Determination of the Ka for a Weak Monoprotic Acid
Name:________________________________________________________________ Period:_____

Prelab

For the titration of 50.0 ml of 0.100M acetic acid, CH3COOH, with 0.200M NaOH, using a Ka of 1.76 x 10-5 

CH3COOH(aq)  +  H2O(l) ( H3O+(aq) + CH3COO-(aq) 
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a) Calculate the equivalence point volume for this titration. Show your calculations.
b) Calculate the initial pH of the acid solution before any NaOH solution has been added. Show your equilibrium chart with initial, change, and equilibrium concentrations. Show your calculations.
c) Calculate the pH of the acid solution half way to the equivalence point. Show your equilibrium chart with initial, change, and equilibrium concentrations. Show your calculations.
d) Calculate the pH at the equivalence point. Show your equilibrium chart with initial, change, and equilibrium concentrations. Show your calculations.
e) Calculate the pH 15.00 mL beyond the equivalence point. Show your calculations.
f) How are the endpoint and the equivalence point in an acid base titration similar and different?

Determination of the Ka for a Weak Monoprotic Acid
Abstract: A solution of sodium hydroxide, a strong base, will be used as the titrant to generate a pH titration curve for an unknown monoprotic acid. Measurement of the pH as the titration proceeds will be done using a CBL, ChemBio, a combination pH electrode, and a TI graphing calculator. The initial acid concentration and the pH at the initial point, half-equivalence point, and equivalence point will allow the calculation of values of the Ka for the acid. A plot of pH versus volume of NaOH solution added will be used to determine the pKa of acid. 

Objective The pKa of an unidentified acid will be graphically determined using titration data and the Ka for the acid determined from the titration curve and from initial molarity and pH.

Introduction: According to the Bronsted-Lowrey acid-base theory, the strength of an acid is related to its ability to donate protons. All acid-base reactions are then competitions between bases of various strengths for these protons. For example, the strong acid HCl reacts with water according to the equation:

HC1(aq) + H2O(1) ( H3O+(aq) + Cl-(aq)
HCl is a strong acid and is completely ionized, in other words, 100 percent ionized in dilute solution. Consequently, the [H3O+] of 0.1 M HCl is 0.1 M. The HCl is a stronger acid than

water and donates a proton to water to form H3O+ .

By contrast, acetic acid, CH3COOH, is a weak acid and is only slight1y dissociated, as shown in the equation:

CH3COOH (aq)   +    H2O(1)   (  H3O+(aq)   +   CH3COO-(aq)
Its acid ionization constant, as shown below, is therefore small:
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Acetic acid only partially dissociates in aqueous solution, and an appreciable quantity of un-ionized acetic acid remains in solution.


For the general weak monoprotic acid HA, the ionization reaction and ionization constant-expression are

HA(aq) + H2O(1) ( H3O+(aq) + A- (aq)

[image: image3.wmf][

]

3

a

HOA

K

HA

+-

=

éùéù

ëûëû


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 (aq)  (  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 for the neutralization reaction:

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 NaOH added equals the number of moles of HA. The moles of HA have been completely converted to A-1, the conjugate base. 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:




Remember that the Kb for a conjugate base equals Kw/Ka, where Ka is the ionization constant for the weak acid the produced the conjugate base.
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The [A-1] is calculated from the initial moles of HA and the total volume of the reaction mixture at the equivalence point. At the equivalence point, [OH-] = [HA]. The pH of the solution at the equivalence gives the [H3O+1] and the [OH-1] by using 

Kw = [H3O+1] [OH-1] = 1.00 X 10-14
The [OH-], [HA], and [A-1] are known so Kb can be calculated and used to calculate Ka.

By titrating a weak acid with a strong base and graphing the pH versus volume of base added, we can determine the ionization constant of the weak acid, as follows.  From the sample titration curve in Figure 1, we see that at the point denoted as the half equivalence point, where

[HA] = [A-], pH = pKa, the pH is 4.30. If pKa = 4.30, -logKa = 4.30, log Ka = -4.30, Ka = 10-4.30 = 5.0x10-5.
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If exactly equivalent amounts of acid or base are used so that neither reactant is present in excess the solution is said to be at the equivalence point. If only monoprotic acids and bases are used(those that furnish or react with one H+ per molecule), then at the equivalence point the number of moles of acid equal the number of moles of base (moles acid = moles base). The equivalence point may be determined using a potentiometric (voltage) measurement with a CBL and pH probe or a pH meter. 

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. The pH at which the indicator changes color is referred to as the endpoint. The endpoint occurs when all the acid has been neutralized and the solution composition changes suddenly from excess acid to excess base. 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. The pH changes rapidly around the equivalence point so the use of a visual indicator generally introduces a very small error.
When a base is added to an indicator, the hydroxide ions react with the molecules of indicator and form indicator ions. The indicator equilibrium below shifts to the right.

OH-   +   HIn     (  In-    + H2O

When acid is added to the indicator the indicator equilibrium shifts to the left.  

H+  +  In -   (   HIn
Because the In- and HIn have different colors we can see this change. The indicator will change close to the point where the pH equals the pKa of indicator. Since different indicators have different Ka values they changes colors at different [H3O+], and they can be used to indicate the hydronium ion concentration in a solution.  A single indicator will tell us only whether the [H3O+] is greater than, less than, or about the same as its Ka value.  You select the indicator according to the pH where you would like to see a color change.  For example, phenolphthalein has a pKa of 9.2.  We would expect to see a color change in a solution having a pH of about 9.

 


Procedure: To measure the pH during the course of the titration, we will use a TI graphing calculator, a CBL, ChemBio, and a combination pH electrode. The combination electrode has both a sensing and reference electrode in one unit. The reference electrode develops a known voltage independent of the solution it is placed in, whereas the sensing component measures the solution volatge by allowing H3O+ ions to pass through or permeate a glass membrane. Comparison of the voltage difference between the electrodes, which is a function of the [H3O+] ions present in the solution, allows a relative measurement of pH.

Buffer solutions, which are less sensitive to contamination and resultant changes in pH, are used to calibrate the pH electrodes prior to the measurement. Use two buffer solutions to calibrate the CBL, one with a pH of 4 and another with a pH of 10. 

Important Note:

Using the initial volume and molarity of the weak acid and the molarity of the 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. Check your equivalence point and half-equivalence point volumes with your instructor before you start the titrations.

Set up the calculator and CBL for pH measurement:

1. Connect the CBL unit to the TI-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 [APPS] on the TI-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. [Approximate values you performed the calibration correctly and the electrode is functioning properly: slope: -4.00; Intercept: 12.351] Record these values in your lab notebook. If you have a problem in the data collection, you can use 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. 

Preparation of the buret and sample:
1. Use a pipet and bulb to pipet 50.00 mL of the weak acid solution into a clean 150-mL beaker. Add a small magnetic stir bar. Add 3-4 drops of phenolphtalein as the indicator.

2. 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.

3. Record the actual concentration of the weak acid and the NaOH solution.

Collection of pH Data:

1. Place the beaker with the acid 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 150

   ml 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. Position the tip of the buret so that it delivers NaOH 

   into the beaker but does not get splashed with the solution in the beaker.

2. Turn on the magnetic stirrer and stir the solution at a moderate rate but not so fast that it forms a vortex

    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 prompting you to 

     enter the amount, in mL, of NaOH you have added to the acid in the beaker. You have NOT yet 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 2.00 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 (2.00 mL)

     which should be the buret reading. If you accidentally add more than 2.00 ml of NaOH, enter the

     actual buret reading (ie. 2.10 ml).

12. You should now be back to the Data Collection menu. Select: MORE DATA. Press [ENTER].

13. Repeat Steps 8-12, collecting pH readings every 2 mL up to 20 mL, every 1 mL from 20-30 mL, and every 5 mL from 30-50 mL. Be sure to also collect data at the volumes you calculated for the half-equivalence point and the equivalence point Record the approximate volume where the phenolphthalein changes color. 

14. Select: Stop and Graph (a graph should appear). Sketch the graph below. Press [ENTER]. 





15. Select: [NO] for repeating the experiment. Press [ENTER]. This should return you to the Main Menu.

16. Select: Quit to exit the program. Press [ENTER]. Store data to a program before

performing any calculations.
Graphical Analysis Graphs:

1. Weak 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 HA-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.

Calculations:

1. Plot a titration curve and submit a set of data for the weak acid/strong base titration. Indicate the position of the visual endpoint for the indicator for comparison to the titration curve equivalence point. 

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

3. Use the initial pH of the weak acid solution to calculate the Ka for the weak acid.

4. Once the equivalence point has been calculated use the pH at the half-equivalence point and equivalence point to calculate the Ka for the weak acid.

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.

13.  Empty the beaker. Rinse the beaker and pH probe with distilled water. Place the electrode back in the storage bottle. 
If you are instructed to perform additional trials:

14.  Repeat the experiment with the following changes for Trial 2.

       a. Select Used Stored from the Calibration Menu.

       b. Store the data from Trial 2 using the program name AB2. 

       c. Have the data from L1 written to L3 and the data from L2 to L4.

15. Repeat the experiment with the following changes for Trial 3.

      a. Select Used Stored from the Calibration Menu.

      b. Store the data from Trial 3 using the program name AB3. 

      c. Have the data from L1 written to L5 and the data from L2 to L6.

16. After all the trials are finished, rinse the pH probe with distilled water and return it to the storage bottle. Turn off the CBL.

Determination of the Ka for a Weak Monoprotic Acid
Name:_____________________________________________________ Period:___________

Lab Partner:________________________________________________ Course:___________

Data Table

Plot your data using Graphical Analysis. Submit the graph and data table. Label both axes. 

	Molarity of weak acid
	

	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 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
	


Show your calculations for the values of Ka at the initial point, half-equivalence point, and equivalence point. The calculations should show the specific equilibrium setups complete with the initial, change, and equilibrium concentrations.




Figure 1. Titration Curve for the Titration of the Weak Acid, HA, with a strong base, NaOH.
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1174 -783 2269 -1616
0 0 6772 5718
14 0
MOL 8
1 C 1 C   4.9125004  -4.1475000   0.0000000  C:2 C:6/2
1 C 2 C   5.3925004  -4.9162502   0.0000000  C:1 C:3/2
1 C 3 C   6.3000002  -4.8862500   0.0000000  C:2/2 C:4
1 C 4 C   6.7237501  -4.0837502   0.0000000  C:3 C:5/2 C:7
1 C 5 C   6.2437501  -3.3150001   0.0000000  C:4/2 C:6
1 C 6 C   5.3400002  -3.3487501   0.0000000  C:5 C:1/2 C:8
1 C 7 C   7.5525002  -4.1025000   0.0000000  C:4
1 C 8 C   4.8637500  -2.6625001   0.0000000  C:6
1 0
2 0
3 0
4 0
5 0
6 0
7 0
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1
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14 0
0
OH
 2 2
3 1497 -960
end
1
2223 -1248 2367 -1490
2226 -1369 -26032 531
14 0
0
C
 1
2
2298 -757 3445 -1399
0 0 -26032 -1
14 0
MOL 8
1 C 1 C   9.0862503  -3.4762502   0.0000000  C:2 C:3 C:7/2
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1 C 3 C   9.7575006  -3.7162502   0.0000000  C:1 C:4/2
1 C 4 C  10.3012505  -3.2550001   0.0000000  C:3/2 C:5
1 C 5 C  10.1737499  -2.5537500   0.0000000  C:4 C:6/2 C:8
1 C 6 C   9.5025005  -2.3137500   0.0000000  C:5/2 C:7
1 C 7 C   8.9587507  -2.7750001   0.0000000  C:6 C:1/2
1 C 8 C  10.9575005  -2.5650001   0.0000000  C:5
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3 0
4 0
5 0
6 0
7 0
8 1
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3007 -813 3390 -1055
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14 0
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OH
 2 2
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end
2
2273 -1390 3049 -2096
0 0 27140 -18432
14 0
MOL 8
1 C 1 C   8.2725000  -5.2537503   0.0000000  C:2 C:3 C:7/2
1 C 2 C   7.9837503  -4.4850001   0.0000000  C:1
1 C 3 C   8.0775003  -6.1162500   0.0000000  C:1 C:4/2
1 C 4 C   8.7262506  -6.7162504   0.0000000  C:3/2 C:5
1 C 5 C   9.5700006  -6.4537501   0.0000000  C:4 C:6/2
1 C 6 C   9.7650003  -5.5912504   0.0000000  C:5/2 C:7 C:8
1 C 7 C   9.1162500  -4.9912500   0.0000000  C:6 C:1/2
1 C 8 C  10.4775000  -5.3475003   0.0000000  C:6
1 0
2 0
3 0
4 0
5 0
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end
2
2311 -1339 2716 -1475
0 0 17487 -177
14 0
MOL 2
1 C 1 C   9.2287502  -4.3875003   0.0000000  C:2
1 C 2 C   8.1262503  -4.2937503   0.0000000  C:1
1 0
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end
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end
1
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2
3849 -756 4792 -1589
0 0 6772 5718
14 0
MOL 8
1 C 1 C  14.3775005  -4.0425000   0.0000000  C:2 C:6/2
1 C 2 C  14.8575010  -4.8150001   0.0000000  C:1 C:3/2
1 C 3 C  15.7612505  -4.7812500   0.0000000  C:2/2 C:4
1 C 4 C  16.1850014  -3.9825001   0.0000000  C:3 C:5/2 C:7/2
1 C 5 C  15.7050009  -3.2100000   0.0000000  C:4/2 C:6
1 C 6 C  14.8012505  -3.2437501   0.0000000  C:5 C:1/2 C:8
1 C 7 C  17.0137501  -3.9975002   0.0000000  C:4/2
1 C 8 C  14.3250008  -2.5612502   0.0000000  C:6
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 1
1
3905 -812 4135 -1054
3943 -933 1938 12687
14 0
0
O
 1
3 4020 -933
end
1
4747 -1221 4891 -1463
4750 -1342 -26032 531
14 0
0
C
 3
2
4822 -729 5969 -1371
0 0 -26032 -1
14 0
MOL 8
1 C 1 C  18.5475006  -3.3750002   0.0000000  C:2 C:3 C:7/2
1 C 2 C  17.5425014  -3.9975002   0.0000000  C:1
1 C 3 C  19.2224998  -3.6150002   0.0000000  C:1 C:4/2
1 C 4 C  19.7662506  -3.1500001   0.0000000  C:3/2 C:5
1 C 5 C  19.6350002  -2.4487500   0.0000000  C:4 C:6/2 C:8
1 C 6 C  18.9675007  -2.2087500   0.0000000  C:5/2 C:7
1 C 7 C  18.4237499  -2.6700001   0.0000000  C:6 C:1/2
1 C 8 C  20.4225006  -2.4600000   0.0000000  C:5
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 1
1
5531 -785 5914 -1027
5569 -906 1238 12687
14 0
0
OH
 1 1
1 5646 -906
end
2
4797 -1362 5572 -2069
0 0 27140 -18432
14 0
MOL 8
1 C 1 C  17.7337513  -5.1525002   0.0000000  C:2 C:3 C:7/2
1 C 2 C  17.4487514  -4.3800001   0.0000000  C:1
1 C 3 C  17.5425014  -6.0112500   0.0000000  C:1 C:4/2
1 C 4 C  18.1912498  -6.6150002   0.0000000  C:3/2 C:5
1 C 5 C  19.0349998  -6.3487501   0.0000000  C:4 C:6/2
1 C 6 C  19.2262516  -5.4900002   0.0000000  C:5/2 C:7 C:8
1 C 7 C  18.5775013  -4.8862500   0.0000000  C:6 C:1/2
1 C 8 C  19.9387512  -5.2462502   0.0000000  C:6
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
end
1
5528 -1477 5915 -1761
5531 -1598 20479 -1
14 0
0
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14 0
0
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2
3975 -953 4288 -1245
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14 0
MOL 2
1 C 1 C  15.0375004  -3.5250001   0.0000000  C:2/2
1 C 2 C  14.3662510  -2.9475002   0.0000000  C:1/2
1 0
2 0
end
1
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