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Forewords:
The following manual was written for BSc students in Food Engineering at the
University of Debrecen. It contains basic theoretical and lab information. Students
in the BSc courses come to our university from different backgrounds in Chemistry.
Some of them have studied very thoroughly English Chemistry in high school, but
others have gaps in their chemical knowledge and at times they are not familiar with
the chemical expressions in English. This manual contains both: simple, basic
questions and more sophisticated problems as well. The goal in writing this manual
was for the whole group to gain the most essential lab and theoretical chemical
skills, and for each student to improve their Chemistry knowledge at their own level.
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Lab 1.
Purpose of the chapter
 To introduce laboratory safety rules
 To introduce the basic lab equipment
 To develop the technique using a pipet, buret
 To develop the skill to operating a lab balance
 To practise unit conversion
 To practise formula writing of ionic compounds
Required knowledge: trends in periodic table
1.1 Laboratory safety rules
1. Eating and drinking and chewing in laboratory is forbidden.
2. Do not carry a jacket or larger bags (50cm X 80cm) into the laboratory.
You can leave your coats by the reception downstairs
3. Chemicals should be wiped up immediately from the desk. Wipes for that
purpose can be found on the edge of each desk.
4. Long hair should be tied, wearing long necklace, earrings is to be avoided.
5. Do not smell gases directly generated during the reaction, but cup hands very
carefully over the test-tube and gentle waft the air toward you to smell. .
6. If you heat liquid in a test tube it must be less than one-third full. You have to
hold the test tube with a test tube holder, at the upper one third of the flame at
an angle about 45o. Move the test tube constantly to avoid the liquid splash out.
Never point the test tube toward anyone.
7. Solid chemicals were taken out from the container with a plastic spatula. Never
put back the excess liquid and solid material to the reagent bottle.
8. Do not pipette concentrated acid or lye or other harmful liquids directly.
9. Do not work with inflammable materials (alcohol, ether, acetone) near to a
flame.
10. The gas flame should not be left without supervision.
11. If the Bunsen burner is not used temporarily it must be set to orange flame.
12. If acids and bases contact with your skin immediately wipe off, wash
thoroughly with water. If the chemicals were strong the acid can be neutralizes
by NaHCO3 and the base with a dilute solution of boric acid. If acid or alkali
get into the eyes, rinse with water eyewash cup.
13. .If your clothes burst into flame the lab conductor has three choices: apply a
safety shower , a fire blanket to wrap around the burning clothing or lab
extinguishers. Do not run, stop, drop, and roll –to smother the fire.
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Figure Laboratory Devices

5

1.3 Questions on basic lab operations
1) Draw two kinds of volumetric pipets: a. with one calibration line b. with two
calibration line. How to use them? What is the difference?
2) List three glassware that can be heated?
3) Which laboratory glass flask mustn’t be heated?
4) For what lab technique do we use the volumetric flask?
5) Order the following glassware in increasing precision: volumetric cylinder, buret,
pipet. Explain.
6) Which one is the most precise? (with explanation):
i) Volumetric pipet with one mark
ii) Volumetric pipet with two mark
iii) Measuring pipet
7) What is meniscus? Draw the right position of meniscus!
8) Why is a beaker not appropriate to measure the volume of a liquid?
9) How to heat liquids in test tube?
10) Draw the basic lab equipment
1.4 Experimental work
1) Weigh 0,01 mol NaCl into a dry beaker
2) Measure 10 ml water with a volumetric cylinder into a beaker.
3) Practice the use of volumetric flasks. Pour distilled water to the flask until liquid
level is below 1-2 cm the mark. Using a pipette fill the volumetric flask with water
drop by drop. until the bottom of the meniscus reaches the mark
4) Practice the use of buret. Check the bubbles within the buret. How many drops is
equivalent with 1 ml by your burette?
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1.5 Periodic trends
Mark the following groups in the blank periodic table.
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.

metals
non-metals
semi-metals
alkali metals
alkali earth metals
halogens
noble gases
s-field elements
p-field-elements
d-field elements
transition metals

Periodic table
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1.6 Chemical formula of ionic compounds
Objective: to write formulas for binary compounds containing monoatomic ions and
salts containing polyatomic ions.
A, Chemical formula from monoatomic ions
In this case ionic compounds are built up from metallic and non-metallic ions
If we want to write the chemical formula we have to know the charge of the
components. Sometimes it can be easily read from the periodic table.
Ia

IIa

Li+

IIIa

Al3+

Na+ Mg2+

IVa Va VIa VIIa VIIIa

O2-

F-

S2- Cl-

K+

Ca2+

Br-

Rb+

Sr2+

I-

Cs+

Ba2+

The formula of the compound expresses the ratio of the ions. As the compound is
always electrically neutral the ratio of ions is such that positive and negative charges
from ions cancel. For example the formula of sodium chloride is NaCl. It expresses
that the ratio of sodium ions to chloride ions is 1: 1.
In a chemical formula we always begin with the cation that follows the anion.
a, If the charges of the anion and cation have the same magnitude, then the ratio is
1: 1. In this case only chemical symbol of the cation and anion should be written next
to each other without charge.
Eg. calcium oxide: Ca2+ + O2-  CaO
potassium-fluoride: K+ + F-  KF
b, if the charges of cations and anions have different magnitude, then different
amounts of cations and anions must take in order to obtain a neutral compound. E.g.
Magnesium bromide consists of Mg2 + and Br- ions. There must be twice as many Brions as Mg2 + ion. Therefore, the formula of the compound of is MgBr2.
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Exercise 1. Build compounds from the following ions!
Cl-

Br-

(chloride-ion)

O2-

(bromide-.ion)

(oxide-ion)

S2-

(sulphide-ion)

Na+
K+
Ca2+
Al3+
Fe3+
Polyatomic ions
In many cases polyatomic ions can be derived from acids with loss of H+ ions:
From nitric acid:
HNO3 – H+  NO3 (nitrate-ion)
from sulphuric acid:
H2SO4 – 2H+  SO42 (sulphate-ion)
from phosphoric acid : H3PO4 – H+  H 2 PO4 (dihydrogenphosphate-ion)
H3PO4 – 2H+  HPO42 (hydrogenphosphate-ion ).
H3PO4 – 3H+  PO43  (phosphate-ion).
from carbonic acid
H2CO3 – 2H+  CO32 (carbonate-ion) can be derived
If we build a compound from the ions we follow the same rule as in case of
monoatomic ionic compounds. First we write the formula of the constituent ions
then we calculate their ratio. If we take more from polyatomic ions, it will be denoted
by brackets. Examples
sodium nitrate: Na+ + NO3  NaNO3
sodium sulphate: 2Na+ + SO42  Na2SO4
calcium nitrate: Ca+ + 2 NO3  Ca(NO3)2
Exercise 2. Build compounds from the following ions!

Na

NO3

OH 

CO 32 

SO42

PO43

H 2 PO4

HPO42

nitrate

hydroxide

carbonate

sulphate

phosphate

dihydrogenphosphate

hydrogenphosphate

+

K+
NH 4
Ca2+
Al3+
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1.7 Theoretical Questions
1. Name of the following elements: H, Na, K, Mg, Ca, Fe, Zn, Cu, Mn, P, N,
O, S, F, Cl, Br, I , C
2. Draw the formula of ions derived from the following elements. You can
use only periodic table. Na, O, Mg, I , Ca, Fe, , K Zn, Cu, Mn, S, F, Cl,
Br, ,
3. Draw the formula of : carbonic acid, sulphuric acid, phosphoric acid and
nitric acid
4. Draw the formula of nitrate, sulphate, carbonate, hydrogencarbonate,
phosphate, dihydrogen phosphate, hydrogen phosphate, ammonium ions
5. Write the formula of the following compounds. You can use only periodic
table. Also write the formula of the component ions with charge.
o
o
o
o
o
o
o
o

Sodium oxide
Ammonium chloride
ammonium nitrate
Potassium phosphate
Calcium hydrogen phosphate
Ammonium dihydrogen phosphate
Potassium sulphate
Potassium sulphide

o
o
o
o
o
o
o
o

Calcium nitrate
calcium-chloride
Magnesium sulphide
Aluminium phosphate
Magnesium carbonate
Iron (III) oxide
Sodium carbonate
Ammonium chloride

6. g- mole conversion :
?
i) How many moles of MgCl2 equivalents with 20 g MgCl2
ii)
Convert 0.2 mol CuSO4· 5H2O to grams!
7.
Making solutions expressed in w/ V% :. Make 200 cm3 0,9w/V % NaCl
solution.
8.
Convert mass and volumetric units.
11 mg = ?kg, 1mg= ?μg, 1L= ? cm3 , 1 dm3 = ? cm3 , 1 cm3 = ?mL
You can find more explanation at the following websites:
Formula writing: http://www.kentchemistry.com/links/naming/formulawriting.htm
Gram-mole conversion: http://www.chemteam.info/Mole/Grams-to-Moles.html
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Lab 2.
Purpose of the chapter
o To become familiar with some common inorganic compounds
o To recognize chemical changes
o To observe trend in the solubility of ionic compounds
Required knowledge: chemical formula of ionic compounds
2.1 Physical and chemical properties of some common inorganic compounds:
prelaboratory text
Calcium-carbonate CaCO3 (limestone) is used as a building material, it is a
component of concrete. It is also used as a soil conditioner to improve acidic soils. It
is a food additive (E 170) as well, it is added to all brown and white flour in the UK
to maintain humans calcium level.
Gypsum CaSO4· 0.5 H2O: is the main component of of plaster, blackboard chalk. It
is also used as a soil conditioner (in CaSO4· 2 H2O form) to improve sodic soils. It is
also a food additive (E516), control the clarity and tartness of wine, ingredient in
canned vegetables, flour, white bread, toothpaste
Sodium- carbonate Na2CO3· 10H2O (soda): food additive, anticaking, acidity
regulator
Ammonium nitrate, NH4NO3, is commonly used as a nitrogen fertilizer.
Ammonium nitrate cools down when dissolving it in water; therefore it is used in
instant cold packs. Ammonium nitrate is hygroscopic, it means that it absorbs water
vapour from the air. If it is improperly stored, the particles will stick together forming
clumps. Ammonium nitrate is explosive.
Sodium bicarbonate (NaHCO3), or sodium hydrogen carbonate, also known as
baking soda. In acidic medium sodium bicarbonate releases carbon dioxide and water:
NaHCO3 + H+

Na+ + H2O + CO2 (gas)

At high temperature (above 70°C), it decomposes into sodium carbonate, water and
carbon dioxide:
2 NaHCO3

Na2CO3 + H2O + CO2
11

It is used combined with acidic compounds as a leavening agent in baking. Baking
powder consists mainly NaHCO3. In addition, it contains anti-caking agents such as
starch, and weak acids such as tartaric acid... It is also used as an antacid to neutralize
excess acid in the stomach. Additionally, it can be effective as a cleaning agent. Used
in toothpaste, baking soda helps to gently remove stains.
Baking ammonia NH4HCO3 is a leavening agent. It was the predecessor of today's
baking powder. It is also called as ammonium bicarbonate (ammonium
hydrogencarbonate) and hartshorn.
When exposed to heat, baking ammonia will quickly release ammonia, carbon dioxide
and water, which are sources of leavening in baked goods.
NH4HCO3 → NH3 + H2O + CO2.
One of its disadvantage that ammonia has an off- flavour. Despite this disadvantage,
baking ammonia is still used as a leavening agent. Baking ammonia is particularly
suitable for low-moisture products (less than 3% moisture in the baked product).
Good applications include crackers, biscotti and small, dry cookies.
Copper sulphate pentahydrate: It is mainly used as fungicide. It can be used in a
very small amount as a food supplement as copper is an essential trace element.
Calcium phosphate: it is also a food supplement, it is added to rise our calcium and
phosphorous intake, but it is also used as a food additive (E341) to thicken and
stabilize foods, stabilize pH and retain water.
2.2 Experimental procedure
o
1. CaCO3
2. CaSO4· 0,5H2O
o
3. Na2CO3· 10H2O
4. NH4NO3
5. CuSO4· 5H2O
o
6. FeSO4· 7H2O
o
o
7. NaHCO3
o
8. NH4HCO3
o
9. Ca3(PO4)2

Place a small amount amount (pea-sized ) of the following
chemicals into the test tubes
Pour distilled water into each test tube and study the
solubility of the compounds. Observe the temperature
change by test tube # 4
Observe the alkalinity of the solutions with litmus paper
Add HCl solution to test tube # 1 and # 7
Add NaOH solution to test tube # 4, # 5, # 6, #8
Heat the solution in test tube # 8
Summarize your observation.
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2.3 Report sheet
formula

1

CaCO3

2

CaSO4· 0.5H2O

3

NH4NO3

5

CuSO4· 5H2O

6

FeSO4· 7H2O

8

9

colour of
crystals

solubility
in water

Na2CO3· 10H2O

4

7

Name

NaHCO3

NH4HCO3

Ca3(PO4)2

13

pH of
aqueous
solution

remark

+1 M HCl

+1 M NaOH

1

2

3

4

5

6

7

8

9
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Fill the following table based on your experiences and the solubility chart below.
NO 3

OH 

CO 32 

SO42

PO43

nitrate

hydroxide

carbonate

sulphate

phosphate

Cations
forming
soluble
salts
Cations
forming
insoluble
salts

Table: Solubility chart of salts

O = soluble, k= slightly soluble, n = non soluble, - = not exists or decomposes
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2.4 Questions
Prelab questions:
1.
2.
3.
4.

Formula of limestone and its and application
Formula of. gypsum and its application
What is the formula of sodium-bicarbonate (sodium-hydrogencarbonate)?
Write the reaction equation when sodium hydrogencarbonate reacts with
acid.
5. Write the reaction equation when ammonium-hydrogencarbonate
decomposes as an effect of heat.
6. Application of sodium bicarbonate (sodium hydrogencarbonate)
7. Application of ammonium bicarbonate
8. What is the expression hygroscopic mean?
9. Application of sodium carbonate (soda)
10. Application and formula of calcium phosphate.
Postlab questions:
1) Write the following reaction equations:
a) Calcium-carbonate + hydrochloric acid
b) Copper sulphate + sodium-hydroxide
c) Iron (II)-sulphate + sodium-hydroxide
d) Ammonium-nitrate + sodium-hydroxide
e) sodium-hydrogencarbonate + hydrochloric acid
f) Heating ammonium-hydrogencarbonate
g) What happens if carbonates reacts with an acid?
h) What happens if an ammonium compound reacts with lye (NaOH)?
2) Make generalizations about the solubility of salts. Give some examples to
prove your statement. What can be said about the solubility of
a Sulphates?
b Nitrates?
c Alkali metals?
d Hydroxides?
e Chlorides?
f Ammonium salts?
g Phosphates?
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Lab 3.
Purpose of the chapter
o To become familiar with concentration types
o To gain skills in concentration calculation
o Required knowledge: g-mol conversion

3.1. Concentration types
Percentage
The concentration of the solutions can be expressed in several ways. We can give
the concentration of solutions in terms of percentages. Percent means per 100
parts. Part can refer to weight or volume. In this case the amount of a solute is
expressed as a percentage of the total solution weight or volume. The amount of
the solute is divided by the total amount of the solution. Percentage of solutions
can be expressed in three ways
a) Weight percentage (w/w %)
concentration ( w / w %) =

mass of solute (g)
100
mass of solution (g)

It expresses how many grams of solute is in 100 g solution.
E.g. If there is a NaCl solution with 10 w/w%, it means that 10 g of NaCl is dissolved
in 100 g of the solution. Aqueous reagents, such as concentrated acids and bases, are
commonly expressed in terms of weight/weight % . For example, the concentration
of concentrated hydrochloric acid (HCl) is 37% (w/w %).
b) Weight per volume percentage ( w/V%)
concentration ( w / V%) =

mass of solute (g)
100
volume of solution (cm 3 )

It expresses how many grams of solute is in 100 cm3 solution.
e.g. If the NaCl solution concentration is 10 w/V%. it means that 10 g NaCl is
dissolved in 100 cm3 of the solution. Dilute solutions applied for biological research
are often expressed as weight/volume %.
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c) Volume per volume ( V/V%)
concentration ( V / V %) =

volume of solute (cm 3 )
100
volume of solution (cm 3 )

Volume/volume % is used when pure solutes are in liquid form. For example, an
ethanol solution with 40 V/V % concentration is prepared by dissolving 40 cm3 of
100% ethanol in 100 cm3 solution.
Molarity
Concentration is often expressed in molarity:
c

n (mol)

V (dm 3 )

n: number of moles of the solute
V: Volume of the solution
C: concentration in molarity
It expresses how many moles of solute are in 1 dm3 solution. E.g. If the concentration
of NaOH solution equals 0.1 M (mol/dm3), then 0.1 mol of NaOH is dissolved in 1
dm 3 solution.
3.2 Sample exercises:
(w/w%)
1. 700g solution contains 34g NaCl . What is its concentration in w/w%?
You can calculate in two ways
1. Using ratio pairs
700g solution contains
34g NaCl
100g solution contains
x g NaCl
100
x=
 34 x = 4.86 g
700
Thus the solution’s concentration is
4.86 w/w%.

Or using the formula
mass of solute (g )
100
mass of solution (g )
34g
conc.( w / w %) =
100
700g
conc.( w / w %) =

18

2. How many grams of solute are there in 300g solution with 0.19 w/w%
concentration?
You can calculate in two ways
Using ratio pairs

Or using the formula

0.19 w/w% means that: 100g solution contains
0.19g solute

conc.( w / w %) =

If 100g solution contains
Then 300g solute contains

Thus:

x=

0.19g solute
x g solute

300
 0.19 = 0.57 g
100

mass of solute (g )
100
mass of solution (g )

solution (g)
 conc.(w/w%)
100
300
solute(g) =
 0.19
100
solute (g) =

3. If 500g solution with a concentration of 0.25 w/w% NaCl was combined
with 300g solution with a concentration of 8 w/w% NaCl, what will be will
the concentration of the final solution ?
1
Solution(g)
500
Solute (g)
1.25
Concentration 0.25
(w/w%)

2
300
24
8

Using ratio pairs
If 100g solution contains
Then 500g solute contains

x=

Or using the formula
0.25g solute
xg

8g solute
xg

300
 8 = 24g
100

If 800g solution contains 25.25g solute
Then 100g solute contains
xg

x=

conc.( w / w %) =

500
 0.25 = 1.25g
100

If 100g solution contains
Then 300g solute contains

x=

3
800
25.25
3.15

100
 25.25  3.15
800

mass of solute (g )
100
mass of solution (g )

500
 0.25  1.25
100
300
2.solute(g) =
 8  24
100

1.solute( g ) =

conc.( w / w %) =

25.25 (g)
100 = 3.15
800 (g)
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w/V%

4. Prepare 2 dm3 solution with a concentration of 5 w/V% . How much KCl is
needed ?
Using ratio pairs

Or using the formula

2 dm3 = 2000cm3
5 w/V% means that: 100 cm3 solution contains
5g solute
If 100 cm3 solution contains
5g solute
Then 2000 cm3 solute contains x g solute

x=

2000
 5 = 100 g
100

concentration ( w / V%) =

mass of solute (g )
100
volume of solution (cm 3 )

Thus:

solute (g) =

2000
 5.(w/V%) 100
100

Molarity
5. Make 2 liter solution with a concentration of 1.4 mol/dm3 KH2PO4. How much
KH2PO4 do you need for this? (K: 39g/mol, H: 1 g/mol, P: 31g/mol, O: 16 g/mol)
Using ratio pairs

Or using the formula

c= 1,4 mol/dm3 means:
In 1dm3 solution there is 1.4 mol of solute.
2liter = 2dm3
In 1 dm3 solution
In 2 dm3 solution
x

2
1

1.4 mol KH2PO4
x mol KH2PO4

 1.40  2.8mol =2.8mol

MKH2PO4 = 136g/mol
1 mol KH2PO4
2.8 mol KH2PO4
x = 380.08g

c

n (mol)

V (dm 3 )

n: number of moles of the solute
V: Volume of the solution
C: concentration in molarity
Thus: n = c · V = 1.4mol/dm3 · 2 dm3 = 2.8 mol
MKH2PO4 = 136g/mol

136g
xg

M

m (g )

n (mol)

M: molar mass
m: mass
n: number of moles
Thus: m = n · M = 2.8 mol · 136g/mol = 380,08 g.
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3.3 Calculation questions:
Weight percentage:

1. 2 kg solution contains 15g KCl. Give the concentration of the solution in w/w% .
(0.75w/w%)

2. How many grams of solute are there in 200g solution with 0.13 w/w% concentration?
(0.26g)

3. 2 g NaCl was added to 200g NaCl solution with a concentration of 0.13 w/w% . Give
the concentration of the new solution. (1.12 w/w%)

4. A solution with a concentration of 2 w/w% contains 5 g of solute. Give the amount of
the solvent. (245g)

5. If 200g solution with a concentration of 0.15 w/w% was combined with 300g solution
with a concentration of 5 w/w% , what will be will the concentration of the final
solution ? (3.06 w/w%)

w/V% percentage

6. Prepare 250 cm3 solution with a concentration of 2 w/V% . How much KCl is needed ?
(5g)
Molarity

7. Prepare 500.0 cm3 KMnO4 solution with a concentration of 0.2 mol /L. (MK: 39g/mol,
MO: 16g/mol, MMn: 55g/mol ) (15.8g)

8. 0,5 L solution contains 4 g NaOH . What is the molarity of the solution? (MNa: 23g/mol,
MO: 16g/mol, MH: 1g/mol ) (0.2mol/L)

9. You want to make 80 liter solution with a concentration of 1,4 mmol/dm3 P. How much
KH2PO4 do you need for this? . (MK: 39g/mol, MH: 1g/mol MP: 31g/mol MO: 16g/mol,)
(15.23g)

10.You want to make 120 liter solution with a concentration of 15.7 mmol/dm3 N. How
much (Ca(NO3)2 do you need for this? . (MCa: 40g/mol, MN: 14g/mol MO: 16g/mol)
(154.5g)

11. 1 ml (18 drops) Beres drop ( a microelement supplement in Hungary) contains 2 mg iron,
in iron (II) sulfate heptahydrate form. (In addition to other microelements). How much
iron (II) sulfate heptahydrate is needed to dissolve for 50 ml Beres drop?
(0.5g FeSO4*7H2O)
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3.4 Experimental procedure:
Each student have to make his own solution (solution numbers 1-10.)
Calculations have to be written.
1. 200 cm3 0.1 mol/dm3 NaCl solution
2. 100 cm3 0.9 w/V % NaCl solution
3. 200 cm3 0.02 mol/dm3 NaCl solution
4. 100 cm3 0.05 mol/dm3 NaCl solution
5. 200 cm3 2 w/V % NaCl solution
6. 100 cm3 0.03 mol/dm3 NaCl solution
7. 200 cm3 2 w/V % NaCl solution
8. 100 cm3 0.15 mol/dm3 NaCl solution
9. 200 cm3 0.6 w/V % NaCl solution
10. 200 cm3 0.13 mol/dm3 NaCl solution

Steps:
1. Calculate the amount of chemicals needed.
2. If necessary grind the chemical in a mortar.
3. Measure the chemical into a beaker
4. Dissolve the chemicals in the beaker Stir,if it does not dissolve heat it gradually
5. After cooling, pour the solution into volumetric flask. Rinse the beaker with water
thoroughly several times and pour the liquid into the flask. Add water until the mark.
After plugging shake the solution vigorously.

Figure: steps of making solution
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Lab 4.
Purpose of the chapter
o To practise more difficult concentration calculation exercises
o To become familiar with dilution calculation
o To gain skills in diluting solutions
o Required knowledge: basic knowledge of concentration types
4.1 Sample exercises for w/w% and dilution problems
1. How many grams of NaCl is needed to make 2 liter 15.0 w/w % NaCl solution
with a density of 1.108 g/cm3?
2 liter = 2000cm3
First you have to calculate the mass of the solution:
m =  · V = 1.108 g/cm 2 · 2000 cm 3 = 2216 g. You can continue in two ways:
Using ratio pairs

Or using the formula

100 g solution contains
15g NaCl
2216g solution contains
x g NaCl
2216
x=
15 x = 332.4 g
100

mass of solute (g )
100
mass of solution (g )
xg
15( w / w %) =
100
2216g
2216
x=
15 x = 332.4 g
100
conc.( w / w %) =

2. Make 5 liter 0.5 molar HCl solution. How much 2 molar HCl stock solution is
needed?
Solution(dm3)
Solute (mol)
Concentration (mol/dm3)
Dilute solution
In 1 dm3 solution
In 5 dm3 solution

1 (dilute)
5
2.5
→
0.5

0.5 mol HCl
X mol HCl

2 (stock)
? = 1.125
2.5 ↑
2
Or using the formula
n (mol)
c

V (dm 3 )

X =2.5 mol
The stock solution contains the same amount
of solute as the diluted solution.

n: number of moles of the solute
V: Volume of the solution
C: concentration in molarity
For dilute solution
Thus: n = c · V = 0.5mol/dm3 · 5 dm3 = 2.5 mol
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Stock solution
In 1 dm3 solution
In X dm3 solution

x=

2.5
1
2

2 mol HCl
2.5 mol HCl

For stock solution:
V

X =1,125 dm3

n
2.5

 1.125dm 3
c
2

This kind of dilution problem can be solved in a faster way as well. To make a fixed amount of a
dilute solution from a stock solution, you can use the formula below. The formula describes the fact
that the stock solution contains the same amount of solute as the diluted solution.
c1V1 = c2V2
V1 = Volume of stock solution needed to make the new solution
c1 = Concentration of stock solution
V2 = Final volume of new solution
c2 = Final concentration of new solution






The formula can be used if the concentration is expressed in mol/dm3, or w/V%, but it is not
suitable for w/w%
2dm3∙V = 5dm3∙0,5mol/dm3

Thus:

, V=1.125dm3

3. How to make 1:5 dilution into a 200 cm3 volumetric flask?
Pipette 40 cm3 of stock solution (40 is the one
fifth of 200), then dilute it to volume (till the
mark). Seal it with parafilm and mix it.

4.

Make 80 liter solution with a concentration of 1,4 mmol/dm3 P. How much
KH2PO4 do you need for this?

A solution concentration is 1,4 mmol/dm3 means: In 1dm3 solution there is 1,4 mmol of solute.
If
1 dm3 solution contains
Then 80 dm3 solution contains
x

80
1

1.4 mmol P
X mmol P

 1.40  112mmol =0.112mol

MKH2PO4 = 136g/mol
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We need 0.112 mol KH2PO4 for 0.112 mol P.
1 mol KH2PO4
0,112 mol KH2PO4
x = 15.232g

136g
xg

4.2 Questions
1. How many grams of KI is needed to make 50.0 cm3 14.0 w/w % KI solution with a density
of 1.11 g/cm3? (7,77g)
2. 2 dm3 KCl solution with a concentration of 7 w/w % contains 110.4 g KCl. Express the
concentration in terms of w/V % and molarity (mol/dm3)! (5,53w/V%, 0,74 molar)
3. Water was added to 2dm3 3 w/V% NaCl solution till its volume reaches 5 dm3 . What is the
concentration of the new solution? (1.2w/V%)
4. What volume of 0.09 molar (mol/dm3) solution can be made from 250 cm3 0.3 molar
KH2PO4 solution? (833.3cm3)
5. Make 1 liter 1 molar NH3 oldat solution. How much 14.8 molar NH3 stock solution is
needed? (67.6cm3)
6. How to make 1:10 dilution into a 200 cm3 volumetric flask?
7. How to make 1:5 dilution into a test tube
8a . Make 300g iron (II) sulphate solution with a concentration of 2 w/w%. How many grams
of FeSO4·7H2O is needed? (M (FeSO4)=152g/mol. M((FeSO4 7H2O)= 278g/mol
m(FeSO4)=10g*0.6 m(FeSO4·7H2O)= 18.28g *0.6 = 10.97)
b. Make 5 liter copper suphate solution with a concentration of 4w/V%. How many grams
of CuSO4 ·5H2O is needed?
(M (CuSO4) =159.6g/mol. M((CuSO4 5H2O)= 249.6g/mol m(CuSO4)=200g,
m(CuSO4 7H2O)= 312.75g)
c. Make 150 liter solution with a concentration of 1.8 mmol/dm3 Mg.
How much MgSO4·7 H2O do you need for this?
(n= 0.270mol Mg, M MgSO4 · 7 H2O = 246.4 g/mol, m= 66.5g, MgSO4 · 7 H2O)
d. Make 120 liter solution with a concentration of 15.7 mmol/dm3 N. How much Ca(NO3)2
do you need for this? ( n = 1.884 mol, M Ca(NO3)2 = 164 g/mol, (but 1 mol Ca(NO3)2
contains 2 moles of N), m= 154.5g)
9. *To 100g CuSO4 5H2O 200g water is added. How many grams of
CuSO4 5H2O will remain undissolved at 20 oC? How many grams of water should be
added to dissolve the salt? The solubility of copper-sulphate at 20oC : 20. 7 g salt/100 g
water. (17,15w/w% the saturated solution, 26.68g is undissolved, 272.77g water is needed
to dissolve it)
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Lab 5.
Purpose of the chapter
o To become familiar with concept of pH
o To gain skills in pH calculation
Required knowledge: knowledge of molarity, logarithm
5.1. The concept of pH
Water dissociates to hydroxonium ions and hydroxide ions:
2 H2O  H3O+ + OHAs a very small fraction of water molecules is dissociated, the concentration of water
remains virtually unchanged. Therefore the following equilibrium constant can be
introduced:
Kw = [H3O+] ∙ [OH-]
For simplicity H3O+- ion is often referred to as H+ -ion. Thus,
Kw = [H+] ∙ [OH-]
Kw is the water ion product constant. At 25Co Kw = 10-14
In neutral solution hydrogen ion concentration equal to the concentration of hydroxyl
ions, both of them has the value of 10-7 mol/dm3.
[H+] = [OH-]
If acid is added into distilled water, it increases the concentration of hydrogen ions.
Thus, the hydrogen ion concentration will be higher, than that of hydroxide ions.
[H+] >[OH-]
In alkaline solution the hydroxide ion concentration will be higher.
[H+] < [OH-]
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The acidity and alkalinity of aqueous solutions depend on the ratio of hydrogen and
hydroxide ion concentrations. Since these are very small values, we can get a clearer
overview if we introduce the concept of pH. pH is the negative logarithm of the molar
concentration of hydrogen-ion. pOH is derived similarly.
pH = -lg [H+],
pOH = -lg [OH-],
In neutral aqueous solutions: pH = 7
In acidic solutions of pH <7
In alkaline solutions of pH> 7
The relationship between pH and pOH: pH + pOH =14

The relationship between pH and alkalinity
Warm up questions: exponentiation, logarithms
103 = ?
10-2 = ?
100 = ?
lg 10x = ?
lg 100 = ?

lg 0.1 = ?
-lg 0.01 = ?
lg 0.03= ?
lg 3·10-5= ?

5.2 Sample exercises
1. The hydrogen ion concentration of a solution is: 10-3 mol/dm3. What is its pH and
pOH? Is it acidic or basic?
pH = -lg [H+] = -lg 10-3 = 3,
pH + pOH = 14,
pOH = 14-3 = 11.
[OH-] =10-11 mol/dm3,
The solution is acidic.
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2. The hydroxyde ion concentration of a solution is 2·10-2 mol/dm3. What is its pH?
If

[OH-] =2·10-2 mol/dm3 → pOH = -lg(2·10-2) = 1.7,
pH = 14 – 1.7 = 12.3.

3. If the pH=3.7 how much is the hydrogen ion concentration?
If pH=3.7 → [H+] = 10-3,7 mol/dm3 = 2·10-4 mol/dm3

4. What is the pH of 0.1 molar HCl solution and 0.1 molar NaOH solution?
HCl and NaOH are monovalent strong acid and strong base, respectively. So they are totally
dissociated. Here acid concentration is equal to the hydrogen ion concentration and base
concentration equals to hydroxide ion concentration:
[HCl] = [H+] = 0.1,
pH = -lg [H+] = 1,
[NaOH] = [OH-] = 0.1,
pOH = -lg [OH-] = 1,
pH = 14-1 = 13.

5. What is the pH of 0.1 molar acetic acid solution?
Acetic acid is a weak acid, so it ionizes only partially.
CH3COOH  CH3COO- + H+
The process can be described by the acid ionization constant.

CH COO  H  = 1.8 10


-

Ks =

Initial (M)
Change(M)
Equilibrium (M)

CH3COOH
0.1
-x
0.1-x

3

-5

CH 3COOH

CH3COO0
+X
+X

H+
0
+X
+X

1.8  10 5 =

xx
0.1  x

As x is neglectable compared to 0.1, we apply the approximation that 0.1-X = 0.1. Thus

1.8 10 5 =

x=

x2
x2

0.1  x 0.1

x2
 1.8 10 5  0.013
0.1
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pH = -lg(0.013) = 2.87

5.3 Questions
1) Calculate the pH value of HCl solution with 0,001 mol/dm3 concentration!
2) Calculate the pH and pOH values of NaOH solution with 0,001 mol/dm3
concentration!
3) Calculate the pH value of NaOH solution with 0. 25 mol/dm3 concentration!
4) What is the pH value of the following fluids?
a) beer ([H+] = 5·10-5 mol/dm3)
b) wine ([H+] = 8·10 mol/dm3)
c) orange juice ([H +] = 2.9 · 10-4 mol/dm3)
d) lemon juice ([H +] = 4.95 · 10-3 mol/dm3)
e) vinegar ([H +] = 7.5 · 10-3 mol/dm3)
f) sea water ([H +] = 4.6 · 10-9 mol/dm3)
5) Which one represents a strong acid and which one represents a weak acid?

6) Calculate H+ -ion concentration expressed in mol/dm3.

a)
b)
c)
d)

blood (pH = 7.4)
urine (pH = 5.6)
intestinal fluid (pH = 8.15)
fresh milk (pH = 6.7)
7.
*Calculate the pH value of HCl solution
a,with 1.5 mol/dm3 concentration!
b, With 10-8 mol/dm3 concentration!
8. Calculate the pH of 0.2molar acetic acid!
9. *We have 0,16 M HCl and 0.05M NaOH solution. How much NaOH solution
needed ( in dm3) to get the followings:
a, neutral solution
b, 0.02 M HCl solution
c, 0.01 M NaOH solution
Solutions:
Here you can find just solutions for certain questions.
4. a) 4.3
d) 2.3
b) 3.1
e) 2.1
c) 3.5
f )8.3
6. a) 4.0·10-8 mol/dm3
7. b, pH = 6.98
b) 2.5·10-6 mol/dm3
c) 7.1·10-9 mol/dm3
d) 2.0·10-7mol/dm3
8. ([H+] = 4.2·10-3 mol/dm3 , pH= 2.72)
9. a, 3.2dm3
b, 2dm3 c, 4.25dm3
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5.4 Experimental work
1 Determine the pH of the following solutions with pH meter.
Solution
approximate pH
distilled water
Tap water
Vinegar
lime juice
Detergent solution
soft drink
Other
2 Comparison of strong and weak acids
Pour ~ 2ml 1 M CH3COOH and ~2ml 1M HCl solution into two test tubes. Drop
a peace of universal indicator paper into each test tube, then read the pH on the
pH scale. Fill the table below. After it, drop a peace of zinc into each test tube.
What causes the difference?
Solution

approximate
pH

calculated pH

dissociation equation

1M HCl
1 M CH3COOH
3. Acid –base indicators
There are 4 test tubes Pour ~ 2ml 0,1M HCl, 0,1M NaOH, 0,1MHCl and 0,1 M
NaOH solutions into them. Add one drop phenolphthalein into the first two test
tubes and one drop methyl orange indicator in the 3rd and 4th test tubes. Observe
the changes of colour.
solution
indicator

1
2
3
HCl
NaOH
HCl
phenolphthalein phenolphthalein Methyl
orange

4
NaOH
Methyl
orange

Colour of the
indicators
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4 Study of acetic acid / sodium acetate buffer solution
Buffer solution resists to pH change, when a greater amount of strong acid or base is
added it changes its pH only slightly.
Pipette 5 ml of 1 M CH3COONa
and 5 ml of 1 M CH3COOH
solution (this will be the buffer
solution) to an Erlenmeyer flask.
Pipette 10 ml distilled water to
another Erlenmeyer flask. Add one
drop methyl-orange indicator into
each. Drop 0.1 M HCl from burette
to both solutions until the indicator
become red. How much HCl is
needed?
!
buffer
No buffer
3
solution
5 cm of 1 molar acetic acid + 10 cm3 distilled water
5 cm3 of 1 molar sodium
acetate
Methyl
orange,
1
1
drops
amount of HCl
consumed, ml
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Lab 6.
Purpose of the chapter
o To become familiar with volumetric analysis
o To determine the concentration of a strong acid
o Required knowledge: concentration calculation
7.1 Theoretical basics of titration
Neutralization reactions involve the reaction of an acid and a base to produce a
salt (ionic compound) and water.
Acid + Base
Example:

HCl + NaOH



 Salt + Water
NaCl + H2O

(Net Equation: H+ + OH-  H2O)

Titration is a lab technique that is commonly used to determine the concentration
of a solution.
This process involves a solution of known
concentration (the titrant or standard solution)
delivered from a buret into the unknown
solution (the analyte) until the substance
being analysed is just consumed. (called
equivalence point).
The equivalence point in a titration is often
signalled by the colour change of an indicator
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7.2 Sample exercises
1. . Calculate the concentration of NaOH solution, if 10 cm3 NaOH solution reacted with
9,2 cm3 0.1200 mol/dm3 HCl solution to reach the equivalence point.
Solution:
First we calculate the moles of HCl.

This can be calculated by formula as well.

(We added this amount from the burette to the

(Be careful to convert units if necessary)

conical flask)

nHCl = cHCl VHCl

1000 cm3 solution contains  0,1200 mol HCl

nHCl = 0.1200 mol/dm3 0.0092 dm3=

9.2 cm3 solution contains  x mol HCl

=1.104 x 10-3 mol

x = (9.2/1000) x 0.1200 = 1.104 x 10-3 mol

Reaction equation:
NaOH + HCl = NaCl + H2O
Thus:
1 mol HCl reacts with 1 mol NaOH
1.104 x 10 mol HCl reacts with 1.104 x 10-3 mol NaOH.
-3

So,we know the moles of NaOH in the
conical flask. We have to determine only the

Or we can calculate by formula:

concentration of the solution, that means we
have to relate to 1000 cm3 volume.
In 10 cm3 solution  1,104 x 10-3 mol NaOH
In 1000 cm3 solution
 x mol NaOH
x = (1000/10) x 1,104 x 10-3 = 0.1104 mol

nNaOH = cNaOH VNaOH, thus cNaOH = nNaOH/ VNaOH
cNaOH = 1.104 x 10-3 mol/0,01dm3=
= 0.1104 mol/dm3

The concentration of NaOH solution is 0.1104 mol/dm3.
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7.3 Questions
1. Calculate the concentration of NaOH solution, if 20 cm3 NaOH solution reacted with
6.2 cm3 0.1500 mol/dm3 HCl solution to reach the equivalence point.
(Solution: nHCl= 9.3 x 10-4 mol , nNaOH = 9.3 x 10-4 mol, cNaOH = 0.0465 mol/dm3 )
2. What is the concentration of NaOH solution, if 10 cm3 NaOH solution reacts with
8.50 cm3 0.1500 mol/dm3 H2SO4 solution?
(Solution: nH2SO4= 1.275 x 10-3 mol , nNaOH = 2.55 x 10-3 mol, cNaOH = 0.255 mol/dm3
2. What is the concentration of HCl solution, if
20 cm3 HCl solution reacts with
11.50 cm3 0.2500 mol/dm3 NaOH solution?
(Solution: nNaOH= 2.875 x 10-3 mol , nHCl = 2.875 x 10-3 mol , cHCl = 0.1438 mol/dm3

7.4 Experimental work
Determine the concentration of a HCl solution by titration. The sampleswith
unknown concentration can be found in volumetric flask on the teachers desk.
o Fill a buret with 0.1 mol/l NaOH. Check the air bubbles not to be in the buret.
o Fill the volumetric flask till the mark with distilled water. (this will be the HCl
solution with unknown concentration). Write the number of the flask!
o Pipette 20.00 ml of HCl solution with unknown concentration into an
Erlenmeyer flask. Add 1 drops of methyl orange indicator.
o Gradually dispense some of the NaOH solution drop-by-drop from the buret into
the solution in the Erlenmeyer flask. Swirl the flask constantly as the drops are
added. At the equivalence point record the amount of consumed NaOH (in cm3).

The process of calculation:
o
o
o
o

Calculate how much NaOH is consumed (in moles) !
Write the reaction equation
Then conclude how much HCl (in moles) was in the Erlenmeyer flask!
Calculate the HCl concentration!
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