Name: __________________

Solutions
Unit 9

( s i x c la s s p e r i o ds )

Unit 9.1: Solutions and Solubility curves
1) Solution -- a homogenous mixture of two or more pure substances
a) Solvent – the substance in largest concentration, it is what “does” the dissolving
b) Solute – the substance(s) in smaller concentration, it is what is dissolved
c) The state of matter of the solvent typically determines the state of matter of the solution
d) Dissolving is done based on attractions (like dissolves like)
i) Polar compounds can attract each other and thus pull other polar
compounds into the solution, however they would have no such attraction
to
nonpolar compounds
(1) Ionic compounds, with a truly positive and negative charge, would
be attracted to the partial positive and negative sides of a polar
compound thus pulling them apart in a process known as
solvation
ii) Nonpolar compounds attract other nonpolar compounds and thus pull them into solution, however they
would be repelled by polar compounds
e) Solutions are typically clear (exceptions exist in which a salt contains a transition metal cation such as copper or
cobalt)
f) Solutions cannot be filtered as the solute is typically held on an atomic level by the solvent, however they can be
separated by boiling point (evaporate the water) or by crystallization (cool them below their saturation point)
2) Solubility
a) Since solubility occurs when molecules collide, increasing the rate of collisions will increase how much quickly
the solute dissolves
i) Stirring
ii) Increasing solute surface area
iii) Increasing temperature
b) Since the molecules of solvent have to move between the molecules of solute energy is absorbed (endothermic
process), thus increasing temperature shifts the reaction towards the products, causing the solute to dissolve
faster
c) Factors that affect solubility
i) Temperature – most solids become more soluble with increased temperature
ii) Pressure – gasses become more soluble with higher pressures

3) Solubility curves
a) Shows the solubility of a substance, how many grams will
dissolve, as temperature increases
b) The line – the maximum amount of substance that 100
grams (or 100 mL) of water can dissolve. This is known as
a saturated solution
c) Below the line -- there is still enough “space” for more
solute to dissolve. This is known as an unsaturated
solution
d) Above the line – there is too much solute for the solvent
to keep separated and so particles of the solute recollect
this causes the solution to be either cloudy or to have a
solid at the bottom known as a precipitate. This is known as a supersaturated solution.
e) Keep in mind these graphs are for 100 g of water, or 100 mL of water. If asked about a larger volume, then the
amount that would dissolve increases proportionally.

Unit 9.2: Unit of concentration and Dilutions
1) Solutions are discussed in terms of how much solute is present, as the solute is usually the reactive portion of the
substance
2) Molarity (M) -- the number of moles for each liter of solution
a) MOST COMMON!
𝑠𝑜𝑙𝑢𝑡𝑒
b) can be calculated from grams of solute and milliliter of solution

𝑚𝑜𝑙
𝑀=
𝐿𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

Example 1:
What is the molarity of a solution of 100mL of water
and 36g of hydrochloric acid(HCl)?

c) To make a solution using molarity you:
i) Mass out the amount of solute you will need
ii) Pour into a volumetric flask
iii) Dissolve the solute in solvent
iv) Fill the volumetric flask to the correct volume

How many grams of sugar (C12H22O11) are in 500mL
of a 0.5M solution?

3) Molality (m) – since the volume of liquid changes with temperature,
molarity is not always the best. For more accurate concentrations
during a temperature change we use molality
4) Mole fraction () – a ratio of the moles of solute to the moles of
solvent. Useful when there is more than one solute (such as gas
systems or alloys)
5) Percent by mass (%) – common in the real world, can be by mass or
by volume. For solids, like alloys, this is by mass, for liquids, such as
alcohol, it is by volume.
6) Parts per million (ppm) – another common real world
concentration unit. Similar to percent, however out of 100 it is out
of 106 (a million).

𝑚=

𝜒=

𝑚𝑜𝑙𝑠𝑜𝑙𝑢𝑡𝑒
𝐾𝑔𝑠𝑜𝑙𝑣𝑒𝑛𝑡

𝑚𝑜𝑙𝑠𝑜𝑙𝑢𝑡𝑒
𝑚𝑜𝑙𝑠𝑜𝑙𝑢𝑡𝑒 + 𝑚𝑜𝑙𝑠𝑜𝑙𝑣𝑒𝑛𝑡

%=

𝑚𝑎𝑠𝑠𝑠𝑜𝑙𝑢𝑡𝑒
× 100
𝑚𝑎𝑠𝑠𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑝𝑝𝑚 =

𝑚𝑎𝑠𝑠𝑠𝑜𝑙𝑢𝑡𝑒
× 106
𝑚𝑎𝑠𝑠𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

Example 2a:

Example 2b:

What is the molality of a solution made from 100.mL
water and 5.0g sodium chloride (NaCl?)

What is the concentration of a solution made from
0.4 mol benzene in 1.6mol naphaline?

Example 2c:

Example 2d:

What mass of sugar is in 25og of 10% sugar water?

A solution is made of 20g salt and 100mL water,
what is the ppm salt?

7) Dilutions
a) Adding solvent to lower the concentration of the solute. Since the amount of solute doesn’t change this
effectively lowers the concentration by raising the volume
b) We can find the volume of concentrated needed to dilute to a
final volume using the formula

𝑀1 𝑉1 = 𝑀2 𝑉2

c) This tells use the concentration of the concentrate (M1) and volume of
concentrate (V1) needed to be added to solvent, usually water. To create
a dilute concentration (M2) with a final volume(V2)
i) If asked about how much water was added subtract V2-V1
d) To make a dilution
i) Obtain the volume of concentrate needed (V1)
ii) Place in a volumetric flask
iii) Fill to a final volume (V2)
Example 3:


What volume of a 3.0M KI solution would you use to make 0.300L of a 1.25M KI solution?



How many milliliters of a 5.0M H2SO4 stock solution would you need to prepare 100mL of a 0.25M H2SO4?

How much water would you need to add to your 5.0M stock solution?



If you dilute 20.0mL of a 3.5M solution to make 100mL of solution, what is the molarity of the dilute
solution?

Unit 9.3: Colligative Properties
1) Physical properties of solutions that are effected by the
number of particles in solutions but NOT by the identity
of dissolved particles in solution.
a) Ionic compounds have a greater effect on colligative
properties then covalent compounds because of their
dissociation factor(df) or Van’t Hoff Factor (i) -- How
many ions does the compound form?
i) For non-electrolytic compounds (covalent
compounds) the df is always one (1).
ii) For ionic compound the df is the number of ions
that form that compound.

Example 4:
What is the Van’t Hoff Factor for each substance?


C2H5OH



NaCl



Ca3(PO4)2



NH4C2H3O2

2) Vapor pressure – the pressure of a substance whose surface molecules have absorbed just enough
energy to form a vapor, these molecules exert a pressure on the surface of the substance. When a
substances vapor pressure exceeds atmospheric pressure a substance boils/sublimes
a) Solute particles spread out evenly among the solvent thus they also exist on the surface, here
they inhibit the solvent from gaining energy to form a vapor. Additionally, ionic compounds
(salts) are formed from ions which increase the intermolecular forces.
b) Since less molecules form a vapor, vapor pressure is lower for solutions and that drop is a colligative property
3) Boiling point – since vapor pressure decreases for a solution based on the number of particles present, it takes more
energy to raise the vapor pressure of a solution past atmospheric pressure. Thus the boiling point of solutions is
higher than the pure solvent. Every solvent has its own constant for how much the number of particles raise the
boiling point known as its Kb
4) Freezing point – is when kinetic energy, particle movement, can no longer overcome attractive forces. Though
solute particles usually increase intermolecular forces, the solvent still must form a crystal lattice with itself to form
a solid. The solute particles physically get in the way of this attraction, therefore the freezing point of a solution is
lower than the pure solvent. Every solvent has its own constant for how much the number of particles lower the
freezing point known as its Kf

Boiling Point
𝛥𝑇 = 𝑚𝐾𝑏 𝑖
𝐵𝑃 = 𝐵𝑃∘ + 𝛥𝑇

Freezing Point
𝛥𝑇 = 𝑚𝐾𝑓 𝑖
𝐹𝑃 = 𝐹𝑃∘ − 𝛥𝑇

5) Where T = change in BP or FP (°C)
𝑔
𝑘𝑔

m = molality ( ) or concentration of solution
i = dissociation factor
K = constant for solvent (given)
Example 4:
What is the freezing point of a 0.40m solution of sucrose in ethanol, if ethanol’s normal freezing point is -114.1°C?
(Kf = 1.99 °C/M)

6) Types of solutions
a) Solution – a homogenous mixture of two or more substances with
similar sized particles. Solvents hold the solutes and the two will not
separate except by physical processes (boiling). Since both particles
are usually quiet small the mixture allows light to pass through it easily
b) Colloid – a mixture of two substances with large differences in their
particles size. The solute is large enough that it causes light to refract
(tyndall effect). The solute and solvent are inseparable except by
physical properties (boiling). An example of this is fog
c) Suspensions – a heterogenous mixture which when agitated appears to be a solution, however over time they
separate. These are not true solutions, and typically have instructions such as: ”shake before use.”

Unit 9 Note Quiz Questions
Unit 9.1: Solutions and solubility curves
1. A

5.5 a

2. a

3. a

6. a

4. a

7. a

8. a

9. a

10. a

Unit 9.2: Units of Concentration & Dilutions
1. A

2. A

3. A

4. A

5. a

6. a

7. a

8. a

9.

10. a

