CHM204
Experiment 4
Title of Experiment: Application of Acid-Base Titration/ Acidity in Vinegar / Neutralization of Stomach Antacid
Name: Ali Mroue

Name of Partners: -
Date of Performance: Mar, 28th, 2011
Purpose:
1. To determine the % by mass of acetic acid in vinegar.

2. To determine the fraction of dissociation of acetic acid.

3. To measure the neutralizing capacity of a commercial stomach antacid tablets.

Theory:
· HAc + H2O      H3O+ + Ac- 
· HAc + NaOH      NaAc + H2O

· 
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· Mg(OH)2 + 2HCl        MgCl2 + 2H2O

· Al(OH)3 + 3HCl         AlCl3 + 3H2O

· HCl + NaOH        NaCl + H2O

· Refer to the Lab Manual for the rest information on pages 45 ( 47.

Procedure:
· Refer to the Lab Manual for the procedure on pages 45 ( 47.
I. Acidity of Vinegar:

·  Table of Data and results:
· Vinegar Sample
	Name
	Maxims

	pH
	3.19

	Volume
	20 ml


· Titration with NAOH

	First Titration
	Initial buret reading
	0 ml

	
	Final buret reading
	34 ml

	
	Volume of NaOH
	34 ml

	Second Titration
	Initial buret reading
	0 ml

	
	Final buret reading
	33 ml

	
	Volume of NaOH
	33 ml

	Third Titration
	Initial buret reading
	0 ml

	
	Final buret reading
	31.2 ml

	
	Volume of NaOH
	31.2 ml


· Method of Calculation:

1. Determine for each trial the molarity (concentration of acetic acid) and find the average value.( Cb = Cnaoh = 0.5 m/l )
· 1st Trial:   CaVa = CbVb
           Ca x 20 = 0.50 x 34
                                   Ca = 0.85 M

· 2nd Trial:  CaVa = CbVb
                Ca x 20 = 0.50 x 33
          Ca = 0.825 M

· 3rd  Trial: CaVa = CbVb 

                Ca x 20 = 0.50 x 31.2

                                  Ca = 0.78 M

( The average of the concentrations of the second and third titration is: 

(0.78 + 0.825) / 2 = 0.885 = 0.8025 M 

N.B.: The first titration was excluded since it was rough.

2. Determine the fraction of acetic acid dissociation from the pH and molarity
      -Fraction of dissociation = amount dissociated ( mol/l )/initial concentration (mol/l)
· Fraction dissociation (F) = [image: image3.png]


 = X / C0
X = [H3O+] 

pH = -log [H3O+] 

( [H3O+] = X = 10-pH = 10-3.19 = 6.456 x 10-4
C0 = intial concentration of the acid = 0.8025 M

· [image: image5.png]


 = (6.456 x 10-4) / 0.8025 = 8.044 x 10-4
3. Calculate the weight in grams of acetic acid per liter of vinegar.

C0 (g/L) = C0 (mol/L) x MM (g/mol)

= 0.8025 mol/L x 60.0 g/mol

= 48.15 g/L

4. Calculate the grams of the solution per liter of vinegar, using the density of vinegar 1.005g/ml
d Vinegar = 1.005 g/ml = 1.005 g/ (10-3 L) = 1005 g/L

5. Find the % by weight of acetic acid in your samples.
Experimental 
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 = 4.79 %

6. What is the difference between your value and the federal standard of 4%? Comment on the significance of this difference.
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, which is an acceptable value

 The experimental value is greater than the federal standard by 0.2% only. This difference makes the vinegar more acidic. It happened due to experimental errors.
II. Titration of Stomach Antacid:
· Table of Data and results:
	Brand Name of Tablet
	Maalox Plus

	Active ingredient
	Mg(OH)2
	Al(OH)3

	mg of active ingredient (manufacturer Label)
	200 mg
	200 mg

	Weight of the tablet
	1.3182 mg

	Molarity of HCl
	0.3 M

	Volume of HCl added to tablet
	100 ml

	Molarity of NaOH
	0.3 M

	Initial buret reading
	0 ml

	Final buret reading
	90.1 ml

	Volume of NaOH
	90.1 ml


· Method of Calculation:

1. Write the chemical equation for the reaction of HCl with the active ingredients in the tablet.
Mg(OH)2 + 2HCl          MgCl2 + 2H2O

Al(OH)3 + 3HCl         AlCl3 + 3H2O

2. Calculate the millimol of HCl added to the tablet.
n HCl = C0 x V0 = 0.3 M x 0.1 L 

                         = 0.03 mol = 30 mmol

3. Calculate the millimol of NaOH solution that neutralized the excess acid.
n HCl neutralized = nNaOH = CbVb

                                       = 0.3 M x 90.1 x 10-3 L
                                                           = 0.02703 mol

                                       = 27.03 mmol

4. Calculate the millimol of HCl that was neutralized by the antacid.

n HCl neutralized by antacid = n0 HCl - nHCl neutralized by NaOH
                                  = 30 mmol – 27.03 mmol
                                  = 2.97 mmol

5. Calculate the millimol of active ingredient

n HCl neutralized by antacid  =  n OH- ,  where OH- is the active ingredient.

· n OH- = 2.97 mmol 
6. Calculate the mass (mcal) of the active ingredient.
m OH- = n OH- x MM 
          = 2.97  mmol x 17 mg/ mmol
          = 50.49 mg 

7. Find the  % relative difference between mcal and mmfg ( mass of the active ingredient on the bottle)

n HCl neutralized by antacid = 2n Mg(OH)2 + 3nAl(OH)3
                                  = 2 m1/MM + 3 m2/MM

                                  = 2(0.2/58.32) + 3(0.2/78)

                                  = 0.01455 mol = 14.55 mmol

n HCl neutralized by antacid  =  n OH- =  14.55 mmol

( Theoretical m OH- =  mmfg = n OH- x MM 

                                               = 14.55 mmol x 17 mg/ mmol

                                               = 247.35 mg 


( % relative difference = 
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8. Comment on the  % relative difference
The relative difference is much greater than which is an acceptable value, which clearly shows error. This difference is due to experimental errors or random errors during performing the experiment. This experiment must be performed another time in order to get correct values.
Sources of Error:
· Improper measuring of the reagents’ masses and volumes.

· Presence of air bubbles in the burette.

· Using unclean burettes and other flasks.

· Using miss-calibrated burette.

· Using impure or contaminated reagents 

· Experimenter bias in reading the burette during adding the titrant.

· Improper mixing of the acid base solution upon adding the titrant.

· Using large volumes of the titrant around the endpoint of the titration.

· Excess heating which affects KIn that varies with temperature.

· Excess evaporation of the acid during heating.
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