What’s Sampling Got to Do With It?  A Lab Exercise to Show the Importance of How To Sample Data
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OBJECTIVE
The objective of this exercise is to investigate the effect of particle size and sample quantity in a heterogeneous binary mixture.  The exercise will consist of two parts.  Students will originally look at sample quantity using a heterogeneous mixture of copper and silver colored BBs.  In part two, students will calculate the spectrophotometric concentration and dry weight percent of potassium ferricyanide in a binary mixture with potassium chloride.
Pre-Requisite Knowledge- Before beginning this exercise, students should be familiar with how to make a solution, basic knowledge of spectrophotometry, and the use of the Beer’s Law equation.

REVIEW OF BEER’S LAW
Beer’s Law states that the absorbance is directly proportional to concentration according to the following equation.  However, this equation works best for dilute solutions.  At high concentrations the solute/solvent particle ratio changes, and the properties of those samples do not behave linearly.
A= ℇbc
A = Absorbance
ℇ = molar absorptivity M-1 cm-1 (how much light is absorbed at a single wavelength 
     per cm of path through a 1M solution)
b = path length in cm
c = concentration in M



MAKING SOLUTIONS
To make a proper solution, students should use the following steps.
· Determine the grams of solute needed for the volume and concentration of solution being made
· Weigh the grams of solute carefully on an analytical balance.  Use the correct number of significant figures and the actual grams reported on the balance to determine the true concentration of solution
· Deliver all of the solute into the proper volumetric flask washing down the sides of the weigh boat to ensure all of the solute is transferred to the flask
· Add enough water to the volumetric flask to begin dissolving the solute.  
· Add the remaining amount of water to the graduation mark on the volumetric flask to ensure the proper volume of solution.  Mix the solution thoroughly.

BACKGROUND INFORMATION
Why does sampling matter?  It matters a great deal if the set of samples taken does not represent the whole picture.  In a pure or homogeneous mixture, the composition of the mixture is the same throughout the sample, so the sampling error is very, very small.  For a heterogeneous mixture, the composition is not consistent, so the sampling error can be a much higher value.  
For example, a layered fruit salad can serve as an example of heterogeneous sampling.  The five layers of the salad are arranged as follows from the bottom to top:  purple grapes, sliced strawberries, sliced kiwi fruit, blueberries, and banana slices.  Each layer consists of a component with a different color and texture.  Four family members sit down to dinner, and the fruit salad is passed around the table.  Each family member takes a portion of fruit salad.  Teenager Ben doesn’t like fruit but knows his mom will make him eat some.  He begrudgingly removes some banana slices off the top of the bowl.  Grandmother Beth uses the small soup spoon at her place setting to take a portion but manages to only remove some blueberries and kiwi with the small spoon.  Mother Glenda finds a larger serving spoon and takes a portion of the salad.  Her portion includes one piece of every type of fruit.  Father John uses the serving spoon to take two portions of salad.  His serving includes a random mix of all of the fruit.  In this example, each family member removed a portion from the same bowl, but their portions were completely different due to their method of sampling.
In a chemically heterogeneous mixture, statistical fluctuations in the sample are possible due to the distribution of particles, total number of particles, and the ratio of analyte particles to other particles in the sample.  These fluctuations increase as the number of particles in the sample decreases.  The relative standard deviation of the number of particles of analyte examined is inversely proportional to the square root of the number of particles.  In this exercise, students will investigate sampling size by taking different sized samples of a binary mixture and counting the ratio of the two components in the mixture (silver and copper colored BBs).  In part two, students will investigate statistical fluctuations using a heterogeneous mixture composed of two types of particles-potassium ferricyanide and potassium chloride.  The ferricyanide compound is light absorbing, and the concentration of this compound can be found by spectrophotometric analysis.  The chloride compound is a non-absorbing substance.  The ferricyanide will be a small percentage by weight in the mixture compared to the potassium chloride.  Students will evaluate the uncertainty of the analytical technique (error of the spectrophotometric measurements) by comparing a standard ferricyanide solution of known concentration.  They will also calculate the error in the sampling method by investigating two samples of ferricyanide with different mesh sizes of particles.

MATERIALS for PART 1 Exercise
· Plastic spoons (one for each student)
· Plastic cups
· Silver and copper BBs

MATERIALS FOR PART 2-Spectrophotometric Analysis
· Weigh boats
· Computer with Excel™ software installed
· Coarse (4-8 mesh) 1% potassium ferricyanide 
· Fine (<4 mesh) 1% potassium ferricyanide 
· Solid potassium chloride
· *** Provide each student with approximately 13-14 grams of sample which includes the mixture of potassium ferricyanide and potassium chloride of 4-8 mesh.  Notes for the preparation of the sample are found at the end of the lab report.
· UV-VIS Spectrophotometer
· Cuvettes for the spectrophotometer
· Volumetric flasks-250mL
· Analytical balance

PROCEDURE - PART 1
1. Use a plastic spoon to collect a sample of the BB mixture.  Put this sample into a plastic cup.
2. Count and record the number of silver- and copper-colored BBs in the sample.  
3. Put your sample back into the original container.  Mix the contents of the container thoroughly before repeating the first three steps with four more samples.
4. Record these measurements in an Excel™ spreadsheet.
5. Use Excel™ to calculate the following items for the samples.
a. Calculate the average and standard deviation for the number of silver BBs and copper BBs in the samples.
b. Calculate the total number of BBs in each sample then calculate the percent of silver and the percent of copper BBs in each sample.
c. Calculate the average and standard deviation for the percentage of silver BBs and copper BBs in the samples.
6. Give your data to your instructor.  He/she will compile a file of the class data.
7. For the class data, use Excel™ to calculate the following items
a. Calculate the average and standard deviation for the number of copper BBs
b. Calculate the average and standard deviation for the number of silver BBs.  

PART 1 POST EXERCISE QUESTIONS
1. How did the data from your five individual samples compare to the class data of the same sample size?




2. How did the standard deviation vary between the silver and copper colored BBs?





PROCEDURE - PART 2
1. Prepare 250mL of a precisely measured (better than 1 %) 1 mM solution of potassium ferricyanide with water.
2. Set up your UV-VIS spectrophotometer and record the absorbance of a blank solution of deionized water according to your instrument’s instructions.  
3. Using your UV-VIS spectrophotometer, determine the absorbance at 418nm for three separate aliquots of your potassium ferricyanide solution.
4. Record the absorbance values and calculate the standard deviation.
5. Obtain two unknown samples from the laboratory instructor.  One will contain coarse particles and the other a fine powder.  Each sample will be labeled with the total grams of sample in each vial.
6. Weigh three portions of the fine particle sample.  Each portion should be weighed as closely to 4 grams of material as possible.  Record the exact masses used for your solutions.  Transfer each portion to its own 250mL volumetric flask, add 100mL of water to the flask, agitate until dissolved, add water to the mark, and mix thoroughly.  
7. Determine the absorbance at 418nm of three separate aliquots of each solution made in the previous step.  You should have a total of nine absorbance measurements.
8. Calculate the average and standard deviation of the absorbances for each set of three aliquots.  The average of the three standard deviations (one from each solution prepared) is a measure of the uncertainty of the measurement.
9. Calculate the standard deviation of the three average absorbances determined in step 8.  This is a measure of the uncertainty of measurement plus the uncertainty of sampling.
10. Calculate the concentration of potassium ferricyanide in mg/L using the molar absorptivity data from the previous step.  Use the path length of your sample (cuvette size).  The molar absorptivity of K3Fe(CN)6 at 418nm in water = 1023M-1cm-1.  
11. Calculate the dry sample weight percent of potassium ferricyanide by calculating the number of grams of potassium ferricyanide in each of your dry sample portions and multiplying that value by 100%
12. Repeat steps 6-10 using the coarse particle sample.

QUALITATIVE OBSERVATIONS
Comment on the appearance of both samples provided by your instructor.  How does the appearance of the coarse sample compare to the appearance of the finer sample?  Potassium ferricyanide is the orange substance in the mixture while the potassium chloride is the white substance in the mixture.
Observations:




DATA/CALCULATIONS for the 1mM K3Fe(CN)6 solution
	Standard/1mM
Solution of K3Fe(CN)6 
Aliquots
	Absorbance

	1
	

	2
	

	3
	



Average Absorbance of the 3 aliquots _______________________

Standard deviation of the 3 aliquots ______________________

The calculations for this experiment involve the following:
· Determining the standard deviation in each of the 3 solutions for both the fine and coarse samples.  
· Determining the variance for each of the 3 solutions for both the fine and coarse samples
· Determining the total variance of the experiment
· Determining the variance due to the sampling error
· Determining the concentration of the 9 aliquots of solution for both the coarse and fine samples
· Determining the dry sample weight percent of both the fine and coarse samples

FORMULAS FOR CALCULATIONS
Standard Deviation- The standard deviation is a calculation that shows how close all of the measurements are to the average.  If the standard deviation is small, it shows the data was reproducible (precise).  However, even if the data is precise, it may not be accurate (close to the true value).
Standard Deviation =

Variance (σ) - The variance measures dispersion within the data set and shows how variables are different from each other.  The standard deviation focuses on the differences of the variables compared to the average/mean.
Variance = (Standard deviation) 2

Using the following set of numbers:   75, 78, 82, 69, 73, 77, and 71
The average for this set of numbers is (75+78+82+69+73+77+71)/7 = 75
Standard deviation calculation:
[(75-75)2 + (78-75)2 + (82-75)2 + (69-75)2 + (73-75)2 + (77-75)2 + (71-75)2] = 118
Std. Dev =  ; Std. Dev = 4.4
Variance = (4.4)2 = 19.36

DATA/CALCULATIONS for FINE PARTICLE SAMPLE
	Solution
	Exact Mass used to make the solution

	1
	

	2
	

	3
	



Mass of total sample (provided on the sample vial) _________________________

	Solution #
	Absorbance
	Standard deviations
	Variance for each solution

	Solution 1

	1 aliquot A
	
	
	

	1 aliquot B
	
	
	

	1 aliquot C
	
	
	

	Solution 2

	2 aliquot A
	
	
	

	2 aliquot B
	
	
	

	2 aliquot C
	
	
	

	Solution 3

	3 aliquot A
	
	
	

	3 aliquot B
	
	
	

	3 aliquot C
	
	
	




· Calculate the standard deviations for Solutions 1-3




· Calculate the variance for Solutions 1-3.  For example:
σ for solution 1 = (Standard deviation of solution 1)2 



· Calculate the variance of the analytical method (σ2A), which is estimated from the variance of the mean value obtained by averaging the replicate absorbances.
σ2A = (σ Solution 1 + σ Solution 2 + σ Solution 3)/3


· Calculate the total variance of the experiment (σ2T)
σ2T = (Standard deviation of aliquots 1-9)2



· Calculate the variance due to the sampling error (σ2S)
σ2S= σ2T – σ2A



Using your absorbance values and the Beer’s Law equation, calculate the concentration in mg/L of the nine fine particle sample solutions.  The molar absorptivity of K3Fe(CN)6 at 418nm = 1023M-1cm-1
Calculate the dry sample weight percent of potassium ferricyanide by calculating the number of grams of potassium ferricyanide in each of your dry sample portions and multiplying that value by 100%

	Solution
	Absorbance
	Average Absorbance
	Concentration in mg/L
	Dry Sample
Weight %

	1 aliquot A
	
	
	
	

	1 aliquot B
	
	
	
	

	1 aliquot C
	
	
	
	

	2 aliquot A
	
	
	
	

	2 aliquot B
	
	
	
	

	2 aliquot C
	
	
	
	

	3 aliquot A
	
	
	
	

	3 aliquot B
	
	
	
	

	3 aliquot C
	
	
	
	



DATA/CALCULATIONS for COARSE PARTICLE SAMPLE
	Solution
	Exact Mass used to make the solution

	1
	

	2
	

	3
	



Mass of the total sample (provided on the sample vial) ______________________

	Solution #
	Absorbance
	Standard deviations
	Variance for each solution

	Solution 1

	1 aliquot A
	
	
	

	1 aliquot B
	
	
	

	1 aliquot C
	
	
	

	Solution 2

	2 aliquot A
	
	
	

	2 aliquot B
	
	
	

	2 aliquot C
	
	
	

	Solution 3

	3 aliquot A
	
	
	

	3 aliquot B
	
	
	

	3 aliquot C
	
	
	



· Calculate the standard deviation for Solutions 1-3






· Calculate the variance for Solutions 1-3





· Calculate the average variance for the analytical method




· Calculate the total variance of the experiment




· Calculate the variance due to the sampling error



Using your absorbance values and the Beer’s Law equation, calculate the concentration in mg/L of your nine coarse particle sample solutions.  The molar absorptivity of K3Fe(CN)6 at 418nm = 1023M-1cm-1
Calculate the dry sample weight percent of potassium ferricyanide by calculating the number of grams of potassium ferricyanide in each of your dry sample portions and multiplying that value by 100%

	Solution
	Absorbance
	Average Absorbance
	Concentration in mg/L
	Dry Sample
Weight %

	1 aliquot A
	
	
	
	

	1 aliquot B
	
	
	
	

	1 aliquot C
	
	
	
	

	2 aliquot A
	
	
	
	

	2 aliquot B
	
	
	
	

	2 aliquot C
	
	
	
	

	3 aliquot A
	
	
	
	

	3 aliquot B
	
	
	
	

	3 aliquot C
	
	
	
	




POST LAB QUESTIONS

1.  What is the purpose of making the standard 1mM K3Fe(CN)6 and obtaining the absorbance values for aliquots of that solution?



2.  Would you expect to see a large difference in the standard deviation for the analytical method?  Why or why not?





3.  Would you expect to see larger standard deviations and variations for the fine or coarse sample?  Did your experimental data agree with this hypothesis?








4. What conclusions can be drawn comparing the concentration of potassium ferricyanide in the finer and coarse samples?





5.  Which type of variance contributes the most to the errors in this experiment?  Provide a justification for your answer.
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****Instructor Notes regarding Sample Preparation
Part 1- BB Sampling Exercise
In a large container (1L beaker) mix the BBs in a ratio of 10% copper colored BBs and 90% silver colored BBs.  This mixture ensures that student results will have variations in the statistics.
Part 2-Spectrophotometric Analysis
For the sampling lab you will need two sizes of both a non-absorbing species and of potassium ferricyanide.  The small particles of potassium ferricyanide can be removed directly from the bottle.  The non-absorbing species can be any species that does not absorb at the 418nm wavelength.  Choose your non-absorbing species based on the particle size you wish to use in the experiment.  To prepare the larger potassium ferricyanide particles, you will need to begin the process at least 48 hours before giving the samples to students.
To prepare the larger potassium ferricyanide:
In a 1L beaker, gradually add the K3Fe(CN)6 solid to approximately 600mL of boiling water. 
Stir vigorously.  Keep adding the solid until you are confident no more will dissolve.  Add more solid until the solution is saturated (almost 500grams).  Continue to heat and stir for an additional hour.  Remove the beaker from the heat, cover with a watch glass, and allow the mixture to cool overnight.  The following day decant the liquid and distribute the crystals onto watch glasses.  Place the crystals in an oven to dry for 24 hours.  Once the crystals are dry, the crystals must be sieved to select a suitable size range. The crystals can be spread on a 4 mesh sieve placed on top of an 8 mesh sieve. Shake the crystals in the sieves. Collect the crystals that remain on the 8 mesh sieve. Coarser material that does not pass the 4 mesh sieve can be broken up and re-sieved. Finer materials that pass the 8 mesh sieve can be further ground to prepare finer crystals for the fine particle samples. Then prepare the student samples.  The easiest way to do this is by weight 1% K3Fe(CN)6 and 99% non-absorbing species.  Thoroughly mix the samples before you put them into the sample vials for the students.  Avoid breaking up the particles while mixing. The students should observe a higher sampling variance for the coarse sample.


