Chapter 15

The Chemistry of Solutes
and Solutions



Solution Terminology

 Solute: one or more substance(s) dispersed in the solution
o Solvent: majority substance in a solution

Solute - Solvent Interactions

Solute Solute Solvent Solvent

|
o o

Solute Solvent




Types of Solutions

- Types of Solutions

Type of solution Example

Gas in gas Air — a mixture principally of N, and O, but containing other
gases as well

Gas in liquid Carbonated beverages (CO, in water)

(Gas in solid Hydrogen in palladium metal

Liquid in liquid Motor oil—a mixture of liquid hydrocarbons; coffee with cream;
tea with lemon juice

Solid in liquid The oceans (dissolved Na ™, Cl ~, and other ions)

Solid in solid Bronze (copper and tin); pewter (tin, antimony, and lead)




Miscible vs. Immiscible
e miscible - liquids that dissolve in each other

e Immiscible - liquids that do not dissolve in each
other due to differences types of interactions

{a) Octane

cel,



“Likes Dissolve Likes

e substances with ssmilar noncovalent forces
are likely to be soluble in each other

 solutes do not readily dissolve in solvents
whose noncovalent forces are quite different
from their own

 stronger solute-solvent attractions favor
solubility, stronger solute-solute or solvent-
solvent attractions reduce solubility



Solubilities
of Some
Alcohol

FTRBTEMEIEY Solubililies of Some Alcohals in Water
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The Solution Making Process

An endothermic selution-making process

Solution formation
{mixing of sodvent and
solute); AH® solution
15 exothermic

(AH® < G}




Solution Terminology

saturated

 solution containing undissolved solute In
equilibrium with the solution

unsaturated

o solution containing less than the maximum
amount of solute

supersaturated

o solution containing more solute than is
normally allowed



Types of Solutions
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Heats of




Hydration of a Sodium lon




Water Dissolving An lonic Solute

Vater molecules surround the As ions move away from the crystal
positive and negative ions, lattice, other ions in the crystal are
helping them move away from exposed to other water molecules
their positions in crystal. and the dissolving process continues.

gy 1 he partially positive
ends of water molecules
orient toward the
negative ions.

gy The partially negative
ends of water molecules
orent toward the
positive ions.
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Welght Percent

#g of solute
wt % = — x 107
#g of solution

Parts per Million (ppm)

#g of solute #mg of solute
ppm = x 100 =
#g of solution #kg of solution

#micro-L solute

ppm =
#L of solution



Molarity

The number of moles of solute per liter of
solution.

molarity & M
moles of solute

M =
liter of solution
units:. moled/liter = M



Molality

e number of moles of solute particles (ions or
molecules) per kilogram of solvent

t#moles solute
m —

#kilograms of solvent



Mole Fraction

#moles of component |

~ total number of moles

Mass Fraction



Comparison of Concentration Terms

- Comparison of Concentration Terms

Units of Advantages Disadvantages
concentration
Mass fraction None Independent of Density must be
temperature; used in known to convert
special applications mass fraction o
molarity
Weight percent Percent Independent of Density must be
temperature; useful known to convert
in wide range of weight percent to
applications molarity
Parts per million, ppm, ppb, ppt Temperature Must be determined
parts per billion, independent; widely by very exacting
parts per trillion used in environmental analytical methods
applications
. Moles solute )
Molarity - - Volume Temperature
liter solution measurements are dependent; density
easy and the results must be known to
readily used in determine solvent
stoichiometric mass

calculations




Colligative Properties

o propertiesthat depend on the number of
particles not on the identity of the particles

Raoult’s Law
P, =X,P,°

e vapor pressure lowering



Vapor Pressure of
Pure Water vs. Sea Water

The greater vapor pressure ...than the lesser
of pure water pushes the vapor pressure of
liquid down farther... sca walcr.




Vapor Pressure Lowering




Boiling Point Elevation

AT = Ttina - Tinitia

(ATp = bpsoiution - bppure solvent)

ATy = kb XM

where k, => boiling point elevation constant
m => molality of all solutesin solution



0

A purple dye is dissolved in water,

and the sodution ks frozen slowly, P\\

There is pure, colorless ice

slong the walls of the wbe “——nHw_ |

Solvent Freezing

“

with concentrated solution
in the center of the tube,

The solvent solidifies as the pure
substance, Thus, pure ice fonns
along the walls of the tube,

3 As solvent is frozen out, the solution

hecomes more concentrted and has
a lower and lower freezing point.

HA

Purple dye
molecule



Freezing Point Depression

AT = Trina - Tinitia
(ATf — fppure solvent ~ fpsol ution)
AT = kf Xm

where ki => freezing point depression
constant

m => molality of all solutesin solution
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Colligative Properties
of Electrolytes

VPyater =~ VP1Mm sucrose = VP1M Nact = VP 1m caci2

1 mole sucrose = 1 mole molecules
1 mole NaCl = 2 mole of 1ons
1 mole CaCl, = 3 molesions



Osmosis

Semipermeabl
membrane

Large

Hydrated
ions

H,0

molecule

Water molecules pass through the
membrane, but hydrated ions and

large molecules do not.




Osmotic Pressure

1 =cRTIi
where Il => osmotic pressure
C => concentration
R => gas constant
T => absolute temperature
| =>number of particles per formula unit



Measuring Osmotic Pressure

sy

; - Glass tube

e | e
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The bag is made of

Water flows through
the walls of the hag
from a region of pure
water...

é Net fiow of water will
continue until the pressure
exerned by soluzion in the

l‘% tube is large encugh 10

equalize mates of passage
of water molecules in both

= directions through the

The height of the column
. of solution is a2 measure of
Heightof Y 10 cemotic pressuge, 1
solution =

column

semipermeable material

that aliows water
malecules but not sugar

molecules to pass through.

?}—'— Pure water é

A

... one of higher
solute concentration
{the sugar solution).




In a hypertonic solution, the concentration of sclutes outside the
cell is greater than inside. There is a net flow of water out of the
cell, causing the cell to dehydrate, shrank, and perhaps die.

1

In 2 fypotonic solution,
the concentration of
solutes catside the cell
15 fess than inside.
There is 3 net Sow of
water ingo the cell,
causing the cell to swell

In an isotonic solution,
the net movement of
water in and out of the
cell is zero because the
concentration of solutes
inside and outside the
cell is the same.

and perhaps @ busst.

£
¥

{a) Isotonic solution {bl] Hyperionic solutien {c}

Hypotlonic solution



Normal vs. Reverse Osmosis

Applied

pressura

Water molecules -l the height Reverse ostsis i5 the
pass through the ol thes selution application ol an external
semipermenhle creates sufficient pressure in excess of osmotic
membwane o dilure | - pressure e Sop pressure to force water
the brine solution, .. thee net flow, mobecules 1w the pure witer side,
I
iz Semipermeable (bl fc]
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