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A mixture is the collection of two or more substances. Each substance in a mixture 
is called a “component”. Most of the natural matter are mixtures, such as water 

we drink, air we breathe, steel pans we use, and all the metal ores are mixtures. 

Properties of mixtures: 

1. Impure substances. 

2. Formed by physical methods. 
3. Decomposed into components by physical methods. 

4. There is no specific ratio between components. Composition of a mixture can 
vary. 

5. Have no chemical formulas or symbols, some of them have specific names. 
6. Physical properties of a mixture such as density, melting/boiling points depend 

on the composition. 
7. Components of a mixture do not lose their characteristic properties. 

The components of a mixture sometimes can be seen easily; but mostly it’s not 
quite easy to distinguish the components in a mixture.  

Types of Mixtures: 

The mixtures are classified according to the type of dispersion in one another. 

Contain 1 type of 
particles 

Contain more than 
1 type of particles 
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HETEROGENEOUS MIXTURES 

Nonuniform composition with different layers like oil and water (an emulsion), sand 
and water. Appearance and properties are not the same all over the mixes. 

Suspension:  

Heterogeneous mixtures formed by dispersing a solid into small particles without 

dissolving in a liquid. 

Examples of calcareous water, buttermilk, muddy water, cooked Turkish coffee, 

muddy water, chalky water, compote, freshly squeezed juice, blood suspension, 
silt in water, tomato juice, and ayran. 

     
 

 

MIXTURES

Homogeneous mixtures

(SOLUTIONS) 
Heterogeneous Mixtures

Suspension

If a solid is partially 
dispersed in a liquid it 
is called suspension. 

Solid particles can not 
stay suspended for a 
long time and settle 

after a while.

Emulsion

Mixture of 
immiscible liquids 
with two layers. 

Colloid

The components in 
different states are 

dispersed in 
another. Unlike 

suspensions 
colloids don’t 
settle out. The 

particle size is too 
small. 

Aerosols

Very tiny solid or liquid particles 
diispersed in a liquid that never 

settle.

Ex: smoke-C(s) in air, fog-H2O(l) in 
air
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Emulsion:  

Heterogeneous mixtures formed by dissolution of one of the two liquids, which are 
insoluble in one another and which are different in their extracts. 

Olive oil-water, milk, mayonnaise, gasoline-water emulsion are examples. 

   
 

 

Colloids: 

If a heterogeneous mixture has so very tiny particles that cannot be distinguished 

easily, it’s called a “colloid”. 

A colloid has two phases as ➔ Dispersing phase 

➔ Dispersed phase 

 

Aerosol: A heterogeneous mixture of a liquid or a solid 
which is dispersed in the gas. For example, fog, 

deodorant, insecticidal sprays, etc. 
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Most colloids are cloudy or opaque. But some are transparent to the naked eye. 

When light passes through a colloid, it is scattered randomly by the dispersed 
particles because their sizes are similar to the wavelengths of visible light (400 to 

750 nm). Because they scatter light, a light beam can be seen as it passes through 
a colloidal suspension, as shown in Figure 13.27. This scattering of light by colloidal 

particles, known as the Tyndall effect, makes it possible to see the light beam 
coming from the projection housing in a smoke-filled theater or the light beam 

from an automobile on a dusty dirt road.  

 

 

 

 

Considering the particle size of dispersed particles, the mixtures can be classified 

as: 

Type of mixture Particle size Examples 

Homogeneous mix. Solution <10-9m Sugar & water 

Heterogeneous mix. 
 

Colloids 10-9m <10-6m Beaten eggs  

Suspension/emulsion >10-6m CCl4&H2O 

 

Example:  

Classify each of the following as element, compound, homogeneous or 

heterogeneous mixture. 

a) Steel ……………………………………… 

b) Alcohol & water ……………………………………… 
c) Milk ……………………………………… 

d) Copper ……………………………………… 
e) Pure water ……………………………………… 

f) Filtered coffee ……………………………………… 
g) 18-carat gold ……………………………………… 

h) Zinc ……………………………………… 
i) Iron ……………………………………… 

j) Turkish coffee ……………………………………… 
k) Wine ……………………………………… 

l) Rain water ……………………………………… 
m) Blood ……………………………………… 

n) Water & gasoline ……………………………………… 
o) Carbon dioxide ……………………………………… 
p) Cologne ……………………………………… 
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SOLUTIONS (HOMOGENEOUS MIXTURES) 

Two components of a solution ➔ Solvent; causes the solute to dissolve  

➔ Solute; being dissolved by the solvent 
(mostly in small amounts and changes its state) 

Solvent Solute Solution Example 

 Liquid  Solid  Liquid  Sugary water (sherbet) 

 Liquid  Liquid  Liquid  Cologne (alcohol + water) 

 Liquid  Gas  Liquid  Soda pop (CO2 + water) 

Gas  Gas  Gas  Air (O2, N2, H2, CO2, vapor) 

 Solid  Solid  Solid  ALLOYS (Bronze, solder, brass, 
        22 carat gold, amalgams, etc.)

  

The gases always form a homogeneous mixture with each other. 
For this reason, all gas mixtures are solutions. 

If nothing else is mentioned, solvent is mostly water for a 

solution; those are called “aqueous” (aq) solutions, which means 

dissolution in water. 

 

Homogenization (emulgators/emulsifiers) 

Such heterogeneous mixtures must be homogenized to keep the dispersed 

phase whole same throughout the structure. That is done with an 
“emulgator” (or emulsifier) which are the substances containing molecules 

with hydrophilic and hydrophobic parts.  The emulsifier molecule dissolves 
with its head in the water and its tail in the oil droplet. A large number of 

emulsifier molecules are needed to keep the oil droplet dispersed in the 
water for a long time.  This process is important especially for the food 

industry (such as margarines, mayonnaise (Mayonnaise is an emulsion of 
oil and water using egg yolk as an emulsifier), peanut butter, cream 

sauces, refined packed foods, candy bars etc.) to keep the water and oil 
layer together without separation. The most common emulsifiers are 
lecithin, mono or diglycerides, ammonium phosphate and polysorbates.  

Emulgators are also used in medicine and paint industries to prevent the 
appearance of layers. 
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Properties of Solutions: 

1. A solution is a homogeneous mixture in a single phase. 
2. The particles of a solution are very small, so they cannot be separated by 

filtration. 
3. The dissolved particles never settle. (The particle size < 10-9 m) 

4. A solution is clear and transparent (except alloys). It doesn’t scatter the light, 
so the light cannot be seen pass through. 

5. The volume of solution is less than the sum of the volumes of solute and 
solvent.  

Vsolution < Vsolute + Vsolvent 

      However; msolution = msolute + msolvent 

Classification of Solutions 

Solutions according to phase of solvent 

Solutions may exist in three states of matter; 

• Solid (Brass is a solid solution of copper and zinc. Solid solutions of 
metals are called alloys. Brass is an alloy.),  

• Liquid (Solutions in which water is the solvent are known as aqueous 
solutions.) and  

• Gas  

Solutions according to the saturation 

• A solution is saturated when no additional solute can be dissolved at a 
particular temperature  

• A supersaturated solution can form when more than the equilibrium amount 
of solute is dissolved at an elevated temperature, and then the supersaturated 

solution is slowly cooled. 
• An unsaturated solution is formed when more of the solute can dissolve in it 

at a particular temperature. If the excess saturated solution is left in excess, 
the solute precipitates and the saturated solution is formed. These solutions 

are prepared by changing the temperature. 

Example: A maximum of 30 grams of X solids is dissolved in 100 grams of water 

at 25°C. According to this; what can be said about the saturation of the solutions 
given below at 25°C? 

a) 50 grams of water + 12 grams of X solids 

b) 150 grams of water + 45 grams of X solids 

c) 250 grams of water + 100 grams of X solids 
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Solutions according to conduct electricity 

• If a solution contains ions, then it conducts electricity is called electrolyte. 

Example: Acid, base, salt solutions. 

  NaCl(s) → Na+
(aq) + Cl-(aq)  (Ionic dissolution) 

  HCl(g) → H+
(aq) + Cl-(aq) 

• If solution doesn’t conduct electricity is called non-electrolyte (doesn’t 
contain ions) 

Example: Solutions of sugar, alcohol in water 

  C12H22O11(s) ↔ C12H22O11(aq) (Molecular dissolution) 

  C2H5OH(l) ↔ C2H5OH(aq) 

Solutions according to the concentration 

Concentration is the relative amount of solute in total solution. Solutions may be 

concentrated or diluted according to the amounts of solute and solvent/solution. 

• A solution that contains a large amount of solute relative to the amount that 

could dissolve is called concentrated solution.  
• A solution containing a relatively small quantity of solute as compared with the 

amount of diluted solution.  

Example: 

 

 

 

According to the mass concentrations of sugar solutions above, solution II is more 
……………………… than solution I and more ……………………… than solution III. 

➢ To convert a dilute solution to concentrated: 

• Some amount of solvent can be evaporated 

• Some amount of solute can be added. 
 

➢ To convert the concentrated solution to dilute: 

• Some amount of solvent should be added. (DILUTION) 

 

 

 

% 3 

 

% 8 

 

% 15 

I II III 
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PRACTICE: 

1. Match the physical states of the components that make up the mixture 
below. 

States of 
components 

Sample mixture Matching 

1. Solid – Solid a. Soda  

2. Gas – Gas b. Sea water  

3. Liquid – Gas c. Air  

4. Liquid – Liquid d. Cologne  

5. Solid - Liquid e. Steel  

 

2. Write down the types of mixtures given below. 

 
a) Deodorant:      

b) Muddy water:      
c) Milk:      

b) Coin:      
c) He - CO2 mixture:      

d) CCl4(l) – H2O(l):      
e) Water with olive oil:      
f) Ayran:      

 
3. A maximum of 12 grams of X solids can be dissolved in 100 g of water at 27ºC. 

What can be said about the saturation of the solutions I, II and III given below? 

 

 

 

 

 

4. The amounts of the salts X, Y and Z in the amount indicated at 20ºC are given 
below. 

 

 

 

 

Compare the solubilities of X, Y and Z salts.       

 

200 g su 

50 g Z 

20ºC 

 

100 g su 

20 g Y 

20ºC 

50 g su 

15 g X 

20ºC 

24 g 

X katısı 

49 g 

X katısı 

 

 16 g 

X katısı 

 

I II III 

200g su 500g su 150g su 
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SOLUTE – SOLVENT INTERACTIONS 

“Substances with similar intermolecular attractive forces tend to be more soluble 
in one another”.  

     “like dissolves like” 

• Nonpolar substances (such as) are dissolved in nonpolar 
solvents (For examples, fats, oils and greases are dissolved in carbon 

tetrachloride-CCl4, toluene, and gasoline)  

The only attractions between the nonpolar molecules are London 

dispersion forces (LDF: induced dipole - induced dipole interactions), which are 

quite weak.  

 
 

• Polar substances are dissolved in polar solvents: 

Sodium chloride NaCl is highly soluble in water, because Na+Cl- has polar 
crystalline structure as H2O has polar molecules. 

 

 

 

 

 
Interactions between 

ions of ionic compound 

and dipoles of water 

are called ion-
dipole 

interactions. 
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Ethanol (C2H5OH) and water (H2O) are also dissolved in each other through dipoles. 

 
 
Solvation: Interactions such as this between solute and solvent particles are 

known as solvation.  

➔ When the solvent is water, the interactions are referred to as hydration. 

REVIEW – Intermolecular Forces and Solutions  

Chemical bonds are intramolecular forces and hold atoms together as molecules 

or ions. The forces that hold molecules together in the liquid and solid states are 
called intermolecular forces. 

Intermolecular forces (IMF) can be qualitatively ranked using Coulomb's Law: 

where Q1 and Q2 are charges and r is the distance between them. 

o the bigger the charges, the stronger the interaction 
o the closer the charges, the stronger the interaction 

The charges in chemical species can be classified as: 

1. Ion – Ion Interaction (Ionic bonding): Full positive and negative charges 

resulting from oxidation (loss of electron to form a cation) or reduction (gain 
of electron resulting in an anion). 

2. Dipole – Dipole Interaction: Partial positive and negative charges, resulting 
for polarized bonds in which there is 
unequal sharing of valence electrons. 

This arises when electronegative 
elements (O, N, halogens) are 

bonded to less electronegative 
species. Molecular geometry also 

plays a role in determining the net 
dipole moment of a molecule. 

water 

water 

Hydrogen bonding 

(dipole-dipole 

interaction) 
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3. Hydrogen Bonding: A particularly strong example of dipole-dipole. 

Occurs when there is an O-H, N-H or F-H bond. H is the least and F, O, N are 
the most 3 electronegative atoms.  

Two important conditions must be met for hydrogen bonding to occur: 

I. One molecule has a hydrogen atom attached by a covalent bond to an atom 

of F, O, or N. 
II. The other molecule has an F, O, or N atom. 

 
4. London Dispersion Forces (LDF): 

Instantaneous dipole moments 
resulting from the motion of electrons 

in an atom or molecule. All atoms and 
molecules possess LDF, which 

increase with the number of electrons 
in the molecule, and its shape. These 

are very small, very short-lived 
charges. 
 

5. Ion-dipole interactions: (between ions and polar molecules)  
 

 

 

 

6. Dipole-induced dipole interactions: (between a polar molecule and a non-

polar molecules) 

 

 

PRACTICE  

1) List all types of IMF which would be exhibited between the pairs of 
species shown below? 

 

 

 
 

 



Classification of Mixtures 

Nihal İKİZOĞLU 11 

2) Which of the following pairs of compounds can form H-bonds? For those that 

can, mark the position of the partial positive (δ+) and negative (δ-) charges 
in the molecules and indicate where the H-bonds will form. For those that can't 

form H-bonds, describe the strongest IMF available to that pair of compounds. 

 
 

  

 

 

 

3) Stearic acid is a fatty acid composed of an 18-carbon backbone: 

 

Think of the liquids below as solvents and stearic acid as the solute: 

 

Stearic acid would be the most soluble in which solvent? Which solvent 
would it be least soluble? Explain in terms of IMFs.  

 

 

4) What causes dipole-dipole interactions?  
 

a) unequally sharing of electron pairs  
b) bonding of a covalently-bonded hydrogen to an lone electron pair  

c) the random motion of electrons  
d) none of these  
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5) Why is hydrogen bonding only possible with hydrogen?  

 
a) Hydrogen is the least electronegative element known.  

b) The size of a hydrogen atom is similar to that of oxygen, nitrogen, and 
fluorine.  

c) Hydrogen is the only atom with an unshielded nucleus when it forms 
covalent bonds.  

d) More than one of the above.  

 

6) Which of the following is the weakest attractive force?  
 

a) polar covalent bond  
b) hydrogen bond 

c) ionic bond      
d) dipole-dipole force  

 

7) Identify the principal type of solute-solvent interaction that is 
responsible for forming the following solutions: 

 
a. KNO3 in water 

 

b. Br2 in benzene (C6H6) 

 
c. glycerol (CH2(OH)CH(OH)CH2OH) in water 

 

d. HCl in acetonitrile (CH3CN) 

 

8) For the following carboxylic acids, predict whether solubility will be 

greater in water or carbon tetrachloride (CCl4), and give your 
reasoning:  

 
a. acetic acid (CH3COOH)  

 

b. stearic acid, CH3(CH2)16COOH 
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9)  

 

 

 

 

 

 

 

 

a. Draw polarity arrows on all polar bonds on morphine and novocaine. 

 

b. Explain why morphine is more soluble into water than heroin. 

 

 

 

10) Amino acids are composed of a carboxylic acid group and an amino group.  

 

Consider the solvents in question 3; which environment would it be 
most soluble? Explain. 

  

 

 

 

 


