
Acid-Base Titration Curves

NAME:________________________________________  PERIOD:___________

Prelab
Show Calculations.

1. For the titration of 50.0 ml of 0.100M acetic acid with 0.200M NaOH, using a Ka of 

   1.76 x 10-5, calculate the pH:

a. Initial (0 ml of NaOH added):

b. At the half equivalence point:

c. At the equivalence point:

d. 15 ml beyond the equivalence point:

2. What is the difference between the endpoint in a titration and the equivalence point?

3. Does the use of a weak acid indicator have much effect on the accuracy of the endpoint of a titration? Why or why not?

Acid-Base Titration Curves


Three important types of acid/base reactions will be investigated in this lab. The change in pH when a strong acid is titrated with a strong base, when a weak acid is titrated with a strong base, and when a weak base is titrated with a strong acid. Each will have a characteristic shape when the titration curve is plotted, that is, the pH is plotted on the y- axis and the volume (mL) of added titrant (the solution in the buret) is plotted on the x-axis. A titration curve allows one to experimentally determine the Ka for a weak acid or the Kb for a weak base. The pH will be measured using a pH probe attached to a CBL and graphing calculator.


In the titration of a strong acid with a strong base, hydrochloric acid, HCl, will be reacted with sodium hydroxide, NaOH. The concentration of the NaOH solution will be given and you will determine the unknown concentration of the HCl. This is referred to as standardizing the HCl solution. HCl reacts with NaOH in a one-to-one mole ratio to produce water in the overall reaction:

HCl (aq)  +  NaOH (aq)   (  H2O (l)   +  NaCl (aq)
The HCl ionizes 100% and the NaOH dissociates completely in water solution giving the ionic equation:

H+1(aq) + Cl-1(aq) + Na+1(aq) + OH-1(aq)   (   H2O (l) +  Na+1(aq) +  Cl-1 (aq)  

Removing the spectator ions gives the net ionic equation:
H+1(aq   +   OH-1(aq)    (    H2O (l)
The equivalence point for a strong acid strong base titration will be pH 7 since the Na+1 ion and the Cl-1 (the conjugate base of a strong acid) do not undergo hydrolysis. The pH of the solution is therefore the pH of pure water. The volume of NaOH solution used to reach the equivalence point will be used to determine the molarity of the HCl.


A monoprotic weak acid reacts with NaOH in a one-to-one ratio to produce water and the conjugate base in the overall reaction:

HA (aq)  +  NaOH (laq  (  H2O (l)   +   NaA (aq)
A weak acid does not ionize completely in aqueous solution giving the ionic equation:

HA (aq) +  Na+1(aq) + OH-1(aq)   (   H2O (l) +  Na+1(aq)   +   A-1 (aq)
Removing the spectator ions gives the net ionic equation:

HA (aq) + OH-1(aq)   (   H2O (l)   +   A-1(aq)
The equation for the ionization of the weak acid is shown below.

HA (aq)  +  H2O (l)  (  H3O+1 (aq)   +   A-1 (aq)
The equilibrium constant for this reaction, Ka is:




[A-1] is the molar concentration of the conjugate base and [HA] is the molar concentration of the weak acid. 


Ka can be calculated using the initial concentration of the acid and the initial pH of the solution. The initial pH gives the [H3O+1] which equals the [A-1] in the initial weak acid solution. If the weak acid is only slightly ionized, the [HA] is assumed to be approximately equal to its initial concentration.


Ka can be calculated from the pH at the half-equivalence point. At this point in the titration, half of the moles of HA have been converted to A-1. The [A-1] = [HA], the ratio [A-1]/[HA] equals one, the [H3O+1] equals Ka, and the pH of the solution equals the pKa of the weak acid.


Ka can be calculated from the pH at the equivalence point. The moles of HA have been completely converted to A-1. The conjugate base, A-1, undergoes hydrolysis by the reaction:

A-1 (aq)   +   H2O (l)   (   HA (aq)    +    OH-1 (aq)
This gives an equivalence point in the basic region (pH>7). The equilibrium for this reaction is described by the Kb for the conjugate base:




The [A-1] is calculated from the intial moles of HA and the total volume of the reaction mixture at the equivalence point. The pH gives the [H3O+1] and the [OH-1] by using 

Kw = [H3O+1] [OH-1] = 1.0 X 10-14
Since [OH-1] = [HA] at the equivalence point, the Kb for the conjugate base can be calculated. An important relationship between Ka for the acid and Kb for its conjugate base is: Kw = Ka x Kb.





A monobasic weak base reacts with HCl in a one-to-one mole ratio to produce chloride ion and the conjugate acid in the overall reaction:

B(aq)   +  HCl (laq  (   BH+1 (aq) )   +   Cl-1 (aq)

A weak base does not ionize completely in aqueous solution giving the ionic equation:

B(aq)   +   H+1(aq)   +    Cl-1 (laq  (   BH+1 (aq) )   +   Cl-1 (aq)
Removing the spectator ions gives the net ionic equation:

B(aq)   +  H+1(aq)   (   BH+1 (aq) ) 

The equation for the ionization of the weak base is shown below.

B(aq) +  H2O (l)  (   BH+1 (aq) )   +   OH-1 (aq)

The equilibrium constant for this reaction, Kb is:




[BH+1] is the molar concentration of the conjugate acid and [B] is the molar concentration of the weak base.


Kb can be calculated using the initial concentration of the base and the initial pH of the solution. The initial pH gives the [H3O+1] from which the [OH-1] can be calculated. The [OH-1] equals the [BH+1] in the initial weak base solution. If the weak base is only slightly ionized, the [B] is assumed to be approximately equal to its initial concentration.


Kb can be calculated from the pH at the half-equivalence point. At this point in the titration, half of the moles of B have been converted to BH+1. The [BH+1] = [B], the ratio [BH+1]/[B] equals one, the [OH-1] equals Kb, and the pOH of the solution equals the pKb of the weak base. Remember that pH + pOH = 14.


Kb can be calculated from the pH at the equivalence point. The moles of B have been completely converted to BH+1. The conjugate acid, BH+1, undergoes hydrolysis by the reaction:

BH+1 (aq)   +   H2O (l)   (   H3O+1 (aq)    +    B (aq)
This gives an equivalence point in the acidic region (pH<7). This equilibrium is described by the Ka for the conjugate acid:




The [BH+1] is calculated from the initial moles of B and the total volume of the reaction mixture at the equivalence point. The pH gives the [H3O+1]. Since [H3O+1] = [B] at the equivalence point, the Ka for the conjugate acid can be calculated. An important relationship between Kb for the base and Ka for its conjugate acid is Kw = Kb x Ka.





Acid/base indicators change colors as they are converted from a weak acid to a weak base form (or vice-versa) over a known pH range. Appropriately chosen indicators give a visual indication of the equivalence point which is referred to as an endpoint. Since the indicator changes over a range of pH units instead of the exact pH at the equivalence point, some error is introduced in using a visual indicator for a titration. Observe and indicate the point, pH, in the titration curve where there is a color change and what its change is, and, of course, indicate the name of the indicator used. 

Procedure:
The three titrations to be done will be set up on each of the three tripods in the lab. There will be a strong acid/ strong base, a weak acid/strong base, and a weak base/strong acid. After each titration, please be sure to rinse the beaker with tap water, then distilled water and dry with paper towels. Refill the buret with titrant to make things run more smoothly. Save the data from each titration as a program. Plot your data using Graphical Analysis. Submit the graph and data for all three titrations, being sure to label both axes.

1. Using the initial volumes and molarities of the strong acid and strong base, calculate the equivalence point volume of strong base and make sure that these points are part of the titration data taken in the HCl-NaOH titration.

2. Using the initial volumes and molarities of the weak acid and strong base, calculate the equivalence point and half-equivalence point volumes of strong base and make sure that these points are part of the titration data taken in the CH3COOH-NaOH titration.

3. Using the initial volumes and molarities of the weak base and strong acid, calculate the equivalence point and half-equivalence point volumes of strong acid and make sure that these points are part of the titration data taken in the TRIS-HCl titration.
4. Check your equivalence point and half-equivalence point volumes with your instructor before you start the titrations.

5. The volume increments are not the same for each titration. Be sure to use the increments for the specific titration that you are performing.

6. Use a pipet and bulb to pipet 50.00 mL of of approximately 0.10M HCl solution into a clean 150-mL beaker. Add a small magnetic stir bar. Add 3-4 drops of bromthymol blue as the indicator.

7. Rinse a 50-mL buret with a few mL of approximately 0.20 M NaOH solution. Repeat rinsing once more with a few more mL of NaOH solution. Allow the NaOH solution to drain into a waste beaker. Fill the buret a little above the 0.00 mL level with the 0.20 M NaOH solution. Drain a small amount of NaOH solution so it fills the buret tip and leaves the NaOH at the 0.00 mL level of the buret. Make sure that no air bubbles are in the buret tip.

8. Record the actual concentration of the NaOH solution.

Set up the calculator and CBL for pH measurement:
1. Connect the CBL unit to the TI-82/83 calculator with the unit-to-unit link cable using the I/O ports 

    located on the bottom edge of each unit. Press the cable ends in firmly.

2. Connect the CBL DIN adapter to the end of the Vernier pH probe and plug the adapter into channel 1,

    CH 1, on the CBL unit. Plug the CBL voltage adapter into the bottom of the CBL

3. Turn on the CBL unit and calculator. The CBL system is now ready to receive commands from the

    calculator.

Calibration Procedure:

Make sure the CBL unit and the calculator are turned on. 

1. Press [PRGM] on the TI-82/83. Using the arrow keys, highlight the program CHEMBIO. Press

   [ENTER].
2. (Display should read “prgmCHEMBIO”) Press [ENTER].

3. (Display should read “VERNIER SOFTWARE...”) Press [ENTER].

4. Select SET UP PROBES by using the arrow keys to highlight this choice. Press [ENTER]. 

   (If you get the ***Link Error*** message check all link connection and make sure CBL is turned on.

   Press [ENTER] and continue) 

5. The display should read “Enter number of probes.” You are using only one probe, therefore press [1] and

    [ENTER]. The CBL display should show three dashes.

6. You are using the pH probe, therefore, select pH. Press [ENTER].

7. You should have your probe connected in channel one, CH 1, therefore, press 1 and [ENTER].

8. The display should now show a Calibration Menu.  You want to select Perform New by using the 

    arrow keys to highlight this choice then press [ENTER].  The message “Use [CH View] Button on 

    CBL to Monitor Voltage When Stable Press CBL Trigger” will appear. 

9. Remove the pH probe from the storage bottle. Rinse the pH probe with distilled water and carefully 

    shake off the water. Place the probe in the standard solution pH 4.  When the voltage reading on the

    CBL is stable, press TRIGGER on the CBL. The probe is in the standard solution pH 4, enter

    [4] as the reference value in the calculator and press [ENTER].

10. Rinse the pH probe with distilled water and carefully shake off the water. Place the probe in the

      standard solution pH 10. When the voltage reading on the CBL is stable, press TRIGGER on the CBL.

      The probe is in the standard solution pH 10, enter [10] as the reference value in the calculator and press 

     [ENTER].

11. The calculator should show the intercept and slope values of the calibration line. Record these values on

      the card at that station so that these values can be used by each group using the Manual Entry option

      under the calibration menu.. Press [ENTER].

12. You should now be back at the Main Menu display on the calculator. 

13. Place the pH back in the storage bottle until you are ready to take measurements. 

Collection of pH Data:
1. Place the beaker with the HCl solution under the tip of the buret. Remove the pH electrode from the storage bottle and rinse it with distilled water into the waste beaker. Clamp the pH electrode in the 150ml beaker so the tip of the electrode is below the surface of the solution. Adjust the position of the electrode so the stir bar will not hit the electrode.

2. Turn on the magnetic stirrer and stir the solution at a moderate rate but not so fast that it vortexes or splatters solution on the side of the beaker.

3. Select Collect Data. Press [ENTER].
4. Select Trigger/Prompt. Press [ENTER].  (The calculator display should read “Allow 30 sec. for CBL to warm up. The CBL should display “Ready” and three numbers.)

5. Press [ENTER].
6. Monitor the CBL display and when the numbers on the CBL display have stabilized, press [TRIGGER] on the CBL.

7. “[ENTER] volume (mL)” should appear on the calculator’s display. This display is asking you to enter the amount , in mL, of NaOH you have added to the acid in the beaker. You have NOT added any NaOH from the buret to the acid, therefore, type 0 for volume of NaOH added. Press [ENTER].
8. The calculator now displays a Data Collection menu. Select MORE DATA. Press [ENTER].
9. Add as close to 5.00 mL of NaOH as possible from the buret to the acid in the beaker.

10. When the CBL display is stabilized, press [TRIGGER].
11. Enter into the calculator the cumulative volume of NaOH that was added to the beaker (5.00mL) which should be the buret reading. If you accidently add more than 5.00 ml of NaOH, enter the actual buret reading (ie. 5.10ml).

12. You should now be back to the Data Collection menu. Select MORE DATA. Press [ENTER].
13. Repeat Steps 9-12 adding 5.00 ml each time until 20.00 mL of NaOH has been added to the acid in the beaker.

14. Repeat Steps 9-12 adding 1.00 ml each time from 20.00 mL to 30.00 ml of NaOH.

15. Repeat Steps 9-12 adding 5.00 ml each time from 30.00 mL to 50.00 ml of NaOH.

16. Select Stop and Graph (a graph should appear). Press [ENTER]. 
17. Select [NO] for repeating the experiment. Press [ENTER]. This should return you to the Main Menu.

18. Select Quit to exit the program. Press [ENTER].
To Store Data as a Program and Automatically Write to Lists when Program is Run.
You will want to store L1 (Volume NaOH) and L2 (pH) for use in analyzing the data later and to have the data available to transfer to Graphical Analysis. The data from the first titration will be put back in L1 and L2.

1. Press [PRGM] on the calculator.

2. Arrow over to NEW. Select Create New. Press [ENTER].
3. Input the name AB1. (The first character of a program must to be a letter and the name can only have 8 characters). Press [ENTER].
4. Press [RCL] [L1]. (L1 is the location of the list you want to store.) This command shows at the bottom of the calculator screen. When you press ENTER the list of entries in L1 are displayed. Do not press another ENTER.

5. Press [STO] [L1] followed by [ENTER]. This command names the list that the data will be written to when the program is run.

6. Press [ENTER].

7. Press [RCL] [L2]. (L2 is the location of the list you want to store.) This command shows at the bottom of the calculator screen. When you press ENTER the list of entries in L2 are displayed.  Do not press another ENTER.

8. Press [STO] [L2] followed by [ENTER].  This command names the list that the data will be written to when the program is run.

9. Press [ENTER].

10. Press [QUIT] to leave programming mode.

11. To put the data back into the lists at a later time, press [PRGM] on the calculator.

12. Arrow down to the name of the program storing the data (or type in the number of the program. Press

[ENTER]. The program name will appear. Press [ENTER]. The data appears as a string of numbers. Not all the data will appear on the screen but the data will be placed in the lists. To see the data, press [STAT]. EDIT will be highlighted. Press [ENTER]. Use the arrow keys to see the lists and the data.

19. Empty the beaker. Rinse the beaker and pH probe with distilled water. Return the pH probe to the storage bottle.

20. Repeat the experiment for the weak acid/strong base titration with the following changes:

a. Place 50.0 mL of 0.10 M CH3COOH in a beaker and titrate with 0.20 M NaOH. Use the Manual Entry under the Calibrate Probes menu and enter the slope and intercept for the previous calibration of that probe. Take pH readings every 2 mL up to 20 mL, every 1 mL from 20-30 mL, and every 5 mL from 30-50 mL. Use phenolphthalein as the indicator. 

b. Store the data using the program name AB2. 

c. Record the actual concentrations of the CH3COOH and NaOH solutions.

21. Repeat the experiment with the weak base/strong acid titration with the following changes:

a. Place 50.0 mL of 0.10 M Tris: Tris(hydroxymethyl)aminomethane ((CH2OH)3CNH2) in a beaker and titrate with 0.20 M HCl. Use the Manual Entry under the Calibrate Probes menu and enter the slope and intercept for the previous calibration of that probe. Take pH measurements every 2 mL up until 20 mL, every 1 mL from 20-30 mL, and then every 5 mL from 30-50 mL. Use bromocresol green as the indicator. 

b. Store the data using the program name AB3. 

c. Record the actual concentrations of the TRIS and HCl solutions.

22. After all the titrations are finished, turn off the CBL.

Graphical Analysis Graphs:

1. Strong acid/strong base titration.

a. Label the X-axis, Volume of NaOH, with the units of ml.

b. Label theY-axis column, pH, with the no units.

c. Set the number of decimal places to two.

d. Click on the graph window. Add Connecting Lines under the Graph Menu.

e. Scale both axes from zero.

f. Name the graph and data table as HCl-NaOH Titration.

g. Click on the ZOOM box at the upper right corner of the graph window to enlarge the graph. 

h. Print the graph so that it goes down the page.

2. Name the other graphs, CH3COOH-NaOH Titration and Tris-HCl Titration, respectively.

Calculations:
1. Calculate the molarity of the strong acid using the molarity of the strong base. Estimate graphically the volume of NaOH required to reach a pH of 7 since this is a strong acid-strong base titration and the equivalence point should be at pH 7.

2. Plot titration curves and submit a set of data for the strong acid/strong base, weak acid/strong base, and weak base/strong acid titrations. Indicate the position of the visual endpoint for the indicators for comparison to the titration curve equivalence point. 

3. Use the initial molarities of the weak acid and strong base to calculate the equivalence point volume of the weak acid/strong base titration.

4. Use the initial molarities of the weak base and strong acid to calculate the equivalence point volume of the weak base/strong acid titration.

5. Use the initial pH of the weak acid and weak base solutions to calculate Ka for the weak acid and the Kb for the weak base from this data.

6. Once the equivalence point has been calculated from the known concentrations your acid and base titrants for the weak acid or the weak base, estimate graphically the pH at the half-equivalence point. Calculate Ka for the weak acid and the Kb for the weak base from this data.

7. Estimate graphically the pH at the equivalence point. Calculate Ka for the weak acid and the Kb for the weak base from this data.

8. Average the three values for Ka for the weak acid and the Kb for the weak base and compare average to the accepted value. The Ka for CH3COOH is 1.76 x 10-5. Kb for Tris is 1.20 x 10-6.

Options for further data analysis:

1. The CHEMBIO data collection program contains a sub-program CMBDERIV which allows you to view the first and second derivative plots of the pH-volume data which can be used to determine the equivalence points in the titration curves since the equivalence points are inflection points in the graph.

a. After the pH-volume data has been collected and the volume data is in L1 and the pH data in L2. Select Quit from the CHEMBIO Main Menu. Press [ENTER].
b. Press [PRGM]. Select CMBDERIV. Press [ENTER]. Prgm CMBDERIV appears. 

    Press [ENTER]. A GRAPH menu appears with four options:


1: pH vs VOLUME: plots the original pH vs volume data


2: FIRST DERIV: plots the first derivative (pH/(mL versus volume


3: SECOND DERIV: plots the second derivative (2pH/(2mL versus volume


4. QUIT: returns to the main screen

c. Select FIRST DERIV. Press [ENTER]. Use the arrow keys to locate the maxima, which are the volumes for the equivalence points. Press [ENTER] to return to the Graph menu. A sample graph for the titration of 10 ml approx. 0.10M HCl with approx. 0.100M NaOH appears below.

[image: image1.wmf]
d. Select SECOND DERIV. Press [ENTER]. Use the arrow keys to locate the crossover points, which are the volumes for the equivalence points. Press [ENTER] to return to the Graph menu. A sample graph for the titration of 10 ml approx. 0.10M HCl with approx. 0.100M NaOH appears below.

[image: image2.wmf]
(Experiment 25-Titration of a Diprotic Acid)- from Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995)
e. SelectQuit to return to the regular screen. Press [ENTER].

f. Further information about CMBDERIV is available in Appendix C of Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995

This experiment was adapted from Experiment 24- Acid-Base Titration- from Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995 

Acid-Base Titration Curves

NAME:_____________________________________________ PERIOD:__________

LAB PARTNER:_____________________________________ COURSE:_________

Data Table

Plot your data using Graphical Analysis. Submit the graphs and data tables for all three titrations, being sure to label both axes. Clearly label which titration is on each graph.

HCl-NaOH Titration

	Molarity of NaOH
	

	Volume of NaOH required to reach a pH of 7
	

	Moles of NaOH required to reach a pH of 7
	

	Moles of HCl
	

	Volume of HCl (liters)
	

	Molarity of HCl (experimental)
	

	Molarity of HCl (actual)
	

	% Error
	


CH3COOH-NaOH Titration

	Molarity of CH3COOH
	

	Molarity of NaOH
	

	Volume of NaOH required to reach half-equivalence point
	

	Volume of NaOH required to reach equivalence point
	

	pH at initial point
	

	pH at half-equivalence point
	

	pH at equivalence point
	

	Molarity of the conjugate base (CH3COO-1) at the equivalence point
	

	Ka based on initial point
	

	Ka based on half-equivalence point
	

	Ka based on equivalence point
	

	Average value of Ka
	

	Accepted value of Ka
	

	% Error
	


Tris-HCl Titration

	Molarity of Tris
	

	Molarity of HCl
	

	Volume of HCl required to reach half-equivalence point
	

	Volume of HCl required to reach equivalence point
	

	pH at initial point
	

	pH at half-equivalence point
	

	pH at equivalence point
	

	Molarity of the conjugate acid (TRISH+1) at the equivalence point
	

	Kb based on initial point
	

	Kb based on half-equivalence point
	

	Kb based on equivalence point
	

	Average value of Kb
	

	Accepted value of Kb
	

	% Error
	


Show your calculations on attached sheets. The calculations should show the specific equilibrium setups complete with the initial, change, and equilibrium concentrations.
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