Potentiometeric Titration of a Weak Base

Introduction

In this experiment, your unknown sample containing sodium carbonate, weak dibase, from experiment 2 will be titrated with your standardized HCl solution using a pH electrode to determine the equivalence point and thus the % sodium carbonate in the unknown.  As seen below the base reacts with the acid in steps:  

CO32- + H3O+ ( H2O + HCO3-


HCO3- + H3O+ ( H2O +  H2CO3
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The point labeled ep1 represents the 1st equivalence point, at which the number of mmoles of weak conjugate base1 originally present equals the number of millimoles of strong acid added.  Point A represents the 1st halfway point in the titration. The point labeled ep2 represents the 2nd equivalence point, at which the number of mmoles of weak conjugate base 2 originally present equals the number of millimoles of strong acid added.   Point B represents the 2nd halfway point in the titration.  C is the point at which excess acid has been added.  Note: that the number of millimoles of acid required to reach ep2 should be exactly twice that required to reach ep1. 

The pH electrode and its read-out device give an indication of the amount of H3O+ ion present in aqueous solutions.  The pH meter records the potential of the glass electrode, E, that depends upon the two hydronium ion activities (concentrations):  those outside the glass electrode and those inside the glass electrode;

E = E' - 2.303 RT/ nF * log (a1/a2), 

and for dilute solutions E = E' - 2.303 RT/ nF * log [H1+]/[H2+] 

You may want to read the electrochemistry section of your analytical text and review the theory of ion selective electrodes.

Review of pH Equilibria Calculations 

pH before any acid added:

Principle species:

CO32- + H2O ( OH-  + HCO3-
Kb1

Only CO32- present initially, weak base calculation



Kb =  EQ \f(x2,F–x) 

x =  EQ \r((F)\B(\f(Kw,Ka))) 
provided F-x ≈  F 



Note: F = formality of CO32-


x = [OH–]



pH = 14.00 - pOH

pH after HCl added but before the first equivalence point:

Principle species:

CO32- + H3O+ ( H2O + HCO3-
Treat as a buffer:


Ka2 = Kw / Kb1

pH = pKa2 + log
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pH at the first equivalence point

Principle species:   HCO3-
Because it acts as an amphiprotic substance!
let CO3-2  =  A-2 ;  HCO3- =  HA-


These two Rxns compete with one another

HA-   +   H2O  < = > A- + H3O+             Ka2
HA-    +  H2O <=> H2A+ OH-            Ka1
Use this equation:           [H3O+] = {(Ka2CHA- + Kw) / 1 + C HA-  / Ka1} 1/2  ; 

Note: when  the terms: CHA- / Ka2 >>>>1 and Ka1 CHA- >>>> Kw 

and this simplifies to  [H3O+] = (Ka1 Ka2) 1/2
and   pH =1/2 (pka1 + pKa2 )

pH after the first equivalence point but before the second equivalence point

Principle species:

HCO3- + H3O+ ( H2O +  H2CO3


Treat as a buffer:


Ka1 = Kw / Kb2

pH = pKa1 + log
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pH at the second equivalence point

Principle species: 

H2CO3
 +  H2O ( HCO3- + H3O+ 
Ka1

Treat as weak acid; where x = H3O+ ;   and F = formality of H2CO3
Ka =  EQ \f(x2,F–x) 
 x =  EQ \r((F)(Ka)) 
pH past second equivalence point

Treat as strong acid, remember dilution effects!

pH = -log [H3O+]

[image: image1.png]volume of acid added



By monitoring the change in pH and the amount titrant added for any acid-base titration the data can be used to prepare a graphs and derivative plots in order to determine the end point (equivalence point).  The plots shown below illustrate this:
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Experimental

Supplies

Standardized HCl (from Experiment 2)


400 mL beaker


25 mL buret


magnetic stir bar

Equipment


Corning pH meter (Appendix G)


Stir plate


Analytical weighing balance

Experimental Procedure

1. Use your experiment 2 soda unknown. The sample should be dry.

2. Rinse beakers, electrode, and stirring bar with dI water.

3. Determine how much to weigh for each trial: 

Sample weight of unknown  = M of HCl  X 
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Note: If 18 mL is the buret region you desire the second equivalence point to occur, your molarity is 0.1103 M and your unknown was found to contain 25% Na2CO3, (% calculation determined from experiment 2), then the amount needed for each trial would be:

 Sample weight of unknown  = 0.1103M HCl  X 
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4. Weigh the sample by difference using a weighing boat and transfer into a 250 mL beaker.  As usual record the weight to 0.1 mg.

5. Dissolve the sample in approximately 70 mL of water.

6. Standardize the pH meter and electrode with the pH 7 and pH 4 buffers.  See Appendix G for instructions.

7.
Trial 1

a. Titrate the base potentiometrically with the standardized HCl solution, prepared in Experiment 2.

b. Use a magnetic stirring bar and stirring plate to mix the solution, being sure to allow adequate stirring between additions of titrant, and be careful to avoid breaking the fragile electrodes with the stirring bar (use ring stand and clamp).

c. Mount burette on ring stand, fill with HCl titrant.

d. Dispense 1.0 mL increments of HCl until ~pH = 2.0, finally add 3 mL more using 1.0 mL increments .

e. Record mL titrant added vs. pH in tabular form in notebook.

f. Based on the (pH/(mL change, decide approximate 1st and 2nd equivalence point regions.  Adequate data points in these regions are essential in order to locate both equivalence points precisely in the subsequent trials.

8.
Trials 2-4

a. Repeat steps 1-5, & 7.

b. Dispense 1.0 mL increments of HCl until 2 mL before equivalence point 1 then dropwise until 2 mL past Ep1.  Continue with 1.0 mL increments until 2 mL before equivalence point 2 then dropwise until 2 mL past Ep2.  Add an additional 3.0 mL in 1.0 mL increments past Ep2.

c. Record mL titrant used vs. pH in tabular form in notebook.

d. When finished, rinse and store pH electrodes in pH 7 buffer. 

Data Analysis

1. Identify the equivalence points.  

2. Use a graphing program such as excel to plot your titration curves as described below. 

· Plot pH vs. mL titrant (use columns A&B as shown below) to obtain the titration curve.

· Plot (pH/(mL titrant vs. mL(avg) titrant (use columns E & F) to obtain the first derivative curve, and obtain the endpoints.

· Plot (((pH/(mL) of titrant vs. mL(avg) titrant (use columns G & I) for the second derivative curve.  The endpoints should be similar to those found for the 1st Dervative.
· You can use the excel and spread sheet shown below to generate the 1st and 2nd derivative curves mentioned in the introduction.  This excel spread sheet represents the titration of a weak base.  Note: If we have a dibasic species there would be two end points.
Excel operations for constructing 1st and 2nd derivative curves

	
	A
	B
	C
	D
	E
	F
	G
	H
	I

	
	
	
	=A2-A1
	=B2-B1
	=(A2+A1)/2
	=D1/C1
	=(E1+E2)/2
	=G2-G1
	=(F2-F1)/H1

	
	VHCl
	pH
	( mL
	(pH
	mLavg
	(pH/(mL
	mLavg
	( mL
	(((pH/(mL)/(mL

	1
	107.0
	8.83
	3.0
	-0.04
	108.5
	-0.01
	110.0
	2.5
	-0.004

	2
	110.0
	8.79
	3.0
	-0.07
	111.5
	-0.02
	112.5
	1.5
	-0.071

	3
	113.0
	8.72
	1.0
	-0.13
	113.5
	-0.13
	114.0
	1.0
	-0.370

	4
	114.0
	8.59
	1.0
	-0.50
	114.5
	-0.50
	115.0
	1.0
	0.290

	5
	115.0
	8.09
	1.0
	-0.21
	115.5
	-0.21
	116.0
	1.0
	0.040

	6
	116.0
	7.88
	1.0
	-0.17
	116.5
	-0.17
	117.0
	1.0
	0.030

	7
	117.0
	7.71
	1.0
	-0.14
	117.5
	-0.14
	118.0
	1.0
	0.030

	8
	118.0
	7.57
	1.0
	-0.11
	118.5
	-0.11
	119.0
	1.0
	0.010

	9
	119.0
	7.46
	1.0
	-0.10
	119.5
	-0.10
	120.0
	1.0
	

	10
	120.0
	7.36
	1.0
	-0.24
	120.5
	-0.24
	121.0
	
	

	11
	121.0
	7.12
	1.0
	-0.20
	121.5
	-0.20
	
	
	

	
	122.0
	6.92
	
	
	
	
	
	
	


3. Make a print out of the data and graphs for each of the steps described above.
4. Attach copies of the graphs and the data table for the trial that you reported on the web submission page to your prelab report.
5. From the titration curves, find pKa's and write the relevant equation at each.

6. From the endpoint determination using the 1st and 2nd derivative and mass of unknown, calculate the % sodium carbonate of unknown.  You probably should omit the first titration data in this calculation, check with the TA.
% Na2CO3 = # mL of HCl  X molarity of HCl  X  
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Questions 

1. Using % sodium carbonate determined in this experiment and the % sodium carbonate found in experiment 2 compare your results using the t-test at the 95% CI.  Report this on the web data submission.

2. Why would you use the derivative plots for determining the equivalence point rather than the normal titration plot? Discuss.

3. During the titration process what and where are the buffer region(s)?  Indicate the location of the buffer region on your titration curves and discuss why this is called the buffer region.  For a discussion of buffers and the buffer region, see the Harris text, Ch. 10, pp. 165-175.

4. What is the difference between an endpoint and equivalence point?  What is indicator error and at what point in this experiment is it important? 
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Sheet1

		See Harris, "Exploring Chemical Analysis" , p196 on reserve in Williams

		Using Excel

						A2-A1		B2-B1		(A2+A1)/2		D1/C1		H2-H1		(E1+E2)/2		(F2-F1)/G1						8.83

		Vb		pH		d mL		d pH		mLavg		dpH/dmL		dmL		mLavg		d(dph/dml)/dmL						8.79

		107		8.83		3		-0.036		108.5		-0.012		2.5		110		-0.005						8.72

		110		8.79		3		-0.074		111.5		-0.025		1.5		112.5		-0.070						8.59

		113		8.72		1		-0.13		113.5		-0.130		1		114		-0.370						8.09

		114		8.59		1		-0.5		114.5		-0.500		1		115		0.288						7.88

		115		8.09		1		-0.212		115.5		-0.212		1		116		0.039						7.71

		116		7.88		1		-0.173		116.5		-0.173		1		117		0.037						7.57

		117		7.71		1		-0.136		117.5		-0.136		1		118		0.024						7.46

		118		7.57		1		-0.112		118.5		-0.112		1		119		0.014						7.36

		119		7.46		1		-0.098		119.5		-0.098		1		120		-0.144						7.12

		120		7.36		1		-0.242		120.5		-0.242		1		121								6.92

		121		7.12		1		-0.196		121.5		-0.196

		122		6.92
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						A2-A1		B2-B1		(A2+A1)/2		D1/C1		H2-H1		(E1+E2)/2		(F2-F1)/G1

		Vb		pH		d mL		d pH		mLavg		dpH/dmL		dmL		mLavg		d(dph/dml)/dmL

		107.0		8.83		3.0		-0.04		108.5		-0.01		2.50		110.0		-0.01

		110.0		8.79		3.0		-0.07		111.5		-0.02		1.50		112.5		-0.07

		113.0		8.72		1.0		-0.13		113.5		-0.13		1.00		114.0		-0.37

		114.0		8.59		1.0		-0.50		114.5		-0.50		1.00		115.0		0.29
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		118.0		7.57		1.0		-0.11		118.5		-0.11		1.00		119.0		0.01

		119.0		7.46		1.0		-0.10		119.5		-0.10		1.00		120.0		-0.14

		120.0		7.36		1.0		-0.24		120.5		-0.24		1.00		121.0

		121.0		7.12		1.0		-0.20		121.5		-0.20
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		107		8.83		3		-0.036		108.5		-0.012		2.5		110		-0.005						8.72

		110		8.79		3		-0.074		111.5		-0.025		1.5		112.5		-0.070						8.59

		113		8.72		1		-0.13		113.5		-0.130		1		114		-0.370						8.09

		114		8.59		1		-0.5		114.5		-0.500		1		115		0.288						7.88

		115		8.09		1		-0.212		115.5		-0.212		1		116		0.039						7.71
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