Chemistry 251               Converse College
             Dr. Strickland           
     Fall 2018                Excel Part 1


CHM 251: Quantitative Analysis

Excel Part 1—Writing Functions: Translating Chemistry into Excel
· Student Learning Outcomes:

· At the end of this activity, students should be able to

· Use Excel to create a basic spreadsheet.
· Translate mathematical equations into Excel functions.
· Provide Spreadsheet Documentation for your work.
· Use the extra features of Excel to communicate your results clearly.
The Problem

The analysis of a plant-food preparation for its potassium ion content yielded the following data: 5.25%, 5.03%, 5.20%, 5.06%, 5.04%, and 5.16%.  Using Excel, write the functions and determine the mean, the standard deviation, and the % relative standard deviation for this set of replicate measurements.

A. Entering the Data

Enter the heading Data in cell B3, and then enter the individual results in Column B under this heading (in cells B4-B9). 

B. Finding the Mean—How to Write a Formula

When I design a formula for Excel, I think it helps to write it out on paper before typing it into the appropriate cell!  A formula will always begin with “=” (the equals symbol).

To set up a formula, you have to know all of the little parts that go into your calculation.  For example-- what exactly do we have to do to calculate the mean of a set of measurements?  

· Add up all of the measurements.

· Find out how many measurements there are.

· Divide this sum by the number of measurements.  

Now we have to tell Excel what calculations we want it to do and the order in which we want it to do them.

Enter the following labels: Total in cell A12, N in cell A13, Statistical Analysis in cell A15, and Mean in cell A16.   In order to calculate the mean, we need the Total (the sum of the individual results) and N (the number of measurements).  Write the formula that you will need to enter in the cell just to the right of each of these labels:

· For cell B12, _________________________________

· For cell B13, _________________________________

· For cell B16, _________________________________.

C. Finding the Deviations from the Mean—Absolute and Relative References

When you work with replicate measurements, you will often do the same calculations for each one.  Using absolute references (for values that must be the same for each calculation) and relative references (for values that have the same relative cell position in each row), you only have to write the formula once!

Enter the heading Deviation in cell C3.  Write the formula that you will need to enter in cell C4: 

In order to apply this formula to the other percentages, click on cell C4, click on the fill handle, and drag the rectangle down through all of the appropriate cells. 

D. Writing Formulas—the Order of Operations

Excel performs operations in the same order as in algebra: for example, multiplication and division will be performed before addition and subtraction (PEMDAS).  You can change this natural order of operations by properly placing parentheses. These parentheses remind me of how we use street signs to direct the flow of traffic!

Here’s the equation for calculating the standard deviation for a set of replicate measurements:


[image: image1.emf]








   

s

=

(

x

i

-

x

)

2

i

=

1

N

å

N

-

1


What calculations must we do, and in what order must we do them?  

1. Calculating (Deviation)2 

Enter the heading Deviation^2 in cell D3. Write the formula that you will need to enter in cell D4: 

In order to apply this formula to the other percentages, click on cell D4, click on the fill handle, and drag the rectangle down through all of the appropriate cells. 

In order to calculate the standard deviation, we can also go ahead and calculate the sum of the (deviations)2.  Write the formula that you will need to enter in cell D12:

2. Calculating the Standard Deviation 

How do we get from here to the standard deviation? Enter the heading Std Dev in cell A17. Write the formula that you will need to enter in cell B17: 

3. Calculating the Relative Standard Deviation

To calculate the % relative standard deviation, all you need is the standard deviation, the mean, and a formula that includes both of them.  The equation looks like this:


[image: image2.emf]%RSD = = x100%
X









   

%

RSD

=

s

x

´

100%


so the Excel formula looks like this:

Enter the heading %RSD in cell A18, then click on cell B18 and type your formula [enter].  What did you get for the %RSD?

4. Reporting the Final Result

Report the final result like this: mean + standard deviation. In general, the standard deviation is reported with one significant figure.  Enter the heading Final Result in cell D17, and then type the final result in cell E17.
E. Spreadsheet Documentation

In order for me to follow your work on paper (and to make it easier for you to remember what you did in these calculations), you must provide one formula for each different type of calculation. That means that if you do more than one of the same calculation, you still only show the formula once.
· Leave one blank row between the spreadsheet and the spreadsheet documentation; enter the heading Spreadsheet Documentation in cell A20.  Starting with the next row, display the name (in column A) and the formula that you used (in the cell to the right, in Column B) for each different calculation.  It’s a good idea to count the number of different calculations that you used (to make sure that you keep track of all of them), and choose how to order them.  There are different ways to do this.  You can just retype each formula, or you can use my copy and paste method, below. Regardless of which method you choose, do your Spreadsheet Documentation after your spreadsheet is completely finished to avoid the problem of cell # changes.
Dr. Strickland’s Copy and Paste Method:

· Highlight the first (or only) cell for a particular calculation.
· Copy the formula without the equals sign.

· Click after (to the right of) the formula, then press Enter.

· Paste the formula into the appropriate cell in Column B.
F. The Extras Spiffy Up your Spreadsheet

Remember that a spreadsheet is a way of communicating the results of your analysis to a variety of people.  Make this communication clear and interesting by making your spreadsheet orderly, clearly labeled, and well documented.  Include charts and graphs when they’re appropriate.

1. Title—Merging Cells

Enter a title into cell A1, and merge the appropriate number of cells to accommodate the title.  You can also make the title bold, a different color, a different size…  There are a number of options here!

2. Other Individual Style Details
Remember that you can also make headings bold, center the data in a column, right- or left-justify pieces of information, etc.  Make it clear, and make it your own!

3. Printing Details

There are things that you can see on the computer screen that will not be in the printed hardcopy unless you specify them.  Exactly how you get to these details depends on whether you’re working on a PC or a Mac.  Here’s what you need:

· Borders (the outline around each cell)
· Row/Column Headings (so that your reader can easily find particular cells)

· Landscape Orientation

· Fit to One Page

4. Before You Turn In Your Spreadsheet

· Make sure that you put your name and the date on your spreadsheet.

· Whenever you do an Excel activity or use an Excel spreadsheet to communicate the results of a laboratory experiment, you will turn in an electronic copy and a printed hardcopy.  Both must be on time.
CHM 251: Quantitative Analysis

Excel Part 2—Statistical Analysis: Putting the Pieces Together to Determine the Concentration of an Analyte and Evaluate the Precision of the Results

· Student Learning Outcomes:

· At the end of this activity, students should be able to

· Use Excel to calculate the result for each replicate.
· Use Excel to evaluate the precision of these results (mean, standard deviation, % RSD)
· Use Excel to evaluate the accuracy of these results (90% confidence interval)
· Provide Spreadsheet Documentation for your work.
· Use the extra features of Excel to communicate your results clearly.
The Problem
Suppose that you are a Quality Control analyst for Yummy Salad Dressings, Inc. and it is your job to determine the % (w/v) of acetic acid in the vinegar used for the Balsamic Vinaigrette.  This is a perfect time to exercise those skills and concepts that you developed in Quantitative Analysis!  You decide to run 4 replicates through an acid-base titration protocol using a standardized barium hydroxide solution (0.1475 M).  The following results were obtained: 

	Replicate Sample
	Sample Volume (mL)
	Ba(OH)2 sol’n Vol (mL)

	1
	50.00
	43.17

	2
	49.50
	42.68

	3
	25.00
	21.47

	4
	50.00
	43.33


Your supervisor needs the following analysis:

(1) What is the mean w/v percentage of acetic acid in the vinegar sample?

(2) Calculate the standard deviation and the % RSD for the results.  What do these values tell you about the precision of your analysis?

(3) Calculate the 90% confidence interval for the mean.  What does this value tell you about the true value for the (w/v)% of acetic acid in this vinegar?

(4) Express the final result using the mean ± the standard deviation (with the appropriate significant figures and units).

Design an Excel spreadsheet that will calculate these quantities from your results.

A. Basic Spreadsheet Design

You need an organized way to display the experimental results (above), the calculated values for each replicate, and the statistical analysis of the final results (i.e. the (w/v) % calculated for each replicate).

B.  The determination of the w/v % of acetic acid in the sample is just a stoichiometry problem, so do the first one by hand.  

1. Write the balanced chemical equation for the acid-base reaction.

2. If you like, set up a roadmap to see how many conversion factors (or steps) are involved.  (This will help you think through the steps that you want Excel to calculate.)

3. Calculate the w/v% for the first replicate. (This will enable you to check the first result that comes through your spreadsheet.)

C. Write the formula for each calculation that you want Excel to do.  

· If you need to use reference information in your calculations (e.g. a molar mass or the exact concentration of a standard solution), choose a place to put this in your spreadsheet.  

· Remember when to use relative references and when to use absolute references.

· Let Excel calculate the w/v% for the first replicate, and see if it matches the answer that you calculated by hand.  This will tell you if your formulas are written correctly.  (It’s easier to fix them at this point.)

D. Write the formulas for the statistical analysis on the final results of your replicates.  

· In order to assess the quality of your precision, you need to determine the mean, the standard deviation, and the % RSD for these w/v %.  Smaller values for standard deviation and % RSD reveal better precision.

· The 90% confidence interval will reveal how far we think he mean is from the true value (with 90% certainty). A confidence interval takes the place of % error when you don’t have a reference value for comparison.

E. Reporting the Final Result
Report the final result like this: mean + standard deviation, using correct significant figures and units.
F. Getting the Spreadsheet Ready for your Reader

· Title

· Balanced Equation(s) for the method

· Borders

· Row/Column Headings

· Design Details: Remember that you can also use color, make headings bold, center the data in a column, right- or left-justify pieces of information, etc.  Make it clear, and make it your own!
G. Spreadsheet Documentation

Excel Part II: Group Questions

Part 1: The Chemistry

1. What is the formula for acetic acid?  _____________________

2. Is acetic acid a monoprotic acid, a diprotic acid, or a triprotic acid?  _______________

3. Predict the products for this acid-base reaction, and write the balanced chemical equation.

4. Calculate the mass of acetic acid used in the first replicate.

5. Calculate the weight-volume percentage (%(w/v)) of acetic acid in this first replicate.

Part 2: Excel Formulas: Write the formula to calculate each of the following:

1. # mol barium hydroxide
2. # mol acetic acid

3. # grams acetic acid

4. %(w/v) acetic acid

Part 3: Excel Statistical Analysis: 
Write the formula to calculate each of the following for the % (w/v) of acetic acid:
1. Mean 

2. Sample standard deviation (of this calculated result)

3. % RSD
CHEM 251: Quantitative Analysis

Excel, Part 3: Constructing a Titration Curve

I. Introduction

A titration curve is a graph of how some quantity of a solution (the dependent variable, y) changes with the addition of known amounts of a titrant of known concentration (the independent variable, x).  With acid-base titrations, the dependent variable is the pH of the solution; and the titration curve answers the question “How does the pH of the solution change with the addition of the titrant?”   The neutralization of a strong base with a strong acid comes to equilibrium quickly, so this titration can be done with a sigmoidal titration curve.
The construction of an acid-base titration curve involves thinking through how the pH is determined during each different phase of the process:

· Before the addition of any titrant

· Pre-equivalence phase

· Equivalence point

· Post-equivalence phase.

As you think through how the pH is determined at these different times in the titration, you will see how to construct the functions needed to do the calculations for each phase.  After that, we will use the pH and volume of titrant information to construct the titration curve.

II. The Problem

Let’s say that you want to titrate a 50.00 mL aliquot of 0.1000 M NaOH with a 0.1000 M solution of HCl and then construct the resulting titration curve.  Using an Excel spreadsheet, calculate the pH of the solution after the addition of 0.00, 10.00, 25.00, 40.00, 45.00, 49.00, 49.50, 50.00, 50.50, 51.00, 55.00, 60.00, 75.00, and 90.00 mL of titrant; and then prepare a titration curve from the data.

III. Setting Up the Spreadsheet

A. Data and Functions

1. Reference Info

What do we know in the beginning that will be relevant in an acid-base titration?  The volume and the concentration of the solution being titrated, the concentration of the analyte, and the ion-product constant for water (Kw) are four pieces of information that I would use.

Enter the following labels: VNaOH, mL in cell A3, [NaOH] in cell A4, mmol NaOH in cell A5, [HCl] in cell A6, and Kw in cell D3.  You can type the value for four of these in the cell to the right of the label: 50.00 in cell B3, 0.1000 in cell B4, 0.1000 in cell B6, and 1.00E-14 in cell D3. The mmol NaOH (which will be the same at each point in the titration) must nevertheless be calculated, so enter the function needed for this value in cell B5.

2. The Independent Variable (x)
The independent variable is the variable that we change by design: in this case, that’s the increasing volumes of titrant added at different points in the titration.
Enter the label VHCl, mL into cell A8, and then enter the volumes of titrant added into cells A9-A22. Enter the label mmol HCl into cell B8, enter the function needed to calculate this into cell B9, and then drag it down through cell B22. (Remember to format the cells for the correct number of digits past the decimal.)

3. The Functions that Reveal the Dependent Variable (y)
The dependent variable of interest is the pH of the solution, but the calculation of pH involves different preliminary calculations during the different phases of a titration.  Think about the things we need to know for each phase: 

· Identify What’s in the Flask.

· Understand the Neutralization Reaction.

· Calculate the pH Based on What Remains after the Neutralization.
Enter the following labels: mmol NaOH in cell C8, mmol HClexcess in D8, Vtotal, mL in cell E8, [OH-1] in cell F8, [H3O+] in cell G8, pOH in cell H8, and pH in cell I8.

a. Before the Addition of any Titrant

Before the addition o f any titrant, what’s in the flask], and how is it related to the pH of the solution?

b. Pre-Equivalence Phase
If you were designing a titration experiment, you would want to have several data points in the pre-equivalence phase and in the post-equivalence phase.  In addition, you would want to space some of them closer together just before and just after the equivalence point.  In this titration, 50.00 mL of titrant is required to reach the endpoint.  How did I know that?
Remember the BCA (Before Change After) chart?  We will use what we learned there to construct the functions that will ultimately calculate the pH.  Notice that as the titration proceeds, the mmol OH-1 will decrease because of neutralization of the NaOH and dilution of the original solution.

Why is it that the functions you wrote for the initial points are the only ones you need for the pre-equivalence phase? Drag them down through the rows that correspond to the pre-equivalence phase (but no farther).  Note that there’s nothing in columns C and G at this point.

c. Equivalence Point

At the equivalence point, all of the analyte has reacted with the titrant; none of the reactants remain.  (We have already talked about the volume of titrant required to reach the equivalence point.)  At this point, what determines the pH? 

d. Post-Equivalence Phase
What’s going on in the solution once you get past the equivalence point?  What determines the pH?
B. Spreadsheet Documentation and Details

Enter the label Spreadsheet Documentation into cell A24, and then complete this section as before.  Remember to include borders, row/column headings, and a title.  

IV. Generating the Titration Curve

The generation of thett titration curve is a feature of Excel.  Create the graph y vs. x to see what this relationship looks like, and insert this graph into your spreadsheet.
CHEM 251: Quantitative Analysis

Excel, Part 4: Constructing a Titration Curve for a Weak Base-Strong Acid Titration

I. Introduction

The only thing that is different about the initial information of this problem is the identity of the base: you are starting with a 50.00-mL aliquot of a 0.1000 M solution of a weak base instead of a string base.  Think through how that impacts your calculations at the initial point, in the pre-equivalence phase, at the equivalence point, and in the post-equivalence phase.  In each of these places, the primary skills involve recognizing what reaction happens between the solution in the buret and the solution in the flask, what remains after this reaction is over, and how you go from there to determine the pH of that resulting solution.  You can do this!  


Remember to do the calculation for the initial point, the first volume for the pre-equivalence phase, the equivalence point, and the first volume for the post-equivalence point by hand so that you can check the results calculated in your spreadsheet.

II. The Problem

Let’s say that you want to titrate a 50.00 mL aliquot of 0.1000 M CH3NH2 with a 0.1000 M solution of HCl and then construct the resulting titration curve.  Using an Excel spreadsheet, calculate the pH of the solution after the addition of 0.00, 10.00, 25.00, 40.00, 45.00, 49.00, 49.50, 50.00, 50.50, 51.00, 55.00, 60.00, 75.00, and 90.00 mL of titrant; and then prepare a titration curve from the data.

III. Setting Up the Spreadsheet

A. Data and Functions

1. Reference Info

What do we know in the beginning that will be relevant in an acid-base titration?  The volume and the concentration of the solution being titrated, the concentration of the analyte, and the ion-product constant for water (Kw) are four pieces of information that I would use.

Enter the following labels: VCH3NH2, mL in cell A3, [CH3NH2] in cell A4, mmol CH3NH2 in cell A5, [HCl] in cell A6, and Kw in cell D3.  You can type the value for four of these in the cell to the right of the label: 50.00 in cell B3, 0.1000 in cell B4, 0.1000 in cell B6, and 1.00E-14 in cell D3. The mmol CH3NH2 (which will be the same at each point in the titration) must nevertheless be calculated, so enter the function needed for this value in cell B5.

2. The Independent Variable (x)

The independent variable is the variable that we change by design: in this case, that’s the increasing volumes of titrant added at different points in the titration.
Enter the label VHCl, mL into cell A8, and then enter the volumes of titrant added into cells A9-A22. Enter the label mmol HCl into cell B8, enter the function needed to calculate this into cell B9, and then drag it down through cell B22. (Remember to format the cells for the correct number of digits past the decimal.)

3. The Functions that Reveal the Dependent Variable (y)

The dependent variable of interest is the pH of the solution, but the calculation of pH involves different preliminary calculations during the different phases of a titration.  Think about the things we need to know for each phase: 

· Identify What’s in the Flask.

· Understand the Neutralization Reaction.

· Calculate the pH Based on What Remains after the Neutralization.
Enter the following labels: mmol CH3NH2 in cell C8, mmol HClexcess in D8, Vtotal, mL in cell E8, [OH-1] in cell F8, [H3O+] in cell G8, pOH in cell H8, and pH in cell I8.

a.  Before the Addition of any Titrant

Before the addition o f any titrant, what’s in the flask], and how is it related to the pH of the solution?

      b.  Pre-Equivalence Phase
If you were designing a titration experiment, you would want to have several data points in the pre-equivalence phase and in the post-equivalence phase.  In addition, you would want to space some of them closer together just before and just after the equivalence point.  In this titration, 50.00 mL of titrant is required to reach the endpoint.  How did I know that?
Remember the BCA (Before Change After) chart?  We will use what we learned there to construct the functions that will ultimately calculate the pH.  Notice that as the titration proceeds, the mmol OH-1 will decrease because of neutralization of the CH3NH2 and dilution of the original solution.

Why is it that the functions you wrote for the initial points are the only ones you need for the pre-equivalence phase? Drag them down through the rows that correspond to the pre-equivalence phase (but no farther).  Note that there’s nothing in columns C and G at this point.

      c.  Equivalence Point

At the equivalence point, all of the analyte has reacted with the titrant; none of the reactants remain.  (We have already talked about the volume of titrant required to reach the equivalence point.)  At this point, what determines the pH? 

d. Post-Equivalence Phase
What’s going on in the solution once you get past the equivalence point?  What determines the pH?
     B.  Spreadsheet Documentation and Details

Enter the label Spreadsheet Documentation into cell A24, and then complete this section as before.  Remember to include borders, row/column headings, and a title.  

IV. Generating the Titration Curve

The generation of the titration curve is a feature of Excel.  Create the graph y vs. x to see what this relationship looks like, and insert this graph into your spreadsheet.
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