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Basically That Could Be An Acid
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties and changes of properties in matter

· Understanding populations and ecosystems

· Develop abilities of technological design 

· Develop understandings about science and technology

· Understanding personal health

· Understanding populations, resources, and environments

· Understanding natural hazards

· Understanding risks and benefits

· Understanding science and technology in society 

· Understand science as a human endeavor

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Evolution and equilibrium 

· Form and function

Materials

· CBL2™ Unit with unit-to-unit cable and the Vernier pH Probe

· At least 3 containers, two for a washing solution of the probe, and one for the water with the solid materials. 500 to 50 ml

· A collection of seven different solids to dissolve in water as well as a method to facilitate this

· Distilled water and buffer solutions for calibration (Optional)

· TI-73 Explorer with DATAMATE App

· TI Connect and Graph Link cable
	


Overview

The goal of this investigation is to help better understand the nature of Acids and Bases. In this situation we will try to dissolve some solid materials in water and then determine the resulting pH of the mixtures. We are constantly introducing materials into our water supply, and some of the items will cause the water to become acidic or basic, while some items will have no effect of the pH of the water supply. What types of things are associated with Acid level pH readings and what types of materials are associated with Basic level pH readings?
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Introduction


Water quality is becoming a larger concern as we build more Wal-Marts and create more people. We need to maintain certain levels of water quality for our drinking supply, as well as for the environment. In this investigation we are going to introduce some solids into a quantity of water and once that materials has had a chance to be come one with the water, we will determine the resulting pH.


Think of some materials that you would consider being interesting to place in water. Some might cause the water to become an acid, some might change it to a base, and some might not change the water at all. List your ideas in the Data Recording part of this document.


Share your thoughts with your partner and then the class. Refine the choices of solids to test. Some may not dissolve very rapidly in water in their natural state so you might need to crush some solids to help in the process.


We will test seven mixtures of water and solid. To keep some controls in the experiment you should use the same amount of water, from the same source for each mixture. The water can be distilled, or just from the sink. You will want to note the pH of the untreated water and it should be close to 7.0. It will probably be a bit acidic (below 7).


When you introduce the solid into the liquid, set a length of time to let it dissolve, or have a visual test to determine when the mixture will be ready to test. Clean the pH probe and the container between each reading and avoid contamination. 


Once you have your plan, describe the process as you see it, with as many details as you can think of in the Data Recording part of this document.  


Set Up


Collect your seven solids. Prepare them as you have planned, and keep them separate to avoid contamination.


Get the CBL2 and pH probe. You will need to keep the probe in its storage container until you are ready to use it. At that time place the bottle in a safe place so that the fluid goes not spill. It is not water, so avoid contact.


You will need to have two washing stations and a container for the water-solid mixture. Mark one of the containers of water as the Prewash. This will become the dirtiest container as we do the experiment. The second container will be used for a quick dip and shake before you move to the mixture. Always go to the Prewash container as you finish a reading and then move to the second washing station just before you are ready to place the probe in the mixture and measure the Ph. As you use the pH probe, it is the bulb inside the protective end that reads the pH. This should be protected, so don’t bump or gouge it. The bulb should be submerged in the liquids that we measure.


Make sure you have the DATAMATE App in the handheld. Press ( and move down to see if it is there (Figure 1). If it is not found load it from the CBL2, or get it from another TI-73.


Place the TI-73 Explorer in the CBL2 nest and connect them with the unit-to-unit link. Plug the pH probe in Channel 1.


Run the DATAMATE App by pressing (, highlight DATAMATE, and press ( or just press the number in front of the App (Figure 1). 


Notice the splash screen. This should show the most current version of the App and the OS for the CBL2 (Figure 2). The Vernier pH probe might be AutoID. If it is, the software will recognize it and automatically set up the program to collect data. If this does not happen, just press ( and the CBL2 will check for probes (Figure 3). Note: Once you set up the experiment, don’t reset it, since we will not be using the default mode.


If the probe is not the AutoID version, you will need to tell the program what kind of probe you have. Either way, we will need to change the settings on the probe to collect data using the Single Point mode. Press ( to select the 1:SETUP option from the Main screen and access the Setup screen. The cursor should be pointing at the CH 1: option (Figure 4). If we have the pH probe listed, go to step 9. If you don’t see pH (the probe is not AutoID) press ( to access the SELECT SENSOR screen (Figure 5). Select option 2:PH by pressing (. The program then will set up for this probe (Figure 6).


From the Setup screen move the cursor up so that it points at the MODE line (Figure 7). Press ( to go to the SELECT MODE screen (Figure 8). Select option 4:SINGLE POINT from this screen by pressing (.


We now may need to calibrate the probe. If this is the first time you have used the probe in a while, you should calibrate. If calibration has been done in the past month or so and the probe has been stored in the buffer solution, you may skip this section, and just use the stored calibration.


From the Setup screen, move the cursor to point to the CH 1:PH option (Figure 9) and press ( to select the 2:CALIBRATE option. From the CALIBRATION screen (Figure 10) you could use the calibration that is shown, calibrate the probe, or manually enter the calibration values if you know them. When you do the calibration, you will want to record the Slope and Intercept values so that the manual entry option would be a possibility in the future. Report the current calibration values in the Data Recording part of this document.


Select option 2:CALIBRATE NOW by pressing ( from the CALIBRATION screen to start the process. Take the pH probe from the storage bottle. Rinse it off in a sink, being careful not to bump it, but cleaning the bulb at the end. Place the probe in the Prewash container while you prepare the first “known” solution. Get this from your teacher. The calibration process requires that you place the probe into two solutions of known pH. Then, once you tell the program what the True pH values are, it will adjust so that it will associate any reading it gets from the probe, to the correct pH value. 


Place the probe in the second washing solution, swirl it gently for a moment, and then shake the excess water from it as you place it in the first known standard. Swirl it gently as the voltage stabilizes (Figure 11). It might take up to 77 seconds for the voltage to stop changing. When it does, press ( to capture this value and associate it with the known pH value (in this case 7). Make note of the voltage and the pH that you key in for the first reading (Figure 12). Report these in the Data Recording part of this document.


Repeat the process, cleaning off the probe in the Prewash and in the second washing containers as you move to the second standard. Report theses second values in the Data Recording part of this document (Figure 13).


Before you move to the data collection part of the experiment, record the Slope and Intercept values that you obtained during the calibration process in the Data Recording part of this document (Figure 14).


Return to the Setup screen by pressing ( to select the 1:OK option from the CALIBRATION screen (Figure 14), and then press ( from the Setup screen (Figure 15) to select the 1:OK option to return to the Main screen.


Procedure


To collect the data, place the cleansed pH probe in the liquid and gently swirl the probe in the mixture for about 30 seconds. Press ( selecting the 2:START option from the Main screen (Figure 16) so the program will collect pH readings for 10 seconds (Figure 17) and then report an average (Figure 18). Before we do the seven liquid-solid mixtures we need to check the pH of the water that you are using to mix with the solids. Report the reading for just water in the Data Recording part of this document and then press ( to start again for the other solutions. If this reading is not near 7.0, see your teacher.


Mix each solution according to your plan, and then collect the pH values as above. Make sure you Prewash and wash the probe as you cycle through the readings. Give the probe time to react to the solution, so don’t start the data collection until it appears, from the Main screen, that the pH has stopped dropping or rising. Record each solid name and the pH from the mixtures in the Data Recording part of this document


When all the data has been collected, and you are finished with the CBL2, press ( to select option 6:QUIT from the Main screen.


Rinse off the pH probe and place it back in the storage bottle.


Analysis


To plot the data we need to enter them in the List Editor. Press ( to access it. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data (Figure 19). Create one list for the solid name and one list for the pH of the mixture.


Use the Text Editor by pressing (( and selecting the appropriate letters to name the lists as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word Done and press ( when you are finished with each word (Figure 20).


Make the list for the solids Categorical. This requires that you put the first word (in this example - SALT) in the list as a word, in quotes (Figure 21). Note the ‘c’ in the header of the list of solids indicating that the list has Categorical data (Figure 22). 


Once you have established the list type, you do not need to use quotes again. Names in the list are limited to six letters and you should have no more than seven items in the list.


Check the values for the pH and make sure that are on the same line as the solids that they associated with.


We now need to set up some plots to examine the data. Press ( ( ( to set up a Bar Graph (Figure 23). Access the list names from the List of List by pressing ( (. Check the ( area to see that only this plot is ON and that there are no equations listed (Figure 24).


Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document. Reflect on what the Bar Graph shows about the pH levels in the different mixtures. Note which solids are Acids (less than 7) and which are Bases (more then 7). How did your earlier predictions match with these results?�______________________________________________�______________________________________________�______________________________________________�______________________________________________


Check with other groups that did the same solids as your team. The pH readings may be different, but the Acid/Base rankings should be the same. Discuss the consistency of results across the class and try to explain.�______________________________________________�______________________________________________�______________________________________________�______________________________________________�______________________________________________�______________________________________________


Now let’s try another type of graph. Press ( ( ( to change the set up to a Pie Graph (Figure 25). Use Number rather than Percent here. Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document. How does this graph show off your Acids and Bases in a different or better way than the Bar Graph? Explain.� _____________________________________________�_____________________________________________�_____________________________________________


Try one more graph type, the Pictograph. Press ( ( ( to change the set up (Figure 26). Adjust the scale to be 2, since a pH of 14 is the highest possible value, and the plot can show only 7 icons per solid. Make your own selection for the icon for this graph. Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document. How does this graph show off your Acids and Bases in a different or better way than the Bar Graph or the Pie Graph? Explain.� _____________________________________________�_____________________________________________�_____________________________________________


Data Recording


List some solids that you would like to place in water to see their effect on pH. Place an A (Acid), N (Neutral), or�B (Base) next to the items that you think might change the water in that way, if you have an opinion.�       ______________       ______________�       ______________       ______________�       ______________       ______________�       ______________       ______________�       ______________       ______________�       ______________       ______________�       ______________       ______________


Describe how you will prepare the water-solid solutions and determine when it is ready to test.�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________


List the values for the Calibration that appear as you start the calibration process. If you did not calibrate, just skip these steps.�Slope = _________  and Intercept = ________


Report the values that you used in the calibration process in the table below.


�
Value�pH �
Voltage�
�
Point `1�
�
�
�
Point 2�
�
�
�
List the values for the Calibration that appear after you do the calibration.�Slope = _________  and Intercept = ________


Report the pH for just water. ______________ 


Record the names of the solids used in the mixtures and the pH that the probe reports.


Solid�
pH�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Make a sketch of the Bar Graph in the space below. Make sure you label it.























�
�
Make a sketch of the Pie Graph in the space below. Make sure you label it.























�
�
Make a sketch of the Pictograph in the space below. Make sure you label it.























�
�
Conclusion


Write a paragraph to explain why your most Basic water-solid mixture scored that level of pH, and why your most Acidic water-solid mixture scored at that level.  How are these two solids similar? different? Use data from the experiment to support your claims. 


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


How do you think you could improve this experiment? What things might have been done to help demonstrate that some solids were acidic or basic?


___________________________________________________________________________________________________________________________________________________


Going Further


Try the experiment with one solid, and vary the amounts introduced into the water mixture. Start with 5 grams, then add 5 more to make 10 grams, and so on. Will the pH continue to change?


Pick a solid that created a radical change in the pH of the water and test it with a Time Graph over night. Start the readings and then introduce the solid, let it collect the pH value every 15 minutes for 24 hours. How did that change the effect?


Experiment with liquids. Mix some liquid with an equal amount of water and see the effect on pH. Note that, just like some solids, some liquids don’t readily mix with water.


Research Acid Rain, and how this affects our water supply. 


Collect samples of water from your ecosystem and measure the pH. Map these values and try to determine a pattern – cause.


Investigate Acids and Bases. What are some common examples of each and how are those related to our experimental results? 


INSTRUCTOR NOTES


Experimental Set Up and Procedures


As the students think of solids to add to the water and discuss the options, direct them to think about items that would get into our water supply. Also, avoid selecting items that are very toxic or dangerous. You may want to use these, but take care that the students use appropriate safety precautions and that they dispose of the mixtures carefully.


Suggested solids are: salt, sugar, artificial sweeter, honey, powdered milk, tea, aspirin, antacids, or eggs.


Let the students determine the amounts of the solid to add to the water, look to the consistency by the groups.


Calibration is an important part of knowing your data is worthy. This process may be skipped, or you may key in the suggested probe calibration, using the Manual Entry option from the CALIBRATION screen (Figure 10). The suggested values are:�Slope = -3.807 and Intercept = 13.662. �You will need two standards to calibrate; usually a pH of 4 and 11 are used.


Water that the students will use to make the mixtures should be close to 7.0. If they test it and it is not close, check for contamination or do the calibration techniques on the probe.


Watch for the contamination of the liquids as the students move the pH probe from solution to solution. Use two washing areas, one larger 1st dipping station of water, and then a second quick dipping station before you move to the new liquid. 


The students will knock over the Buffer Soaping bottle. Make sure it is place to the side as they do then experiment.


If you want to set up the experiment before the students access the CBL2, just save it as an experiment and have the students start by loading it from the CBL2. The settings are stored on the hard drive of the individual CBL2, so you will need to do this for each unit. Also, if the student presses ( the settings convert to the default.


The Vernier PH-BTA probe is equipped with circuitry that supports auto-ID. When used with LabPro or CBL 2, the data collection software identifies the sensor and range switch setting, and uses pre-defined parameters to configure an experiment appropriate to the recognized sensor. This greatly simplifies the setup procedures for many experiments. Auto-ID is required for the Quick Setup feature of LabPro and CBL 2 when the unit operates remotely from the computer or calculator. If you purchased the PH-DIN, and wish to use it with LabPro, CBL, or CBL 2, you can purchase a DIN-to-BTA adapter. However, the auto-ID feature will not be supported using this combination.


Remove the storage bottle from the electrode by first unscrewing the lid, then removing the bottle and lid. Thoroughly rinse the lower section of the probe, especially the region of the bulb, using distilled or deionized water. When the probe is not being stored in the storage bottle, it can be stored for short periods of time (up to 24 hours) in pH-4 or pH-7 buffer solution. It should never be stored in distilled water. Note: When the level of storage solution left in the bottle gets low, or it is lost by spilling, you can replenish it with small amounts of tap water the first few times you use the probe (but not indefinitely!). A better solution is to prepare a quantity of pH-4 buffer/KCl storage solution and use it to replace lost solution. Add 10 g of solid potassium chloride (KCl) to 100 mL of buffer pH-4 solution to make the solution.


When you are finished making measurements, rinse the tip of the electrode with distilled water. Slide the cap onto the electrode body, and then screw the cap onto the storage bottle. 


Student Learning Goals and Objectives


Students will learn how to use the CBL2, TI Connect™, and TI-73 Explorer functions such as:


Using the Text Editor


Using the DATAMATE App


Using the List Editor


Setting up different Graphs


Tracing on graphs


Using Categorical data


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Acids and Bases and pH


Making Categorical Graphs


Recording data in a table


Interpreting data, drawing conclusions


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to CBL2, and/or TI-73 Explorer functionality and features that are:


Connecting the link correctly, both with the CBL2 and TI Connect. The CBL2 DATAMATE App constantly checks for the handheld-CBL2 connection. If the connection is lost you will get a message (Figure 27).


The amount of free memory might be an issue when you try to load the DATAMATE App. This App takes 3 slots so check the handheld by pressing ( ( ( (Figure 28). Delete enough Apps to free up the required three spaces, or use TI Connect to save the Apps and then delete them from the handheld.


Older versions of the TI-73 operating system are not compatible with the most current DATAMATE App. Make sure that the CBL2 has been Flashed with the newest versions of code, and use the “Check for Updates” part of TI Connect to Flash your handheld (Figure 29). See the TI website and look for the Latest Software link. 
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