ACID‑BASE TITRATIONS

NAME_____________________________________________PERIOD__________

Prelab
1. A 50.00mL sample of sulfuric acid required 35.00mL of NaOH for titration to the 

    phenolphthalein endpoint. The molarity of the NaOH had been standardized and determined to 

    be 0.4965M.  What is the molarity of the sulfuric acid solution? (4 significant figures)

2. A 25.00mL sample of an unstandardized HCl solution is titrated with 0.1567 M NaOH 

    solution. If 32.55mL of NaOH solution is required to reach the endpoint, what is the 

    molarity of the HCl solution? (4 significant figures) 

3. How accurately can you estimate the buret reading on a 50-mL buret, which has calibration 

    markings every 0.1 mL? 


(a) ± 1 mL
(b) ± 0.1 mL

(c) ± 0.01 mL

(d) ± 0.001 mL

4. If 1.5000g of NaOH is dissolved in water and diluted to 50.00mL and 25.00 mL of this

    solution is titrated with 0.1500 M HCl, how many mL of acid would be required to 

    neutralize the base solution?

ACID‑BASE TITRATIONS 
Objective:  To determine the molarity of solutions of unknown concentration using acid‑base titrations and indicators. 

Introduction:  When two solutions, one containing strong acid (e.g., HCl) and the other containing strong base (e.g., NaOH), are mixed, a neutralization reaction occurs that is represented by the following overall balanced equation: 

HCl (aq)   +   NaOH (aq)   (   NaCl (aq)   +   H2O(l)
And the net ionic equation:

H+ (aq)  +  OH‑ (aq)   (  H2O(l)
The reaction can be considered to proceed completely to the right, with all of the limiting reactant used up (neutralized), leaving the solution either acidic or basic depending on whether acid or base is present in excess. If exactly equivalent amounts of acid or base are used so that neither reactant is present in excess, the mixture is called "stoichiometric" and the solution is said to be at the "equivalence point." If we consider only monoprotic acids and bases (those that furnish or react with one H+ per molecule), then at the equivalence point the number of moles of acid must equal the number of moles of base (moles acid = moles base) because the monoprotic acid and NaOH react in a 1:1 mole ratio. 

An acid‑base "titration" is a procedure used to compare the amount (moles) of acid in one sample with the amount (moles) of base in another.  In this laboratory exercise you will carry out such a titration to "standardize" (determine the exact concentration of) an acid solution by measuring accurately how many milliliters of standard base are required to exactly neutralize a known volume of acid.  A "buret" filled with the "titrant" (NaOH solution) is used to measure the volume of NaOH solution added to the known amount of acid in a flask.  A tiny amount of an indicator (a chemical substance that exhibits different colors in acidic and basic solution) is added to signal when addition of titrant should be stopped, the "endpoint", i.e., when all the acid has been neutralized and the solution composition changes suddenly from excess acid to excess base and the indicator color changes. The endpoint and the equivalence points are the same only if an indicator is used which has a visually detectable color change at the pH the solution will have at the end of the acid‑base reaction (the stoichiometric point in the titration). 

The exact molarity of the titrant (NaOH) has been determined by titration with a solid acid using phenolphthalein indicator. Check the bottle and record its concentration carefully in your notebook. Once you have determined the endpoint volume of the base, the number of moles of base required to neutralize the acid present is calculated by multiplying molarity of base x volume of base in liters. Where the stoichiometry in the balanced chemical reaction indicates a one-to-one mole relationship between acid and base present, the number of moles of base is equal to the number of moles of acid present.

moles NaOH required  =  moles acid used

If all measured quantities are known to four significant figures (the volume of NaOH solution will be known to four significant figures if buret readings are estimated to within 0.02 mL, then the molarity can be specified to four significant figures, e.g., 0.1234 M . 

An accurately measured 10.00 mL portion of the unknown HCl solution is pipetted into the flask and titrated with the standard NaOH solution.

moles NaOH required  =  moles HCl used

(L NaOH) (M NaOH)  =  (L HCl) (M HCl)
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Titrating two or more separate portions of the HCl solution will improve the reliability of the value reported for the molarity of the HCl solution.

Procedure 

Part I: Standardization of HCl against NaOH.

1. Pipet exactly 10.00mL of the HCl solution into a 250mL Erlenmeyer flask.  Use a plastic wash bottle to add enough distilled water to cover the stir bar.  (Remember, we are concerned only with the moles of acid; the exact volume of the contents of the flask after dilution is not important). Add 4 or 5 drops of phenolphthalein indicator to the flask. 

2. Rinse the buret with small portions of NaOH solution before filling it.  Make certain that all air bubbles have been flushed from the tip before taking the initial volume reading.  When reading the buret, use a buret-reading card and estimate each reading to the closest 0.02mL (two‑tenths of the distance between the closest division; each scale division is 0.10mL.) 

3. Titrate the sample of HCl until the faint pink endpoint is reached.  Add the titrant rapidly at first, but slowly later as the endpoint is approached, as indicated by the less rapid disappearance of the pink color as the added titrant mixes with the solution in the flask. Rinse down the walls of the flask to be sure that all the titrant that has left the buret has reached the solution in the flask.  Add the final increments dropwise, or even in half‑drops washed from the buret tip with a few drops of water. The endpoint has been reached when a faint pink color persists throughout the mixed solution for about 30 seconds. Exercise care to avoid overshooting the endpoint (intense pinkish‑red color).  Repeat the titration at least twice more.


Calculate the molarity of the HCl solution. Remember to write and balance the equation for the acid-base reaction involved. Hydrochloric acid is monoprotic and requires one mole of NaOH to neutralize each mole of the acid. Be careful in doing the stoichiometric calculations and record qualitative observations about the quality of your endpoints.

Part II:Standardization of H2SO4 against NaOH. 

1. Pipet 10.00 mL of the unknown molarity of H2SO4 solution into the titration flask, add 4 or 5 drops of phenolphthalein indicator, and titrate with standard NaOH solution as in Part I.  If time permits, repeat the titration twice more. 


Calculate the molarity of the H2SO4 solution. Remember to write and balance the equation for the acid-base reaction involved. Sulfuric acid is diprotic and requires two moles of NaOH to neutralize each mole of the acid. Be careful in doing the stoichiometric calculations and record qualitative observations about the quality of your endpoints.

ACID‑BASE TITRATIONS 
NAME_____________________________________________PERIOD___________

LAB PARTNER_____________________________________COURSE___________

Data Table 1

Part I. Standardization of HCl with NaOH 

	
	Trial 1
	Trial 2
	Trial 3

	Volume of HCl (mL)
	
	
	

	Initial buret reading (mL)
	
	
	

	Final buret reading (mL)
	
	
	

	Volume of NaOH used (mL)
	
	
	

	Volume of NaOH used (L)
	
	
	

	Molarity of NaOH solution
	
	
	

	Moles of NaOH
	
	
	

	Moles of HCl
	
	
	

	Molarity of HCl
	
	
	

	Average Molarity of HCl
	
	
	

	Accepted Molarity of HCl
	
	
	

	Percent Error
	
	
	


Part II.  Standardization of H2SO4 with NaOH 

	
	Trial 1
	Trial 2
	Trial 3

	Volume of H2SO4 (mL)
	
	
	

	Initial buret reading (mL)
	
	
	

	Final buret reading (mL)
	
	
	

	Volume of NaOH used (mL)
	
	
	

	Volume of NaOH used (L)
	
	
	

	Molarity of NaOH solution
	
	
	

	Moles of NaOH
	
	
	

	Moles of H2SO4
	
	
	

	Molarity of H2SO4
	
	
	

	Average Molarity of H2SO4
	
	
	

	Accepted Molarity of H2SO4
	
	
	

	Percent Error
	
	
	


*Ordinarily, all experimental values are included in calculating the average value. However, if one value is known to be unreliable due to known error, it can be omitted.

Sample Calculations:

Show your calculations from one trial for Part I and Part II.

Conclusions: 
Write a concise, but thoughtful paragraph giving your results and conclusions for this experiment.
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