Chapter 7 - Solutions and Colloids
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· Colligative Properties of Solutions

· Colloids

Introduction

Solutions are homogeneous mixtures of two or more substances, in which individual components in the mixtures are indistinguishable from one another. 

A solution composed of one or more solutes and a solvent – the latter is one that is present in the largest quantity.  Aqueous solutions are solutions that have water as the solvent.

Types of Solutions

——————————————————————————————————————————

State of 
Original State

State of
 

Solution
  of Solute

Solvent         Examples

——————————————————————————————————————————

Gas
Gas
Gas
Air, natural gas;

Liquid
Liquid
Liquid
alcoholic beverages, antifreeze Liquid
Solid
Liquid
seawater, sugar solution, etc.


Gas
Liquid
carbonated (soda) water 

Solid
Solid
Solid
metal alloy, e.g., steel, brass, bronze, etc;

________________________________________________________________________

Exercise-1:  

1.
Identify the solvent and solutes in the following solution.


(a) Dry air contains about 78.1% nitrogen, 21.0% oxygen, 0.9% argon, and trace amounts of other gases.


(b) Natural gas contains 97% methane (CH4), 1.5% ethane (C2H6), 1% CO2, and 0.5% nitrogen gases.


(c) Rubbing alcohol contains 70% isopropyl alcohol and 30% water.

2.
What particles are found in the following aqueous solutions:


(a)  Aqueous sodium chloride solution, NaCl(aq)?


(b)  Aqueous alcohol, C2H5OH(aq)

(c)  Aqueous potassium hydroxide solution, NaOH(aq)

(d)  Aqueous ammonium nitrate solution, NH4NO3(aq)?


(e)  Aqueous sugar (sucrose, C12C22O11) solution?

_________________________________________________________________________

Solution Processes


The formation of solution involves disruption of the crystalline lattice structure of solute and the mixing of solute particles and solvent molecules. Solute particles diffuse into solution and become uniformly dispersed. For this to happen, there must be sufficiently strong interactions between solute particles and solvent molecules; strong enough to overcome intermolecular attractive forces between solute particles in the liquid state or in crystalline solids.

Solution processes may be divided into three main stages:

1. pure solvent ( separated solvent molecules - (endothermic process);
H1 > 0 (+ve)

2. pure solute  ( separated solute particles - (endothermic process);

H2 > 0 (+ve)

3. separated solvent and solute molecules  ( solution - (exothermic process); H3 < 0 (+ve)

————————————————————————————————————————

Net: Solute(s) + Solvent  ( Solution;  
Hsoln = H1 + H2 + H3
————————————————————————————————————————
Enthalpy Diagram for Solution Formation
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Solution

Depending on the magnitudes of H1, H2, and H3, solution processes can be exothermic (if |H3| > |H1 + H2|) or endothermic (if |H3| < |H1 + H2|)


For example, when an ionic compound such as NaCl is dissolved in water, the polar water molecules are attracted to Na+ and Cl- ions through ion-dipole interactions. For crystalline NaCl to dissolve, ionic bonds between Na+ and Cl- ions must be broken. The energy of ion-dipole attractions between water molecules and ionic species is known as the hydration energy of the ions. This energy must be comparable with or large enough to overcome the lattice energy. For NaCl, the lattice energy is only slightly greater than the sum of hydration energy for Na+ and Cl- ions, and the solution process for NaCl is only slightly endothermic.

Soluble substances would dissolve in a given solvent to form a homogeneous mixture or solution. The term miscible and immiscible are often used to describe liquids that dissolve or not dissolve in another liquid. Thus, ethanol or methanol and water are completely miscible, while oil and water are immiscible.

1. When ionic compounds dissolve in water, they dissociate (ionize) to produce free ions.  For example, when NaCl dissolves it produces free Na+ and Cl- ions, which become hydrated with water molecules. Sodium chloride and many ionic compounds dissolve in water because of the strong ion-dipole interactions between solute and solvent particles. The energy needed to overcome the lattice energy and disrupt ions in the crystalline solids is provided by the hydration energy produced from these ion-dipole interactions. Solutions of ionic compounds are strong electrolytes.

2. Molecular compounds, such as ethyl alcohol (C2H5OH) and sucrose (C12H22O11) dissolves in water because of strong interactions between solute and water molecules through hydrogen bonding or dipole-dipole attractions. These types of solutions do not contain free ions and cannot conduct electricity. They are nonelectrolytes. 

3. Nonpolar substances, such as oil, grease and gasoline, do not dissolve in water because their primary interactions with water molecules are by weak London dispersion forces. Oil and grease readily dissolve in gasoline because of strong interactions between nonpolar molecules. 

Strong intermolecular interactions between solute and solvent molecules are a necessary criterion for a substance to dissolve in a solvent.  Polar substances dissolve in polar solvents, while nonpolar substances dissolve in nonpolar solvents.  Hence the term "like dissolves like".   

Solubility

The solubility of a substance is the maximum amount of solute that can dissolve in a given quantity of solvent to give a saturated solution at a particular temperature.

A saturated solution is one that contains the maximum amount of dissolved solute at a particular temperature. In a saturated solution, the solvent has reached its maximum capacity to dissolve.

A solution will be called supersaturated if contains more dissolved solute than the maximum it can dissolve under normal condition. A supersaturated solution is normally formed when a near saturated solution at higher temperature is cooled down too fast that crystallization fails to occur. Super saturation is an unstable state; an introduction of a tiny crystal will initiate an immediate crystallization.

A concentrated solution is one that contains a relatively large amount of dissolved solute, while a dilute solution is one that contains very little amount of dissolved solute in a relatively large amount of solvent.  A solution containing 40 g or more of dissolved solute in 100 mL of water would be considered to be concentrated, whereas one with less than 10 g of solute per 100 mL of water would be called a dilute solution. A concentrated solution does not necessarily imply a saturated solution.  Likewise, a saturated solution does not necessarily imply a concentrated solution.  

The solubility of most liquids and solids in water increases with temperature, but the solubility of gases decreases as temperature increases, but increases as the gas pressure increases.

Solution Concentration


The concentration of a solution is expressed in terms of the amount of solute dissolved in the solution. This may be expressed in mass percent or molarity.


Mass percent =  
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Molarity (M) =  
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;
Moles of Solute = Molarity x Liter of Solution

Exercise-2

1.
A solution is prepared by mixing 36.0 g ethanol with 514 g water.  What is the mass percent of ethanol in solution? (Answer: 6.55%)

2.
If a 25.0 mL solution contains 4.50 g of NaCl, what is the mass-to-volume percent of NaCl in the solution? (Answer: 18.0%)

3.
Calculate the molarity of a solution prepared by dissolving 12.0 g of NaOH in enough water to make 1.50 L of solution. (Answer: 0.200 M)

4.
Calculate the molarity of a solution prepared by dissolving 4.38 g of NaCl in enough water to make 100. mL of solution. (Answer: 0.749 M)

5.
How many moles of HCl are present in a 25.0 mL of 6.0 M HCl solution? 

(Answer: 0.15 mole)

6.
How many grams of NaOH are dissolved in 100.0 mL of 6 M NaOH solution? 

(Answer: 24 g)

_________________________________________________________________________

Because ionic compounds dissociate into ions, the total number of ions in a solution of ionic compound is always greater than that in a solution of molecular compound.  The total concentration of ions in solution is the sum of the concentrations of cations and anions, which is  dependent on the formula of the compound.  

For example, a solution of 1.0 M aluminum nitrate, Al(NO3)3, contains 1.0 M of Al3+ and 3.0 M NO3- ions.   The total concentration of ions in solution is 4.0 M.  



  Before dissolving
   After dissolving



      Al(NO3)3 (aq)      (    Al3+(aq)  +  3 NO3-(aq)



(1.0 M)       (   (1.0 M)   +  (3 x 1.0 M)

A solution of 1.0 M MgCl2 contains 1.0 M of Mg2+ and 2.0 M of Cl- ions, and the total ion concentration is 3.0 M.

Exercise-3:

1.
What is the concentration of each ionic species in the following solutions? What is the total ion concentration in each solution?


(a)  0.50 M Co(NO3)2



(b)  0.20 M FeCl3 


(Answer: (a) 1.5 M; (b) 0.80 M)

2.
What is the concentration of each ionic species in the following solutions?  What is the total ion concentration in each solution?


(a)  0.15 M Na2CO3



(b)  0.025 M Al2(SO4)3 


(Answer: (a) [Na+] = 0.30 M, [CO32-] = 0.15 M, [Total ions] =  0.45 M; 

 (b) [Al3+] = 0.050 M, [SO42-] = 0.075 M, [Total ions] = 0.125 M) 

3.
Calculate the number of moles of Cl- ions in 1.75 L of 1.5 x 10-2 M AlCl3. 

(Answer: 0.0788 mole)

_________________________________________________________________________

Standard Solution

 
A standard solution is one whose concentration is accurately known.

Preparing a standard solution.


A. Preparing a Standard Solution from Solid Substances:

1.
Calculate the amount in moles and grams of the substance needed from the VOLUME and MOLARITY of solution;

2.
Obtain a pure substance, WEIGH ACCURATELY the amount needed;

3.
Transfer sample into a VOLUMETRIC FLASK of known volume;

4.
Add some de ionized water to dissolve solid COMPLETELY, then add more de ionized water to fill up to the mark indicated on the "neck' of the flask

B. Preparing a Standard Solution by the Dilution of  Stock Solution:

1.
Calculate number of moles of solute in the final solution from its molarity and volume;

2.
Determine the volume (in liter) of stock solution that would provide the required number of moles solute:



L of Stock Solution =  Number of Mole of Solute 

 Molarity of Stock Solution

3.
Transfer measured volume of stock solution to an appropriate volumetric flask and add de-ionized water to fill to the mark on volumetric flask.

[Note: When preparing a dilute acid solution from a concentrated acid, ALWAYS add some de-ionized water first in the flask, ADD THE ACID TO THE WATER, mix well, then followed with more de ionized water to make the correct volume.]

Exercise-4

1.
How many grams of solid potassium dichromate, K2Cr2O7 (molar mass = 294.2 g) must be weighed out to prepare 500. mL of 0.200 M K2Cr2O7 solution? (Answer: 29.4 g)

2.
A standard solution of potassium hydrogen phthalate (KHP), KHC8H4O4 (molar mass = 204.2 g), was prepared by dissolving 5.105 g of KHP in enough water to give 250.0 mL solution.  What is the molarity of the KHP solution? (Answer: 0.1000 M)

3.
What volume of 12 M HCl is needed to prepare 5.0 L of 3.0 M HCl?  How many moles of HCl are present in the final solution? (Answer: 1.25 L)

_________________________________________________________________________

Stoichiometry of Reactions in Solutions

All reactions occur according to molar relationships as specified by the balanced equations.  This is also true when the reaction occurs in solution.  The molar quantity of each reactant is calculated from the volume (in liters) and the molarity of the solution.  For reactions involving solutions of ionic compounds, it is easier to calculate the amount of products formed when only the net ionic reaction is considered.

Example:  Sodium chloride and silver nitrate solutions react to form silver chloride precipitate as follows:



AgNO3(aq) + NaCl(aq)  (  AgCl(s) + NaNO3(aq)
How many grams of AgCl are formed when 250. mL of 0.500 M AgNO3 is reacted with 250. mL of 1.00 M NaCl(aq).  Assume that all of Ag+ is reacted.

Calculate the mole of each reactant in solutions and determine the limiting reactant:


Mole of AgNO3 = 0.250 L x 0.500 mol/L = 0.125 mol AgNO3 


Mole of NaCl   = 0.250 L x 1.00 mol/L  =  0.250 mol NaCl


AgNO3 is the limiting reactant


Mole of AgCl formed = mole of AgNO3 reacted = 0.125 mol


Grams of AgCl formed = 0.125 mol x 143.35 g/mol = 17.9 g

Exercise-5:

1.
Calculate the minimum volume of 1.00 M NaCl solution that must be added to precipitate all of Ag+ ions in 1.50 L of 0.100 M AgNO3 as AgCl.  Calculate the number of grams of AgCl forms.  (Answer: 150. mL)

2.
250. mL of 0.105 M KBr solution is reacted with 150. mL of 0.145 M AgNO3 solution?  Which is the limiting reactant.  How many grams of AgBr are formed?


(Answer: 4.08 g)

__________________________________________________________________________

Neutralization Reactions

An acid-base reaction is also called neutralization reaction. 

An acid is a substance that produces hydronium ions (H3O+) in aqueous solutions.  

A base is a substance that produces hydroxide ions (OH-) in aqueous solutions.  

A strong acid such as hydrochloric acid (HCl), ionizes completely when added to water:


HCl(aq) + H2O  (  H3O+(aq)  +  Cl-(aq);  
[H3O+] = [HCl]

A strong base such as NaOH also ionizes completely in aqueous solution: 


NaOH(aq)  (  Na+(aq)  +  OH-(aq);

[OH-] = [NaOH]

When a base reacts completely with a given amount of acid in solution, the acid is said to be neutralized and the reaction products are salt and water.



HCl(aq) + NaOH(aq)  (  H2O + NaCl(aq)
If the molar concentration of the acid is known, the molar concentration of the base can be calculated from the reaction stoichiometry. For example, suppose 25.00 mL of HCl(aq) of unknown concentration requires 22.50 mL of 0.2165 M NaOH(aq) to neutralize the acid.  What is the concentration of HCl? 

Solution:

The concentration of HCl(aq) can be calculated as follows:

1.  Moles of NaOH = 22.50 mL x (1 L/1000 mL) x (0.2165 mol NaOH/L)  = 0.004871 mol.

2.  Moles of HCl  = moles of NaOH = 0.004871 mol;

3.  Molarity of HCl =  
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0.004871

  =  0.1948 M.

Titration


Titration is a technique of carrying out a reaction involving reactants in solutions by adding an exact volume of one solution from a buret to another solution of known volume in a flask or beaker. In an acid-base titration, a known volume of the acid solution is placed in the flask and the base is added in small quantities (or drop wise) from a buret, until the end-point is reached. The end-point also represents the equivalent point of the reaction, and is indicated by a change in the color of an indicator. An indicator is a substance that has the ability to change color when the solution changes from being slightly acidic to slightly basic. About two to three drops of the indicator is added to the acid solution at the beginning of titration. When the end-point is reached, the volume of the base that is added to the acid can be read exactly from the buret. If the concentration of the acid or the base is known, then the concentration of the other solution can be calculated.

For example, suppose that the titration of a 25.00-mL sample of 0.196 M HCl(aq) with NaOH(aq) requires 22.00 mL of the base solution to reach end-point. What is the concentration of NaOH solution?  The reaction is




HCl(aq) + NaOH(aq)  (  NaCl(aq) + H2O

In this example, the volume and concentration of HCl(aq) are known, but only the volume of NaOH is known. From the data we can calculate the moles of HCl reacted:


Moles of HCl reacted = 25.00 mL x (1 L/1000 mL) x (0.196 mol/L) = 0.00490 mol

Since the mole ratio of NaOH to HCl is 1:1,  


Moles of NaOH reacted = moles of HCl = 0.00490 mol


      Molarity of NaOH =  
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Exercise-6:

1.
Calculate the volume of 0.100 M HCl solution needed to neutralize 25.0 mL of 0.350 M NaOH solution.  (Answer: 87.5 mL)

2.
Calculate the volume of 0.100 M H2SO4 solution needed to neutralize 124 mL of 0.250 M NaOH solution.  The balanced equation for this neutralization is




H2SO4(aq)  +  2NaOH(aq)  (  Na2SO4(aq)  +  2H2O


(Answer: 155 mL)

___________________________________________________________________________

Solution Properties

Conductivity


Base on their ability/inability to conduct electricity, solutions are classified as: 

· strong electrolytes - conduct electricity very readily; 

· weak electrolytes - conduct electricity, but only feebly; 

· nonelectrolytes - do not conduct electricity.  

Solutions of soluble salts (ionic compounds), strong acids, and strong bases are strong electrolytes.  Weak acids and weak bases that do not ionize completely, as well as slightly soluble salts that produce low ions concentrations, form weak electrolyte. While solutions of molecular compounds, such as alcohol, sugar, and soluble organic compounds that produce neutral molecules are nonelectrolytes.
Colligative Properties


Colligative properties are properties of solutions that depend only on the concentration of solute particles in the solution. These are 

· lowering of solvent vapor pressure

· lowering of freezing point

· elevation of boiling point

· osmotic pressure

The vapor pressure of solvent above a solution containing nonvolatile solute is lower than that above the pure solvent. As a result, the freezing point of the solution is lower and the boiling point is higher than that of the pure solvent. The differences of freezing point (Tf) and boiling point (Tb) between the solution and the pure solvent can be calculated using the following equations:



Tf  =  nKfm;
Tb  =  nKbm
where, m is the solution concentration expressed in molality, Kf and Kb are called the freezing point depression constant and boiling point elevation constant, and they are properties of the solvent; n is the number of moles of solute particles formed in solution per mole of the solute dissolved. 

For example, for water (as solvent)  Kf = 1.86oC/m, and Kb = 0.52oC/m; if the solute is sugar, C12H22O11, n = 1 (sugar does not dissociate into ions); if the solute is NaCl, n = 2 (NaCl ionizes into Na+ and Cl- in solution). 

Exercise-8:

1.
Calculate the freezing point and boiling point of a solution, which contains: (a) 360 g of sugar, C12H22O11, dissolved in 500. g of water; (b) 61.4 g of NaCl in 500. g of water;  

(c) 172 g Ca(NO3)2 in 500. g of water. (Kf = 1.86oC/m;  Kb = 0.52oC/m)


(Answer: (a) Tf = -3.9oC; Tb = 101.1oC; (b) Tf = -7.82oC; Tb = 102.2oC; 




 (c) Tf = -11.7oC; Tb = 103.3oC)

2.
Calculate the freezing point and boiling point of a radiator fluid, which is prepared by mixing 500. g of ethylene glycol, C2H6O2, and 750. g of water. 

(Kf = 1.86oC/m;  Kb = 0.52oC/m;)  

(Answer: Tf = -20.0oC; Tb = 105.6oC)

___________________________________________________________________________

Osmosis and Osmotic Pressure

Osmosis is the process in which solvent flows through a semi permeable membrane into a solution of higher concentration. The Osmotic Pressure is the hydrostatic pressure required to prevent this flow of solvent through the semi permeable membrane. The osmotic pressure of a solution is dependent on the molarity and temperature of the solution, such that,



 = nMRT,

where M is molar concentration, R = 0.08206 L.atm/(mol.K), T is temperature in Kelvin, and n is the number of moles of solute particles formed in solution per mole of the solute dissolved.  The product nM is called osmolarity.

Exercise-9:

1.
Calculate the osmotic pressure at 37oC and the osmolarity of the following solutions: 


(a) 9.90 g of glucose, C6H12O6, dissolved in 100. mL solution;  


(b) 9.90 g NaCl in 100. mL solution (assume 100% dissociation)


(c) 9.90 g Ca(NO3)2 in 100. mL solution (assume 100% dissociation)


Answer: (a)  = 14.0 atm; osmolarity = 0.549; (b)  = 86.2 atm; osmolarity = 3.39;




(c)  = 46.0 atm; osmolarity = 1.81)

___________________________________________________________________________

Colloids


Colloid contains solute particles larger than the solute particles in true solutions. Particles with diameter in the range of 1 nm to 200 nm are colloids. Because of the size of the particles, colloids exhibit Tyndall effect.

Colloids are homogeneous mixtures that are intermediate between a true solution and heterogeneous mixtures.  Colloids contain "solute" particles that are many times larger than the solvent molecules, but too small to be seen by an ordinary light microscope.  Since it is not a true solution, the terms solvent and solute are often not being used. Instead, the following terms are used: dispersing medium (which is equivalent to solvent) and dispersed phase (equivalent to solute).

Types of Colloids

——————————————————————————————————————————

State of Colloidal 
State of 


    particles

Medium
Name

Example




——————————————————————————————————————————

   Gas


Liquid

Foam

Suds on bear or soapy water,




    



whip cream, shaving cream,




    



fire-fighting foam.

   Gas


Solid

Foam

Foam rubber, Styrofoam, 




   



marshmallows, sponge, pumice.

   Liquid

Gas

Aerosol
Fog, clouds, aerosol sprays.

   Liquid

Liquid

Emulsion
Homogenized milk, mayonnaise

   Liquid

Solid

Emulsion
Butter

   Solid


Gas

Aerosol
smoke, airborne particulates

   Solid


Liquid

Sol

Cream, milk of magnesia, mud,




     



detergents, many paints, 




    



 toothpaste, Jell-O.

   Solid


Solid

-

ruby glass




——————————————————————————————————————————

Because the concentration of colloidal particles (dispersed phase) is normally very, very low, colloids exhibit negligible colligative properties.   The dispersed phase in colloids is large enough to cause light scattering; this lead to a property called the Tyndall effect. That is, when a colloid is shone with light, the beam of light can be seen passing through the solution.  

Colloids are classified as lyophobic (means solvent hating) and lyophilic (means solvent loving).  If the dispersion medium is water, the colloids are refereed to as hydrophobic and hydrophilic.  Gelatin is an example of hydrophilic colloid

Many colloidal particles (or dispersed phase) are composed of clusters of small particles that are held together by intermolecular attractions.  Soaps and detergents are examples of dispersed phase made up of clusters of small particles.  Molecules of soaps and detergents have a polar hydrophilic end that is soluble in water and a nonpolar hydrophobic tail that is not water-soluble.   When dispersed in water, soap and detergent molecules form clusters called micelles.  Attractions between water molecules squeeze the soap ions into micelles.  Within the micelles, the hydrophobic tails of the soap ions in the center are held together by London dispersion forces, while the negatively charged hydrophilic ends are on the outside of the micelles, interacting with water molecules.

Soaps and detergents can remove dirt/grease from skin and clothes because most dirt is hydrophobic.  The hydrophobic dirt particles are attracted into the hydrophobic center of micelles and get washed away together with the micelles during bathing or washing.  Soaps and detergents are surface-active agents or surfactants.  Surfactants reduce the surface tension of water and expand the surface area.  Surfactants make water a better cleaning solvent, because they enable water to wet surfaces to be cleaned more efficiently. 
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