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Experiment 2B  Properties of Homogeneous Mixtures

Teacher Manuel

Objective:  SWBAT

1. determine the specific gravity of a liquid.

2. compare the freezing points of different concentrations of mixture.

3. predict the freezing point of a solution.

Prelab:

1.
Properties of Homogeneous Mixtures

2.
Hydrometer Reading

3.
Safety

Lab Setup:

3 Cylinders (Unmarked):
Cylinder 1:  100 % Water





Cylinder 2:  50 % Water and 50 % Anti freeze





Cylinder 3:  100 % Anti freeze (Stored in Misc.)

3 Hydrometers

3 Freeze Point Indicators

Background


Specific gravity (Sp) is the ratio of the density of a liquid compared to water.  By definition water has been set to have a specific gravity of one.  The instrument used to measure specific gravity is called a hydrometer.  This lab looks at the effects of mixtures on the properties of mixtures.  Freezing points, boiling points, color intensity, and specific gravity (Sp) are all effected proportionally by the combination of materials.  The changes are proportional to the percent of mixture.  In this lab the lowest specific gravity is water and the highest is pure anti freeze.  Using this information the percentage of water in the mixture can be calculated.


% Anti Freeze in Mixture = Spmixture   –   Spwater    X 100%





            SpAnti Freeze - Spwater


Changes of mixtures cause a resulting proportional change in their properties.  The changes are proportional to the % mixture.  Examine the manufacturing of solder.  Solder is composed of the elements lead (Pb) and tin (Sn).  A mixture of these elements will cause the melting point to change to a value between the two melting points that is proportional to the % mixture.  This change can be calculated by the following formulas:

Part       X  100 % =  percent therefore Change due to Component X 100 % = Percent Composition 

Whole




    Total Change Range


A customer called us asking if we could supply solder composed of lead and tin that would have a melting point of 300.00 C.  Since the change in the melting point (MP) is proportional to the % composition of the mixture the equation is:

Change due to lead                   X 100%  =  (300.00 C – 231.88 C)     X 100 %  = 71.24 % Lead
Total Range of Melting Point                      (327.502 C – 231.88 C)


Since lead would increase the melting point of tin, then the change due to lead would equal 300.00 C –231.88 C = 68.12 C and the range for the melting point is equal to the difference between lead and tin’s melting points 327.502 C – 231.88 C = 95.62 C.  The difference from 100 % is the percent of tin (Sn) in the mixture.  100 % total – 71.24 % Pb = 28.76 % Sn.


Another type of problem is to calculate the melting point of a mixture of tin and lead when given the composition.  For example, what is the melting point of mixture of 60.00 % lead and 40.00 % tin?

Percent Composition X Total Range = Change due to Element

100 %







Melting Point of Sn

  231.88 C

60.00 %   X 95.62 C = 57.37 C

+ Change due to Sn

+ 57.37 C

100.00 %




Mixture Melting Point
 289.25 C

Procedure:

1. Go to the lab area and record the specific gravity of all three cylinders in row A of the data table.

2. Use the little ball testers and record the freezing points of the mixture in row C of the data table.  Use ++ if the value is above the greatest value printed and – if the value is below the least value printed.

Data Table:


1.  Water
2.  Mixture
3.  Anti Freeze

A.  Specific Gravity Sp


1.000
1.0585
1.1170

B.  Freezing Point (C)


0.0 C
-42.25F
-41.25 C
-82.5 C

C.  % Water


 100%
SP     

50.0%
FP    

50.0%
0 %

D.  % Water in mixture with –33.5 C FP


59.4 %



Calculations:  (Show work on a separate sheet of paper)

1.
Convert the Fahrenheit temperature of the mixture to Celsius and record in B2.  Use the formula F-32 X (5/9) = C
2.
Since the properties of mixtures are proportional, calculate the percent concentration of water in the mixture based upon the specific gravity and freezing point of water and pure anti freeze.  Record both of these in the appropriate box in C2.

3.
If the freezing point of an anti freeze mixture is –33.5 C, what is the percent water in the mixture?  Record this in D2.

Conclusion:

1. Describe how to determine the final properties of a homogeneous mixture of substances.  Why do you think that this is true?

Calculations

                                    B2                               B2

1. F-32 (5/9) = C = -42.25 F –32 (5/9) =      -41.25 C


2.
% Anti Freeze in Mixture = |Spmixture   –   Spwater|    X 100%




            |SpAnti Freeze - Spwater|


A2          A1                                  C2
|1.0585 – 1.000| X 100% =      50.0 % Anti Freeze in mixture
|1.1170 – 1.000|

     A3        A1

|Change due to Component| X 100 % = Percent Composition
|Total Change Range|

   B2           B1                           C2

-41.25 C – 0.0 C X 100 % =  50.0 %  Anti Freeze in Mixture
-82.5 C – 0.0 C

  B2           B1

3.
|Change due to Component| X 100 % = Percent Composition
|Total Change Range|


                 B3                                 D2


-33.5 C – -82.5 C  X 100 %  =     59.4 % Anti Freeze in Mixture

0.0 C - -82.5 C 


  B1           B3

Conclusion:

Describe how to determine the final properties of a homogeneous mixture of substances.  Why do you think that this is true?

To determine the final properties of a homogeneous mixture the concentrations of the components of the solution should be know.  Since homogeneous mixtures have uniform properties throughout the entire solution these mixtures have properties that are combinations of the materials that make up the solution.  The final properties of a homogeneous mixture are directly proportional to the concentration of ingredients in the solution.  To demonstrate this idea consider two solutions, substance one is blue and substance two is yellow.  If these two solutions were added in equal proportions then the resulting color would be green.  The higher concentration of substance one the more blue the final solution will be.  Conversely, the higher the concentration of substance two the more yellow will be in the final solution.

The data in the lab consistently supports this appraisal.  In the lab the concentration of the ingredients were determined by the proportional changes made to the intensive properties.  For example, when considering specific gravity the final mixture had a specific gravity of exactly halfway between each of the two components specific gravity (see inset 1.0585).  This would only be true if the 1.) final properties of a homogeneous mixture were proportional, and 2.) components of the solution were equal in concentration.  The 50/50 mixture was confirmed when the freezing point of the solution was considered.  Since both of these properties allowed the calculation of a 50.0 % mixture of water (C2) and anti freeze (C2) it supports the conclusion that homogeneous mixtures intensive properties are directly proportional to the concentration of ingredients in the mixture.  Further confirmation might be obtained by measuring the intensity of the green color of the mixture and comparing that to the two mixture components.


A common application of this principle might be adjusting the anti freeze/water mixture to obtain a freezing point of solution that is sufficiently low to protect the motor from freezing during the winter.  If it was determined that a –33.5 C freezing point would be low enough to ensure that the motor would not freeze, then it would require 40.6 % anti freeze in the solution (D2).

Percent of component in mixture





Percent of component in mixture





Calculation:  Half of the specific gravities


  A3           A1              A2


1.1170 – 1.000/2 = 1.0585
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