Types of Solutions
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Introduction:
Consider for a moment what is meant by the word solution. What is an example of a solution that first comes to mind?

What would be your response if you were told that smoke particles in air are a solution?

Solutions are of extreme importance in everyday life in that they comprise some of the foods we eat and many of the drinks we consume, and they also form the basis of many household products such as cleansers, disinfectants, coatings and medications. We often think that only things like salt dissolving in water are a solution when, in fact, things like smoke particles suspended in the air are also solutions.

A solution is defined as a homogeneous mixture containing a solute and a solvent.  The solute (the substance being dissolved) is present in the lesser amount in the solution, while the solvent (the substance that dissolves the solute) is present in the larger amount.  At the molecular level, molecules and ions of a solute are completely mixed with and interact with those of the solvent when a solute dissolves in a solvent. This type of mixing is homogeneous because no boundary is visible in the entire solution.  This interaction occurs because of electrostatic attractions between the solute and solvent.

An example is table salt (NaCl) dissolving into water.  Click on the link below to view the dissolving process at the molecular level. Note that the molecular nature of the water and sodium and chloride ions allows the dissolving to occur and the solution to result.

http://www.northland.cc.mn.us/biology/Biology1111/animations/dissolve.html
Another animation showing the dissolving process (by Tom Greenbowe):

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/solutionSalt.html
Some solutions appear to be homogeneous, but in fact they are colloidal dispersions, where tiny droplets of solute are suspended in a solvent because the electrostatic attractions are minimal.  These are not true solutions but are sometimes referred to as such.  Examples include paints, ceramics and blended food.  

Since material can exist in three states (solid, liquid, and gas), there are nine possible combinations of solute and solvent that can make up a solution: 

1. Gaseous mixtures are usually homogeneous and all gaseous mixtures are gas-gas solutions.  Most gases can form solutions with each other (unless they react with each other).  The air is a natural gas-gas solution.  Air is made up primarily of nitrogen (~78%) and oxygen (~21%) with trace amounts of argon, carbon dioxide and water vapour.

[image: image2.png]


[image: image3.png]


[image: image4.png]


[image: image5.png]


[image: image6.png]


[image: image7.png]


[image: image8.png]


[image: image9.png]


[image: image10.png]


[image: image11.png]


[image: image12.png]


[image: image13.png]


[image: image14.png]


[image: image15.png]


[image: image16.png]


[image: image17.png]


[image: image18.png]


[image: image19.png]


[image: image20.png]


[image: image21.png]




 Nitrogen-oxygen

 gas-gas solution 






Liquid in gas and solid in gas combinations exist, but these are usually colloidal dispersions rather than true solutions.

2. Liquid mixtures are our most easily recognized mixtures. When molecules of gas, solid or liquid are dispersed and mixed with those of liquid, the homogeneous states are called liquid solutions. Solids, liquids and gases dissolve in liquids to form liquid solutions. 

An example of a liquid-liquid solution:












→



  Liquid Syrup  


       Water
                                      HOMOGENEOUS 

     (solute)                                        (solvent)                                                    MIXTURE

3. Solid Solutions are much lesson common. Many alloys, ceramics, and polymer blends are solid solutions. Copper and zinc dissolve in each other and harden to give solid solutions called brass. Silver, gold, and copper form many different alloys with unique colors and appearances. 

Brass (alloy of copper and zinc)

Copper in gold (molecular view)
Student Instructions:  

View the item or read the description at each of the 18 stations and complete column two of the student worksheet by including both the station number and example observed at the station.  It is important to consider what the constituents of the solution are (solid, liquid or gas solute in solid liquid or gas solvent). You must think about what these constituents are at the molecular level. Provide additional examples of the nine types of solutions in column four of the student worksheet.  Finally, in column five, determine which substance is acting as the solute and which is acting as the solvent at the station observed.

Station Description:

Station #1:  A bottle of household vinegar (5% liquid acetic acid dissolved in water)


Station #2:  Sugar cubes dissolving in water










Station #3:  Solid Air Freshener subliming into the air when heated


Station #4:  Hydrogen dissolving in a transition metal such as platinum (a hydrogen storage strategy for releasing hydrogen for H2-powered vehicles).


Station #5:  A brass candle holder (brass is an alloy of the solids copper and zinc)


Station #6:  A bottle of rubbing alcohol formed from liquid alcohol and water. 


Station #7:  A mercury-gold amalgam (formed when liquid mercury is used to extract gold from gold-bearing rock) or mercury-zinc amalgam used in tooth fillings.


Station #8:  Seawater


Station #9:  Soap suds

Station #10:  A Styrofoam cup


Station #11:   The atmosphere above the water when water evaporates in a sealed water cooler container

  PRIVATE "TYPE=PICT;ALT=Bottle - Water II"
Station #12:  Smoke (solid particulates being released into the air) resulting from a fire


Station #13:  A Car tire (made up of solid carbon in rubber) 


Station #14:  A piece of (cheap) jewelry made up of copper and gold


Station #15:  Methane gas released from the valve in a chemistry lab into the air

methane gas molecules

 

Station #16:   A bottle of antifreeze (liquid ethylene glycol in water)


Station #17:  Kool-Aid powder poured into water


Station #18:  Food coloring diffusing into water

Use the Student worksheet (next page) to record your data. 

Student Worksheet

	Type of Solution

(solute-solvent)
	Station Number Example
	Example #1
	Example #2
	State which substance is the solute and solvent for Station # listed

	gas-solid
	
	air in solid food (ex: generic ice-cream)

	
	

	gas-liquid
	
	carbon dioxide in water (Pepsi™)

	
	

	gas-gas


	
	oxygen in nitrogen (air)

	
	

	liquid-solid
	
	mercury in silver-tin dental alloy

	
	

	liquid-liquid
	
	various hydrocarbons in each other (petroleum)
	
	

	liquid-gas
	
	water vapour in air (humidity)

	
	

	solid-solid


	
	carbon in iron (steel)

	
	

	solid-liquid
	
	ammonium nitrate in water (ice-packs)

	
	

	solid-gas
	
	paradichloro-benzene in air (mothballs)

	
	


Summary:

Solutions are everywhere.  They comprise many of the things that we eat and drink, and many of things we use in our lives from medicines to cleaning supplies to car fluids.  All of the air and water around us is comprised of solutions.  Thus, the study of solutions has become important.

In this lab, many of the common solutions around us were classified according to their solute and solvent phases, and additional examples of solutions were given.  Although we often think solutions are only solids dissolved in liquids, there are many solution combinations, in fact a total of nine possibilities exist. A solution is defined as a homogeneous mixture containing a solute and a solvent.  Homogeneous solutions are formed when both the solute and solvent are in the gas phase (liquid in gas and solid in gas combinations form colloidal dispersions); when a solvent in the liquid phase is combined with either a solid, liquid or gas solute; or when a solid solvent is combined with a solid, liquid or gas solute. 

The purpose of this lab is to:





Classify different solutions as one of nine types depending on its solute and solvent phase.





Provide other examples of the nine solution types.





Determine which substance in a solution is acting as the solute and which is acting as the solvent. 











