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Titration is an analytical method in which a standard solution (one for which the concentration is known) is used to determine the concentration of another solution. 

The word titration stems from the Latin titulus which means inscription or tittle and was transformed in French to titre, meaning rank... titration, then refers to  determination of rank (concentration) of a solution.

In a  titration, increments of a reagent solution (the titrant) are added to the analyte (that being analyzed) until their reaction is complete.  The most common procedure is to deliver titrant from a buret.  The earliest known buret was invented by F., Descroizilles in the early 1800's.  This device and its descendants have terrorized generations of chemistry students.

Titrations can be based on any kind of chemical reaction.  The most common ones are based on acid-base, redox, complex formation or precipitation reactions.  Usual methods involve observing an indicator color change, monitoring a spectrophotometric absorbance change or detecting a current or voltage change.

Typically, to carry out an acid-base titration, the buret is filled with a standard solution (the titrant).   The graduated buret is fitted with a stopcock and held in a buret stand.  Below the buret, the premeasured analyte (of unknown concentration) is contained in an Erlenmeyer Flask to which a magnetic teflon stir bar and an indicator has been added.  The flask is set upon a magnetic stirrer which activates the stir bar and continuously stirs the analyte during the titration.  The buret is opened and the titrant is allowed to flow into the analyte (solution to be titrated).  With use of an indicator, eventually a color change occurs with the addition of a single final drop, indicating the end-point of the reaction.  At the end-point, an amount of standard solution has been added that just completely reacts with the solution titrated.  

In this experiment we will be doing an acid-base titration.  If an acid is added to a base, a neutralization reaction occurs.  The acid unites with the base to form a salt and water.  
acid   +   base   SYMBOL 174 \f "Symbol"  salt   +   water 
We will be using the indicator phenolpthalein to signal the endpoint.  By adding this indicator, which is colorless in acidic solution and pink in basic solution, we can see at what point neutralization occurs.  There is error associated with end-point because at the point at which the color change occurs is actually detecting the presence of excess base.  The true neutralization point depicted by the equation where there is no excess acid or base is called the equivalence point.

Mathematical Concept:

Once the volume of the known concentration of the base required to completely neutralize the known volume of an acid is determined, one can calculate the molarity (concentration) of the acid.  The volume of the base (in liters) multiplied by the known molarity of the base gives us the number of moles of base.  Utilizing a balanced equation and standard stoichioimetry we can determine the number of moles of acid present, then dividing by the known volume of the acid (in liters) we can compute the molarity of the unknown acid.

LABORATORY TECHNIQUE

There are specific laboratory techniques utilized to perform a titration.  

Standard Laboratory Glassware Preparation:

All glassware is to be washed and rinsed with de ionized water.  In addition, the buret must be rinsed with the titrant prior to filling to remove excess water.

Filling the Buret:

Notice that a buret is a calibrated piece of glassware that is read from top to bottom and is in 1 mL graduations divided into 0.1 mLs.  One must be careful when reading and recording a buret volume to read the correct volume, top to bottom.  Additionally, when filling a buret, note that you must either fill to the zero volume or just below the zero mark or you will be unable to determine the volume delivered as your initial volume will be incorrect.  When you begin your experiment you will fill your buret and record the initial volume.  You will add just enough titrant to turn the analyte pink, then record the final volume of the titrant in the buret.  To determine the actual volume delivered:  





VFinal -  VInitial  = V Delivered

Reading the Buret:

There is a specific technique to reading a buret.  When reading the height of a buret, it is important that your eye be at the same level as the top of the liquid.  If your eyes is above this level, the liquid seems higher than actual, if below, there appears to be less liquid than actually present.  This type of error in reading is called parallax.

Due to surface tension and adhesion to the glassware, most liquids form a concave meniscus.  For proper buret readings, it is important to record the volume at the bottom of the meniscus.  It is helpful to utilize a black piece of tape or paper on a white card held behind the buret to aid in locating the exact position of the meniscus.

ACID-BASE TITRATION EXPERIMENT

Purpose:  To determine the unknown concentration of a diprotic acid

Equipment:
Titrant and Analyte Burets, Buret stand, Erlenmeyer Flask


Reagents/Solutions:

NaOH (known concentration), H2SO4 (unknown concentration), 2 drops Phenolphthalein

Procedure:

Prepare all glassware by standard laboratory procedure (as discussed).

Put 2 drops of phenolphthalein in the Erlenmeyer Flask.  Using a graduated cylinder, measure 3 mL of H2SO4 into the flask by.   It is extremely important to record the exact volume of acid delivered into the flask  to the nearest 0.05 mL.

The titrant buret will already be filled with NaOH.  Record the initial volume of the buret.  Titrate the base into the acid. Read the final volume required to reach the end-point according to the correct phenolphthalein color change.  Calculate the volume used.  Do a quick first trial run to estimate the approximate volume of NaOH required to neutralize the H2SO4 (turns clear to pink) then repeat with 3 more runs, carefully recording volumes (initial and final) required to neutralize to the nearest 0.05 mL.

Recall:        VFinal -  VInitial  = V used 

Name: ________________________________

  Date:__________________ Lab Station #____
Data Sheet - Acid-Base Titration

Analyte:  H2SO4
	Trial Number
	Exact Volume of the ACID used

	1 (Practice)
	

	2
	

	3
	

	4
	


Titrant:  NaOH

	Trial Number
	Initial Volume
	Final Volume
	Volume Delivered of the BASE

	1 (Practice)
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Known Molarity of NaOH:_________
Write a Balanced Equation for this reaction:

Compute the Molarity of the acid for each trial:  (Trial #1 was just a preliminary run)  Compute the number of moles of base utilized, convert it to the number of moles acid based on the stoichiometry of the balanced equation and divide by the volume of acid used for each run.  SHOW ALL CALCULATIONS HERE:
Trial #2:

Trial #3:

Trial #4:

Average the Molarity computed for each run:___________

Conclusion Questions (Use the appropriate vocabulary as indicated in the lab description):

1.  Why is it better to titrate a base into acid?

2.  What is the purpose of the Phenolphthalein?

3.  What is the purpose of titration?

4.
How many milliliters of 0.100M NaOH are needed to titrate 20.0 mL of 0.100 M H2SO4?

5.
Name four possible errors that could have influenced the final molarity calculated in this laboratory experiment:

