 SEQ CHAPTER \h \r 1
CALCULATIONS
ELECTROANALYTICAL  CHEMISTRY

pH  TITRATION  OF  AN  UNKNOWN  WEAK  ACID

For your Lab Calculations:
1. Plot titration curves for all three accurate trials
      (1)  pH  vs  volume NaOH (mL) added

      (2)  {(pH) / (mL)}  vs  volume NaOH (mL) added

      (3) plot curves (1) and (2) on one graph
           example:    mL        pH        (pH)     (mL)    (pH) / (mL) 

                            16.10     4.73

                                                        0.06         0.03               2

                            16.13     4.79

                                                        0.04         0.04               1

                            16.17     4.83  

2. From the titration curves, calculate the equivalence point volume (VOH-) (where (pH) / (mL) is a maximum) and use this to determine the equivalent weight for your weak acid.

                  gramsacid                 grams


               ----------------   =    ---------------

                (MOH-) (VOH-)         equivalent

Use your molarity of your NaOH that you calculated in the KHP lab!!!!!
3. Decide whether your unknown is mono-, di- or triprotic.  This is not as simple as it seems.  Just because the titration curve doesn't show two inflection points doesn't mean that the acid is monoprotic (but if two inflection points are present, the acid is at least diprotic).  

If the titration curve has only one inflection point then it is probably monoprotic, calculate Ka from the data at ¼,   ½,   and   ¾  the volume to the endpoint.  For example :

            At ¼ the volume to equivalence (25 % ionized!!!)

                      A. Use the derivative titration curve to determine the equivalence point volume.

                      B. Evaluate H+ (from pH) at a volume equal to the eq point volume divided by 4.

                      C. Calculate Ka at this point: Note that [A-] = 0.25[HA] in the following equation
Ka  =  
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Do also for ½ and ¾ .  If the three values for Ka are within a 4-fold range of each other, the acid is probably monoprotic.  To make sure, continue on with the calculations.  The next two steps will help you decide.

TO CONFIRM THAT IT IS or IS NOT MONOPROTIC – DO THE NEXT STEPS!!

4. Use the titration curves to determine the Ka (or Ka's) for your unknown.  Since you can not be completely sure if the unknown is mono-, di- or triprotic, it is wise to calculate the Ka (or Ka's) for each of the three cases.  
    The ionization constants are best determined midway between successive inflection points, in the region of maximum buffer capacity for a particular acid / conjugate base pair.  When the ratio of a particular acid / conjugate base pair is 1:1 then Ka = [H+] or pKa = pH.  Make a table showing your experimental Ka's for each of the three cases.

     NOTE: See the graphs at the end of the lab for a detailed analysis of the mono-,  di-  and  triprotic cases.

CAUTION: The approximation that  [acid] = [conj base]  halfway to the equivalence point is only true for weak acids.  If the acid is not weak, its Ka must be calculated using your solution concentration and the pH.

5. Use your equivalent weight and the pKa's to select your unknown acid from the list of possibilities in the table at the end of the lab.  You should check all three possibilities (mono-, di- and triprotic) for a potential match.  In your report, list the unknown acids which are close to your results.  Justify the selection of your final choice.

NOTE: At this point it still may be difficult to distinguish between two different possibilities.  In this case it is necessary to perform an additional test such as checking a melting point or doing a simple flame test (to distinguish between the Na and K salts).

6. Using the molecular weight of the acid which you have just chosen and the INITIAL pH,                calculate Ka (or Ka1).  Is this calculated Ka value close to the expected value?
M = [unknown acid] = 
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                                                  HA   +   H2O            H3O+   +   A-
                   Initial conditions:         M

                  Change:                         -x                             +x           +x

                   Equilibrium:               M-x                            +x           +x

                   Where x can be determined from the initial pH, and then Ka is: 

Ka = 
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7. Use the computer spreadsheet online for the mono, di, and tri (depending on what you choose), your proposed Ka and your initial molarity to generate a titration curve.  Compare the computer curve with your experimental curve.  Turn your computer titration curve in with your report.

TABLE OF UNKNOWN ACIDS
	
	UNKNOWN ACID
	MOL WT
	EQ WT
	pKa

	A
	adipic acid

HOOC-(CH2)4-COOH
	146.1
	73.0
	4.40,    5.40

	B
	benzoic acid

C6H5-COOH
	122.1
	122.1
	4.20

	C
	citric acid                                                  SEQ CHAPTER \h \r 1HOOC-CH2-C(OH)(COOH)-CH2-COOH   H2O
HOOC-CH2-C(OH)(COOH)-CH2-COOH
	210.1
	70.0
	3.13,   4.76,   6.40

	D
	fumaric acid

HOOC-CH=CH-COOH (trans)
	116.1
	58.0
	3.02,    4.39

	E
	malic acid

HOOC-CH(OH)-CH2-COOH
	 134.1
	67.0
	3.40,    5.11

	F
	maleic acid

HOOC-CH=CH-COOH (cis)
	116.1
	58.0
	1.83,    6.59

	G
	malonic acid

HOOC-CH2-COOH
	104.1
	52.0
	2.80,    6.10

	H
	oxalic acid

HOOC-COOH  2H2O
	126.1
	63.0
	1.21,    4.22

	I
	potassium biphthalate

HOOC-C6H4-COOK
	204.2
	204.2
	(2.89),    5.41

	J
	salicylic acid

C6H4(OH)(COOH)
	138.1
	138.1
	2.98

	K
	sodium bitartrate                                             HOOC-(CHOH)2-COONa  H2O
	190.1
	190.1
	(3.03),    4.54

	L
	succinic acid

HOOC-CH2CH2-COOH
	118.1
	59.0
	4.10,    5.40

	M
	tartaric acid

HOOC-(CHOH)2-COOH
	150.9
	75.4
	3.03,    4.54


In Determining Molecular Weights
You are given Y grams of an unknown acid and you are using a standardized NaOH solution

CASE I: a monoprotic acid  
HA   +    OH-                           A-     +   H2O

Mb x Vb =  X mol OH-
X mol OH- (1 mol HA / 1 mol OH-) = x mol HA

HA molecular weight = 
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CASE II: a diprotic acid

H2A   +    2OH-                           A2-     +   2H2O

Mb x Vb =  X mol OH-
X mol OH- (1 mol H2A / 2 mol OH-) = x/2 mol H2A

H2A molecular weight = 
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 = 2 x equivalent weight
CASE III: a triprotic acid

H3A   +    3OH-                           A3-     +   3H2O

Mb x Vb =  X mol OH-
X mol OH- (1 mol H3A / 3 mol OH-) = x/3 mol H3A

H3A molecular weight = 
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