A - Calibrate Good Time!            


Student Section

Data Collection

Prepare solutions of known pH. These solutions will be used with the pH probe so that we can convert the voltages produced by the probe while in the solution, to accurate pH values. You must have at least two known values (Standards) to calibrate (recall that two points determine a line). 

Most distilled water has a pH close to 7. This might be close enough for one value. Obtain the other Standard solutions from your teacher. 

Plug the pH probe in the channel you wish to use (usually CH1) and run the DATAMATE program. This program may already be in your calculator (press ( and look for it), or you may retrieve it from the CBL2(, by connecting the calculator and the CBL2( with the Unit to Unit cable, pressing ( [LINK] ( ( on your calculator, and then the {TRANSFER} button on the upper left hand side of the CBL2(. This will send the program to your calculator.

Execute the program (press (, select the DATAMATE program by highlighting it and pressing ( and then from the home screen, press ( again). As the program starts you will see which version of the ROM (operating system or OS) that the CBL2( has and the version of the DATAMATE program. In this case see that we have version 0.003 of the OS and version 0.7.16x of the DATAMATER program. Since the CBL2( is FLASHable, you may visit the TI web page and upgrade these files as needed.
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From the Main Screen select menu option 1:SETUP (press ( ). Since this is the first time we have used the pH probe and if it is not an auto-ID type, the CBL2( needs information on it. Point to the location of the probe (CH 1 or to the channel where you stuck it) by moving the cursor up and down ( ( and pressing ( to select the probe for this orifice. From the SELECT SENSOR menu select option 2:PH (press ( ). If other probes appear on the Menu you may delete them by pointing at the appropriate channel and pressing ( and then ( ( ( ( ( to select option 2:NONE from the SELECT SENSOR menu. 
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While pointing at the selected channel/probe, in this case CH 1:PH, select 2:CALIBRATE from the SETUP menu, (press ( ). From the CALIBRATION menu, we see the values that were pre-stored. If we know this is correct we select option 1:OK. If we have calibrated this probe before, in the recent past, and feel the values from that calibration are valid, we may select option 3:MANUAL ENTRY and enter the data from that calibration. In this case we wish to perform a new calibration, so we select option 2:CALIBRATE NOW (press ( ).

Place the pH probe in one of the Standard buffer solutions and when the VOLTAGE on the screen stabilizes press ( to key in the correct pH VALUE ( the known pH of the Standard). Repeat this process for at least one more POINT, and record the values on the Student Data Reporting Sheet question #2.

Record the new calibration information, both slope and intercept on the Student Data Reporting Sheet and then select option 1:OK by pressing (.
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Now modify the mode by selecting the MODE option by moving the cursor down ( or up ( and pressing ( when the cursor is pointing at MODE:. Since we just want the pH of a given solution of detergent, we select option 4: SINGLE POINT from the SELECT MODE menu by pressing (. This option will average several voltages and report it as the average pH of the solution. Select option 1:OK to return to the Main Screen (press ( ). Now we are ready to do the experiment.
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Place the pH probe in the first solution and select option 2:START from the Main Screen by pressing (. The CBL2( will collect data for 10 seconds and then report this value. Record this on the data sheet, question #5 and press (.  Repeat this process for all your solutions.
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Analysis

Rate the best and worst detergents based on the reported pH. 

Use the Linear Calibration model to predict the pH of a solution reporting a voltage of 3, 0.001 and predict the voltage, if the reported pH is 15.

Going Further
· Make a graph of the cost per gram of the detergent versus its average pH.
· Take the "best" detergent, and look at the pH as a function of amount. Try the pH of 5, 10, 15, 20, 25 grams in about 150 ml of water and explore the relationships with a graph, data list, and mathematical model.

· See how long the pH holds, by using the TIME GRAPH Mode over night, or for several hours.

· Compare the pH reported as related to temperature. Take the highest and the lowest pH value and test them again at various temperatures, either with the TIME GRAPH Mode, using a temperature probe and another pH probe, or by using the EVENTS WITH ENTRY or the SELECTED EVENTS Mode with a temperature probe and heating or cooling the solutions in a temperature bath.

· Do the Warming a Solution activity from the TI-73 Data Analysis Book.

Student Data Reporting Sheet

1. What pH value would you predict to be the best indicator of a "good" detergent? Why? 

___________________________________________________________ 

___________________________________________________________ 

___________________________________________________________


2. Give the two or three ordered pairs used to calibrate the pH probe.


Unknown

(Voltage from CBL2( pH probe)
Known pH

(from Standard)










3. Produce a linear model in the form of y = M * x + B, from the data in question #2. _____________________________________________

State the method used to get this model: _______________________

________________________________________________________


4. What units would you associate with the 4 variables in question #3 and what do these values represent?

y = ____________________________________________________

x = ____________________________________________________

M = ____________________________________________________

B = ____________________________________________________



5. Report the data collected during the experiment in the table below:


What Item Was Measured
pH






















6. From the data in question #5, does it appear that we are working with bases, or acids? Explain you reasoning.

________________________________________________________


7. Which of these detergents would you think is the best, based on this data. Why?

________________________________________________________


8. Use the Linear Calibration equation to predict the follow pH values given the reported voltages. And the voltage for the given pH


Voltage
pH

3


0.001



15

9. Is there an upper or lower limit to these values? ______________

What is the Domain? ___________________________________

Range? ______________________________________________

Could we have negative voltages or pH values? Explain.

____________________________________________________ 


Teacher Section

Concepts


Mathematics:

· The use of two points to determine a line,

· Manual fitting of the data to a liner model, or the use of the built-in regressions from the data,

· Use of a logarithmic scale,

· Data to Graph to Model visualization.


Science:

· Measurement,

· Experience with the pH probe, variation of values, and the contamination of solutions.

· Experimental Design and Technique.

· Product Analysis.

Materials

pH probe (with DIN adapter if needed),

CBL2( Unit,

Unit to Unit cable,

TI Graphing Calculator,

Standard buffer solutions with known pH (i.e. 4, 7, 10),

Containers for solutions, and instrument wash,

Detergents of various types,

Measuring instruments to obtain either mass or volume amounts of the detergent,

Vent hood, mask, and safety glasses for use with the detergent.

Graph Link cable for transfer to computer for reporting or storage (optional).

Set-up

Use buffer solutions that you have of known pH, use solutions mixed in the chemistry lab, or use capsules to mix your own. Note that Distilled water usually does not actually have a pH of 7. Two Standards will be enough in most cases, unless you want to get more accurate data (for science fair, or published research) or if you wish to exploit the mathematics (using three points to algebraically determine a line, or the algebraic geometry connection - since two point determine a line, you need three points to really make sure we have the correct line).

Collect laundry detergents that have different properties that you want to explore like: containing bleach or phosphates; being rated as all temperature, or cold water; or being unconcentrated, liquid, or concentrated. Have the students take note of these differences as they look at the results. Keeping all variables the same except for brand name may be difficult, since the properties listed above are sometimes "The" difference between brands. Keep the original box, with price information for the students to examine.

Theory

The voltage readings are set to specified values of pH reported during calibration. This is just a simple linear relationship for the CBL2(. The actual pH scale is logarithmic. 

The CBL2( in the SINGLE POINT Mode collect points over the 10 seconds and then reports an average value. The solution should be stable before this experiment is started.

Compare the chemical list on the side of the box, to help defend, explain, the basic nature of detergents.

How does the concentration of hydronium ions relative to the concentration of hydroxide ions move solutions from basic to acidic.

Answers

1. A higher pH indicating a stronger base, explain how there is an upper limit, and that there is ware and tear on the clothes, so you lose something if you only get one wash before the clothes are eaten up with the base.

2. These values come from the Calibration Screen. From

Unknown

(Voltage from CBL2( pH probe)
Known pH

(from Standard)







3. Answers will vary, in the example we have y = - 3.838 * x + 13.72
The methods could be Manual-Fit, Linear Regression, Median-Median on the calculator, Plot and then guess and test values for slope and y-intercept on the calculator, Graphical Analysis, Excel, etc., or using the point-point or point-slope formulas to algebraically calculate the equation.


4. y = pH, the pH of the solution,
x = volts, voltage from the probe,
M = pH/volt, the change in pH per unit voltage,
B = pH, the pH when the voltage is 0.


5. Answers will vary:

What Item Was Measured
pH






















6. Bases since the values are over 7.


7. Highest pH, most caustic.


8. Using the answer from question #3 to fill the table,
There is a limit on the highest and lowest pH, 0 to 14, by definition (ratio of ions). The Domain, which is the voltage in this case, has to be discovered from the 0 to 14 limit on pH. The Range is 0 to 14
Negative values could occur by the equation, but not in the "real world" since the max pH is 14.


Voltage
pH

3
2.2

0.001
13.7

- 0.33
15

Going Further

· Try other materials that produce exothermic, or endothermic reactions.

· Compare by amounts of the product, rather than by different brands. Use 5, 10, 15, 20, 25 grams of material in solution and compare mass vs. pH.

· Do this activity blindly, putting the detergent in bags and labeling them A, B, C, etc. Then, based on the results, have them do the matching with the product. Use a control that has no effect on pH, but looks like a detergent. 

References

· Data Collection Activities for the Middle Grades with the TI-73, CBL and CBR; by Johnston and Young; Activity 10: Warming a Solution; TI - Explorations Book.


· Certified pH Buffer Capsule Set, Product #32162G, CENCO, P.O. Box 369, Franklin Park, IL, 60131, 1-800-262-3626.


· Graphical Analysis for Mac or PC, Vernier Software, 8565 S.W. Beaverton-Hillsdale Hwy., Portland, OR 797225-2429, 503-297-5317, http://www.vernier.com.
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