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Determination of the pKa of an pH Indicator

(Two week lab / 1 Report)

OBJECTIVE: Use visible spectroscopy with Beer’s Law and the Henderson-Hasselbalch equation to determine the pKa of an unknown pH indicator.

BACKGROUND:

A pH indicator is a weak acid with an equilibrium between its acidic form (HIn) and its basic form (In-):

	HIn  ↔
	H+  + In-

	Acidic color
	Basic color



K = [H + ][In - ] a [HIn]

The equilibrium can also be expressed in the general form of the Henderson-Hasselbalch equation:

pH = pKa  + log [In- ]
[HIn]

Rearrangement of the Henderson-Hasselbalch Equation gives the form of a straight line with a slope of 1 and a y-intercept equal to pKa:
[In−]
pH = Log [HIn] + pKa

A series of buffers containing the unknown indicator will be prepared. The ratio of [[HInIn−]] in


each buffer will depend on the pH of each buffer. The pH of each solution will be determined with a pH meter. The concentration of In- and HIn will be determined with a visible spectrometer and the application of Beer’s law.

A plot of pH vs Log [[HInIn−]] produces a straight line with a y-intercept equal to the pKa of the unknown indicator.
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WEEK 1 of 2

PROCEDURE 1: Determine which form of the indicator (ACID or BASE) to work with.

1. Equipment:

· 1 mL disposable pipet

· 5 mL disposable pipet

· Pipet pumps (1 blue and 1 green)

· 2 small test tubes

· Test tube rack

· 3 Plastic Cuvettes

2. Set up a Spectronic200 visual spectrometer.

a. Turn on the Spec200 and allow it to warm up for at least 10 minutes.

b. After the warm up period, set up the Spec200 to scan from 400 to 700 nm.

c. Zero the Spec200, using DI water in a plastic cuvette as the blank.

3. Prepare acid and base forms of the indicator:

a. Label a small test tube “A” (for the acid form of the indicator), and fill it with 1 mL of stock unknown indicator solution plus 5 ml of 0.10 M HCl. Mix well and record the color in Table 1.

b. Label a small test tube “B” (for the base form of the indicator), and fill it with 1 mL of unknown indicator solution plus 5 ml of 0.10 M NaOH. Mix well and record the color in Table 1.

4. Transfer A and B into corresponding plastic cuvettes and scan each from 400 to 700 nm. Record the wavelength and absorbance at λmax for each form of the indicator in Table 1. Identify the form of the indicator that absorbs more intensely (ACID or BASE), and proceed accordingly. Check with your instructor to verify your findings.

Table 1 - λmax data for the unknown pH indicator in its acid form and base form.


Observed color	λmax			Absorbance @ λmax

(nm)

Acid form, HIn		pink			520 nm		0.50

Base form, In-		 Yellow			447nm			0.18	
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PROCEDURE 2: Make a Beer’s Law plot of the indicator in its (ACID or BASE) form

Equipment:

· 5 mL volumetric pipet

· 10 mL volumetric pipet

· Pipet pumps (green and blue)

· (5) scintillation vials

· (6) Cuvettes

1. Label 5 scintillation vials (#1-5)

2. If working with the acid form, add 5 mL of 0.1M HCl to each of the 5 test tubes.

OR

If working with the base form, add 5 mL of 0.1M NaOH to each of the 5 test tubes.

3. Add 5 mL of stock indicator solution to #1 and mix well.

4. Transfer 5 mL of solution from #1 to #2 and mix well.

5. Transfer 5 mL of solution from #2 to #3 and mix well.

6. Transfer 5 mL of solution from #3 to #4 and mix well.

7. Transfer 5 mL of solution from #4 to #5 and mix well.

8. Calculate and record the concentration of unknown indicator in each of the 5 test tubes (Table 2). Note: The concentration of the stock indicator solution is 8.0x10-5M.

9. Use eyedroppers to transfer solution from each of the 5 test tubes into cuvettes.

10. Measure and record the absorbance of each solution at the λmax for the form of the indicator solution you are working with (Table 2).
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	Table 2 Example Absorbance vs concentration data for the Beer’s law plot (Figure 1).

	
	
	
	

	
	#
	[HIn] if working with the acid form
	Absorbance @ λmax (__518___nm)

	
	
	OR
	

	
	
	[In-] if working with the base form
	

	
	1
	4.0x10-5
	1.64  

	
	2
	2.0x10-5
	0.88

	
	3
	1.0x10-5
	0.45

	
	4
	0.5x10-5
	0.23

	
	5
	0.25x10-5
	0.12

	
	Blank
	0
	0

	
	
	
	






11. Create a “Beer’s Law Plot” from # 2-5 and the blank (omit #1 from the plot). Since the

instrument was blanked, the origin (0,0) is included in the data series, and weighs into the generation of the trend line. However, the y-intercept should not be forced through (0,0). From the trend line equation, slope = εb = 89733 M-1.


Beer-Lambert Law for HIn









	Absorbance (A)
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[image: ][image: ]
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Figure 1 – Beer’s Law Plot for the acid form of the indicator. Note relatively small y-intercept in the trend line equation. This is a result of the standard error in the slope and intercept of the trend line equation.
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WEEK 2 of 2

PROCEDURE 3: Make a rough estimate of the pKa of the unknown indicator

1. Equipment:

· pH meter and pH probe

· magnetic stir bar

· magnetic stir plate

· 250 mL beaker

· (2) disposable plastic eyedroppers

· (2) large test tubes

· Test tube rack

2. Calibrate the pH meter

3. To a 250-mL beaker, add:

a. about 100 mL of DI water

b. 1 full squirt of unknown indicator stock solution

c. a magnetic stir bar.

4. Place the 250 mL beaker and its solution on the stir plate, and immerse the pH probe into the solution. Adjust the set up so that the stir bar is spinning at a moderate speed and not banging into the pH probe.

5. Set up 2 large test tubes with acid and base as follows:

a. Test tube “A”, for Acid. Filled about 2/3 full with 0.1 M HCI

b. Test tube “B”, for Base. Filled about 2/3 full with 0.1 M NaOH

(SAVE any leftover A and B, for later use in PROCEDURE 4)

6. If the solution is the color of the acid form of the indicator, add just enough drops of “B” to change the color to the base form. Then, record the pH in Table 3.
7. If the solution is the color of the base form of the indicator, add just enough drops of “A” to change the color to the acid form. Then, record the pH.
8. Continue the process, toggling the solution color back and forth between the acid and base color and recording the pH at each color change in Table 3.
9. Repeat the back and forth process for 6 pH readings for the acid form and 6 for the base form. Try not to overshoot. It’s like a titration, but not as precise.
10. Calculate the average of all 12 pH measurements for a rough estimate of the pKa of the unknown indicator. (Table 3)
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	Table 3 – pH data for the estimation of pKa

	
	
	
	

	#
	pH @ the visible threshold
	pH @ the visible threshold of
	

	
	of the acid color
	the base color
	

	1
	Pink       3.79
	6.75
	

	2
	Pink     3.95
	6.21
	

	3
	Pink     3.87
	5.74
	

	4
	Pink    4.16
	5.63
	

	5
	Pink   4.27
	5.72
	

	6
	Pink   4.81
	6.04
	

	                               4.14                                  6.02

Average pH = ______5.08_____ = Estimated pKa



Check with your instructor to verify your estimated pKa.



Note: For the human eye to detect one color dominating the other, scientists have determined that the concentration of one form must be about ten times larger than the other. To detect the basic color, the ratio of [In-] to [HIn] must be 10 to 1 or larger. To detect the acidic color, [In- ]/[HIn] must be 0.1 or smaller.

If we substitute the minimum ratio necessary to see the basic color (10 to 1), we get pH = pKa + 1

If we substitute the maximum ratio necessary to see the basic color (1 to 10), we get pH = pKa – 1

Putting these two results together, we realize that the range where the indicator is changing from one color to the other is

pH = pKa ± 1

Thus, an indicator undergoes a visible color change over a pH range of about 2 units.

Furthermore, the pKa of the indicator is approximately in the middle of that pH range.
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PROCEDURE 4: Prepare an incremental series of buffers of known pH.

1. Equipment Needed:

· pH meter and pH probe

· 10 mL pipet

· (9) large test tubes

· 250 mL beaker

2. The solutions of weak acids, weak bases and salts from the Acid-Base Equilibria lab are still available. Select a solution that has a calculated pH that is close to the estimated pKa of the unknown indicator. Check with your instructor to verify your selection.

3. Label 7 large test tubes ( #1-7)

4. Calibrate the pH meter

5. To a 250-mL beaker, add:

a. about 100 mL of the selected solution (from Step 1)

b. a magnetic stir bar.

6. Place the beaker and its contents on the stir plate. Immerse the pH probe in the solution in the beaker. Adjust the set up so that the stir bar is spinning at a moderate speed and not banging into the pH probe.

7. Set up 2 large test tubes with acid and base as follows:

a. Test tube “A”, for Acid. Filled about 2/3 full with 0.1 M HCI

b. Test tube “B”, for Base. Filled about 2/3 full with 0.1 M NaOH

8. Make dropwise additions of A or B to adjust the pH of the solution to be approximately equal to the estimated pKa of the indicator. Record the actual pH (Table 4, C1)


9. Transfer 10 mL of the pH-adjusted solution into Test Tube #1 (the 1st buffer in the series)
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10. If working with the acid form,

a. Adjust the pH of the remaining solution left in the beaker downward by approximately 0.2 pH units. Record the actual pH (Table 4, C1)

b. transfer 10 mL of the pH-adjusted solution into Test Tube #2 (the 2nd buffer)

c. continue for a total of 7 buffers in the series

OR

11. If working with the base form,

a. Adjust the pH of the remaining solution left in the beaker upward by approximately 0.2 pH units. Record the actual pH (Table 4, C1)

b. transfer 10 mL of the pH-adjusted solution into Test Tube #2 (the 2nd buffer)

c. Continue for a total of 7 buffers in the series.
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PROCEDURE 5: Create a Henderson Hasselbalch Plot.

1. Equipment Needed:

· Spectronic200 visible spectrometer

· 1 mL pipet

2. Add 1 mL of the stock indicator solution to each of the 7 buffers (Test Tubes 1-7) and mix well.

3. Complete Table 4 and create a Henderson-Hasselbalch Plot.

a. C1: The measured pH of each buffer solution, using a pH meter.

b. C2: The measured absorbance of each solution, using the Spec200 at λmax.

c. C3: The formal concentration of HIn in each solution, = (1/11)·M stock

d. C4 & C5:

i. If working with the ACID form, C4 = A/slope and C5 = C3 – C4.

ii. If working with the BASE form, C5 = A/slope and C4 = C3 – C5.

Note: “Slope” is the slope of the Beer’s Law plot (Figure 1)

e.	C6 and C7: Do the arithmetic …


Table 4: Henderson- Hasselbalch Plot Data.

	
	
	C1
	C2
	C3
	C4
	C5
	C6
	
	C7
	

	
	
	
	
	
	
	
	
	

	Test
	Actual pH
	A
	[HIn]
	[Hln]
	[In-]
	[In-]/[Hln]
	log ([In-]/[Hln])
	

	tube
	
	y-axis
	
	
	(F)
	(M)
	(M)
	
	
	x-axis
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	
	5.02
	0.08
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	2
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	5
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	6
	
	
	4.78
	0.08
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	4.61
	0.03
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	



With Acid form.
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4.	Create a Henderson Hasselbalch Plot, using the data from Table 4.
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Figure 2 Example of a Henderson Hasselbalch Plot. λmax = ______nm. pKa = y-intercept =

_______.
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