ammonia gas is to be produced at rtp 0.05
Balancing numbers in a symbol equation can be calculated from the masses of reactants and products: a. convert the masses in grams to amounts in moles
b. convert the numbers of moles to simple whole number ratios, then you know how many moles you have of one element/compound compared to another
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Percentage yield
All reactions do not achieve completion. This can be due to unavailability of proper conditions or due to contaminated over diluted solutions. Thus, the amount of product appears to be lower than predicted by the theoretical value.
% yield = (actual yield/ theoretical yield) x 100
Procedure to calculate % yield
i) Use mass/ volume/ concentration of reactants and molar ratios to calculate the amount of products
This is the theoretical yield 
ii) Than use this formula % yield = (actual yield/ theoretical yield) x 100
Short-hand formulas
Mass of reactant/ (Mr of reactant x Mole ratio) = (Mass of product/ Mr of product x Mole ratio) x yield
Volume of reactant/Mole ratio = (Volume of product/ Mole ratio) x yield
(Volume x concentration of reactant) x mole ratio = (volume x concentration of product / mole ratio) x yield 
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  [image: ] 
(24/ 24 + 16) x 100 = 60
15 = (24/40) x 25
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Limiting reactants 
Limiting reactants are defined as the reactants which are not present in lesser amounts(moles) as compared to other reactants in the equation.
They limit the yield of products
The other reactants sometimes stay unreacted by the end of a reaction.  
● In a chemical reaction with 2 reactants you will often use one in excess to ensure that all of the other reactant is used 
● limiting reactant: the reactant that is used up / not in excess (since it limits the amount of products) 
● If a limiting reactant is used, the amount of product produced is restricted to the amount of the excess reactant that reacts with the limiting one (so use amount of limiting reagent not one in excess for calculations)
Procedure to identify the limiting reactant
There are two ways for how to calculate limiting reagent. One method is to find and compare the mole ratio of the reactants that are used in the reaction. Another method is to calculate the grams of products produced from the quantities of reactants in which the reactant which produces the smallest amount of product is the limiting reagent.
Method 1: Finding the limiting reagent by looking at the number of moles of every reactant.
2. First, determine the balanced chemical equation for the given chemical reaction.
3. Then, convert all the given information into moles (by using molar mass as a conversion factor).
4. The next step is to calculate the mole ratio from the given information. Then, compare the calculated ratio to the actual ratio.
5. Use the amount of limiting reactant for calculating the amount of product produced.
6. Lastly, if necessary, calculate how much of the non-limiting agent is left in excess.
Method 2: Finding the limiting reagent by calculating and comparing the amount of product each reactant would produce.
1. The first step is to balance the chemical equation for the given chemical reaction.
2. Then, convert the given information into moles.
3. Use stoichiometry for each individual reactant for finding the mass of product produced.
4. The reactant which produces a lesser amount of product would be the limiting reagent.
5. The reactant which produces a larger amount of product would be the excess reagent.
6. Lastly, for finding the amount of remaining excess reactant, subtract the mass of excess reagent consumed from the total mass given of the excess reagent.
Summary 
If there are more than one reactant in an equation the following steps should be taken to identify the limiting reagent
1. Calculate the moles of each reactant using above learned formulae based on given mass/gaseous volume/volume and concentration
2. Apply mole ratio for each reactant individually to calculate the moles of product that can be produced
3. Repeat the procedure with each reactant and calculate the moles of the product that can be produced
4. The reactant that produces least amount/moles of the product is limiting reagent 
QS
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Amounts of substances can be described in different ways.
Complete the sentences.

One mole of a substance is the relative formula mass in

The relative atomic mass of an element compares the mass of an atom of an element with
the mass of an atom of
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The carbon dioxide was collected at room temperature and pressure.
The volume of one mole of any gas at room temperature and pressure is 24.0 dm®.

How many moles of carbon dioxide is 95.0 cm*?
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Practice Question: Calculate the volume of 0.75 mol of H, at

room temperature and pressure. (Molar volume = 24 dm?3)
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Practice Question: Mary has calculated the mass of fluorine as
425g at room temperature and pressure. Work out the volume
of fluorine at room temperature and pressure. (Molar volume

24 dm3)
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lidentify the correct equation.
Volume at rtp = (mass/M;) x 24
2. Calculate the M, of fluorine.

Remember, Group 7 elements are diatomic. This means that

they are always in pairs
19x2=38
3. Substitute in the numbers.
Volume = (425/38) x 24

Volume of fluorine at room temperature and pressure = 268.42

dm?
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® Concentration of a solution can be measured in mol. per given volume of
solution e.g. mol. per dm*3 (mol./dm?)
® Mass of a solute and the volume of a solution are related to the conc. of the
solution through the equation moles = concentration x volume
0 Use mass to find mol: mol. = mass / molar mass, then use conc. = mol. /
vol. as seen below
o If the volumes of two solutions that react completely are known and the
cconcentration of one solution is known, the concentration of the other solution
can be calculated:
o work out moles of solution where volume and concentration is known
by moles = conc x vol (make sure volume is in dm?, to go from cm® to
dm? + 1000)
o work out moles of other solution by mole ratio from equation
o now work out unknown concentration by using conc = mol / vol
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If you know the mass of solute dissolved in a certain volume of solution,
you can work out its concentration.
As an equation:
amount of solute (g)
volume of solution (dm?)
If you are working in centimetres cubed (cm’), convert the volume to
dm? by dividing it by 1000, and use the equation above. Alternatively,
substitute your data in cm?® into the following equation:
amount of solute (g)
volume of solution (cm®)

concentration (g/dm’) =

concentration (g/dm?) = %1000
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Worked example: Concentration of a solution

504 of sodium hydroxide is dissolved in water to make up

200cm’ of solution. What is its concentration, given in g/dm?*?

(Remember that 1dm® = 1000cm?)

Solution

To find the concentration of the solution, you should use the equation:
amount of solute (g)

concentration g/dm? = —oou L SOUEII) 1000
volume of solution (cm?)

S0
So, 300cm® = 0.25

0.25g/cm® x 1000 = 250g/dm’
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Worked example: Calculating mass of solute
A solution of sodium chloride has a concentration of 200 g/dm?.
What is the mass of sodium chloride in 700 cm? of the solution?

Solution

First, you need to convert 700cm? into dm?.
700,
1000
Then rearrange the equation to make amount of solute (g) the subject.

amount of solute (g) = concentration (g/dm?) x volume of solution (dm?)
S0,200g/dm* x 0.7 = 140g

=0.7dm*
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The student did further experimental work and found that 31.0 cm* of potassium hydroxide
solution neutralised 25.0 cm’ of dilute nitric acid.

The concentration of the dilute nitric acid was 2.0 moles per dm’.
HNO,+KOH ~——= KNO;+H.0

Calculate the concentration of the potassium hydroxide solution in moles per dm’.
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A student used a pipette to add 25.0 cm’ of sodium hydroxide of unknown concentration to
a conical flask.

The student carried out a titration to find out the volume of 0.100 mol / dm’ sulfuric acid
needed to neutralise the sodium hydroxide.
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The student carried out five titrations. Her results are shown in the table below.

Titration | Titration | Titration | Titration | Titration
1 2 3 4 5

Volume of 0.100 mol / 27.40 28.15 27.05 27.15 27.15
dm® sulfuric acid in cm®

Concordant results are within 0.10 cm® of each other.

Use the student’s concordant results to work out the mean volume of 0.100 mol / dm®
sulfuric acid added.

Mean volume =

The equation for the reaction is:
2NaOH +H,S0, > Na,SO, + 2H,0
Calculate the concentration of the sodium hydroxide.

Give your answer to three significant figures.
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‘The student did another experiment using 20 cm® of sodium hydroxide solution with a
concentration of 0.18 mol / dm’.

Relative formula mass (M) of NaOH = 40

Calculate the mass of sodium hydroxide in 20 cm® of this solution.
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Moles H,S0, = conc x vol = 0.00271
allow ecf from 8.4

Ratio H,50,:NaOH is 1:2
or
Moles NaOH = Moles H;S0, x 2 = 0.00542

Concentration NaOH = mol / vol = 0.00542 / 0.025 = 0.2168

0.217 (mol / dm’®)
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(i) 25.00 cm* of vinegar was neutralised by 30.50 cm of a solution of sodium hydroxide
with a concentration of 0.50 moles per cubic decimetre.

The equation for this reaction is:

CH,COOH(aq) +  NaOH(aq) - CH.COONa(aq) +  HO(l)

Calculate the concentration of ethanoic acid in this vinegar.

Concentration of ethanoic acid in this vinegar =
decimetre

. moles per cubic
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The concentration of ethanoic acid in a different bottle of vinegar was 0.80 moles per cubic
decimetre.

Calculate the mass in grams of ethanoic acid (CH.COOH) in 250 cm of this vinegar.
The relative formula mass (M, of ethanoic acid = 60.
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Worked example 1
Sodium nitrate, NaNO,, decomposes on heating to give sodium
nitrite, NaNO,, and oxygen gas, O,.
When 8.5g of sodium nitrate is heated in a test tube until its mass is
constant, 6.9 of sodium nitrite is produced.
a What mass of oxygen must have been given off in the reaction?
b Find the ratio of reactants and products involved in the reaction,
and show how these can be used to produce the balanced
symbol equation for the decomposition of sodium nitrate:
(A, values:Na=23,N =14,0=16)
Solution
a You know that the total mass of reactants = total mass of
products (from the Law of conservation of mass). So if the mass
of oxygen is xg:
sodium nitrate — sodium nitrite + oxygen
859 = 699 + xg
(85-69)g=xg
1.6 = mass of oxygen
b From the masses given in the question and our answer to part a,
you can work out the numbers of moles of each reactant and
product:

First of all, you will need to calculate the relative formula masses
M, of the reactants and products using the A, values provided:

M, of NaNO, =[23 +14 +(16 X 3)] =85

M, of NaNO, = 69
M,of0,=32

Then use the equation from Topic C4.1 to convert masses to moles:

number of moles = 2%

molesof _ 8.5 molesof _ 6.9 moles _ 1.6

NaNo, " 85 NaNO, ~ 69 of0, ~ 32

= 0.1mol = 0.1mol = 0.05mol
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Then find the simplest whole-number ratio of the numbers of moles
of NaNO, : NaNO, : O,

moles of NaNO, : NaNO,: O,
0.1:0.1:0.05
Dividing the ratio by the smallest number gives:
25270
S0 the balanced equation is:
2NaNO, — 2NaNO, +0,
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Calculate the percentage by mass of magnesium in magnesium oxide.

Percentage by mass of magnesium in magnesium oxide =
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Calculate the mass of magnesium needed to make 25 g of magnesium oxide.

Mass of magnesium =
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Moles from masses
Chemists prefer to use the mole when describing relative numbers of
particles (atoms, molecules, or ions) in a certain mass of substance.
They use the equation:
mass(g) . mass(g)

A M,

number of moles =

Masses from moles
Sometimes you will have to work out the mass of a substance from a
given number of moles.
By re-arranging:
mass (g) or Mmass (@)
A M,

you can calculate the mass of a certain number of moles of substance
using the equation:

number of moles =

mass (g) = number of moles x A, or number of moles x M,
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4Cu0(s)  + CH(g) >  4Culs)  + 2HO(g) +  colg)
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Calculate the relative formula mass (M) of copper oxide (CuO).

Relative atomic masses (): O = 16; Cu = 64.

Relative formula mass (M) =

Calculate the percentage of copper in copper oxide.

Percentage of copper =




image30.png
Calculate the mass of copper that could be made from 4.0 g of copper oxide.

Mass of copper
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Look at the equations for the two reactions:
Reaction1  CuCOs(s) +2HCl(ag) > CuCl,(aq) + H,0(1) + CO,(g)
Reaction 2 CuO(s) + 2HCI(ag) > CuCly(aq) + H,O(l)
Reactive formula masses: CuO = 79.5; HCl = 36.5; CuCl, = 134.5; H,0 = 18
The percentage atom economy for a reaction is calculated using:

Relative formula mass of desired product from equation x 100
Sum of relative formula masses of all reactants from equation

Calculate the percentage atom economy for Reaction 2.
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Consider the combustion of benzene which is represented by the following chemical equation:
2CgHg(l) + 15 Og(g) > 12C05(g) + 6HOL(I)
It means that 15 moles of molecular oxygen O, are needed to react with 2 moles of benzene CgHg.

The amount of oxygen that is required for other quantities of benzene is calculated using cross-
multiplication. For example, if 1.5 mol CgHg is present, 11.25 mol Oy is required:

15 mol O,

1.5 mol CgHg X ——————
08 2 mol CgHs

=11.25mol Oy

If in 18 mol Oy are present, there would be an excess of (18 - 11.25) = 6.75 mol of unreacted oxygen when
all of the benzene is consumed. Benzene is, therefore, the limiting reagent.
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1. Determine the limiting reagent if 76.4 grams of C,H3Br3 reacts with 49.1 grams of O,.
4 CoHgBr3 + 11 Oy > 8 CO, + 6HO, + 6Br,
Solution:

Using method 1,

76.4gx =0.286 moles of C,H;Br;

266.72g

1 mol
49.1gx —— =1.53 moles of O,
329

If you assume that all of the oxygen is used up,

1.53 x 411, or, 0.556 moles of C,H,Br; are required. Since there are only 0.286 moles of C,H,Br; that are
available, C,H,Br; is the limiting reagent here.
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Using method 2,

764 g CoHABr 1 mol « 8 mol CO, )(44.[]19002_252 co
40%2M8508 566 729 X 4mol CoHzBrs - 1mol COy 02902
1mol Oy 8mol CO, 44.01 g CO,
49190, x = 4919 CO,

3290, « 1lmol 0, \ 1mol CO,

Hence, by using any of these methods, C,H3Br3 is the limiting reagent.
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