Investigating Acid Strength


According to the definition of an acid, a typical acid can be written as HA, representing the hydrogen ion which will be donated and the rest of the molecule that will remain as a negative ion after the donation.  The typical ionization reaction of an acid in aqueous solution reacting with water can be written as:


HA(aq) + H2O(l)  � H3O+(aq) + A–(aq)


H3O+ is the notation used to indicate a hydronium ion which is a proton associated with water molecules.  Similarly the A–(aq) is also solvated by the surrounding water molecules.


The hydronium concentration of an acid or any other aqueous solution is measured using the pH scale which is defined by the following relation:


pH = - (log [ H+ ] )


In this experiment you will:


Investigate the relative strengths of different acids with the same molar concentration.


Experimentally determine the relationship between molar concentration and pH of given acids with differing concentrations (serial dilutions).


 


MATERIALS


LabPro or CBL 2 interface�
wash bottle�
�
TI Graphing Calculator�
distilled water�
�
DataMate program�
pipets�
�
pH Sensor�
pipet bulb�
�
100-mL beakers�
Serial dilutions of HNO3�
�
0.1 M HCl�
Serial dilutions of HCl�
�
0.1 M HNO3�
Serial dilutions of HC2H3O2�
�
0.1 M H2SO4�
Serial dilutions of Ascorbic acid�
�
0.1 M HC2H3O2�
TI Navigator �
�






Pre-lab 


Part 1


You are given four different acids, HCl, H2SO4, HC2H3O2, and HNO3 of the same molar concentration (0.1 M).  Based on your prior knowledge and understanding of acids, do you think that they will have different pH or the same pH?  Explain your reasoning.





�


Figure 1


PROCEDURE 


Part 1


Determine the pH of each of the given acids using the procedure given below.  


0.	Obtain and wear safety goggles.


1.	Plug the pH Sensor into Channel 1 of the LabPro or CBL 2 interface. Use the link cable to connect the TI Graphing Calculator to the interface. Firmly press in the cable ends.


2.	Turn on the calculator and start the DATAMATE program. Press � to reset the program.


3.	Set up the calculator and interface for the pH Sensor.


If the calculator displays pH in CH 1, proceed directly to Step 4. If it does not, continue with this step to set up your sensor manually.


Select SETUP from the main screen.


Press � to select CH 1. 


Select PH from the SELECT SENSOR menu. 


Select OK to return to the main screen. 





4.	The pH Sensor may be secured using  a utility clamp or immersed in the solution in the beaker as shown in Figure 1.


5.	Determine the pH of your acid solution as follows:


Use about 40 mL of distilled water in a 100-mL beaker to rinse the electrode.


Pour about 30 mL of your acid solution into a clean 100-mL beaker and use it to thoroughly rinse the electrode.


Place the pH sensor in the remaining portion of the acid solution to determine pH. Swirl the solution and then allow reading to stabilize. Note: Readings may drift without proper swirling! When the pH reading displayed on the main screen of the calculator stabilizes, record the pH value in your data table (round to the nearest 0.01 pH unit).


When done, place the pH Sensor in distilled water.


Discard the acid solution as directed by your teacher.





6.	Repeat Steps 5 for your other assigned solutions.


	7.	When you are done, rinse the probe with distilled water and return it to the sensor soaking solution. Select QUIT and exit the DATAMATE program.


DATA TABLE  - Part 1


Acids�
Assigned concentration (M)�
Measured pH�
�
HCl�
0.1 M�
�
�
HNO3�
0.1 M�
�
�
H2SO4�
0.1 M�
�
�
HC2H3O2�
0.1 M�
�
�
ANALYSIS – Part 1


Review your answer in the Prelab part 1 in the light of the data that you have just collected.  Discuss how the data confirms or disproves your hypothesis.  Why do you think this is so?
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Pre-lab 


Part 2


How do you think the pH changes with increasing dilution of an acid?  Explain your reasoning.












































PROCEDURE 


Part 2





Determine the pH for the given serial dilutions of the assigned acid using the procedure given below.


0.	Obtain and wear safety goggles.


1.	Plug the pH Sensor into Channel 1 of the LabPro or CBL 2 interface. Use the link cable to connect the TI Graphing Calculator to the interface. Firmly press in the cable ends.


2.  Turn on the calculator and start the DATAMATE program. Press � to reset the program.


3.	Set up the calculator and interface for the pH Sensor.


Select SETUP from the main screen.


If CH 1 displays PH, proceed directly to Step 4. If it does not, continue with this step to set up your sensor manually.


Press � to select CH 1.


Select PH from the SELECT SENSOR menu.





4.	Set up the data-collection mode.


To select MODE, press � once and press �.


Select EVENTS WITH ENTRY from the SELECT MODE menu.


Select OK to return to the main screen.





5. 	You are now ready to measure the pH for the different concentrations of the assigned acid. This process goes faster if one person rinses the pH electrode and reads the concentrations while another person operates the calculator and enters the concentrations.


Select START to begin data collection.


Place the pH sensor in the lowest concentration of the acid, and allow the pH to stabilize.  Press � and type in the molarity as the first concentration. Press � to save the first data pair for this experiment.


Remove the electrode, rinse with distilled water, then with the second concentration of the acid. Then place the electrode in the second concentration acid.  When the pH stabilizes, press � and enter the concentration reading. You have now saved the second data pair for the experiment. 


Continue the process described in “b” and “c” to record the molarity and pH of the given concentrations of the acid.





6.	     Press � when you have finished collecting data.  


7.	     Examine the data on the displayed graph to find the relationship between molarity and pH of the acid. Exit the DATAMATE program and analyze the graph on your calculator.


8.	     Save your data lists.  (Collecting data from other students may erase your data if you do not save it.)  Print or save a copy of your graph of pH vs. molarity. 


9. 	    Obtain data from other lab groups for other acids used in your class and examine them for relationships and trends.


	10.	Dispose of the beaker contents as directed by your teacher. Rinse the pH Sensor and return it to the pH storage solution.





DATA TABLE


Acid 1 = �
Acid 2 =�
Acid 3 =�
Acid 4 = �
�
Molarity�
pH�
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analyzing data


To graph and analyze the data redisplay the data outside DATAMATE.


�


Press STAT and EDIT to display the data lists, L1, and L2.














	


Press � [STAT PLOT] to turn on the graph plots for the data sets.


�

















Press GRAPH and ZOOM STAT to view graph of L2 (y-axis is pH) vs L1 (x-axis is molar concentration) on calculator window.


�

















4. 	  Examine the graph carefully to predict the type of function.


5.   To perform a regression analysis, follow the steps given below.


6.   Press � and use the cursor keys to highlight CALC.


7.   Press � repeatedly to scroll down to your selected function. When it is highlighted, press � to copy the command to the home screen.


8.   Press � [L1] � � [L2] � to enter the lists containing the data.


9.   Press � and use the cursor keys to highlight Y-VARS.


10. Select Function by pressing �.


11. Press � to copy Y1 to the home screen.


12. On the home screen, you will now see the entry Selected function L1, L2, Y1. This command will perform a regression with L1 as the x and L2 as the y values. The resulting regression curve will be stored in equation variable Y1. Press � to perform the regression. Use the parameters a and b, rounded to two significant figures, to write the model equation in the Data Table.


Press � to see the graph of your data and the function.


Add a list L3 = log-1(-pH)  


Now graph the L3 vs L1  which is [H+] vs M on Plot 2


Find the regression of this new line using the steps outlined above.





post lab questions


What is the relation between molarity and the pH for the acids used in this experiment?

















How does this relation vary for the different acids? Why?




















Strong acids are those that ionize extensively in aqueous solution while weak acids do not. Based on your data analysis, identify the strong acids and weak acids used in the experiment?  Explain your reasoning.








�
TEACHER INFORMATION


Chemical laboratory safety procedures are essential for this activity


In Part 1 of the experiment, students will learn that the acids with the same molar concentration may have different pH.  The pH data for 0.1Molar acids may be as follows:


HCl = 4.2, H2SO4 = 4.0, HC2H3O2 = 5.7, HNO3 = 3.4


Further discussion may be necessary to relate the variance in pH to the extent of ionization.


Using the NAVIGATOR Learning Check students can demonstrate their understanding.  A One or two item quiz may be created using the Learning check creator as follows.


Which of the following acids 0.5M Acetic acid, 0.5M Hydrochloric acid, 0.5 M Nitric Acid, will have the highest pH?


0.5M Acetic acid*


0.5M Hydrochloric acid


0.5M Nitric acid


All the acids have the same pH


Which of the following acids 0.5M Acetic acid, 0.5M Ascorbic acid, 0.5 M Nitric Acid, will have the highest number of hydrogen ions?


0.5M Acetic acid


0.5M Ascorbic acid


0.5M Nitric acid*


All the acids have the same number of hydrogen ions





In Part 2, the dilutions for the strong acids must be of very low concentrations.  HNO3 dilutions that worked well for the experiment were – 0.01M, 0.02M, 0.03M, 0.05M, and 0.1M.


The dilutions for the weak acids may be higher.  For acetic acid, the dilutions tested were 0.1M, 0.25M, 0.5M, 1.0M, and 2.0M.











When students perform regression analysis, they may choose a Power function or a Logarithmic function.  Both fit the data set quite well as shown below:
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The argument in favor of the Logarithmic function is the based on scientific observations. In the case of acids the rate at which the pH approaches 0 at high molar concentrations is closer to the Logarithmic relation than a Power relation.  In the case of the Power function high x- values and low y-values stretch out for a long time.  (The students saw this situation in Boyle’s Law experiment where increasing pressure beyond a certain point produces very little change in volume of the gas.  At the end of the pressure threshold the gas no longer exists in vapor form but condenses to a liquid.) This situation is not observed in the acids because reagent acids have a maximum molarity of 13 to 18 Molar.  Emphasize that the results from this experiment are only to true for a limited range of concentrations.


Have students graph Molarity on L1 and [H+] on L3 using the relation, pH = - (log [ H+ ] ) .  Students may need to be directed through this process.  The outline is shown below.
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7.  The graph of [H+] vs M is linear as shown below.  Students’ graphs for different acids may look alike unless they all have the same scale or window.  
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Using the NAVIGATOR screen capture, all the different students’ graphs may be displayed for analysis and discussion.


Discuss the slope of the graph and the implications for rate of ionization of and acid strengths.





�
correlation to standards


TEKS


CHEM.01.A.	Demonstrate safe practices during field and laboratory investigations. 


CHEM.14.A. 	Analyze and measure common household products using a variety of indicators to classify the products as acids or bases.


CHEM.14.B.	Demonstrate the electrical conductivity of acids and bases. 


CHEM.14.C.	Identify the characteristics of a neutralization reaction. 


CHEM.14.D.	Describe the effects of acids and bases on an ecological system. 


CHEM.02.A.	Plan and implement experimental procedures including asking questions,


formulating testable hypotheses, and selecting equipment and technology.


CHEM.02.B.	Collect data and make measurements with precision. 


CHEM.02.C.	Express and manipulate chemical quantities using scientific conventions and mathematical procedures such as dimensional analysis, scientific notation, and


significant figures.


CHEM.02.D.	Organize, analyze, evaluate, make inferences and predict trends from data. 


CHEM.02.E.	Communicate valid conclusions. 





TAKS


10Sci4.IPC.8.A.  Distinguish between physical and chemical changes in matter such as oxidation, digestion, changes in states, and stages in the rock cycle.


11Sci4.IPC.9.B.  Relate the concentration of ions in a solution to physical and chemical properties such as pH, electrolytic behavior, and reactivity.





Stanford Nine


The student is expected to make an inference from a chart of physical properties (SCPS.T3F).


The student is expected to make prediction using the periodic table of elements (SCPS.T3J).


























�
ANSWERS TO post lab questions 


(Note that the answers given below are samples of typical student answers.)


What is the relation between molarity and the pH for the acids used in this experiment?


The graph of pH vs Molar concentration is logarithmic.  The analysis on my calculator gave me the following relation: Y = 2.5486 + (-0.2337 ln X) where Y is pH and X is Molarity.


This means that the pH decreases as the concentration of the acid increases.  This relation has a limited application as maximum acid concentration is 12 to 14 M





How does this relation vary for the different acids? Why?


The graphs for different acids are similar in that they are all logarithmic regressions, but the equations differ.


This is because some acids produce more hydrogen ions than others at  a greater rate.  This causes the pH to drop faster.





Strong acids are those that ionize extensively in aqueous solution while weak acids do not. Based on your data analysis, identify the strong acids and weak acids used in the experiment?  Explain your reasoning.


Acetic and Ascorbic acids are weak acids while nitric and hydrochloric acids are strong.


Using the relation, pH = - log [H+], a calculated column L3  for concentration of hydrogen ions was created.  A graph of [H+] vs Molarity gives a linear regression.  The linear regressions for the different acids were compared after setting them to the same scale.  The slope for the strong acids was greater than the slope for the weak acids.  This shows that the rate of ionization was greater for strong acids than the rate of ionization for weaker acids.
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Weak acid – HC2H3O2





Strong acid – HNO3











