Properties of Solutions

Chapter 13

Properties of Solutions
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10th Ed.: 13, 23, 25, 27,
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Class Notes

I. The solution process

A. Solutions, colloids, and suspensions

1. Solution: homogeneous mixture, equaly dispersed at the molecular levd,
uniform throughout in its physicad and chemicd properties

2. Colloid: a gtate of matter intermediate between a solution and a sugpension, in

which

solute particles are large enough to scatter light but too smdl to be

affected by gravity - solutes are aggregations of particles forming larger
particles

3. Suspension: molecular-level aggregations of particles physicaly suspended in

liquid,

sometimes S0 amdl that gravity has no effect on the particles

4. Typesof solutions

a

b.

B. Terminology

Gasinges ar

Gasinliquid: ar dissolved in water, carbonated water
Liquid inliquid: ethanol in water

Liguid in solid: mercury in Slver in dentd amalgam
Solid inliquid: any sdt in water

Solid in solid: brass, bronze, and dl dloys
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8.

Properties of Solutions

Solvent: does the dissolving, present in greater abundance (except when
gases or solids are dissolved in aliquid)

. Solute: gets dissolved, present in lesser abundance

Assumption: chemical reactions do not occur between solvent and solutes
whilein solution

Solubility: the maximum amount of a substance that will dissolve in a pecific
amount of solvent to give athermodynamicaly stable solution, usudly
expressed in grams and at specific temperature and pressure conditions

a. NaCl: 35.7 g per 100 cc of water at 0°C
b. CO,: 171.3 g per 100 cc of water at 0°C
c. Barium sulfate: 0.000222 g per 100 cc of water at 18°C

Molar solubility: solubility expressed in moles rather than in grams per specific
amount of solvent or solution

Saturated solution: a solution in which as much solute asis physcaly possble
has been dissolved in the solvent, with some solute remaining undissolved

Unsaturated solutions and supersaturated solutions

Miscible: two (or more) substances that can form solutionsin dl proportions

C. Gened solvation theory a a molecular leve

1

2.

3.

Solvation: the molecular process by which solutes are dissolved by solvents
Hydration: the molecular process by which solutes are dissolved by water

"Like attracts like" governs solvent-solute interactions and dissolution, or the
lack of reaction between a solvent and solute

D. Temperature and pressure may both affect solubility

E. Enthapy and entropy of solution

1

2.

3.

If asolute is more soluble at awarmer temperature than at a cooler
temperature, solvation is endothermic

If asolute is more soluble at a cooler temperature than at awarmer
temperature, solvation is exothermic

Dissolving solutesin solvents make the system more chaotic (less ordered),
which aso encourages pontaneity as the entropy of the system increases
(i.e, +009)
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Properties of Solutions
I1. Ways of expressing concentration

A. Concentration: a measure of the amount of solute dissolved in ether a pecific
amount of solvent or solution

B. Percent composition: in generd, the ratio of amount of solute to amount of solution
multiplied by 100

1. Weght/weight (w/w): (grams solute/ grams solution) x 100

2. Weight/'volume (w/v): (grams solute/ volume solution) x 100
3. Volumevolume (vv): (volume solute / volume solution) x 100
4. Examples

a. What isthe (w/w) concentration of 100 g of solution containing 1.22 g
of sodium chloride? 1.22% wiw

b. What isthe (w/v) concentration of 50.0 mL of solution containing 1.22
g of sodium chloride? 2.44% wiv

c. What isthe (v/v) concentration of a solution containing 100 mL of
isopropyl acohal that is diluted with water to 150 mL? 66.7% v/iv

C. Concentrations of dilute solutions
1. mg %: (mg solute/ 100 mL solution) x 100
2. ppm: parts per million, (mg solute/ L solution)
3. ppb: parts per hillion, (ug solute/ L solution)
D. Madity: (m), mold concentration, moles solute / kg solvent

1. What isthe mola concentration of 125 grams of glucose that isdissolved in
750 grams of water?

2. (125 g glucose) x (mole glucose/ 180.2 g glucose) x (1/ 750 g water) x
(1000 g water / 1 kg water) = 0.925 m

E. Molarity: (M), molar concentration, moles solute/ L solution

1. What isthe molar concentration of 125 grams of glucose that isdissolved in
750 grams of water?

2. (125 g glucose) x (mole glucose/ 180.2 g glucose) x (1/0.750 L solution) =
0.925M

3. Molar and mold concentrations will not dways be the same
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Properties of Solutions
Cdculating molarity

a If 0.100 moles of H,SO, isdisxolved in 450 mL of water, whet isthe
molarity of the resulting solution? (0.222 M)

b. If 37.6 grams of copper (I1) nitrate is dissolved in 500 mL of water,
what isthe molarity of the resulting concentration? (M = 187.56
g/mal; 0.334 M)

¢. How many moles of copper (1) nitrate are contained in 25.0 mL of
2.5M solution? (0.0625 moles copper (1) nitrate)

d. How many grams of ammonium hydroxide are contained in 75 mL of
concentrated (15M) solution? (My = 35.05 g/moal; 39.43 Q)

[11. Colligative properties - solution properties which depend on the number of particles rather
than on the chemicd nature of the particles

A. Vaporization and vapor pressure lowering

1.

An important difference between molecules in the liquid and gas phasesis the
KE of the particles

If we examine the KE of dl of the particlesin any phase we find not asngle
KE but a Gaussian digtribution of energies - i.e., there are many molecules
with very high energies and many with very low energies as well

Moleculesin the liquid phase with high KE and near the |-g phase boundary
can actudly have enough KE to "escgpe’ from the liquid and join the gas
phase

Thisiswhy heating aliquid facilitates the |-g trangtion

Molecules in the vapor phase collide with the liquid surface during their
random travels

a. High KE - bounce off surface
b. Low KE - "stick" and become part of liquid phase

c. By cooling avapor we lower the average KE of the moleculesin the
gas phase and make it easer for them to "stick™ to the liquid surface if
they collide with it

At any given temperature an equilibrium exists between therates of | —> g
and g—>|

The pressure exerted by the vapor when this equilibrium exigtsis called the
vapor pressure
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Properties of Solutions

8. Bailing point: when the vapor pressure of aliquid is equa to amaospheric
pressure

9. Normd boailing point: when the vapor pressure of aliquid is equd to exactly 1
am

10. Vapor pressureislike BPin that it gives agenerd reldive sense of the
srengths of intermolecular forces

a. Propane- 8.6 atm, acetone- 266 T, i-PrOH - 33 T
b. Hexane- 124 T, 2-hexanone- 3T

11. Vapor pressure lowering: if anonvolatile solute is dissolved in avolatile
solvent the vapor pressure of the resulting solution is less than that of the pure
solvent.

B. Diffuson: molecules tend to move from areas of high to low concentration until
uniformly distributed

1. Thisrandomizing effect will occur independent of any externd forces (eg.
mixing) and is due to random collisons between molecules (Brownian motion;
see Eingtein's Explanation of Brownian Motion)

2. Therae of diffuson depends on severd factorsincluding temperature,
viscodty and pressure, the molecular weight of the solute, and solute
concentration

3. Thisishow asolute achieves uniform digtribution throughout a solvent in the
process of forming asolution - g/g, g/l, I/, I/s

A. Oamnoss
1. Ddfinitions

a. Membrane: a sheet-like Structure, often porous, that can regulate the
passage of substances from one side of the membrane to the other
based on molecular size or charge

b. Membranes that allow some substances to pass but not others are
caled semi-permegble

c. Osmasis: the flow of water through a semi-permeable membrane from
areas of low to high solute concentration
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Properties of Solutions

dazs’

Sugar water solution enclosed in a semi-permeable membrane and
placed in a water bath. An open glass tube sticks out of the end of
the semi-permeable membrane. Over a period of days water will
diffuse into the sugar water solution, forcing the solution up the glass
tube, diluting the solution, and lowering the water level in the bath.

d. Osmotic pressure: aforce is generated by osmosis. The pressure that
would be required to stop the net flow of water (i.e., the force required
to stop osmosis) isthe osmotic pressure

a Reverse osmoss: forcing water across a semi-permesble
membrane from areas of high to low solute concentration

b. Used to desdlinize seawater for drinking

e. Ognalarity: the behavior of dilute solutionsis Smilar to the behavior of
gases in some respects, to the extent that the behavior of dilute
solutions can be gpproximated using the Ided Gas Law

i. O=inRTN =IMRT

ii. 1 =# of particles per solute molecule, i = 1 for nonelectrolytes, i
= 2 or greater for dl eectrolytes

iii. n=#molesof solute
iv. M = solute molarity
2. Examples

a. What isthe osmotic pressure (pi) of a0.0020 M solution of sucrose
(C12H22011) at 20°C?(0.048 aam =37 T)

b. The average osmotic pressure of blood is 7.7 am at 25°C. What
concentration of glucose will be isotonic with blood? (0.315 M)

i. Isotonic: two solutions with equa osmotic pressures

ii. Hypotonic: one solution has alower osmotic pressure than the
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Properties of Solutions
other

iii. Hypertonic: one solution has a higher osmatic pressure than the
other

¢. Finding the My of an unknown substance via osmotic pressure

i. gancen =g/ My then pi =inRT/NV =igRT/(Mn V) => My =
IgRT/(pi X V)

ii. The osmotic pressure of an aqueous solution of an unknown
protein was found to be 1.54 T at 20°C. The solution contained
3.50 mg of the protein, which had been dissolved in 5.00 mL of
water. Find the molar mass of the protein (assumei = 1 for
proteins). (My = 8451 g/mal)

B. Bailing point devation: [Ty = iKypCnmy
C. Freezing point depression: 0T = iK¢Cn,
D. Vapor pressure depression: P; = X 4Py’

E. Osmoatic pressure devation: pi =iMRT
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