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By Chief Sulle
CHE  123
ANALYTICAL CHEMISTRY PRACTICALS
By Sulle, A.S.
Department of Chemistry
Faculty of Science
Muslim University of Morogoro
03-Jun-20 1 By Chief Sulle
Preparation of Solutions and bench
Reagents
INTRODUCTION-MEANING OF
SOLUTION AND BENCH REAGENTS
03-Jun-20 2
By Chief Sulle
Preparation of Solutions and bench
Reagents
Where Do Solution
"Recipes" Come From?
• Original Scientific Literature
• Laboratory Manuals (instructional)
• Laboratory Manuals (professional)
• Handbooks
• Manufacturers and suppliers
03-Jun-20 3 By Chief Sulle
Preparation of Solutions and bench
Reagents
Interpreting Recipes
DEFINITIONS of Common terminologies:
SOLUTES - The substance which is dissolved
into a solvent (mostly a solid).
SOLVENTS - The substance which dissolves
solute (mostly a liquid, such as water or
alcohol). Must be greater than 50% of the
solution.
03-Jun-20 4
By Chief Sulle
Preparation of Solutions and bench
Reagents
Interpreting Recipes
DEFINITIONS of Common terminologies:…
03-Jun-20 5
Saturated Solution:
A solution that contains the
maximum amount of a particular
solute that will dissolve at that
temperature.
By Chief Sulle
Preparation of Solutions and bench
Reagents…
Interpreting Recipes
A solution that contains more solute than
equilibrium conditions allow; it is unstable
and the solute may precipitate upon slight
agitation or addition of a single crystal.
Supersaturated Solution:
03-Jun-20 6
DEFINITIONS of Common terminologies:…
 


	2. 03-Jun-20
2
By Chief Sulle
Preparation  of Solutions and bench
Reagents
Concentration Versus Amount
CONCENTRATION - Amount / Volume
Fraction where:
Numerator, the amount of solute
Denominator, usually volume of
entire solution
i.e. Solvent + solute(s)
03-Jun-20 7 By Chief Sulle
Preparation of Solutions and bench
Reagents
Each star represents 1 g of NaCl.
What is the total amount of
NaCl in the tube? _____
What is the concentration of
NaCl
in the tube (in g/mL)? _____
03-Jun-20 8
By Chief Sulle
Preparation of Solutions and bench
Reagents
Each star represents 1 g of NaCl.
What is the total amount
of NaCl in the tube? 4 g
What is the concentration
of NaCl in the tube (in g/mL)?
4 g = ?_
5 mL 1 mL
? = 0.8g, so the
Concentration is 0.8 g/mL
9 By Chief Sulle
Preparation of Solutions and bench
Reagents
1. PERCENTS (Three kinds)
a. Weight per Volume % (w/v %)
b. Weight per Weight % (w/w %)
c. Volume per Volume % (v/v %)
2. PARTS
3. WEIGHT PER VOLUME
4. MOLARITY
Concentration
Expressions (Most Common)
10
By Chief Sulle
Preparation of Solutions and bench
Reagents
X % is a fraction
Numerator is X
Denominator is 100
Three variations on this theme.
1. Percent (%)
11 By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
• Grams of solute
• 100 mL total solution
• Most common in biology but seldom
used in chemistry manuals
• Technically, the units should be the same
in the numerator and denominator
1. Percent (%)...
12
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3
By Chief Sulle
Preparation  of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example
20 g of NaCl in
100 mL of total solution
= 20% (w/v) solution.
1. Percent (%)…
13 By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example
How would you prepare 500
mL of a 5 % (w/v) solution of
NaCl?
1. Percent (%)…
14
By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example
By definition5% =
5𝑔
100𝑚𝑙
5 g= ?
100 mL 500 mL
? = 25 g = amount of solute
Total volume 500 mL
1. Percent (%)…
15
=
5𝑔 𝑥 500𝑚𝑙
100𝑚𝑙
By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example 1
By equation
1. Total volume required 500ml
2. Concentration required 5%
3.
5
100
𝑥 500𝑚𝑙 = 25𝑔 𝑜𝑓 𝑁𝑎𝐶𝑙
1. Percent (%)…
16
By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example…
4. 25 is the amount of solute required in grams.
5. Weigh out 25 g of NaCl. Dissolve it in less than
500 mL of water.
6. By volumetric flask, bring the solution to 500 mL.
1. Percent (%)…
17 By Chief Sulle
Preparation of Solutions and bench
Reagents
1. Percent (%)…
18
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4
By Chief Sulle
Preparation  of Solutions and bench
Reagents
TYPE I: % Weight/volume
Example 2
How can you prepare 250mL of
1% Copper II sulphate solution to
be used for food test experiment
in the Biology Laboratory?
1. Percent (%)…
19 By Chief Sulle
Preparation of Solutions and bench
Reagents
TYPE I: % Weight/volume
Solution
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒 =
1
100
𝑥 250 = 2.5𝑔
2.5g of Copper II sulphate should be
weighed and dissolved to make 250mL of
solution. Label it 1% CuSO4 solution.
1. Percent (%)…
20
By Chief Sulle
Preparation of Solutions and bench
Reagents
1. Percent (%)…
21
Experiment 1.1: Preparation of 1% Sodium
Chloride solution
Instruction
• Select any volumetric flask in the laboratory
• Read the volume capacity of the flask
• Calculate the amount sodium chloride required
• Prepare 1% NaCl for the total solution
By Chief Sulle
Preparation of Solutions and bench
Reagents
Weight per weight %
22
Means a fraction with:
• Mass of solute in numerator
• Total mass in denominator
• Most times the “solute” here is a solid and
sometimes the “solution” is also a solid
• Remember that mass in the denominator
is the total mass of the solution
By Chief Sulle
Preparation of Solutions and bench
Reagents
Weight per weight %...
23
w/w
𝑔 𝑜𝑓 𝑆𝑜𝑙𝑢𝑡𝑒
100𝑔 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
By Chief Sulle
Preparation of Solutions and bench
Reagents
Weight per weight %...
24
Example 1
How would you make
500g of a 5% solution of
NaCl by weight (w/w)?
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5
By Chief Sulle
Preparation  of Solutions and bench
Reagents
Weight per weight %...
25
Solution
Percent strength is 5% w/w, Total weight desired is 500g.
5% =
5𝑔
100𝑔
𝑁𝑎𝐶𝑙 𝑛𝑒𝑒𝑑𝑒𝑑 =
5𝑔
100𝑔
𝑥 500𝑔 = 25𝑔 𝑁𝑎𝐶𝑙
Amount of solvent needed = 500 g – 25 g = 475 g
Dissolve 25 g of NaCl in 475 g of water.
By Chief Sulle
Preparation of Solutions and bench
Reagents
Weight per weight %...
26
Example 2
You are to prepare 4 kg of specific soil
sample which is to be 8% w/w sand and 5%
w/w clay in which the remainder is top soil.
How many grams of each sand and clay
need to be added to the soil to make the
solution?
By Chief Sulle
Preparation of Solutions and bench
Reagents
Weight per weight %...
27
Solution
𝑠𝑎𝑛𝑑 𝑠𝑜𝑖𝑙 =
8
100
𝑥 4𝐾𝑔 = 0.32𝐾𝑔
𝐶𝑙𝑎𝑦 𝑠𝑜𝑖𝑙 =
5
100
𝑥 4𝐾𝑔 = 0.20𝐾𝑔
𝑇𝑜𝑝 𝑠𝑜𝑖𝑙 = 4𝐾𝑔 − 0.32 + 0.20 𝐾𝑔 = 3.48𝐾𝑔
By Chief Sulle
Preparation of Solutions and bench
Reagents
Volume per volume of Percent %
28
v/v
𝑚𝐿 𝑜𝑓 𝑆𝑜𝑙𝑢𝑡𝑒
100𝑚𝐿 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
By Chief Sulle
Preparation of Solutions and bench
Reagents
Volume per volume of Percent %...
29
Means a fraction with:
• Volume of solute in numerator
• Total volume in denominator
• Usually the “solute” here is a liquid.
• Remember that volume in the
denominator is the total volume of the
solution
By Chief Sulle
Preparation of Solutions and bench
Reagents
Volume per volume of Percent %...
30
Example
You are to make 50 mL of a 8% v/v
solution of diluted dish soap.
How many mL of concentrated dish
soap must be added to how many mL
of water?
 


	6. 03-Jun-20
6
By Chief Sulle
Preparation  of Solutions and bench
Reagents
Volume per volume of Percent %...
31
Solution
8
100
𝑥 50𝑚𝐿 = 4𝑚𝐿 𝑜𝑓 𝐶𝑜𝑛𝑐. 𝑠𝑜𝑎𝑝
50mL - 4mL = 46mL of water
4mL of Concentrated soap should be
added to 46mL of water to make a
total of 50mL of diluted soap.
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts
32
Amounts of solutes expressed as "parts"
a. Parts per Million (ppm)
b. Parts per Billion (ppb)
c. Might see parts per Thousand (ppt)
d. Percent are same category (pph %)
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
33
Parts may have any units but
must be the same for all
components of the mixture
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
34
Example
A solution is 3:2:1 ethylene : chloroform :
isoamyl alcohol
Might combine:
3 liters ethylene
2 liters chloroform
1 liter isoamyl alcohol
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
35
Ppm and Ppb
• ppm: The number of parts of
solute per 1 million parts of total
solution.
• ppb: The number of parts of solute
per billion parts of solution.
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
36
Ppm example
5 ppm chlorine = 5 g of chlorine in 1 million
g of solution,
or 5 mg chlorine in 1 million mg of solution,
or 5 pounds of chlorine in 1 million pounds
of solution
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7
By Chief Sulle
Preparation  of Solutions and bench
Reagents
2. Parts…
37
Conversions
To convert ppm or ppb to
simple weight per volume
expressions:
5 ppm chlorine
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
38
Conversions…
To convert ppm or ppb to simple weight per volume
expressions:
5 ppm chlorine = 5 g chlorine = 5 g chlorine
106 g water 106 mL water
= 5 mg/1 L water
= 5 X 10-6 g chlorine/ 1 mL water
= 5 micrograms/mL
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
39
Conversions…
Ppm to Micrograms/ml
For any solute:
1𝑝𝑝𝑚 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 =
1 𝑚𝑖𝑐𝑟𝑜𝑔𝑟𝑎𝑚
𝑚𝐿
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
40
Each star represents 1 mg of dioxin.
What is the concentration of dioxin in
the beaker expressed as ppm (parts
per million)? ____________
What is the total amount of
dioxin in beaker? ___________
By Chief Sulle
Preparation of Solutions and bench
Reagents
2. Parts…
41
The total amount of dioxin in tube? 25 mg
Concentration of dioxin in tube expressed as
ppm. 1𝑝𝑝𝑚 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 =
1µ𝑔
𝑚𝐿
C𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
25𝑚𝑔
500𝑚𝐿
= 0.05𝑚𝑔𝑚𝐿−1
C𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 50µ𝑔𝑚𝐿−1
∴Concentration is 50 ppm
By Chief Sulle
Preparation of Solutions and bench
Reagents
3. Weight per Volume
42
Means a fraction with:
• Weight of solute in numerator
• Total volume in denominator
• Usually the “solute” here is a solid.
• Remember that volume in the
denominator is the total volume of the
solution
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By Chief Sulle
Preparation  of Solutions and bench
Reagents
3. Weight per Volume…
43
Example 1
2 g/mL starch
Means 2 mg of starch in each mL of solution.
How much starch is required to make 50 mL
of solution at a concentration of 2g/mL?
By Chief Sulle
Preparation of Solutions and bench
Reagents
3. Weight per Volume…
44
Solution
2 g starch = 1mL water
X g starch = 50mL water
Amount of starch (x) =
2𝑔 𝑥 50𝑚𝐿
1𝑚𝐿
= 100𝑔
By Chief Sulle
Preparation of Solutions and bench
Reagents
3. Weight per Volume…
45
Example 2
What volume of ethanol
required to prepare 1g solute
of Phenolphthalein indicator if
its concentration is 0.01g𝑚𝐿−1
By Chief Sulle
Preparation of Solutions and bench
Reagents
3. Weight per Volume…
46
Solution
From Concentration =
𝑀𝑎𝑠𝑠
𝑉𝑜𝑙𝑢𝑚𝑒
𝑉𝑜𝑙𝑢𝑚𝑒 =
𝑀𝑎𝑠𝑠
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
=
1𝑔
0.01g𝑚𝐿−1
𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓 𝐸𝑡ℎ𝑎𝑛𝑜𝑙 = 100mL
By Chief Sulle
Preparation of Solutions and bench
Reagents
Preparation of indicators
1% Phenolphthalein
47
Amount of POP =
1
100
𝑥 100 = 1𝑔
Dissolve 1g of phenolphthalein
in 50ml of alcohol and add 50ml
of water.
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Preparation of indicators…
0.1% Methyl Orange with aqueous
48
Amount of MO =
0.1
100
𝑥 100 = 0.1𝑔
Dissolve 0.1g of methyl orange
in 100mL of water.
Filter, if necessary
 


	9. 03-Jun-20
9
By Chief Sulle
Preparation  of Solutions and bench
Reagents
4. Molarity (M)
49
DEFINITIONS of Common terminologies:…
Molarity: Is number of moles
of a solute that are dissolved
per liter of total solution.
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4. Molarity (M)…
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By definition: A 1M solution of
any substance contains 1 mole
of solute per liter total volume.
And this is called Molar solution.
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Examples
Water, Sulfuric Acid and Glucose
For a particular compound, add the atomic weights
of the atoms that compose the compound.
• The formula weight for water H2O?
• The formula weight for sulfuric acid H2SO4?
• The formula weight for glucose C6H12O6?
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Examples: Sulfuric Acid
For a particular compound, add the atomic weights
of the atoms that compose the compound.
H2SO4:
2 hydrogen atoms 2 X 1.00 g = 2.00 g
1 sulfur atom 1 X 32.06 g = 32.06 g
4 oxygen atoms 4 X 16.00 g = 64.00 g
98.06 g/mole
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Examples: Sulfuric Acid…
A 1M solution of sulfuric acid contains 98.06 g
of sulfuric acid in 1 liter of total solution.
Observe that "mole" is an expression of
amount while “Molarity" is an expression of
concentration.
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DEFINITIONS of Common terminologies:…
"Millimolar", mM, millimole/L.
A millimole is 1/1000 of a mole.
"Micromolar", µM, µmole/L.
A µmole is 1/1,000,000 of a mole.
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Formula:
How much solute is needed for
a solution of a particular
molarity and volume?
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Formula:…
In the laboratory we two types
reagents which they differ each other
in terms of Preparation.
1. Solid state Reagents
2. Liquid state Reagents
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1. Formula for Solid state reagents:
Requirements from instructions
• Molarity and Volume
Requirements from manufacturer label
• Molecular weight (M.W.)
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1. Formula for Solid state reagents:…
Mass of solute (g) = Molarity x M.W. x Volume (𝑑𝑚3
)
Example 1
How much solute is required to
make 300 mL of 0.8 M CaCl2?
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1. Formula for Solid state reagents:…
Solution
From Mass of solute (g) = Molarity x M.W. x Volume (𝑑𝑚3
)
Mass of CaCl2 = 0.8M x 111g𝑚𝑜𝑙−1
𝑥
300𝑚𝐿
1000𝑚𝐿
=26.64g of CaCl2
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1. Formula for Solid state reagents:…
Example 2
a) What is the concentration (M) of a
salt solution that has 28g of NaCl in
185mL of water?
b) What is the w/v% of this solution?
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1. Formula for Solid state reagents:…
Solution
a) Molarity =
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔𝑑𝑚−3)
𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠
• 𝐶𝑜𝑛𝑐. (𝑔𝑑𝑚−3
) =
28𝑔
0.185𝑑𝑚−3 = 151.35𝑔𝑑𝑚−3
• Molarity =
151.35𝑔𝑑𝑚−3
58.5𝑔𝑚𝑜𝑙−1 = 2.5872𝑀
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1. Formula for Solid state reagents:…
Solution
b) The w/v% =
28𝑔 𝑜𝑓 𝑁𝑎𝐶𝑙
185𝑚𝐿
𝑥 100% = 15.14%𝑁𝑎𝐶𝑙
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1. Formula for Solid state reagents:…
64
Procedures to make a solution
1. Determine the volume desired.
2. Determine the molarity desired.
3. Find the MW of the solute, usually from label.
4. Determine how much solute is necessary by
using the formula.
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Procedures to make a solution…
5. Weigh out the amount of solute.
6. Dissolve the solute in less than the desired final
volume of solvent.
7. Place the solution in a volumetric flask or
graduated cylinder. Add solvent until exactly the
required volume is reached, “Bring To Volume”,
“BTV”.
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Procedures to make a solution…
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Procedures to make a solution…
All Solid reagents will be
prepared the same way like
the above example.
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Procedures to make a solution…
Assignment
Clearly show all steps how will you make
4 liters of (a) 0.05M Sodium carbonate
solution (b) 0.1M Sodium Hydroxide
solution.
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Procedures to make a solution…
Experiment 1.2
Observe the specification on the
label of the package given, Prepare
0.102M Sodium thiosulphate
solution.
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A comparison of methods of expressing the
concentration of a solute
Conc. of Solute (Na2SO4) Amount of Solute Amount of Water
1M 142.04 g Na2SO4 BTV1L with water
1m 142.04 g Na2SO4 Add 1.00kg of water
1N 71.02 g Na2SO4 BTV1L with water
1% 10g Na2SO4 BTV1L with water
1ppm 1mg BTV1L
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DEFINITIONS of Common terminologies:…
MOLALITY (m) is the number of moles of solute
(n) per kilogram (Kg) of solution. The SI unit for
Molality is mol/kg. A solution with a Molality of
3mol/kg is often described as “3molal” or “3m.”
However, following the SI system of units,
mol/kg or a related SI unit is now preferred.
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A comparison of methods of expressing the
concentration of a solute…
TYPES NOT COMMON IN CHEMISTRY MANUALS:
DEFINITIONS of Common terminologies:…
NORMALITY (N)
Solution contains 1 gram-equivalent weight of solute
per liter of solution. E.g. 98 g /2 = 49 g = 1.0 gram-
equivalent weight of H2SO4 = 1N solution of H2SO4
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Gram equivalent weight is the measure
of the reactive capacity of a molecule.
The solute's role in the reaction
determines the solution's normality.
Normality is also known as the
equivalent concentration of a solution
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Normality (N) = Molarity(M) x Equivalent(N/M)
The weight of a compound that contains
ONE EQUIVALENT of a proton (for acid)
or ONE EQUIVALENT of an hydroxide
(for base).
By Chief Sulle
Preparation of Solutions and bench
Reagents
NORMALITY (N)…
75
Example 1
H2SO4 + 2OH-= 2H2O + SO4
2-
M.W. of sulfuric acid (H2SO4) = 98.07 g/mol
Theoretical Equivalent weight of sulfuric acid
(H2SO4) = 49.03 g/equivalent of H+
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Example… Reason
98.07 g/mol H2SO4 (1 mole H2SO4 / 2 equivalents of
H+) = 49.03 g/equivalent of H+. In this example, the
magnitude of the equivalent weight of sulfuric acid
is HALF of that of the M.W. This is because
according to the balanced chemical reaction, one
mole of sulfuric acid reacts with TWO equivalents of
hydroxide (i.e. same as saying that there are TWO
equivalents of protons per mole of sulfuric acid).
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Example 2
NH4OH + H+ = H2O + NH4
+
Molecular weight of ammonium hydroxide
(NH4OH) = 35.00 g/mol
Theoretical Equivalent weight of ammonium
hydroxide (NH4OH) = 35.00 g/equivalent of OH-
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Example… Reason
35.00g/mol of NH4OH (1 mole NH4OH / 1 equivalent
of OH-) = 35.00 g/equivalent of OH-
In this example, the magnitude of the equivalent
weight of ammonium hydroxide is the same as the
molecular weight. This is because according to the
balanced chemical reaction, one mole of ammonium
hydroxide reacts with ONE equivalent of H+.
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Relationship between normality and molarity
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑁 = 𝑀𝑜𝑙𝑎𝑟𝑖𝑡𝑦 𝑀 𝑥 𝑛
Where n = no of moles of replaceable H+per mole of
compound that a solute is capable of releasing (acid)
or reacting with (base)
For example, for H2SO4 , n = 2, for NaCl, NaOH, HCl , n = 1
Note if n = 1, Molarity = Normality
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Example
What mass of H2SO4 is required to produce 250mL of
0.107N H2SO4?
Solution
Normality = n x M
0.107N = 2 x M
M =
0.107𝑁
2
= 0.0535 mol/L
It follows that, 1000cm3 of solute contain 0.0535 mol
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Solution…
250mL will contain =
250𝑚𝐿 𝑥 0.0535𝑚𝑜𝑙
1000𝑚𝐿
= 0.013375mol
But, no of moles = mass in g / molar mass
Mass = no of moles x molar mass
Mass= 0.013375 mol x 98g/mol
Mass = 1.31g
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Normality in acid-base titration
N1V1 = N2V2
Where N1 = normality of solution 1
V1 = volume of solution 1
N2 = normality of solution 2
V2= volume of solution 2
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Normality in acid-base titration…
Example
In a titration, 25ml sample of a KOH (aq)
solution requires 23.06ml of the 0.107N
H2SO4 solution. What are the normality
and the molarity of the KOH (aq)?
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Normality in acid-base titration…
Solution
N1V1 = N2V2 [do you remember this?]
25ml x N1 = 23.06ml x 0.107N
N1 = (23.06ml x 0.107N)/ 25ml
N1 = 0.0987N KOH
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Normality in acid-base titration…
Exercise
What volume of 0.1216N KOH is required for
complete neutralization of
a. 25.0ml of 0.1824N H2SO4
b. 20.0ml of 0.06480M H2SO4?
Answers
a. V = 37.5ml b. V = 21.32ml
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2. Liquid state reagents:
In liquid reagents, before finding the
amount of solute required to dissolve
you must know the concentration of the
origin stock solution. If not labelled or
known you must calculate it by using
the given specification from the label.
By Chief Sulle
Preparation of Solutions and bench
Reagents
4. Molarity (M)…
87
2. Formula for Liquid state reagents:
The Concentration obtained is called
Molarity of Concentrated solution (Mc)
𝑀𝑐 =
𝜌 𝑥 % 𝑥 1000
𝑀. 𝑊. 𝑥 100
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2. Formula for Liquid state reagents:…
Requirements from instructions
• Molarity and Volume
Requirements from manufacturer label
• Molecular weight (M.W.),
Density(𝜌) and Percentage (%)
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2. Formula for Liquid state reagents:…
Where
𝜌= Specific gravity (density) of reagent
% = Percentage purity of reagent
𝑀. 𝑊. = Molecular weight of reagent
100 = The denominator of percentage purity
1000 = 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝐿 𝑡𝑜 𝑚𝐿 (𝑐𝑚3)
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2. Formula for Liquid state reagents:…
For a solution of a given Molarity
(Md) and volume (Vd), use
Dilution law to find out volume of
concentrated stock solution (Vc).
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones
Concentrated solution = stock solution
Formula to calculate how much stock solution is needed: McVc = MdVd
Where:
• Mc = Concentration of stock solution
• Md = Concentration of dilute solution to be
• Vc = How much stock solution is needed
• Vd = How much of the dilute solution is required.
By Chief Sulle
Preparation of Solutions and bench
Reagents
4. Molarity (M)…
92
2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Example 1
How would you prepare 1000mL of a 1M
solution of Tris buffer from a 4M stock of Tris
buffer?
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution
• The concentrated solution (Mc) = 4M
• The volume of stock needed (Vc) = ?
• The final concentration required (Md) = 1M
• The final volume required (Vd) = 1000mL
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution…
From: 𝑀𝑐𝑉𝑐 = 𝑀𝑑𝑉𝑑
𝑉𝑐 =
𝑀𝑑𝑉𝑑
𝑉
𝑐
=
1𝑀 𝑥 1000𝑚𝐿
4
= 250𝑚𝐿
So, take 250mL of the concentrated stock solution and BTV 1 L.
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Example 2
How could you prepare 0.05M Nitric acid to
make two liters if its bottle has the following
specifications:
M.W. 63.01, Assay 70.0%, Sp. gr. 1.42.
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution
Specifications from manufacturer label
i. Molecular weight (M.W.) = 63.01g/mol
ii. Percentage purity (Assay) =70.0%
iii. Density (Specific gravity) (ρ) = 1.42g/mL
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution…
Specifications from instructions
i. Concentration = 0.05M
ii. Volume (2L) = 2000mL
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution…
Mc =
ρ 𝑥 % 𝑥 1000
𝑚.𝑤.𝑥 100
=
1.42 𝑥 70.0 𝑥 1000
63.01 𝑥 100
= 15.78𝑀
From the Dilution law
Vc =
𝑀𝑑 𝑥 𝑉𝑑
𝑀𝑐
=
0.05 𝑥 2000
15.78
= 6.3mL
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Solution…
Hence a 6.3mL Concentrated 𝐻𝑁𝑂3 is
dissolved in distilled water to a make a
total volume of 2000ml of dilute
0.05M 𝐻𝑁𝑂3
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2. Procedures to make a solution for
Liquid state reagents:
100
1. Determine the Molarity of the stock solution (Mc)
2. Determine the molarity desired (Md)
3. Determine the volume desired (Vd)
4. By dilution law, calculate volume of solute (Vc)
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2. Procedures to make a solution for
Liquid state reagents:…
101
5. Measure out the volume of solute.
6. Dissolve the solute in less than the desired final
volume of solvent.
7. Place the solution in a volumetric flask. Add
solvent until exactly the required volume is
reached, “Bring To Volume”, “BTV”.
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
All liquid reagents will be
prepared the same way like
the above example
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Assignment
How could you prepare 0.02M Sulphuric
acid to make five liters if its bottle has
the following specifications:
M.W. 98.00, Assay 98.0%, Sp. gr. 1.84.
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2. Formula for Liquid state reagents:…
Preparing dilute solutions from concentrated ones…
Experiment 1.3
You will be given two containers of Acetic
acid and hydrochloric acid. Observe all
specifications then each Prepare 500mL of
0.01M Acetic acid and 1M Hydrochloric acid.
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Some liquid reagents comes with
concentrations of v/v or Percent (%) and
you may required to prepare in the same
concentration. Hence dilution law can be
used only to lower the concentration and
it can not be raised.
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Example 1
How can you prepare one liter of
70% Ethanol if it is labeled to
have the percentage purity of
99.8%?
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Solution
From Dilution Law McVc = MdVd
Mc = 99.8%
Md = 70.0%
Vd (1L) = 1000mL
Vc = ?
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Solution
Vc =
𝑀𝑑 𝑥 𝑉𝑑
𝑀𝑐
=
70% 𝑥 1000𝑚𝐿
99.8%
= 701.4𝑚𝐿
So, take 701.4mL of the 99.8% Ethanol and
BTV 1L with water to make 70% Ethanol.
Note:
It is impossible to make more than 99.8% Ethanol
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Example 2
How can you prepare two liters
of 10v Hydrogen Peroxide if it’s
label have the percentage purity
of 40v?
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Solution
From Dilution Law McVc = MdVd
Mc = 40v
Md = 10.0v
Vd (2L) = 2000mL
Vc = ?
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Solution
Vc =
𝑀𝑑 𝑥 𝑉𝑑
𝑀𝑐
=
10𝑣 𝑥 2000𝑚𝐿
40𝑣
= 500𝑚𝐿
So, take 500mL of the 40v Hydrogen Peroxide
and BTV 2L with water to make 10v 𝐻2𝑂2.
Note: It is impossible to make more than 40v𝐻2𝑂2.
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Always ADD ACID (AA) to water! A great amount of
heat is liberated when sulfuric acid is added to
water. The temperature of the solution will rise
rapidly. In fact, the temperature may rise so fast
that the solution will boil and possibly spatter a
strongly acidic solution. Consider immersing your
mixing vessel in a bucket of ice to control the
solution temperature. Always add the acid to water
very slowly while stirring continuously.
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Preparation of Sulphuric acid
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Preparation of Sodium hydroxide
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A great amount of heat is liberated when sodium
hydroxide and water is mixed. The temperature of
the solution may rise very rapidly. In fact, the
temperature may rise so fast that the solution may
boil and possibly spatter a hot, caustic solution.
Immerse the flask or beaker in an ice water bath to
control the solution temperature.
 


	20. 03-Jun-20
20
By Chief Sulle
Preparation  of Solutions and bench
Reagents
Safety Warning!...
Preparation of Sodium hydroxide…
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In addition, pay special attention to the condition of
the beaker or flask, you use to prepare these
solutions. If you use a glass vessel it must be
borosilicate glass and it must be free of any
scratches, chips or breaks. Inspect the vessel carefully
before use. Add ingredients slowly with continuous
stirring.
By Chief Sulle
Preparation of Solutions and bench
Reagents
Safety Warning!...
Preparation of Sodium hydroxide…
116
By Chief Sulle
Preparation of Solutions and bench
Reagents
Common terminologies
Standard Solution
03-Jun-20 117
Analytical chemists take on the task of separating,
identifying, and quantifying a variety of chemical
components in a wide range of materials. Standard
solutions are one of the many tools chemists can use
when specifically (and accurately) trying to identify
these components.
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Standard solutions are solutions that contain
a known and accurate amount of a solute.
These solutions are commonly used to help
identify and determine the concentration of a
substance whose concentration is unknown.
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When working to analyze, let's say an unknown
substance, you want to be as accurate as possible
with all results. This is where standard solutions step
in. Because these solutions contain accurate
concentrations of a chemical component, they will
increase confidence regarding the determination of
substances with unknown concentrations.
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Is a type of reagent that has specific
characteristics. It aids in accurately assessing the
unknown concentration of a substance.
Standard Solution
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When preparing standard solutions, you
might need to dissolve a primary standard in
a solution such as distilled or purified water.
What is a primary standard?
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Think of primary standards as a library. You decide
to take your unknown substance to that library with
the goal of accomplishing two tasks: identifying
what that unknown is and determining its
concentration. It serves as a reference material in all
volumetric and mass titrimetric methods.
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1. Absence of hydrated waters
2. Large in size (molar mass) to help minimize weighing errors
3. Not change its size (i.e. solid primary standards) if exposed to air
4. Pure (99% pure)
5. Readily available and inexpensive
6. Soluble in solvent
7. Stable (i.e. not react with other chemicals)
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e.g. of primary standards
- Arsenic trioxide As2O3
- Benzoic acid
- Potassium bromate (KBrO3)
- Potassium hydrogen phthalate KHP
- Sodium carbonate
- Sodium chloride
- Sulfanilic acid
- Zinc powder
- Sodium borate Na2B4O7
- Potassium hydrogen iodate KH(IO3)2
- Pure metals and their salts
like Zn, Mg, Cu, Mn, Ag, AgNO3,
NaCl, KCl, KBr- used in acid base
titration
- K2Cr2O7
- KBrO3
- KIO3
- KI(IO3)2
- Na2C2O4
- pure iron used in redox titrations.
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Secondary standard solution:
The concentration of a solution is
determined by using it to titrate a carefully
measured quantity of a primary standard.
Titrant that is standardized against a
standard solution.
Standardization:
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You are given a practical use your knowledge obtained in this
knowledge are and follow all procedures, prepare and
standardize the following solutions.
(a) Preparations
i. 0.1M Hydrochloric acid
ii. 0.1M Sodium hydroxide
iii. 0.1M Potassium hydrogen phthalate
(b) Standardization
i. Hydrochloric Acid
ii. Sodium hydroxide
By Chief Sulle
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The end
Thank you !
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